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Abstract
This synthesis addresses acoustic communication in holocentrid fishes, based on the combi-
nation of several recent findings from the author’s doctoral thesis and existing literature. To
assist readers unfamiliar with the field of acoustic communication, the article begins with an
overview of this fascinating discipline, accompanied by a brief introduction to the family Holo-
centridae. The manuscript then delves into the knowledge gained about the ethology of acoustic
communication in this taxon and demonstrates how these research findings enrich this field of
study. These results are the product of several months of research conducted in various regions
around the world. An extensive data collection (sound and video recordings) was undertaken
across the Indo-Pacific Ocean (Seychelles, Philippines, Guam, French Polynesia). These data
document the behavioural contexts of sound production in several holocentrid species, based
on about 77 hours of video recordings in the natural environment. Additionally, an experiment
was conducted in aquariums to study the behavioural response, including sound production, of
a holocentrid species to the introduction of a predator (e.g., a moray eel). The large number
of species investigated in this research, along with the combination of data from both the nat-
ural environment and laboratory experiments, constitutes to my knowledge, the largest dataset
on the ethology of sound production ever collected to understand acoustic communication in
teleosts.
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Résumé
Contextes comportementaux de l’émission sonore chez les Holocentridés : synthèse. Cette
synthèse aborde la communication acoustique chez les poissons Holocentridae, s’appuyant sur
la combinaison de plusieurs découvertes récentes issues de la thèse de doctorat de l’autrice et
de la littérature existante. Pour aider les lecteurs qui ne sont pas familiers avec le domaine
de la communication acoustique, l’article commence par fournir un aperçu de cette discipline
fascinante, accompagné d’une brève introduction au groupe des Holocentridae. Le manuscrit
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développe ensuite les connaissances acquises sur l’éthologie de la communication acoustique
de ce taxon et démontre comment les résultats de ces travaux enrichissent ce domaine de
recherche. Ces résultats sont le fruit de plusieurs mois de recherche menée dans diverses régions
du monde. Une collecte de données extensive (enregistrements de sons et de vidéos) a été en-
treprise à travers l’océan Indo-Pacifique (Seychelles, Philippines, Guam, Polynésie française).
Ces données recensent les contextes comportementaux de l’émission sonore de plusieurs es-
pèces d’Holocentridae, basées sur environ 77 heures d’enregistrements vidéo dans le milieu
naturel. De plus, une expérience a été réalisée en aquarium pour étudier la réponse comporte-
mentale, incluant la production de sons, d’une espèce d’Holocentridae à l’introduction d’un
prédateur (p.ex., une murène). Le très grand nombre d’espèces étudiées dans cette recherche,
en plus de la combinaison de données issues du milieu naturel et d’expériences menées en lab-
oratoire, constitue à ma connaissance, la plus grande base de données relatives à l’éthologie de
la production de sons jamais collectée pour comprendre la communication acoustique chez des
téléostéens.

Mots-clés : Holocentridae, communication acoustique, événement acoustique, son, comporte-
ment

1. Ethological Aspects of Acoustic Communication in Fishes
Communication can be defined as an exchange of information between two individuals,

following which the recipient should alter its behaviour in a way that is advantageous to the
sender. According to Myrberg [1], this interaction should confer an adaptive advantage for the
sender or enhance its fitness, while any benefits to the receiver are considered incidental. Many
animal groups such as mammals, sauropterygians, amphibians, birds, insects and fishes [2–7]
can communicate by the use of sounds, calls or vocalizations, highlighting the significance and
essential character of these signals in their way of life. In fish, acoustic communication can
be used in different behavioural contexts. It plays a crucial role in several activities, enabling
species to warn others of danger [8–11], coordinate within groups for defence [12] or hunting
[13], attract mates [14, 15], and establish territory [16]. The production of sounds in social in-
teraction contexts constitutes a low-energy communication channel, especially during agonistic
encounters, where the use of sounds can repel an opponent [17] or reduce the risk of physical
injuries [18]. Acoustic communication constitutes also an important and conspicuous part of the
breeding biology in many teleosts. For instance, sounds serve in the establishment and main-
tenance of territories [19], in facilitating the attraction of conspecific mates during courtship
[20–23] and in the synchronization of reproductive behaviours [23–26]. Additionally, acoustic
communication can be used in negotiating social hierarchies [27] or in schooling [28].

While a lot of information is available regarding acoustic communication in terrestrial or-
ganisms and despite the extremely high diversity of teleosts, which account for approximately
half the biodiversity of vertebrates [29] and their first recognition as sound producers by Aris-
totle more than 2000 years ago [30, 31], scientific interest in fish acoustic communication has
emerged quite recently [32]. Among the 34900 extant fish species listed on FishBase [33], about
4% have been examined for effective sound production [34]. This observation highlights that
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in the animal kingdom, the study of acoustic behaviour in fish has been somewhat neglected,
mainly for technical reasons. Lately, fish bioacoustics has switched from anecdotal reports to
long-term, large-scale monitoring studies, capable of providing high resolution information on
fish populations’ composition and dynamics [35]. The emergence of this discipline in teleosts
over these last few decades is due to the advances in acoustic-recording technology [34, 36].
For field studies, the necessary equipment to conduct in situ observations underwater is still
being developed and, so far, does not allow long-lasting recordings of both videos and sounds.
There are also additional limitations due to light conditions underwater or at night, as well as
challenges posed by depth and/or currents. Besides, studies in aquariums can alter not only the
behaviour but also the features of emitted acoustic signals [37–40], and playback experiments
are complicated due to the limited capabilities of underwater speakers [41].

Despite the small number of recorded species, various indicators however highlight the
importance of acoustic communication in the way of life of fish. First, the ability to produce
sounds would have appeared at least 33 times throughout the evolution of Actinopterygii [42]
and has resulted in the highest diversity of sound-producing mechanisms among vertebrates
[43], which indicates that this part of the behaviour is well supported by natural selection.
Second, although nearly 1000 fish species have been formally identified as vocal [44], this is
likely an underestimation. For instance, only about 50 species of Pomacentridae have been
recorded although the mechanism responsible for sound production is present in all members
of the family, encompassing about 433 species [45, 46]. Similarly, in the fish community asso-
ciated with deep-sea environments, taxa such as Ophidiiformes [47–49] and Gadiformes [50]
for example, have been studied for their sound-producing mechanism, but their calls have not
been extensively investigated due to limited access to their deep-sea habitats [51]. Finally, it
is worth noting that many vocal teleost species are mostly nocturnal or evolve in turbid, low-
light or deep-water environments where the efficiency of visual cues dramatically decreases,
while sound propagates quickly and in all directions, providing an ideal way of communication
[17, 52].

Although the importance of voluntary sound production in social communication in teleosts
was recognized decades ago [7], many studies have been limited to mere observations whose
primary goal was to simply demonstrate a vocal capacity in precise taxa, supported by a brief
description of sounds. Too often, with a few exceptions [22, 53–56], studies are incomplete in
the sense that, once a species or a small group of species from a same taxon is recorded and
some sounds are described, researchers shift their focus to another taxon. The simplest and
least expensive way to obtain such results in acoustics remains to disturb the fish [57–59] or
to hold it in hand [60–62], which will elicit the fish to produce sounds. In the field, the use
of cameras coupled with hydrophones now allows for the investigation of other acoustical be-
haviours, provided the species are territorial [19, 21, 22, 63]. Unfortunately, this restricts the
observations to diurnal behaviours only, although we know that acoustic communication takes
place at night in several taxa [64]. It is important to consider that the literature has reported a
continuum of capabilities between two extremes regarding the production of voluntary sounds.
On one end are fish that are capable of emitting only one type of sound, or at least for which
only one type of sound has been described [65–69] regardless of behaviour. Modifications in
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acoustic parameters are then inherent to size, motivation, individual, or season [27, 70–72].
The primary purpose of the sound would then be to complement a behaviour [27, 73]. On the
other hand, some species (Gobiidae, Gadidae) are capable of emitting different types of sounds
during the same behavioural sequence, such as different phases of courtship, or transitioning
from courtship to spawning [20, 74, 75]. There are also fish that can emit multiple types of
sounds in different behavioural contexts [19, 22, 76]. One of the best known example are the
Dascyllus (Pomacentridae) species [19, 22]. These species produce six different sound types,
each being associated with different behaviours (i.e., signal jump, mating/visiting, conspecific
and heterospecific chases, and conspecific and heterospecific fighting behaviours). In clown-
fishes Amphiprion, sounds associated with threat postures (charge and chase) differ from those
produced while exhibiting a submissive posture [27]. A last category includes species for which
multiple sound types have been described but the corresponding behavioural contexts have not
yet been formally identified [77–79]. These studies highlight the need to clarify the terminol-
ogy used. Stereotyped sounds provide reliable and predictable signals, with minimal variation
in their acoustic structure regardless of the individual. Some species can produce different types
of stereotyped sounds. In the Dascyllus example above, the six different sound types described
for these species are stereotyped. Since each can be associated with a specific behavioural con-
text, they are also behaviourally specific. In other species, such as in Oreochromis niloticus for
example, the same stereotyped sound can be associated with different behaviours, indicating
that it is not behaviourally specific.

In scholarly discourse, communication is frequently perceived as restricted to interactions
within the same species. Yet, the literature provides numerous examples where signals are
integral to interspecific relationships. Although the motivations for acoustic communication
typically fall into two main categories, reproductive and aggressive interactions, it is obvious
that the former necessitates a species-specific code, while in the latter, messages may serve both
conspecific and heterospecific exchanges. It results that the codes used to convey messages can
vary depending on the intended recipients, those involved in interspecific communication being
generally more concise than those used in intraspecific scenarios [22, 80].

2. Holocentridae
Fishes of the family Holocentridae Bonaparte 1833 are worldwide marine tropical and sub-

tropical reef fishes [81, 82]. The family name comes from “holos” and “kentron” in Greek,
meaning “whole” and “sting,” respectively, and refers to the numerous spines on their body.
Holocentridae are divided into two subfamilies: the Myripristinae (soldierfishes) and the Holo-
centrinae (squirrelfishes) [83]. The vernacular name “soldierfish” could be related to their
swimming behaviour in nicely organized schools that are said to resemble military formations.
Holocentrinae are commonly called “squirrelfish,” a name that derives from their large and
bright eyes, characteristic of nocturnal species, allowing them to see in low light conditions
similar to squirrels, which also have relatively large eyes for their size, well-suited for nocturnal
or crepuscular vision.

Another main difference between the two subfamilies consists in the shape of the swim
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bladder and its position with respect to the auditory bulla [83]. The swim bladder of the Holo-
centrinae is characterised by a single cavity extending all across the body cavity while the swim
bladder of the Myripristinae consists of a main chamber and two anterior diverticula that insert
directly next to the auditory bullae, at the posterior end of the neurocranium. This connection
between the swim bladder and the inner ear would be responsible for enhanced hearing abilities
(better sensitivity and larger frequency spectrum) in the Myripristinae [84, 85].

Holocentrids are mainly nocturnal [86, 87]. They generally spend the day hidden in crevices,
caves or beneath ledges of reefs and wait for the night fall to go and feed [86, 88, 89]. Their
visual system is well adapted to this nocturnal lifestyle [90]. Despite these shared characteris-
tics, Myripristinae and Holocentrinae differ in their behavioural ecology. Myripristinae species
mainly live in non-territorial schools that can reach several dozens of individuals, whereas Holo-
centrinae species are considered more solitary and territorial [91, 92] Feeding behaviour also
diverges between the two subfamilies: Myripristinae would mainly feed on zooplankton in the
water column, whereas the diet of the Holocentrinae would mainly be composed of inverte-
brates and small fishes on the seabed [86]. Surprisingly, the only information available on the
reproduction behaviours of holocentrids indicates that Myripristis would spawn in open wa-
ter, apparently a few days after full moon. However, the original source of this information is
unknown.

3. Acoustic Communication in Holocentridae
3.1. Sound production in Holocentridae: state of the art and update

The American oceanographer and marine biologist Marie Poland Fish [93] was the first to
evoke the ability of Holocentridae to produce sounds. Among the 91 recognized species of the
family, 14 species from four genera are known to be vocal [57, 58, 88, 91, 92, 94]. Those species
had been recorded either in the wild or under laboratory conditions. In the wild, holocentrids
produce sounds both during the day and at night, with an increase calling rate after sunset [95]
and peaks at dawn and dusk [91]. Spontaneous sound production has been reported for a wide
variety of behaviours: when startled or handled [57, 94], during territory defence [91], predator
signalling and alarm calls [53, 88, 91, 92]. Five sound types (growl, staccato, grunt, knock,
thump) have been described for several species. However, whether the different sound types
are associated with specific behaviours is unclear. It is indeed uncertain whether the different
authors consistently used the same terms for different sound types, or if they used different
terms to describe potentially identical sounds, the various terms being mixed. Moreover, in
addition to a lack of physical descriptions and oscillograms, few quantitative data are provided,
preventing statistical comparisons.

The sound-production mechanism of holocentrids relies on the simultaneous contraction of
paired bilateral sonic muscles [92], innervated by occipital nerves [96, 97], that originate on the
skull and insert on ribs that are in tight connection with the swim bladder (Fig. 1), causing its
vibration, which produces sounds [57, 94, 98]. In Holocentrus rufus, Gainer et al. [97] showed
that the contraction rhythm of the sonic muscles determines the fundamental frequency (ca. 75–
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Figure 1: General organization of the sound-production mechanism of
Myripristis vittata (Myripristinae). Lateral view of the left side. L: liga-
ment; NRC: neurocranium; SB: swim bladder; SK: skeleton; SM: sonic
muscle.

85 Hz). The general sonic mechanism is consistent across four investigated holocentrid genera
(Holocentrus, Neoniphon, Sargocentron, Myripristis) [94]. The authors however reported vari-
ations in the insertions of the sonic muscles, tendons and ligaments, and the number of ribs
involved in the mechanism and suggested that there was a relationship between this number of
ribs and the number of peaks composing a pulse.

The next part of this paper aims at providing a reflection issued from our data collected on
the acoustic behaviour of holocentrids through three original approaches based on observations
made in situ or in aquariums.

1. We have first provided the description of a new kind of acoustic communication in the
symbiotic relationship between cleaner wrasses (Labridae) and their holocentrid clients
[99]. While these cleaners can cooperate by removing ectoparasites from their clients,
they can also deceive by feeding on the client’s mucus, a behaviour usually referred to
as “cheating behaviour” that often leads to a discernible jolt from the client fish. In
this first study, we have shown, using video cameras coupled with hydrophones, that
nine different species of holocentrids can use acoustic communication throughout their
interactions with cleaner fish, especially in moments of ending cooperation or rejection
of the interaction. Sounds were predominantly observed during agonistic behaviours and
seem to support visual cues from the client. This study provides a novel example of
acoustic communication during a symbiotic relationship in teleosts. Interestingly, it also
shows that acoustic communication in such a context is based on acoustic events that are
made of one to several sounds, themselves composed of one to several pulses (Fig. 2a).
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Figure 2: Example of non-stereotyped acoustic events produced by
Neoniphon sammara during symbiotic (a), agonistic (b) and social
signalling (c) interactions, and of stereotyped staccato (d) and hand-
held (e) sounds produced by Sargocentron caudimaculatum.

The production of different sound types during the interaction indicates that there is no
fixed acoustic signal that consistently corresponds to this kind of behaviour. However, the
differences in the structure and composition of the acoustic events could be related to the
severity of the client’s response.

2. We have then investigated the acoustic mobbing behaviour of a common holocentrid
species, Sargocentron caudimaculatum, in response to a predator (i.e., moray eel) [100].
When a moray eel was introduced in the mesocosm occupied by S. caudimaculatum at
night, several specimens swam towards the predator with their heads pointed in its di-
rection and their dorsal fins erected while increasing their calling rate. Staccatos were
the only sounds produced in this context. These stereotyped sounds consist of a vari-
able number of grunts rapidly repeated (Fig. 2d). This observation supports a mobbing
behaviour with specimens shifting from an escape behaviour to an aggressive response
in the presence of predators. In the same way, responses of H. rufus to the approach or
intrusion of their territories by large heterospecific fishes, as also often exhibited towards
human observers, mainly consisted in the production of staccato calls accompanied with
dorsal fin erection [91]. According to Winn et al. [91], staccatos could be alarm calls,
that are produced as a result of the sudden presentation of any strange object, in particular
large fish.
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3. Finally, we have described the behavioural contexts of sound emission and related sounds
for nine species in their natural environment [101]. This last study shows that all holo-
centrid species are able to produce sounds in at least six behavioural contexts of both
agonistic (conspecific and heterospecific chases, competition) and social signalling (ac-
celeration, broadcasting, body quivering) types. Similarly to the acoustic communication
between holocentrids and cleaner wrasses, this study shows that acoustic communica-
tion in these behaviours is based on acoustic events whose variability (number, types and
order of sounds composing the events) prevents consistent association with any specific
behaviour. They can indeed be made of a single sound or a series of sounds of different
types that are arranged randomly (Fig. 2b,c).

3.2. Diversity of sounds and contexts of sound production in Holocentridae

Our contribution to the understanding of acoustic communication in social interaction con-
texts in Holocentridae is notable for being based on a large number of species investigated in the
wild across the Indo-Pacific Ocean (about 77 hours of diurnal video recordings from 64 refuges
used by Holocentridae in French Polynesia, Guam, Seychelles and Philippines), in addition to
the response experiment of S. caudimaculatum to the introduction of a moray eel in experi-
mental conditions at night. It also provides new insights into the use of sounds in different
behaviours.

The results of this broad scale study reveal that holocentrids produce sounds at least in
both agonistic (conspecific and heterospecific chases, competition) and social signalling (accel-
eration, broadcasting, body quivering) contexts [101], but also as a way to refuse or terminate
their symbiotic relationship with cleaner fishes Labroides spp [99]. No spawning behaviour was
unfortunately observed, which is in accordance with the literature where there is virtually no in-
formation on the mating of Holocentridae [89]. Holocentrids are mainly nocturnal, as suggested
by their large eyes [86, 87]. Moreover, while they may occasionally be caught on hook and line,
their stomachs are almost always empty, except at night and early in the morning [102]. During
the day, Holocentrinae (squirrelfishes) are likely territorial, hiding in holes and cracks in the
reef. However, this behavioural trait probably diminishes at night when they leave their refuges
to hunt [89, 91]. In various species from the West Indies, stomachs sometimes contain frag-
ments of seagrass along with prey, indicating that the fish had been foraging in grass beds away
from their home reef [102]. Although no observations concerning spawning were made, large
seasonal aggregations have been observed for H. rufus in Florida [103]. All these behavioural
observations support that these species are primarily active at night, particularly in terms of
foraging, which involves migration away from their shelters. This suggests that the full range
of their behavioural repertoire, including reproductive activities, may not have been captured
during our daytime recordings in the wild. Furthermore, if daytime reproductive activities were
taking place on the reefs, they would likely have been observed.

For over five decades, the sounds of Holocentridae have primarily been known through
their onomatopoeia (growl, staccato, grunt, knock, thump). Our field observations have now
provided both quantitative and qualitative physical descriptions for each of these sounds, and
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confirmed their stereotypy [101]. Surprisingly, our study also reveals that these different sound
types are not consistently associated to any particular behaviour but can be emitted in various
behavioural contexts. Additional studies are therefore required to understand the coexistence of
different kinds of sounds within holocentrids. Within the framework of current knowledge, and
given that all these sounds appear to be produced using the same mechanism, we suggest that
differences could be related to the motivational state of the sender or the intended recipient.

3.3. Association between sounds and behavioural contexts

In Holocentridae, acoustic events emitted during agonistic and social signalling interac-
tions, regardless of the behaviour or species, are composed of stereotyped sounds. However,
the number of sounds, their type and the arrangement of these units are not fixed (Fig. 2b,c).
Therefore, they do not uniquely indicate any particular behaviour [101]. Similarly, acoustic sig-
nals frequently involved, additionally to visual cues, in the mediation of their interaction with
cleaner wrasses, consist of variable sequences of sounds (Fig. 2a; [99]). In the latter context,
sounds are produced by the holocentrids to refuse the interaction or to express their desire to end
the cooperation. This absence of stereotypy in sound production (i.e., acoustic events with vari-
able composition and structure) is highly surprising, but could be related to the limitations of
our observations. For instance, the relationship between the holocentrid and the cleaner wrasse
is not instantaneous; it may be conditioned by the history of interactions between the partici-
pants. An holocentrid client that has been deceived by the cheating behaviour of the cleaner
wrasse (i.e., feeding on the client’s mucus instead of its ectoparasites) might recognize it, just
as the cleaner wrasse may adopt different behaviours based on previous encounters with the
holocentrid client or depending on specific competitors present in the environment [104–106].
Our observations did not consider histories between protagonists but merely allowed us to ob-
serve an acoustic behaviour at a specific moment. It could thus be considered that the type of
acoustic message from the holocentrid depends on the history between the participants. More-
over, the number of sounds produced during the interaction and their type could also be related
to the severity of the punishment (i.e., the motivation) that the holocentrid wishes to impose on
the cheating cleaner wrasse. The apparent lack of stereotypy in sound production could also
be related to emotional or motivational aspects that we were unable to assess in our studies.
Although there may be some minor differences [94], the sound production mechanism in Holo-
centridae is based on a common principle where a pair of sonic muscles contracts regularly to
move the first ribs, which are closely linked to the swim bladder, thereby generating sound.
This mechanical aspect of sound production easily suggests that the various types of sounds
described for Holocentridae [99, 101] could result from simple modifications in the rhythm and
number of contractions [107–109]. The basic principle is that one contraction–relaxation cycle
produces a pulse. Variations in the number of contractions therefore define the number of pulses
composing a sound, whereas variations in the generation of the nerve impulses would affect the
pulse period. In case of rapid muscle stimulation, nerve impulses could generate a summation
preventing the different pulses to be fully expressed in the sound because they are followed
by the initiation of the next pulse, the resulting sound consisting in several close pulses rather
than well distinct pulses. These modifications in the firing rate easily explain the production
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of different kinds of sounds. If our behavioural study allows us to describe the different types
of sounds, it does not enable us to gauge the sender’s intention and thus link it to the type of
sound produced. At this stage, we can only specify that the type of sound does not necessarily
correspond to a specific behaviour as such. Also, a lack of stereotypy in sound production could
be related to the communicative aspect, which is not solely directed towards conspecifics but
must also be understood by heterospecifics.

While different sound types can be produced in the same behavioural contexts, we have
identified certain behaviours in Holocentridae that are exclusively associated with one stereo-
typed sound. When confronted by a predator (i.e., moray eel), holocentrids shift from an escape
behaviour to an aggressive response referred to as mobbing behaviour [100]. This behaviour
would consist in a strategy to reduce predation risk [110]. During such mobbing behaviour,
holocentrids only emit staccato sounds, supporting that these calls consist in alarm signals
(Fig. 2d; [100]). It is important to note that staccato sounds were produced before the intro-
duction of the predator into the aquarium in our experiment. However, their calling rate signifi-
cantly increased upon the predator introduction, which also suggests that isolated sounds might
have a different meaning when emitted alone or in a group. In another distress behavioural
context, hand-held fish always produced the same kind of stereotyped sounds (Fig. 2e). The
consistency and predictability of these sounds are such that they were used to conduct a com-
parative analysis aimed at determining whether they encode a species-specific character [111].

The use of two different types of distress calls (hand-held and staccato sounds) suggest
the ability of holocentrids to provide graded information based on the perceived risk. Such
ability has also been reported in mammals such as primates [8] or mongooses that modify the
structure of their calls based on both the type of predator and the level of urgency [9]. In birds
(i.e., Siberian jays), anti-predator calls can also inform on the predator behaviour (perched,
searching and attacking hawks) [10], in addition to both the predator category and the risk
posed by a predator as observed from mobbing calls [11]. In such stressful contexts, acoustic
signals could convey information on the location and type of danger faced by the caller, whereas
more frequent harmless situations would not need to carry such information. In this case, the
non-stereotyped acoustic signals produced would strengthen the visual behaviours, such as in
O. niloticus [112].
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