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ABSTRACT

Body size is the principal determinant of acoustic variation in anemonefish, reflecting both the mechanics of sound production

and the size-based structure of their social hierarchies. In Amphiprion percula, the absence of a reported size-frequency relation-

ship has led to the interpretation that small acoustic differences are rank-specific. We show that this outcome stems from analyt-

ical choices that obscure natural size variation, including pooling individuals across groups and removing size-rank covariance.

Because behavioural categories correspond to distinct size classes, morphology must be explicitly accounted for.

In a recent study on acoustic communication in anemonefish,
Yllan and Rueger (2025) provide valuable field observations on
the vocal behaviour of Amphiprion percula, offering rare in situ
data on sound production within natural social groups. However,
several aspects of their interpretation warrant clarification. Most
importantly, the authors report no significant effect of body size
on dominant or peak frequency after statistically removing the
natural covariation between size and social rank. This approach
effectively eliminates the biological signal expected in clown-
fish, whose hierarchies and acoustic scaling are tightly size-
dependent. Here, ‘body size’ refers to linear body dimensions
(standard length), which directly constrain the mechanics of
sound production. As a result, the absence of a size-frequency
relationship in their analysis reflects a methodological artefact,
not a deviation from established patterns. Existing studies on
clownfish species consistently demonstrate a strong negative re-
lationship between body size and dominant frequency (Colleye
et al. 2009; Colleye and Parmentier 2012). This pattern is central
to our understanding of agonistic communication and hierarchy
maintenance in Amphiprion. Interpreting small acoustic differ-
ences as rank-specific therefore lacks support from the biome-
chanics of sound production. Here, I revisit this issue using only
published evidence to explain why the conclusions drawn by the

authors (Yllan and Rueger 2025) are unlikely to reflect the nat-
ural biology of Amphiprion.

Clownfish produce aggressive and submissive sounds during ag-
onistic interactions toward con- and heterospecifics (Allen 1972;
Colleye and Parmentier 2012; Schneider 1964). Aggressive and
submissive sounds in clownfish differ clearly in structure, tem-
poral properties, amplitude, and behavioural context. Aggressive
sounds (threatening and fighting sounds) are produced by
dominant individuals during charges and chases (Chen and
Mok 1988; Parmentier et al. 2005; Takemura 1983); they con-
sist of single-pulse units, emitted alone or in series, and display
longer pulse durations and pulse periods. In contrast, submis-
sive sounds are emitted exclusively by subordinate individuals
during head-shaking displays. They are always multi-pulsed,
never consisting of a single pulse, and show much shorter pulse
periods and shorter pulse durations. In Amphiprion frenatus, for
example, pulse periods average 12ms versus 106 ms in aggres-
sive sounds, and pulse durations 8 ms versus 14 ms, respectively
(Colleye and Parmentier 2012; Parmentier and Lecchini 2022).

Aggressive sounds arise from rapid jaw closure (snapping) and
tooth collisions. This jaw slam induces vibrations of the skeleton
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and rib cage, which in turn move the closely associated swim
bladder wall, acting like a loudspeaker membrane and radiat-
ing the sound (Olivier et al. 2015; Parmentier et al. 2007). What
is firmly established is that aggressive sounds involve vibration
of structural units, but not resonance of bone material itself,
and these vibrating structures necessarily scale with body size
(Colleye et al. 2012). No component of this mechanism permits
modulation of oscillation rate independently of the size of the vi-
brating structures. This is fully consistent with the observation
that dominant frequency scales only with body size in all clown-
fish species studied to date. This mechanical reality is consis-
tent across fishes that produce short, pulse-like sounds through
mechanisms not involving rapid sonic muscles (Parmentier and
Fine 2016). The relationship between peak frequency and size
has been shown in other pomacentrids (Myrberg et al. 1993)
and in taxa such as cichlids (Amorim et al. 2003; Bertucci
et al. 2015), triggerfish (Raick et al. 2017) or gobiids (Malavasi
et al. 2003). The mechanism of submissive sounds, however, re-
mains unknown and cannot be assumed to operate identically
to aggressive sound production.

It results in Amphiprion species, dominant frequency and pulse
duration are tightly constrained by morphology. In A. akallop-
isos, dominant frequency correlates strongly and negatively with
standard length (r=-0.97), with larger individuals producing
lower dominant frequencies, while pulse duration shows a posi-
tive correlation with body size (Colleye et al. 2009). Similar size-
dependent trends have been demonstrated in A. frenatus across
a 44-112mm range (Colleye and Parmentier 2012). Moreover,
across 15 clownfish species, the frequency-size relationship fol-
lows an identical slope, indicating that the scaling mechanism
is conserved throughout the genus (Colleye et al. 2011). These
results strongly support the idea that acoustic features primarily
reflect morphology.

Clownfish social organisation further reinforces this expec-
tation. Social hierarchies rely on strict size ratios: adjacent
ranks differ on average by a factor of ~1.26, although some
size overlap between ranks does occur (P. Buston 2003; Buston
and Cant 2006; Colleye et al. 2016). As a result, individuals of
identical size may occupy different ranks depending on the
colony. Conversely, individuals of the same rank do not neces-
sarily share the same absolute body size, since both males and
females may reach sexual maturity at slightly different sizes.
What structures the hierarchy is therefore not the absolute size
associated with a given rank, but the relative size differences
between adjacent group members (P. Buston 2003; Buston and
Cant 2006). Acoustic signals are thought to contribute to the
maintenance of this hierarchy by reinforcing perceived size dif-
ferences (Colleye and Parmentier 2012) and preventing escalated
conflict (P. Buston 2003, 2004; Fricke 1979). For this system to
function, acoustic cues must reliably encode body size. If two
individuals of similar size but different rank produced different
dominant frequencies, the honesty of the signal would be com-
promised and assessment would become unreliable. Playback
experiments are therefore ultimately required to demonstrate
that clownfish are able to discriminate conspecifics on the
basis of acoustic cues alone. To date, such experiments are still
lacking in Amphiprion. Nevertheless, two independent lines of
evidence provide important indications that acoustic discrimi-
nation based on size-related frequency differences is biologically

plausible in this group. First, auditory sensitivity measurements
in juvenile specimens (31-55mm total length) of Amphiprion
frenatus, A. ocellaris and A. clarkii show that their best hear-
ing sensitivity lies below the dominant frequency of their own
calls, but close to the dominant frequencies produced by larger
individuals (Parmentier et al. 2009). This pattern suggests that
juveniles may be particularly tuned to detecting sounds emitted
by adults, consistent with a functional role of acoustic cues in
social interactions and spatial localisation of dominant group
members. Second, in another pomacentrid species, the bicolor
damselfish Pomacentrus partitus, playback experiments have
demonstrated that females use male courtship sounds to locate
nests. Importantly, females were able to discriminate between
males differing by as little as 4mm in body size, based solely
on differences in dominant frequency, approximately 710 Hz
versus 780 Hz (Myrberg et al. 1986). This result provides direct
experimental evidence that small spectral differences linked
to body size can be perceptually meaningful in pomacentrid
fishes. Together, these findings strongly support the hypothesis
that size-related acoustic parameters are functionally relevant
in social communication within Pomacentridae. While targeted
playback experiments remain necessary to directly test acous-
tic size discrimination in clownfish, existing auditory and be-
havioural data are fully consistent with the idea that dominant
frequency constitutes an honest and biologically interpretable
cue of body size.

Consequently, using social rank as a categorical predictor risks
obscuring underlying morphological variation. This issue is
amplified by the fact that all individuals from all social groups
were analysed together, without explicitly modelling the size
structure or hierarchy specific to each group. In clownfish, rank
categories do not guarantee size homogeneity (either within or
across groups) and statistically centring body size further re-
moves the natural covariance between rank and morphology.
From a functional perspective, comparisons of acoustic features
should therefore be based primarily on body size rather than
rank, since only body size captures the mechanical constraints
governing sound production. This distinction is essential for
determining whether observed acoustic differences reflect true
size-related scaling or methodological artefacts arising from
hierarchical classification and pooled analyses. Furthermore,
directly comparing acoustic parameters across behavioural
categories may introduce a substantial methodological bias. In
size-based hierarchies such as those of anemonefish, submissive
behaviours are almost exclusively performed by the smallest in-
dividuals in the group (Colleye and Parmentier 2012), whereas
aggressive behaviours, whether directed at conspecifics or het-
erospecifics, are typically produced by the largest individuals.
As aresult, each behavioural category is intrinsically associated
with a distinct size class, which mechanically shifts the mean
acoustic values attributed to each behaviour.

To robustly assess differences that are genuinely linked to be-
havioural context, it would be preferable to normalise acoustic
parameters by body size, as recommended in previous stud-
ies (Banse et al. 2024; Colleye and Parmentier 2012; Raick
et al. 2017). Without such correction, the observed variations are
likely to reflect mainly the effect of body size rather than the be-
havioural context itself, which may in turn affect the functional
interpretation of the acoustic signals assigned to each behaviour.
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Taken together, published data show that clownfish acoustic sig-
nals primarily encode body size, a property central to the estab-
lishment and maintenance of social hierarchies. Because these
hierarchies rely on stable size ratios, substantial rank-specific
variation in dominant or peak frequency would be inconsistent
with the known mechanics of sound production. The absence
of a size-frequency relationship in Amphiprion percula reported
by Yllan and Rueger (2025) is therefore unexpected in light of es-
tablished size-related scaling and is likely influenced by aspects
of analytical design, such as pooling individuals across groups
and statistically removing the natural covariance between size
and rank, which can obscure biological variation. Before draw-
ing behavioural conclusions, acoustic parameters should be
re-evaluated with analyses that explicitly incorporate precise
body-size measurements and treat size and rank as distinct
sources of variation. Only then can the functional significance
of acoustic variation in Amphiprion percula be reliably assessed.
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