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Abstract
The concept of Acoustic Niche plasticity refers to the plasticity of acoustic resources allocation within a species. Few studies 
have focused on this adaptability in fish species. The relationship between anemones and clownfish is one of the best-known 
symbioses in coral reefs. However, other fishes also use anemones for shelter. The three-spot damselfish (Dascyllus trimacu-
latus) can inhabit the same sea anemone as the orange-fin clownfish (Amphiprion chrysopterus) in French Polynesia. Because 
both Pomacentridae species communicate acoustically through the same sound production mechanism, their sounds are very 
similar. We have demonstrated that D. trimaculatus produces shorter sounds when it shares its anemone with the clownfish. 
In addition, the daily sound production cycle of D. trimaculatus changes in the presence of the clownfish. It decreases sound 
production during the day and produces more sounds at sunset. These modifications should reduce the acoustic overlap of 
the signals produced by both species and differentiate the acoustic niche of D. trimaculatus from that of A. chrysopterus, 
thereby minimizing competition. This study supports the concept of Acoustic Niche plasticity, showing differences in the 
three-spot damselfish sound production when it cohabits with another vocal species (Amphiprion chrysopterus).
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Introduction

Acoustic communication is crucial for many animal spe-
cies. To avoid acoustic interference and competition, vocal 
species living in complex and noisy environments have 
developed different strategies (Allen-Ankins and Schwarz-
kopf 2022). Sympatric vocal fish species have shown their 
ability to partition their signal space, e.g., emitting sounds 
at distinct locations or times of day with different spectral 
or temporal features (Ruppé et al. 2015; Bertucci et al. 
2020; Wilson et al. 2020; Bolgan et al. 2022). These studies 
support the concept of Acoustic Niche plasticity, i.e., the 

allocation of acoustic resources (e.g., call temporal features, 
call spectral features, and diel timing of calling activity) is 
not fixed within a fish species as the same species can adapt 
its use of acoustic resources (Bolgan et al. 2022).

Clownfish are especially well-known for their sym-
biosis with sea anemones (Allen 1972; Fautin and Allen 
1997; Ollerton et al. 2007; Ricciardi et al. 2010). Clown-
fish groups form obligate associations with sea anemones 
that provide fish with spawning sites and protection from 
predators (Allen 1972; Fautin 1991; Buston 2003). However, 
this is not the only fish taxon with close relationships with 
sea anemones (Fautin and Allen 1992; Hayashi et al. 2020). 
Dascyllus trimaculatus, the three-spot damselfish, is widely 
distributed in western Indo-Pacific coral reefs (Randall and 
Allen 1977). Although adults of this species usually do not 
associate with anemones (Randall and Allen 1977), juve-
niles generally live in symbiosis with large sea anemones 
or branching corals (Randall and Allen 1977; Fautin 1986; 
Fautin and Allen 1992). Large sea anemones harboring D. 
trimaculatus may also have concurrent symbiotic relation-
ships with Amphiprion clownfish (Randall and Allen 1977; 
Fautin 1986; Hayashi et al. 2020). In French Polynesia, 
the sea anemone Heteractis magnifica can harbor both D. 
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trimaculatus and A. chrysopterus, inducing competition 
between both species (Holbrook and Schmitt 2004; Hayashi 
et al. 2020). Amphiprion chrysopterus, the dominant com-
petitor of this relationship, has a direct negative effect on 
the density of D. trimaculatus, the dominated competitor 
(Holbrook and Schmitt 2004).

Both species belong to the Pomacentridae, a family well-
known for its ability to produce sounds (Parmentier et al. 
2016). The sound production mechanism has been described 
in Amphiprion clarkii (Parmentier et al. 2007). It involves 
the cerato-mandibular ligament connecting the lower jaw 
to the hyoid bar, at the level of the ceratohyal (Parmentier 
et al. 2007). Upon simultaneous neurocranium elevation and 
hyoid depression, this ligament acts as a rope, forcing rapid 
closure of the mouth (Parmentier et al. 2007). Sounds are 
produced at teeth snapping (Parmentier et al. 2007; Olivier 
et al. 2015, 2016). Because this ligament is a synapomorphic 
character in the Pomacentridae (Stiassny 1980; Olivier et al. 
2016), the sounds emitted by the genera Amphiprion and 
Dascyllus are produced by the same mechanism (Olivier 
et al. 2015, 2016; Parmentier et al. 2016). Although both A. 
chrysopterus and D. trimaculatus produce similar pulsed 
sounds (Luh and Mok 1986; Colleye et al. 2009; Parmentier 
et al. 2009), the main challenge of their cohabitation is that 
the sounds are not produced in the same behavioral con-
text. Sounds are only made during aggressive behaviors in 
Amphiprion species (Colleye and Parmentier 2012), whereas 
Dascyllus species also communicate vocally during repro-
duction and courtship behaviors (Lobel and Mann 1995; 
Mann and Lobel 1998; Parmentier et al. 2009, 2010, 2022). 
During courtship, Dascyllus males perform a display (called 
the signal jump) to attract females (Myrberg and Spires 
1972; Lobel and Mann 1995). This courtship dip involves 
the male rising into the water column and then swimming 
rapidly downward while emitting a pulsed sound (Lobel 
and Mann 1995; Parmentier et al. 2009, 2010). Because 
both species may share the same host and produce similar 
sounds with different meanings, it can result in misinterpre-
tation. The courtship behavior of D. trimaculatus could be 
misinterpreted as aggression by the clownfish, leading to 
conflicts. Acoustic communication within the sea anemone 
host could be conflicting. We hypothesize that competition 
should result in signal diversification and/or modification 
to minimize interference (Krause 1993; Bolgan et al. 2022).

The present study aims at determining the impact of 
acoustic competition between A. chrysopterus and D. tri-
maculatus when living together. Firstly, we compared the 
acoustic parameters associated with the signal jump sounds 
between D. trimaculatus living alone in the sea anemones 
and specimens found cohabiting with A. chrysopterus. Sec-
ondly, since both species share the same host, we hypoth-
esized that D. trimaculatus could change its daily sound 
production cycle. Consequently, we determined the daily 

sound production cycle of D. trimaculatus alone and the 
cycle when the two species share the same anemone.

Materials and methods

Study site

This study was conducted in the lagoon at Temae, in 
Moorea (17° 29′ 54″ S, 149° 45′ 19″ W, French Polynesia). 
Recording sessions were made from February to May 2021, 
between 1 and 3 m depth. The average water temperature in 
the lagoon was 29 °C. Ten colonies of D. trimaculatus were 
recorded. They were composed of 8–77 individuals, inhab-
iting one or several juxtaposed sea anemones Heteractis 
magnifica. Five host colonies were found to be exclusively 
inhabited by D. trimaculatus while the other five colonies 
were inhabited by both A. chrysopterus and D. trimaculatus.

Recordings

Behaviors associated with sound production in D. trimacu-
latus were recorded with two types of instruments: a GoPro7 
(GoPro, San Mateo, CA, USA), placed in a housing (Spy-
fish, Liège, Belgium) and directly connected to an HTI-96-
Min external hydrophone (sensitivity: − 170 dBV μPa−1, flat 
frequency response range: 20 Hz–20 kHz, a sampling rate 
of 44.1 kHz, 16-bit resolution; High Tech Inc, Long Beach, 
MS, USA); and a cyclops, composed of an HD video cam-
era (Loggerhead Instruments, Sarasota, FL, USA) directly 
connected to an identical HTI-96-Min external hydrophone 
(sensitivity: − 170 dBV μPa−1, flat frequency response range: 
20 Hz–20 kHz, a sampling rate of 44.1 kHz, 16-bit resolu-
tion; High Tech Inc, Long Beach, MS, USA). Both cameras 
were placed either on the bottom or on some dead coral, 
about 1 m from each studied colony. Continuous recording 
sessions lasted up to 2 h, between 08:30 and 11:30. This 
time slot was chosen after a quick analysis of the daily sound 
production cycle had designated it as the richest in acoustic 
behaviors. The sounds associated with signal jumps were 
analyzed with the Avisoft-SASLab Pro software 5.2.13 
(Avisoft Bioacoustics, Glienicke, Germany). Each file was 
previously down-sampled at 4 kHz with Adobe Audition 
(Adobe, San Jose, CA, USA) to ease the analysis by reduc-
ing the calculation time. The following sound parameters 
were measured: sound duration (in ms); number of pulses in 
a sound; pulse period (measured as the average peak-to-peak 
interval between consecutive pulses in the entire sound, in 
ms); interpulse interval (measured as the time from the end 
of one pulse to the beginning of the next one, in ms), pulse 
duration (measured as the time from the beginning of one 
pulse and its end, in ms) and dominant frequency (frequency 
component with the most energy, in Hz). Temporal features 
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were measured from oscillograms while the dominant fre-
quency was obtained from power spectra.

Recordings of the daily sound production cycle were 
made with a Snap underwater acoustic recorder (Logger-
head Instruments, Sarasota, FL, USA) directly connected 
to a HIT-96-Min external hydrophone (sensitivity: − 164 
dBV μPa−1, flat frequency response range: 20 Hz–20 kHz, 
a sampling rate of 44.1 kHz, 16-bit resolution; High Tech 
Inc, Long Beach, MS, USA). Placed next to each of the ten 
colonies in the lagoon, the system was scheduled to record 
each colony for 15 min every 60 min for 24 h. Those audio 
recordings were made between February 16 and March 8, 
2021. The soundtracks were analyzed using Raven Lite 2.0.1 
(Cornell Lab of Ornithology, Ithaca, NY, USA). The sounds 
produced by D. trimaculatus or A. chrysopterus that con-
tained a minimum of three pulses were manually counted 
for each 15-min recording per hour for the 24-h cycle of 
each colony.

Statistics

Descriptive statistics (mean and standard deviation) were 
calculated for colonies with and without clownfish. Shap-
iro–Wilk normality tests were used to test the normality of 
the data. The homoscedasticity of the variances was checked 
with F tests of equality of variances (n = 2) or Bartlett tests 
(n > 2). F-tests were also used to compare the variance of 
signal jump sounds of D. trimaculatus accompanied or not 
by A. chrysopterus. For each acoustic parameter, a Wil-
coxon–Mann–Whitney test was used to compare signal jump 
sounds based on the presence or absence of A. chrysopterus. 
A principal component analysis (PCA) was run on the six 
acoustic parameters, from the correlation matrix, to give an 
overview of the potential acoustic differences between the 
two types of colonies (with and without A. chrysopterus). 
Student t tests were used to compare PC1 and PC2 between 
colonies with and without A. chrysopterus. Spearman’s 
rank correlation coefficients (rS) were used to quantify the 
relationship between principal components and acoustic 
parameters. For the daily sound production cycle, the per-
centages of sounds per hour compared to the total number 
produced during 24 h were calculated for each colony. This 
analysis was carried out for D. trimaculatus and A. chrys-
opterus. Wilcoxon–Mann–Whitney test and Student t test 
were used to compare the percentages of sounds between 
colonies of D. trimaculatus with and without the clownfish, 
for every hour of the daily sound production cycle. The num-
ber of sounds produced by D. trimaculatus was compared 
between colonies with and without A. chrysopterus using a 
Wilcoxon–Mann–Whitney test. In addition, a Kruskal–Wal-
lis test was used to compare the number of sounds of D. 
trimaculatus depending on the number of A. chrysopterus 
present (i.e., zero, one, or two). It was followed by Dunn’s 

multiple comparison tests for pairwise comparisons (with 
Bonferroni correction). All the statistics were carried out 
with R 4.1.0 (GNU General Public License), and the sig-
nificance level was α = 0.05.

Results

Number of clownfish

In the anemones inhabited by clownfish, the number of 
clownfish varied between one and two. Before carrying 
out our analysis, we realized a preliminary investigation to 
assess the potential effect of the number of clownfish present 
(i.e., zero, one, or two) on the number of sounds produced 
by D. trimaculatus. There was no difference whether there 
were one or two clownfish (Kruskal–Wallis test, χ2 = 33.92, 
df = 2, P < 0.001) (Dunn test, Z = 1.15, P = 0.74 when com-
paring one vs. two clownfish) (Dunn test, Z = 4.36 and 5.07, 
all P < 0.001 when comparing 0 vs. 1 or 2 clownfish). There-
fore, we only considered the absence or the presence of the 
clownfish.

Impact on the sounds

Dascyllus trimaculatus produced fast pulsed train sounds 
associated with signal jumps in six of the ten colonies, when 
alone (3) and in cohabitation with clownfish (3) (Table 1). 
However, D. trimaculatus sounds differed significantly 
between colonies having only D. trimaculatus and colo-
nies sheltering both species (Table 1). When cohabiting 
with the clownfish, D. trimaculatus produced significantly 
shorter sounds (Wilcoxon–Mann–Whitney test, W = 3425, 
P < 0.001) because they were made of fewer pulses (Wil-
coxon–Mann–Whitney test, W = 3071, P < 0.001) and had 
a shorter pulse duration (Wilcoxon–Mann–Whitney test, 
W = 3622, P < 0.001) (Table 1). However, the pulse period 
(Wilcoxon–Mann–Whitney test, W = 7710, P < 0.01) and 
the interpulse interval (Wilcoxon–Mann–Whitney test, 
W = 9198, P < 0.001) were significantly longer when D. tri-
maculatus were living with the clownfish (Table 1). When 
both species were together, the dominant frequency of sig-
nal jump sounds was also higher (Wilcoxon–Mann–Whitney 
test, W = 8038, P < 0.001) (Table 1). The variance associated 
with interpulse interval (F test, F = 1.61, df = 64 and 183, 
P = 0.015) and dominant frequency (F test, F = 1.96, df = 64 
and 183, P < 0.001) was significantly larger in sounds of D. 
trimaculatus accompanied by A. chrysopterus than those of 
the signal jump sounds produced by D. trimaculatus alone. 
It was not the case for the other features.

The acoustic diversity associated with signal jumps was 
summarized by a PCA based on the six acoustic features 
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(Fig. 1). The first two principal components of the PCA 
explained cumulatively 68.2% of the variation, with PC1 
and PC2 explaining 42.3% and 25.9% of the variation 
respectively. The sound duration (Spearman rank correla-
tion, rS = 0.73, P < 0.001), the number of pulses (Spear-
man rank correlation, rS = 0.74, P < 0.001), the pulse 
duration (Spearman rank correlation, rS = 0.64, P < 0.001) 
and the interpulse interval (Spearman rank correlation, 
rS =  − 0.76, P < 0.001) mostly contributed to the first 
principal component, whereas the pulse period (Spear-
man rank correlation, rS =  − 0.74, P < 0.001) was prin-
cipally associated with the second principal component. 
The colonies of D. trimaculatus living with or without A. 
chrysopterus were easily distinguished within this acoustic 
space along PC1 (Fig. 1). PC1 supported significant dif-
ferences between the signal jump sounds depending on 
whether or not the host anemone was shared between D. 
trimaculatus and A. chrysopterus (Student test, t =  − 8.99, 
df = 247, P < 0.001) (Fig. 1). The second component did 
not allow to separate the two types of colonies (Student 
test, t =  − 0.53, df = 247, P = 0.59) (Fig. 1).

Impact on the number of sounds and the daily cycle

Alone within the sea anemones, D. trimaculatus pro-
duced significantly almost four times more sounds (Wil-
coxon–Mann–Whitney test, W = 10,258, P < 0.001) than 
when in cohabitation with A. chrysopterus.

In anemones without clownfish, D. trimaculatus produced 
sound during both day and night (Fig. 2a). When this species 
was alone, the major peak of sound production (11.34% of 
the daily production) coincided with sunrise, which occurred 
between 05:54 and 06:00 in Moorea between February 16 
and March 8, 2021 (Fig. 2a). Then, the sound production 
decreased gradually during the day (Fig. 2a) before a slight 
increase in sound production (5.44% of the daily produc-
tion) after the sunset, i.e., between 18:19 and 18:32 (Fig. 2a). 
When A. chrysopterus was present, some modifications in 
the daily cycle should be noted. The peak of sound produc-
tion (11.22% of the daily production) happened around 1 h 
before sunrise (Fig. 2b), and there was a second major peak 
(11.94% of the daily production) around sunset (Fig. 2b). 
In addition, it should be noted that there is some disparity 
in the daily cycle between the different colonies (Fig. 2a, 

Table 1  Comparison of 
different acoustic parameters 
characterizing the signal jump 
sounds produced by Dascyllus 
trimaculatus (mean ± standard 
deviation), grouped according 
to whether or not Amphiprion 
chrysopterus is present in the 
anemone

Numbers between brackets correspond to the number of analyzed sounds

Dascyllus tri-
maculatus alone
(n = 184)

Dascyllus trimaculatus with 
Amphiprion chrysopterus
(n = 65)

Wilcoxon–Mann–Whitney 
test statistics and p-values

Duration (ms) 194 ± 55 153 ± 51 W = 3425, P < 0.001
Number of pulses 5 ± 1 4 ± 1 W = 3071, P < 0.001
Pulse duration (ms) 17 ± 6 13 ± 6 W = 3622, P < 0.001
Pulse period (ms) 51 ± 6 54 ± 7 W = 7710, P = 0.003
Interpulse interval (ms) 34 ± 7 41 ± 8 W = 9198, P < 0.001
Dominant frequency (Hz) 373 ± 104 457 ± 145 W = 8038, P < 0.001

Fig. 1  Scatterplot of principal 
component PC1 versus PC2, 
performed with the six acoustic 
parameters of signal jump 
sounds for the colonies com-
posed of Dascyllus trimaculatus 
only (pink triangle) and those 
with Amphiprion chrysopterus 
(blue circle). Ellipses corre-
spond to 95% of the observa-
tions, and dots correspond to 
ellipse centers
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b). Dascyllus trimaculatus produced more sounds at 06:00 
when alone in the anemones (Student test, t =  − 2.69, df = 8, 
P = 0.028). However, D. trimaculatus increased its sound 
production at 18:00 when the clownfish was present (Student 
test, t =  − 2.69, df = 8, P = 0.028).

Discussion

This study supports the concept of Acoustic Niche plas-
ticity by highlighting that the same species can exploit 
different acoustic resources depending on the surrounding 

Fig. 2  Daily sound production 
cycle of Dascyllus trimaculatus, 
when they were alone (a) and 
when Amphiprion chrysopterus 
was present (b). Daily sound 
production cycle of Amphiprion 
chrysopterus when Dascyl-
lus trimaculatus was present 
(c). Each data represents the 
percentage of sounds produced 
in 15 min per hour over a 24-h 
day. The dotted lines represent 
each colony, and the solid lines 
represent their mean. Each color 
represents one colony. The yel-
low rectangles represent sunrise 
and sunset in Moorea between 
February 16 and March 8, 2021
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vocal species. It is a crucial adaptation that allows distinct 
species to coexist in the same habitat by partitioning the 
use of acoustic resources. Here, all acoustic parameters 
associated with signal jump sounds of D. trimaculatus can 
be distinguished depending on whether or not A. chrysop-
terus was present. During their cohabitation with A. chrys-
opterus, D. trimaculatus sounds were more “discrete” 
because they were shorter, having fewer pulses. Further-
more, D. trimaculatus produced statistically fewer sounds 
when accompanied by A. chrysopterus. This decrease in 
sound production attests to the dominance of A. chrysop-
terus in the relationship (Holbrook and Schmitt 2004). The 
various aggressions of this clownfish on D. trimaculatus, 
like those observed during this study, must undoubtedly 
limit its acoustic communication (Hayashi et al. 2020). 
These restrictions in the sound duration and the number of 
sounds of the three-spot damselfish could be related to the 
message meaning since sound production is usually associ-
ated with aggressive behavior for the clownfish. Sounds 
would aim at establishing the hierarchy in the clownfish 
community (Colleye and Parmentier 2012). It means that 
courtship sounds produced by D. trimaculatus could be 
considered aggressive sounds by the clownfish. In this 
case, the shift in acoustic parameters and production in 
D. trimaculatus could be an acoustic adaptation to avoid 
conflicts as much as possible.

These observations in the shift of acoustic features join 
the rare in situ studies showing an adaptation of fish commu-
nication according to the biocenosis (Lagardère et al. 2005). 
Indeed, Lagardère et al. (2005) had also shown that, within a 
sea cucumber, the Carapidae Carapus boraborensis and C. 
homei seemed able to modify their acoustic features if they 
were in the presence of conspecifics or heterospecifics. Inter-
specific acoustic interaction in anurans (Littlejohn and Mar-
tin 1969), birds (Popp et al. 1985; Brumm 2006), and insects 
(Greenfield 1988) showed that species adjust the frequency 
and the timing of their signals to avoid competition (Brumm 
and Slabbekoorn 2005). Moreover, it was also proven that 
sympatric species induce a shift in the number and types of 
calls in frogs (Schwartz and Wells 1983) and a shift in the 
rate and length of songs in birds (Popp and Ficken 1987). 
Those studies corroborate animal acoustic adaptability like 
the one found in the Dascyllus genus in this study.

The relationship between size and dominant frequency 
and the one between size and pulse duration have been 
shown in Pomacentridae species (Lobel and Mann 1995; 
Colleye et al. 2009, 2011). In this study, the dominant 
frequency was lower, and the pulse duration was longer 
when D. trimaculatus were alone. Although the size has 
not been measured in this study, it seems specimens liv-
ing without clownfish were larger than their conspecif-
ics which live with A. chrysopterus. In other words, the 
lower dominant frequency and the longer pulse duration 

recorded in D. trimaculatus do not result from an adaptive 
process in sound production but are related to the fish size 
within populations.

In both types of colonies, D. trimaculatus had a peak 
of sound production around sunrise (Fig. 2a, b), as previ-
ously described by Parmentier et al. (2016). The greatest 
difference in the daily sound production cycle between D. 
trimaculatus alone and D. trimaculatus accompanied by A. 
chrysopterus stands at sunset (Fig. 2a, b) when the clownfish 
is present. When A. chrysopterus is present, D. trimaculatus 
decreases its sound production during the day and commu-
nicates more at sunset (Fig. 2a, b), the sound production 
increasing by 58% around 18:00. The clownfish seems to 
be the trigger for the D. trimaculatus sound production at 
sunset since no other difference exists between the two types 
of colonies. The reason for this shift remains obscure. Could 
the agonistic sounds of the clownfish stimulate the sound 
production in Dascyllus?

Conclusion

The cohabitation of D. trimaculatus with the clownfish 
seems to correspond to modifications in D. trimaculatus 
sound production at different levels: the number of sounds, 
time of emission, and acoustic features. All these modifica-
tions are most probably used to minimize signal overlaps 
with A. chrysopterus, supporting the concept of Acoustic 
Niche plasticity due to biocenosis. It would be interesting to 
extend the study with experimentations, monitoring the evo-
lution of acoustic features before introduction, during cohab-
itation, and after the removal of Amphiprion competitors.
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