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Characterizing dual-pulse calls in
five Sciaenid species

Javier S. Tellechea™, Hin-Kiu Mok?3 & Michael L. Fine*

Many fish species use acoustic signals for various purposes, with sciaenids being among the best-
known vocal teleosts. Although advertisement and disturbance calls have been well studied, the duval-
pulse call (or dual-knock) has been reported infrequently. Here, we recorded dual-pulse sounds in five
South Atlantic sciaenid species and analyzed their acoustic features from four species in captivity and
one in the wild. These stereotyped calls are emitted by both free-swimming and stationary individuals,
often without apparent social interactions, although they are routinely elicited by a human feeder. The
occurrence of this call type across geographically distant species in South America, North America, and
Asia suggests it may represent a basal trait within the family, potentially serving important but yet
undetermined functions.
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Sound production is a rapid and effective means of communication in fishes' and plays an important role both in
species identification by researchers (e.g., through species-specific acoustic signatures) and in species recognition
among fish, especially during social and reproductive interactions* 2. In a number of teleost families, such
as Batrachoididae, Gadidae, Holocentridae, Sciaenidae, Pomacentridae, Ophidiidae, and Gobiidae, sound
production is associated with agonistic and reproductive behaviour!'3~18,

Teleosts utilize a variety of mechanisms to produce sounds, including muscular vibration of the swim
bladder®®, expulsion of gas from the swim bladder?’, muscular vibration of the peritoneum”, and stridulation
(rubbing together of hard body parts such as incisor teeth, pharyngeal teeth, or fin spines"?2?. The teleost
family Sciaenidae, commonly referred to as croakers and drums due to their characteristic sound production,
comprises approximately 70 genera and 270 species worldwide (Chao, 1986; Nelson, 2016)?#%°. Sound production
in sciaenids has been known since before the last century!®?%, often in association with reproduction®10:27-34
Sciaenids have a diversity of sound production mechanisms, varied sounds, and structural variation in sound-
detecting structures. Indeed, the swim bladders and large-sized otoliths of many sciaenids differ with other
families*>~%”. They produce sounds by contracting specialized extrinsic sonic swimbladder muscles that originate
on an aponeurosis in most species although intrinsic muscles that attach exclusively to the bladder occur in black
drum Pogonias cromis and southern black drum Pogonias courbina, Atlantic croaker Micropogonias undulates
and several other species>¥43. Acoustic time series during seasonal reproductive periods demonstrate that
quantitative patterns in sciaenid calling correlate with spawning condition!%2831:33:44-51_ Pogitive correlations
between sound production and courtship have been documented for many sciaenids through the simultaneous
collection of eggs and acoustic recordings!®?82%31:33,35,4247.52-58 31 these sounds aid communication in turbid
estuaries where water visibility is often minimal®®. Sciaenids have provided a major focus for the field of passive
acoustics using the advertisement call for many species of this family?829:4558:60-63,

Sciaenids emit disturbance calls, (e.g., purrs or staccatos)!®** with different numbers of pulses that vary
more widely than in the advertisement call. The disturbance call often consists of a long sequence of pulses with
short intervals, resulting in a distinctive “burst” of sound'’. The pulses of the advertisement calls have longer
interpulse intervals, suggesting that disturbance situations result from more rapid pacing of pattern generators
in the central nervous system than used for courtship vocalizations'®%4.

Despite the family’s diversity, acoustic characteristics are known for only a small subset of sciaenids®.
Identity of field-recorded sounds have been verified using voluntary sounds recorded in captivity from a
small number of sciaenids from North and South America, Europe, Asia and Australia and include weakfish
Cynoscion regalis, speckled trout Cynoscion nebulosus, Atlantic croaker Micropogonias undulatus, whitemouth
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croaker Micropogonias furnieri, red drum Sciaenops ocellatus, black drum P. cromis and Southern black drum
P courbina from the Atlantic coast!0-?%2%33425%6566  the orangemouth corvina Cynoscion xanthulus and white
seabass Atractos cionnobilis from the Pacific coast®*%*%’, the meagre Argyrosomus regius and the shi drum
Umbrina cirrosa from Europe®*®8, Japanese croaker Argyrosomus japonicus and black spotted croaker Protonibea
diacanthus, big-snout croaker, Johnius macrorhynus from Taiwan*>%%70 and A. japonicus from Australia”!.

Most passive acoustics studies in fishes focus on sounds of a single species or conversely record unidentified
and unseen species in a relatively unexplored habitat.

The current study, recording the same call from five species from a single family within a relatively restricted
area, is therefore novel. We hypothesize that differences in the calls may aid in species recognition although this
remains to be tested.

Acoustic communication is widespread among sciaenid fishes, with several species known to produce distinct
call types such as rhythmic advertisement calls during reproduction and rapid burst-type disturbance calls
(references above). However, little is known about vocalizations that occur in non-reproductive social contexts,
especially in environments where multiple closely related species coexist. In this context, we examine a dual-
pulse call — characterized by two closely spaced pulses repeated at irregular intervals — which has been rarely
described in the literature and appears to differ markedly from the known sciaenid call types?>>”7%. This study
aims to investigate the presence and characteristics of this dual-pulse call across five sympatric sciaenid species,
using recordings obtained both in captivity and in the field in previous studies by Tellechea and colleagues. We
hypothesize that interspecific differences in the acoustic structure of this call are significant and may reflect
species-specific traits.

Materials and methods

Sound recordings and tank experiments

The dual-pulse call (or dual-knock) was analyzed in five sciaenid species. Sounds were obtained from recordings
from previous studies published between 2010 and 2022: the whitemouth croaker Micropogonias furnieri'*,
striped weakfish Cynoscion guatucupa®, Argentine croaker Umbrina canosai’?, southern king weakfish
Macrodon atricauda®, and southern black drum P. courbina®®*? (see Fig. 1), all of which inhabit the Rio de la
Plata estuary and the adjacent Atlantic coast of Uruguay. Full details of the recording methods for each species
are available in the original publications.

Sound recordings were conducted either in the field, in large tanks aboard a trawler, referred to as captivity, or
both, depending on the species. Sounds were obtained from recordings from previous studies published between
2010 and 2022, as cited throughout the Methods section. Therefore, full technical and contextual details for each
species are available in the original publications. Below, we summarize the recording protocols relevant to the
comparative analysis. Specifically, for M. furnieri, C. guatucupa, and U. canosai, recordings were first made in the
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Fig. 1. Oscillograms of a dual pulse call (a, b) and corresponding power spectrum (c) of a sciaenid species.
The vertical dashed line in the power spectrum of the second pulse indicates the measurement of the dominant
frequency.
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field at known spawning grounds, followed by complementary recordings in onboard tanks. For P. courbina and
M. atricauda, recordings were conducted both from shore or small boats in the field and subsequently in tanks
under controlled conditions. In these latter cases, fish were captured using hand nets and recreational fishing
methods, as previously described*2.

For M. furnieri, C. guatucupa, and U. canosai, recordings were taken at artisanal fishing grounds in the Rio de
la Plata estuary and coastal Atlantic waters (for M. furnieri 34°55'01"S, 56°26’06"W; for C. guatucupa 34°54'17"S,
55°53’01”W; and for U. canosai 34°47'44"S, 54°10'50”W), as well as aboard the research vessel R.V. Aldebaran
(operated by DINARA, the Ministry of Cattle Ranching, Agriculture and Fisheries of Uruguay). Sounds were
first recorded in known spawning areas with the vessel engine turned off, using a hydrophone deployed at depths
between 6 and 12 m for 2 h. Immediately afterward, a 20-minute trawl was conducted at 5-6 km/h (3 knots) to
confirm the identity of the calling species and to collect specimens of M. furnieri, C. guatucupa, and U. canosai for
each study!'®4672, Captured fish were transferred to a 3000 L onboard canvas tank filled with seawater for sound
recordings and behavioral observation over a period of five days. Water temperature and salinity in the tanks
were maintained at field conditions, typically 23 °C and 20%o, respectively!®4672, Fish were allowed to acclimate
for two hours before recording. Fish were then sacrificed by the crew of the fishing vessel for macroscopic
gonadal inspection and sex determination, using a five-stage maturity scale adapted for sciaenid species in the
Southwestern Atlantic”® and consistently applied in previous studies!®*®”!. For P. courbina and M. atricauda,
specimens were obtained from artisanal and recreational fishers who collaborated in this study. These fishers
carried out the sacrifice of the fish, allowing us to collect samples for sex and gonadal state determination?>°773,
After sampling, the fish were returned to the fishers for commercial use.

Acoustic recordings of P. courbina and M. atricauda were obtained from the shore and from a small non-
motorized rowboat in known spawning areas. Fish were captured using small nets from the shore or with the
help of recreational fishers using fishing rods. After capture, individuals were transferred to holding tanks. For P
courbina, recordings were conducted along two coastal sites: the Atlantic Ocean coast at Punta del Este (34°58’S,
54°57'W), and the lower Santa Lucia River estuary near Montevideo (34°46'S, 56°25'W). This species is the
largest sciaenid in the Atlantic coast and Rio de la Plata estuary. The maximum size recorded in P. courbina was
117 cm in length, with a maximum weight of 48.1kg’. Due to their large sizes specimens could only be kept in
captivity for a few minutes, and the dual-pulse was not recorded in captivity*>*>.

For M. atricauda, recordings were made along the Rio de la Plata estuarine coast at El Pinar, Canelones
Department (34°50'S, 55°55"W). The hydrophone was lowered from the small boat to depths between 1.5 and
2 m for 2 h. Immediately after the recordings, a hand net was used to capture individuals at the same location to
verify the identity of the calling fish. Afterward, fish were transferred to a 1000 L tank filled with seawater, where
they acclimatized for two hours before sound production.

However, despite being able to identify the calling species through post-recording fishing, the high overlap
of calls produced by multiple individuals in natural aggregations prevented extracting reliable acoustic
measurements at the individual level from field recordings. Therefore, the analyzed sounds possibly represent
the acoustic repertoire of the species, but in situ verification was not performed, and detailed comparisons
between captivity and the wild were not feasible in this study.

In the case of P. courbina, water temperature in the tanks ranged from 18 to 24 °C, and salinity from 20 to
27%o. These variations reflect studies conducted at different locations and different times of the year, specifically
in October and January*2. For M. atricauda, water temperature and salinity in the tanks were maintained close
to field conditions, ranging between 22 and 24 °C and 20 to 23%o, respectively.

Since all research involving these species was conducted under the authority of the Ministry of Cattle Ranching,
Agriculture and Fisheries of Uruguay, where the fish were collected as part of the protocol of the research fishing
vessel, the Animal Care Committee of Uruguay (Honorary Commission for Animal Experimentation, CHEA)
approved the scientific collection and handling of the animals, in compliance with the Uruguayan Animal
Experimentation Ethics Committee. All methods are reported in accordance with ARRIVE guidelines.

For M. furnieri, P. courbina and C. guatucupa recordings were made with a calibrated omnidirectional
hydrophone built in the laboratory (sensitivity of —40 dBre: 1puPa and linear frequency response from 20 Hz
to 60 kHz). For U. canosai and M. atricauda recordings were made with a calibrated omnidirectional Aquarian
hydrophone H1a (Useful range: <1 Hz to > 100 kHz, 100 kHz, sensitive of — 220 dB re: 1 V/uPa). M. furnieri were
recorded with an analog JVC model Super ANRS/Coreless Motor Portable Stereo Cassette Deck/KD-2). In the
other three species recordings were made on a digital TASCAM HDP2 recorder at a sampling rate of 44.1 kHz.

Acoustics and statistical analysis.

Sounds were analyzed using Audacity free software, vers. 1.2.37> and Raven Pro, Version 1.6’°. Spectrograms
of representative dual-pulse calls were generated using the power spectrum from a 1024-point FFT with a
Hanning window to illustrate the calls’ temporal and spectral structure. We qualitatively describe the number
of cycles per pulse and their amplitude patterns across species (Fig. 1). These observations are for illustration
only and were not included in the statistical analyses. The following acoustic parameters were measured: pulse
duration, dominant frequency, the interval between the two pulses (Interval between paired pulses see Fig. 1),
and the interval between successive dual pulses (Inter dual pulse time see Fig. 1).

This figure is a schematic representation of the acoustic variables; the precise definitions of pulse duration,
interval between paired pulses, and inter dual pulse time are provided in the Materials and Methods section.

Descriptive statistics were performed to provide mean, standard deviation, maximum and minimum values
(Fig. 1; Table 1). ANOVA followed by a Tukey post hoc test was used to compare species. To test whether the
data are parametric, the Levene test for homogeneity of variances was used””. The critical a level was 0.05, using
PAST (version 1.95) a free statistical software package’®.
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Inter dual pulse | Pulse duration | Pulse duration | IPI between paired | Dominant frequency :l:ﬁaxl'lation
Species time (s) 1 (ms) 2 (ms) pulses(ms) (Hz) (s)
Mean | 1.4 232 24 31.1 330.3 377.1
M. furnieri | SD_ | 0.4 11 2 2.7 115 152.7
n=3 Min | 0.8 22 21 27 315 136
Max |22 25 26 36 359 637
Mean | 1.4 24.3 243 30.8 416.8 2254
C. guatucupa | S| 03 2 2.07 12 10.6 65.4
n=>5 Min | 0.6 21 21 29 408 136
Max 1.9 27 27 33 436 323
Mean | 1.1 27.7 27.5 30.7 269 112.6
U canosai | SD |03 13 12 13 8 193
n=3 Min |09 26 26 29 259 101
Max | 2.1 29 29 32 279 135
Mean | 1.4 24 239 20.9 585.5 224.1
M. atricauda | SD | 0.4 0.6 03 05 40.1 131.9
n=>5 Min | 0.8 23 23 20 518 72
Max | 1.9 25 24 22 659 421
Mean | 2.7 315.1 3333 632 274.5 NI
P courbina |SD | 0.6 16 5.1 127.5 7.3 NI
inthewild | pin |19 315 300 514 258 NI
Max | 3.9 318 400 825 289 NI

Table 1. Mean, standard deviation SD, minimum and maximum values for parameters of double-pulse calls
in captivity for M. furnieri, C. guatucupa, U. canosai, M. atricauda, and in the wild for P. courbina. NI=no
information. IPI stands for interpulse interval. n indicates the number of individual fish recorded.

Results

Dual-pulse call characteristics of each species

Dual pulse calls were recorded in the wild in all five species and in four of them in large tanks. P. courbina was
only recorded in the wild, as its large size made it impractical to maintain individuals in captivity for acoustic
recordings. C. guatucupa, U. canosai and M. atricauda have sonic muscles in males exclusively39’57'72, and thus
their sounds are assumed to be generated by males whereas M. furnieri and P. courbina have muscles in both
sexes.

Whitemouth croaker micropogonias furnieri

Dual-pulse calls were recorded on the coast of the Rio de la Plata and the mouth of the Pando stream (Pinar-
Canelones, location on the Uruguayan coast). Dual pulses were recorded throughout the year but with greater
frequency of occurrence and intensity during the reproductive season. This sound was also recorded at the
mouth of the Pando stream outside the reproductive season (October to March).

In the large tank, M. furnieri (7 females and 3 males; male total length: 22, 26, and 27 cm) emitted the dual-
pulse sound without any obvious stimulus. Because calls were recorded in a mixed-sex group, it could not be
determined whether females also contributed to sound production. To further assess this, males and females
were subsequently separated and placed in individual 100 L tanks. In these conditions, only males produced
the dual-pulse call, beginning approximately 30 min after isolation. No dual-pulse sounds were recorded from
isolated females. Dual pulses had interpulse intervals averaging 1.7 + 1.1 s. The average duration of pulse one and
pulse two was 64 +0.1 ms and 68 + 0.2 ms, respectively. The interval between pulse one and two (i.e., the interval
between paired pulses) was 26 +2.9 ms, and the dominant frequency was 344 + 0.6 Hz. Data were obtained from
11 calls (Table 1; Fig. 2), and the measured acoustic parameters are summarized in Fig. 1.

Striped weakfish Cynoscion guatucupa

Dual-pulse calls were recorded in the wild during the reproductive season (October and April), with activity
peaks in spring and early autumn’®, both before and after spawning?®. In captivity, seven dual-pulse calls were
recorded from five males (total length: 25, 28, 32, 33, and 34 cm). Postmortem gonadal analysis indicated that
these specimens were either not in spawning condition or had already spawned. The dual-pulse sound was
emitted by stationary and free-swimming fish throughout the day during the observation period (Fig. 2). Inter
dual pulse intervals averaged 1 + 3.9 s, and the interval between pulse one and two was 26 + 2.0 ms. The average
duration of pulse one and pulse two was 29 + 0.1 ms and 32 + 0.1 ms, respectively, and the dominant frequency
was 328 + 2.3 Hz (Table 1).
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Fig. 2. Oscillograms (above) and spectrograms (below) of dual-pulse calls from five sciaenid species: M.
furnieri, C. guatucupa, U. canosai, M. atricauda, and P. courbina. Insets show an expanded view of a single
pulse. For M. furnieri and C. guatucupa, each pulse consists of 2-3 cycles, with amplitude peaking in the
second cycle and the third cycle is strongly attenuated. In U. canosai, pulses exhibit a gradual increase in
amplitude over 5-6 cycles before decreasing. M. atricauda produces pulses of 2-3 cycles, with the second
cycle typically showing the highest amplitude. In P. courbina, pulses consist of multiple cycles (12-15), with
amplitude also reaching its maximum in the second cycle. Spectrograms were generated using a 1024-point
FFT and a Hanning window; darker shading indicates higher amplitude. Fish drawings modified from
Menezes & Figueiredo®’.

Argentine croaker Umbrina canosai

Dual-pulse calls were recorded in the wild during and outside of the reproduction season. The three male
specimens in captivity (total length: 24, 28, 29 cm) were not spawning or had already spawned as indicated
by gonadal analysis. The dual pulse was emitted in stationary and free-swimming fish at various times of day
(Fig. 2). Three calls were obtained in captivity for each individual fish. The dual-pulse sounds had an inter dual-
pulse interval of 1.4+ 1.3 s; the interval between pulse one and pulse two was 32 + 1.7 ms. The average duration
of pulse one and pulse two were 28.1+0.9 ms and 28+0.7 ms respectively, and the dominant frequency was
299+ 0.8 Hz (Table 1).

Southern king weakfish Macrodon Atricauda

The dual-pulse was recorded from five males in captivity (total length: 26, 27, 28, 28, and 29 cm). Eight calls were
recorded over 2 to 3 h during the day, starting one day after spawning (Fig. 2). The average inter-individual pulse
time was 1.1 £ 0.9 s, and the interval between the two pulses was 15 + 2.8 ms. The average duration of pulse one
was 23 + 1.2 ms and of pulse two was 23 * 1.1 ms, with a dominant frequency of 504 + 4.2 Hz. The presence of
dual-pulse calls in this species was also confirmed in the wild within the spawning area®’.

Southern black drum Pogonias courbina

P. courbina dual-pulse calls were recorded only in the wild. However, by targeting known recurrent spawning
sites, we obtained these calls on several occasions before, during, and after the species characteristic advertisement
calls at the Maldonado stream mouth off the coast of Uruguay*. The call was recorded at various times during
the day and night. On several occasions, the dual-pulse and the advertisement calls were recorded. Behavior
during sound production was not observed in this species. The dual-pulse sound has longer pulses than in the
other species, and it sounds like a doubled advertisement call (Fig. 2). Table 1 shows data from 5 min recordings
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of double-pulse calls (Fig. 2) from an area where sport fishers were fishing for P. courbina. It is not known
whether the calls were made by the same specimen.

For M. furnieri, C. guatucupa, U. canosai and M. atricauda double pulses were also recorded every time the
fish were fed dead shrimp and when the person in charge of this task approached the edge of the tank.

Acoustic parametercomparison

For the four species recorded in captivity, no specific time of day was associated with the emission of dual-pulse
sound. Similarly, these calls were variably produced during day and night in the wild in all five species. Since the
data for P. courbina were obtained only in the wild, they were not included in the statistical analysis. Acoustic
parameters for each species are summarized in Fig. 3.

Significant differences were found among species for pulse duration 1 (Fs,s0 = 21.49, p<0.001) and pulse
duration 2 (Fs,so = 14.47, p <0.001). The Tukey test revealed that the species with significant pairwise differences
for pulse duration 1 were: M. furnieri vs. U. canosai (p<0.001), C. guatucupa vs. U. canosai (p <0.001), and U.
canosai vs. M. atricauda (p <0.001). For pulse duration 2, significant differences were also found: M. furnieri vs.
U. canosai (p<0.001), C. guatucupa vs. U. canosai (p <0.001), and U. canosai vs. M. atricauda (p <0.001).

For the interval between paired pulses (see Fig. 1), significant differences were found among species (Fs,s;
= 106, p<0.001). Pairwise comparisons revealed significant differences between M. furnieri vs. M. atricauda
(p<0.001), C. guatucupa vs. M. atricauda (p <0.001), and U. canosai vs. M. atricauda (p <0.001).

For the interval between successive dual pulses (inter dual pulse time), differences among species were
marginally significant (Fs,4s = 2.79, p=0.05). Finally, call duration showed significant differences among species
(Fs,36 = 8.08, p=0.004), with pairwise differences between M. furnieri and C. guatucupa (p=0.007), M. furnieri
and U. canosai (p=0.003), and M. furnieri and M. atricauda (p=0.009) (Fig. 3).

Differences in dominant frequency were highly significant among the four analyzed species (Fs,s0 = 792.71,
P <0.001). Post hoc Tukey tests revealed that all four species differed significantly from each other in dominant
frequency (p <0.05 for all pairwise comparisons; Fig. 3).

To differentiate dual-pulse calls from advertisement and disturbance calls, we analyzed the acoustic variables
of these three call types in U. canosai as a representative species (Fig. 4). Pulse duration showed partial overlap
among call types, although dual-pulse calls exhibited more consistent pulse durations across pulses one and two.
However, interpulse intervals displayed clear distinctions: advertisement calls presented short intervals (~ 100-
300 ms) within repetitive trains, disturbance calls consisted of isolated pulses with long and irregular intervals
(> 1000 ms), while dual-pulse calls exhibited a consistent short interval (~25-30 ms) between the paired pulses
and longer intervals (~ 1000-2000 ms) between successive dual pulses. Dominant frequency overlapped across
all call types. These results indicate that dual-pulse calls possess a distinct and stereotyped temporal structure,
supporting their classification as a separate call type within the acoustic repertoire of U. canosai.

Acoustic behavior associated with dual-pulse calls

In M. furnieri, C. guatucupa, U. canosai, and M. atricauda, dual-pulse calls were recorded in captivity under
various conditions. These calls were emitted both when fish were stationary and while freely swimming, and
were consistently observed during feeding routines, particularly when dead shrimp were introduced or when the
person responsible for feeding approached the tanks.

In M. furnieri, only males produced dual-pulse calls when isolated, while no sounds were recorded from
isolated females. In group settings, the calls were produced spontaneously, without evident agonistic interactions
or structured courtship behaviors.

Although detailed behavioral sequences were not quantified, these observations indicate that the dual-pulse
call occurs in diverse group contexts, both in wild aggregations and in community tanks, suggesting a broad
behavioral flexibility in its emission. The specific function of these calls outside reproductive aggregations
remains undetermined.

Discussion

The occurrence of dual-pulse calls in sciaenids had only been reported by Mok and Gilmore?, Lin et al.”’,
and Tellechea®. Mok & Gilmore?® mention that the spotted seatrout (C. nebulosus) produces double pulses
designated as dual knocks in spawning aggregations. Double-beats of the Taiwanese croaker J. taiwanensis are
often placed at the initial phase of a series of calls and do not appear to be a fear response’’. Tellechea®” reported
the dual pulse in M. atricauda occurred in free-swimming captive fish. In all three species (C. nebulosus, J.
taiwanensis and M. atricauda), dual-pulse calls have been reported only in males, as only males possess sonic
muscles.

Our comparative analysis of U. canosai call types provided clear evidence that dual-pulse calls are structurally
distinct from advertisement and disturbance calls, particularly in their temporal patterning (significant
differences in inter-dual-pulse time). While pulse duration and frequency overlap between call types, the
interpulse intervals in dual-pulse calls consistently follow a fixed structure: a short interval (~ 25-30 ms) between
the two pulses of a pair, followed by a long interval (~ 1000-2000 ms) before the next pulse pair. This supports
the classification of dual-pulse calls as a discrete call type within the species’ acoustic repertoire.

Of the five sciaenid species in this study that emitted dual-pulse sounds, M. furnieri and P. courbina have
sonic muscles in both sexes'®4243, whereas C. guatucupa, U. canosai and M. atricauda have sonic muscles only in
males*®”72, For P. courbina, it is unclear whether males and females emit this sound, as recordings were made
in the wild. However, the advertisement call in this species is produced only by males*>**.

Significant differences were found in acoustic variables between species, except for the inter-dual-pulse time
in M. furnieri, C. guatucupa, U. canosai, and M. atricauda, which suggests this variable may play an important
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Fig. 3. Comparison of acoustic parameters among the studied species. Box plots show the median (center
line), first and third quartiles (box edges), and range (whiskers) of the mean values per individual for each
acoustic parameter. Standard deviations (SD) based on these individual means are reported in Table 1.
Parameters shown are: (1) Inter dual pulse time (s), (2) Pulse duration 1 (ms), (3) Pulse duration 2 (ms), (4)
Interval between paired pulses (ms), (5) Dominant frequency (Hz), and (6) Call duration (s). Call duration and
P. courbina were excluded from statistical comparisons, because it is not known whether the calls were made
by the same specimen; the latter is shown only for illustration and has no letter assigned. Different letters above
boxes indicate statistically significant differences between species (Tukey post hoc test, p <0.05).
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Fig. 4. Box plot comparison of acoustic parameters among advertisement calls, disturbance calls, and
dual-pulse calls in U. canosai. The plots display the median (center line), interquartile range (boxes), and
whiskers representing minimum and maximum values excluding outliers. For advertisement calls, the interval
represents interpulse time within trains; for disturbance calls, the interval represents time between isolated
pulses; and for dual-pulse calls, the interval represents the time between paired pulses. Data from”2.

role in message exchange. Although several calls were analyzed per species, statistical comparisons were
conducted using individual means (i.e., the average of calls per fish), which were then used to calculate species-
level averages, resulting in relatively small sample sizes for some parameters. Despite this, significant interspecific
differences were found in most variables. The inter-dual-pulse time, however, showed higher variability, likely
because it reflects the interval between successive calls, which may involve different individuals swimming freely.
In contrast, parameters measured within each call, such as pulse duration or frequency, are less influenced by
inter-individual variation, explaining the greater dispersion observed in inter-dual-pulse time.

In environments where multiple sciaenid species coexist, subtle temporal variations in the structure of dual-
pulse calls may facilitate species recognition and reduce acoustic interference, as has been observed in other fish
families where temporal coding supports species-level discrimination®’. Another potential source of variability
is the recording environment. In several fish species, including sciaenids, acoustic features of the same call type
can differ between wild and captive conditions?®8!, Factors such as confinement, water acoustics, temperature
or behavioral context in captivity may modify sound characteristics. In our study, although efforts were made to
standardize recording conditions, some of the interspecific variability observed may partially reflect differences
arising from calls recorded in both wild and captive settings.

In P. courbina, double pulses are much longer than in the other species in this study and in reports on C.
nebulosus and J. taiwanensis?>”’°. Its sound pulses resemble those used in the advertisement call*? in duration but
are longer than those in its disturbance calls*>*.

In four of the five species (M. furnieri, C. guatucupa, U. canosai, and M. atricauda), acoustic recordings
were accompanied by behavioral observations in captivity. The dual-pulse call was emitted in various contexts,
including free swimming, stationary positions, and during feeding events in aquaria. Typically, these calls were
produced without obvious interactions with tank mates, although subtle social cues cannot be ruled out. Lin
et al.”® also reported dual knocks from isolated fish in aquaria with no apparent external stimulus. Similarly,
streaked gurnards have been found to make competitive feeding sounds®?, which appear to be agonistic behaviors
differing from calls directed towards a human feeder, as observed in our study.

The dual-pulse call exhibited a stereotyped acoustic structure within each species, characterized by low
variability in key temporal and spectral parameters. Specifically, the interpulse interval between the two pulses
showed minimal variation, as did the duration and amplitude envelope of each pulse. The dominant frequency
was also consistent within species, reflecting a stable harmonic structure. This stereotypy is evident in the narrow
standard deviations reported for these parameters (Table 1; Figs. 3 and 4), indicating that the dual-pulse call is a
highly conserved vocal pattern in terms of its acoustic features, even though it may occur in diverse behavioral
contexts.

This stereotyped acoustic structure suggests that the dual-pulse call may serve one or several functions,
including social communication or group cohesion. The trains of pulses emitted by most sciaenids exhibit little
frequency modulation within calls, and their dominant frequencies typically fall within the lower range of fish
sounds (100-1,000 Hz, similar to the low-frequency swimbladder sounds reported in other species. Winn*83
concluded that fish calls encode information—such as species identity or behavioral state—primarily through
temporal patterns. Although several studies have characterized the temporal acoustic features of sciaenid calls,
no experimental tests have been conducted to determine whether sciaenids can discriminate between species
or individuals based on these temporal characteristics. However, data from other teleost groups suggest this
possibility. Myrberg and colleagues’®335, demonstrated species discrimination based on temporal call features
in damselfish, while Crawford®®%” showed similar findings in mormyrids (elephant-nose fishes).

Given its conserved acoustic structure and subtle interspecific differences, the dual-pulse call may facilitate
species recognition or individual identification. Its occurrence beyond the reproductive season suggests
potential utility for passive acoustic monitoring of sciaenid populations year-round, as has been proposed for
other sound-producing fishes®¢¢,
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Although the exact function of the dual-pulse call remains unclear, its emission across multiple contexts hints
at a multifunctional role. The literature on sound-producing behaviors in fishes within natural habitats is scarce,
and generalized patterns are difficult to establish, likely due to the multimodal nature of fish communication®.
For example, playback experiments in oyster toadfish demonstrated context-dependent vocal responses®>90-2,
suggesting that acoustic stimuli can modulate call production in complex ways. While other fish species, such
as croaking gouramis (Trichopsis spp.), also produce double-pulse sounds, the underlying mechanisms differ
substantially. In gouramis, dual pulses arise from specialized anatomical structures, specifically the friction
of two hypertrophied tendons against fin rays®. In contrast, sciaenid double pulses are produced through
sequential neural activation of the sonic muscles, with no specialized anatomical adaptations for pulse doubling.
Thus, although the resulting acoustic pattern is superficially similar, the physiological basis of sound production
is fundamentally different.

Sciaenids inhabit turbid, low-visibility waters where acoustic communication becomes particularly
important. The fact that dual-pulse calls are produced in contexts such as proximity to human feeders and in
non-reproductive periods suggests these vocalizations may function as contact or arousal-related calls, reflecting
anticipatory behaviors linked to feeding or social cohesion. However, the specific behavioral categories associated
with dual-pulse production remain unclear and warrant further investigation. Similar context-dependent
vocalizations have been reported in other taxa® %, where calls are used flexibly depending on situational cues.

From a phylogenetic perspective, sciaenids are widespread across tropical and temperate regions, concentrated
in four main areas: the Eastern Pacific, Western Atlantic, Eastern Atlantic, and Indo-West Pacific?*°°. Molecular
analyses by Lo et al.*® divided the sciaenid family into 11 groups, supporting a New World origin. The South
American species in our study belong to several of these lineages, including both basal groups (e.g., P. courbina)
and more derived groups (e.g., M. atricauda), providing a phylogenetic framework to hypothesize that dual-pulse
calls may represent an ancestral (plesiomorphic) trait within Sciaenidae. However, independent evolutionary
origins of this call type in distinct lineages cannot be ruled out.

A qualitative comparison of dual-pulse calls across geographic regions would be valuable to assess whether
key acoustic features are conserved, providing insights into the evolutionary origins and diversification of
acoustic communication in this family.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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