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The acoustic ecology of marine fishes has traditionally focused on adults,
while overlooking the early life-history stages. Here, we document the first
acoustic recordings of pre-settlement stage grey snapper larvae (Lutjanus
griseus). Through a combination of in situ and unprovoked laboratory
recordings, we found that L. griseus larvae are acoustically active during
the night, producing ‘knock’ and ‘growl’ sounds that are spectrally and temporally similar to those of adults. While the exact function and physiological
mechanisms of sound production in fish larvae are unknown, we suggest
that these sounds may enable snapper larvae to maintain group cohesion
at night when visual cues are reduced.
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The acoustic ecology of coral reef fishes has received considerable attention in
recent years. Adult fishes are able to produce and receive sounds, and acoustic
signals are used to attract mates, defend territories and startle predators [1–3].
Sounds can provide information from abiotic and biotic sources in the surrounding environment, even for fish that can only receive but not produce
sounds [4]. Recent studies have examined the hypothesis that larval reef fish
use acoustic signals to orient towards reefs through field-based playback experiments and laboratory-based measurements of hearing thresholds [5– 8].
Previous research in the acoustic ecology of coral reef fishes has established
that juveniles and adults of many species of fish are sound-producers [1,3]
but has overlooked the possibility that larvae emit sounds. Here, we ask
whether a larval fish could also be soniferous.
Our focal species was the grey snapper, Lutjanus griseus (Linnaeus 1758), a
commercially and recreationally harvested fish in Florida waters [9] (figure 1a),
which occupies different habitats throughout its lifetime. Spawning activity
peaks between July and August [9]. Larvae undergo flexion at 4–7 mm notochord
length (NL) [10] and settle to shallow seagrass beds at 10–15 mm standard length
(SL), after a 33–39-day pelagic phase (figure 1b [9,11]). Small adults gather in reef
channels and larger adults move from inshore areas to waters farther offshore
(depths of 30–180 m), where they form large schools [9]. The only documentation
of sound production in this species was in captive adult L. griseus, which produced ‘knocks’, ‘thumps’ and ‘growls’ in response to manual or electrical
stimulation in the laboratory [12]. The function of these sounds is unknown [12].

2. Material and methods
Electronic supplementary material is available
at http://dx.doi.org/10.1098/rsbl.2014.0643 or
via http://rsbl.royalsocietypublishing.org.

We recorded L. griseus larvae in their pelagic environment using a Lagrangian observation platform (moving with the current, see below), verified these results in the
laboratory, and compared larval recordings to historical recordings of adults.
Field experiments took place between 13 and 19 August 2012, near the Fowey
Rocks lighthouse (258350 2600 N, 80850 4900 W) in the northern Florida Keys Reef
Tract. Late-stage L. griseus larvae (figure 1b) were collected (University of Miami
Protocol no. 11 – 160, FWC permit no. SAL-11 –1331-SR) with Action CARE and
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Figure 1. Grey snapper (L. griseus): (a) school of adults on the reef
( photo: E. D’Alessandro); (b) unpigmented pre-settlement larva ( photo:
E. Staaterman). (Online version in colour.)
BellaMare light-traps moored near Fowey Rocks in 18 and 10 m
of water, respectively. Seventy per cent of the 99 individuals collected were obtained on the night of the new moon, the peak
arrival time for L. griseus [13]. The larvae ranged in size from
ca 9 to 12 mm SL (figure 1b), were used in experiments within
24 h and were released at sea after testing.
Individual larvae were observed at sea in the behavioural
arena of the drifting in situ chamber (DISC [14]). The DISC was
equipped with a camera (Hero2, GoPro), GPS (GT-120, IgotU),
spot lights with infrared LEDs (Tektite, 850 nm) and a DSGOcean (Loggerhead Instruments), which included a numerical
compass, calibrated hydrophone and acoustic recording system
(HTI-96, High-Tech, Inc., sensitivity: 2170 dbV mPa21, sample
rate: 20 kHz). The DISC’s cylindrical arena (38 cm diameter,

10 cm height and transparent to odour, light and sound) was
mounted 70 cm above the hydrophone. The DISC was set
adrift, 3 m below the water’s surface, and ca 500 – 1000 m from
the fore-reef for 15 min deployments, during which time the
boat engine was shut off and the DISC was undisturbed. A
total of 58 behavioural deployments were conducted: 27 during
the day (15.45– 20.00) and 31 at night (20.00 – 02.00). These
trials tested 42 individuals, as 16 were repeated during the day
and at night.
The audio files were scrutinized aurally and visually using
RAVENPRO 1.4 (Cornell Laboratory of Ornithology; fast Fourier
transform (FFT) size: 512 samples). We observed two types of
sounds: short-duration ‘knocks’, which resembled those produced
by adults [12,15], as well as longer-duration ‘growls’. Individuals
that produced at least one knock or growl (22 of the 42 individuals) were subjected to a second round of analysis, in which we
measured the following acoustic parameters: duration (ms), dominant frequency (the frequency with the greatest amplitude) and
amplitude (RMS pressure, converted to dB re: 1 mPa using the calibration of the recording system). Knocks occurred either in
isolation or in sets of two or three; acoustic parameters were
measured for individual knocks and for the inter-knock interval.
We performed the second round of analysis for trials that lacked
high background noise from passing ships, which narrowed our
analysis to 16 of the 22 sound-producing larvae.
To verify that the sounds we observed in the field were indeed
produced by L. griseus larvae, we also recorded larvae during the
night in acoustically isolated laboratory conditions. None of the
individuals from the field trials were used in the laboratory
trials, and none of the laboratory individuals were recorded
repeatedly. A small audio recorder (Microtrack II, M-Audio;
same hydrophone as above, 44.1 kHz sample rate) continuously
recorded sounds in a rectangular tank (122  32  53 cm). Three
larvae were recorded individually, each for 15 min, and we also
recorded 15 individuals together in the tank for an 8-h period.
Finally, we obtained laboratory recordings of L. griseus from the
Macaulay Library [15]. Larval recordings in the laboratory and
adult recordings from the Macaulay Library were subjected to
the same analyses as described above, with two exceptions:
(i) acoustic energy (less than 200 Hz) from the air conditioning
system was excluded, and (ii) amplitude measurements were
omitted as the distance between the animals and the hydrophone
was unknown.

3. Results
All sound production occurred at night. Knocks from larvae
in the field and knocks from adults in the tank were often
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Table 1. Acoustic characteristics of L. griseus sounds; larval sounds were recorded in the ﬁeld in the DISC, and in a tank in the laboratory; adult sounds were
recorded in tanks by Fish & Mowbray [12], data are from the Macaulay Library [15]. In the ﬁeld, larvae were placed inside an acoustically transparent cylindrical
mesh chamber (38 cm diameter, 10 cm height) located 70 cm above the hydrophone. Therefore, the amplitude can be considered the approximate ‘source
level’, because source level is typically measured at 1 m distance.

Downloaded from http://rsbl.royalsocietypublishing.org/ on June 26, 2017

(a)

(b)

0.20
time (s)

0.25

0.30

0.35

0

0.40
relative amplitude

0.15

0.5

0

1.5

1.0

2.0

2.5

3.0

3.5 4.0 4.5
time (s)

5.0

5.5

6.0

6.5

7.0

0

0.10

0.15 0.20
time (s)

0.25

0.30

0.35

0.5

0.40

1.5

1.0

0

1
0
–1
900
800
700
600
500
400
300
200
100

0

0.5 1.0

1.5 2.0

2.5 3.0

3.5 4.0 4.5 5.0
time (s)

5.5 6.0

6.5 7.0

relative amplitude

0.05

1
0
–1

frequency (Hz)

relative amplitude

0.15

0.20 0.25
time (s)

0.30

0.35 0.40

2.5

2.0

3.0

3.5 4.0 4.5
time (s)

5.0

5.5

6.0

6.5

7.0

7.5

7.0

7.5

(d)

0

frequency (Hz)

0.10

900
800
700
600
500
400
300
200
100

7.5

(c)

0.05

1
0
–1

frequency (Hz)

relative amplitude
frequency (Hz)

900
800
700
600
500
400
300
200
100

0.10

900
800
700
600
500
400
300
200
100

0.5

0

7.5

0.05

1.0

0.10

1.5

2.0

0.15 0.20
time (s)

2.5

3.0

0.25

0.30

3.5 4.0 4.5
time (s)

5.0

0.35

5.5

0.40

6.0

6.5

(e)

relative amplitude

1
0
–1

frequency (Hz)

0

900
800
700
600
500
400
300
200
100

0

0.5 1.0

0.05

0.10

1.5 2.0 2.5

0.15 0.20
time (s)

3.0

0.25

3.5 4.0 4.5
time (s)

0.30

5.0

0.35

5.5 6.0

0.40

6.5 7.0 7.5

Figure 2. Visual representations of L. griseus sounds, corresponding to supplementary audio files. Larval knocks (a) and growls (b) in the field; larval knocks (c) and
growls (d) in the tank, and adult knocks in the tank (e). (c,d) Acoustic energy (less than 200 Hz) from the laboratory’s air conditioning system was excluded from
analysis. (e) Adult recordings were obtained from the Macaulay Library [15]. Spectrogram parameters: 8 s duration, discrete Fourier transform (DFT) size: 4096 samples.

produced in short groups of twos or threes (mean inter-knock
interval: 17.9 + 4.1 ms, table 1 and figure 2), whereas larvae
in the laboratory emitted series of 6 –10 knocks with longer
inter-knock intervals (mean duration: 221.0 + 83.0 ms, table
1 and figure 2). Growls were not as common: they were not
present in the adult recordings, although Fish & Mowbray
[12] did note that knocks were ‘sometimes followed
by growls of low pitch and amplitude lasting up to 0.5 s’.
In the field, larval growls were produced intermittently, but
in the tank, they often occurred immediately following a
series of knocks. This pattern was observed when animals

were alone in the tank, as well as when there were 15
individuals together.

4. Discussion
For the first time, we recorded pre-settlement stage fish larvae
while adrift at sea and discovered that they emit sounds.
These sounds are spectrally and temporally similar to those
produced by adult L. griseus (table 1 and figure 2). Adult
‘knocks’ appeared to be lower in dominant frequency than

Biol. Lett. 10: 20140643

1
0
–1

0.05

rsbl.royalsocietypublishing.org

0

3

Downloaded from http://rsbl.royalsocietypublishing.org/ on June 26, 2017

Acknowledgements. We are grateful to John Lu and David Mann for their
support, and to Daniel Holstein, Cedric Guigand and Ricardo Paris
for assistance with this work. We thank Michael Fine and an anonymous reviewer for constructive comments on this manuscript.
Funding statement. Funding was provided through NSF-OTIC no.
1155698 to C.B.P. and through the RSMAS small boats fund.

References
1.

2.

3.

4.

5.

Lobel PS, Kaatz IM, Rice AN. 2010 Acoustical
behavior of coral reef fishes. In Reproduction and
sexuality in marine fishes: evolutionary patterns &
innovations (ed. KS Cole), pp. 307–386. San Diego,
CA: Elsevier Academic Press.
Tavolga WN. 1971 Sound production and detection.
In Fish Physiology (eds WS Hoar, DJ Randall),
pp. 135 –205. New York, NY: Academic Press.
Tricas TC, Boyle KS. 2014 Acoustic behaviors in Hawai’i
coral reef fish communities. Mar. Ecol. Prog. Ser.
(doi:10.3354/meps10930)
Fay R. 2009 Soundscapes and the sense of hearing
of fishes. Integr. Zool. 4, 26 –32. (doi:10.1111/j.
1749-4877.2008.00132.x)
Montgomery JC, Jeffs A, Simpson SD, Meekan M,
Tindle C. 2006 Sound as an orientation cue for the
pelagic larvae of reef fishes and decapod

6.

7.

8.

9.

crustaceans. Adv. Mar. Biol. 51, 143–196. (doi:10.
1016/s0065-2881(06)51003-x)
Simpson SD, Meekan M, Montgomery J, McCauley
R, Jeffs A. 2005 Homeward sound. Science 308, 221.
(doi:10.1126/science.1107406)
Leis JM, Siebeck U, Dixson DL. 2011 How Nemo
finds home: the neuroecology of dispersal and of
population connectivity in larvae of marine fishes.
Integr. Comp. Biol. 51, 826–843. (doi:10.1093/icb/
icr004)
Wright K, Higgs D, Leis J. 2011 Ontogenetic and
interspecific variation in hearing ability in marine
fish larvae. Mar. Ecol. Prog. Ser. 424, 1 –13.
(doi:10.3354/meps09004)
Lindeman KC, Pugliese R, Waugh GT, Ault JS. 2000
Developmental paterns within a multispecies reef
fishery: management applications for essential fish

10.

11.
12.

13.

habitats and protected areas. Bull. Mar. Sci. 66,
929–956.
Lindeman KC, Richards WJ, Lyczkowski-Shultz J,
Drass DM, Paris CB, Leis JM, Lara M, Comyns BH.
2005 Lutjanidae: snappers. In Early stages of
Atlantic fishes (ed. WJ Richards), pp. 1549– 1586.
Boca Raton, FL: CRC Press.
Rivas LR. 1970 Snappers of the Western Atlantic.
Commer. Fish Rev. 32, 41 –44.
Fish MP, Mowbray WH. 1970 Sounds of Western
North Atlantic Fishes. Baltimore, MD: The Johns
Hopkins Press.
D’Alessandro EK, Sponaugle S, Serafy JE. 2010 Larval
ecology of a suite of snappers (family: Lutjanidae)
in the Straits of Florida, western Atlantic Ocean.
Mar. Ecol. Prog. Ser. 410, 159– 175. (doi:10.3354/
meps08632)

4

Biol. Lett. 10: 20140643

electrical stimulation to elicit sound production. Here, without
provocation, larvae produced sounds in the range of
200–800 Hz, which is within the hearing range of most adult
fishes [2,22]. By late in the pelagic phase, the auditory and
lateral-line systems have developed sufficiently and would
likely allow larvae to detect very near-field vibrations from
their neighbours [22], although the hearing thresholds in
most larvae, including this species, remain to be tested.
We observed larval sound production during 70% of the
night-time trials, and none of the daytime trials, implying
that the sounds offer a function that is not attainable by
other means in the dark. While in the pelagic environment,
fishes can remain in mixed or sibling groups [23], form schools
[24] and recruit in large assemblages [25]. Indeed, most of the
snapper collected in this study arrived in large numbers over
the span of only a few hours. We suggest that acoustic signals
provide a mechanism for L. griseus larvae to maintain group
cohesion during their pelagic journey. Further research into
the acoustic ecology of L. griseus is required to better understand the behavioural context of sound production in both
adults and larvae.
Fish larvae are not just listeners. Even without understanding the function of the sounds they emit, their mere existence
prompts exciting research questions. How important is the
contribution of planktonic organisms to pelagic soundscapes?
Larval fish orient towards sounds of settlement habitat [5–7],
but will they also orient towards sounds of conspecifics?
Acoustic masking from boats occurred in this study, and
anthropogenic noise in the ocean is on the rise. What are the
consequences if larval fish sounds become undetectable? Our
results reveal that the acoustic ecology of larval fishes is a
research area rich in opportunity and discovery. Finally,
in situ platforms such as the DISC are very promising for
acoustic recordings of other small pelagic organisms.

rsbl.royalsocietypublishing.org

larval knocks, which was consistent with the finding that
large fish produce lower-frequency sounds than small fish
[16 –18]. These ontogenetic differences are likely explained
by the change in size of the sonic muscles surrounding the
swimbladder [17,19]. Although their sound-producing mechanism has not been described, sonic muscles are likely, given
the similarities to the drumming sounds produced by other
marine fishes with a sonic muscle–swimbladder complex [2].
There was also a considerable difference between the behavioural context of sound production for adults and larvae
in this study (manual stimulation in tanks [12] versus freefield in situ recordings). Future research should use comparable
experimental conditions to examine the physiology and
ontogeny of the sound-producing apparatus of L. griseus.
Through the use of the Lagrangian recordings at sea, we
were able to observe and document acoustic qualities of
snapper sounds in free-field, unprovoked conditions. The
DISC provided a unique advantage compared to classical
bioacoustic studies conducted in tanks, which can distort
acoustic qualities [20]. Larval snapper sounds recorded in
the field versus those produced in the laboratory had different acoustic parameters: field knocks were higher in
dominant frequency than tank knocks. While the duration
of growls was generally greater in the tank than in the
field, duration was highly variable even within individuals,
suggesting some degree of behavioural plasticity (table 1
and figure 2 [16]). Several tank-based studies have demonstrated sound production in juvenile fish (e.g. grey gurnard
(Eutrigla gurnardus) at less than 1 year: [16], croaking gourami
(Trichopsis vittata) at eight weeks [18], squirrelfish (Holocentridae) at settlement-stage [21]). Our results provide the first
evidence for sound production during the pre-settlement
stage of marine fishes and highlight the importance of in situ
Lagrangian recording systems for future studies.
Our findings raise intriguing questions about the function
of the knocks and growls. Many fish produce sounds in the
same frequency range that they are able to detect [22], in the
context of territory defense, feeding, predator avoidance or
mating and courtship [1,2]. The only documented case
of sound production in adult L. griseus was from Fish &
Mowbray [12], where the investigators used manual or

Downloaded from http://rsbl.royalsocietypublishing.org/ on June 26, 2017

22. Fuiman LA, Higgs DM, Poling KR. 2004 Changing
structure and function of the ear and lateral line
system of fishes during development. Am. Fish. Soc.
Symp. 40, 117–144.
23. Bernardi G, Beldade R, Holbrook SJ, Schmitt RJ. 2012
Full-sibs in cohorts of newly settled coral reef fishes. PLoS
ONE 7, e44953. (doi:10.1371/journal.pone.0044953)
24. Ohata R, Masuda R, Takahashi K, Yamashita Y. 2014
Moderate turbidity enhances schooling behaviour in
fish larvae in coastal waters. ICES J. Mar. Sci. 71,
925–929. (doi:10.1093/icesjms/fss194)
25. Victor BC. 1986 Larval settlement and juvenile
mortality in a recruitment-limited coral reef fish
population. Ecol. Monogr. 56, 145 –160. (doi:10.
2307/1942506)

5

Biol. Lett. 10: 20140643

18. Henglmuller SM, Ladich F. 1999 Development of
agonistic behaviour and vocalization in croaking
gouramis. J. Fish Biol. 54, 380–395. (doi:10.1111/j.
1095-8649.1999.tb00837.x)
19. Fine ML. 2012 Swimbladder sound production: the
forced response versus the resonant bubble. Bioacoustics
21, 5–7. (doi:10.1080/09524622.2011.647453)
20. Akamatsu T, Okumura T, Novarini N, Yan H. 2002
Empirical refinements applicable to the recording of
fish sounds in small tanks. J. Acoust. Soc. Am. 112,
3073 –3082. (doi:10.1121/1.1515799)
21. Parmentier E, Vandewalle P, Brié C, Dinraths L,
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