Introduction to sonic mechanisms in fish
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Compared to other vertebrate taxa, fish have the widest range of sound production
mechanisms [1]. In addition, categorizing sonic mechanisms in fish is complicated because
one species can use different mechanisms [1]. The two major mechanisms are sonic muscles
and stridulation [2]. Sonic muscles are muscles that excite the swim bladder and can be either
extrinsic or intrinsic. Extrinsic muscles insert on the swim bladder (or on a bone or tendon
connected to the swim bladder) and to a bone (e.g., the skull, a rib, a vertebra, or the pectoral

girdle) [1,2] while intrinsic muscles attach exclusively to the swim bladder [3] (Fig. 1).
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Fig. 1 Schematization of the insertion of sonic muscles on the swim bladder in different teleost taxa. (A)
Lactoria cornuta, (B) Synodontis sp., and (C) Ophidion rochei [1,4,5].
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Intrinsic muscles are superfast muscles [6-8]. These muscles can produce short-
duration pulse-type sounds and long-duration tonal sounds. The fundamental frequency may
not change with fish size because the fundamental frequency is determined by the muscle
contraction rate [6,9]. These sounds can have a slight frequency modulation caused by a
decrease in the sonic muscle contraction rate [2] or have a higher fundamental frequency
because two intrinsic muscles contract alternately [8]. Most extrinsic muscles are also fast
muscles. These muscles are found in many families (e.g., Holocentridae [10], Pimelodidae
[11], Sciaenidae [12], and Serrasalmidae [13]) with a wide range of insertions. However,
some species use slow muscles [14] associated with a backward movement of the rocker-
bone (modification of the first neural arch)[15,16] and the rebound of the swim bladder [16].
Finally, a third condition exists with a fast muscle that primarily operates by rebounding a
stretched swim bladder and tendons [2,17]. Many other mechanisms with structures not
directly attached to the swim bladder exist in different taxa. These can be tendons (e.g., in
Pomacentridae [18]) or muscles (e.g., in Cichlidae [19] and Chaetodontidae [20]) that vibrate
or excite the swim bladder. In some taxa, muscles do not show an association with the swim
bladder! (e.g., Cottidae [21], Gobiidae [22,23], and Scorpaenidae [24]).

The second major category is called stridulation, which refers to the friction between
skeletal elements such as buccal teeth, pharyngeal teeth, dorsal spines, pectoral spines, fin
rays, or vertebrae [1,25-28]. This mechanism is found in numerous taxa (e.g., Balistidae [29],
Haemulidae [30], Ictaluridae [31], Mochokidae [32], Loricariidae [32], Osphronemidae [33],
Pomacentridae [18], and Sisoridae [34]). The sounds produced through this mechanism
generally have a wider frequency bandwidth [35] and contain higher frequencies [36].

In addition to these two main categories, some authors consider a third category of fish
sounds known as “hydrodynamic sounds”, which are produced during fish movements, such
as sudden changes in direction or speed [27]. There are also other minor mechanisms, such as
in Balistidae, where the sweeping movements of the pectoral fins alternately push a system of

three scutes against the swim bladder wall [37,38].

L In some taxa, the swim bladder is absent.
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