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Fig. 1. General structure of the inner ear of a siluriform. 
1, Lapillus; 2, Utricle; 3, Asteriscus; 4, Lagena; 5, Sagitta; 
6, Saccule; 7, antero-vertical canal; 8, horizontal canal; 9, 
posterior-vertical canal.

We noted that lapillus otoliths are ovoid or oval, while 
asteriscus otoliths are piriform or auricular. Unlike the 
asteriscus, the lapillus is robust and has a characteristic 
central elevation, the mond, and a deep depression, the 
sulcus, that delimits one of the edges of the elevation. 
The sulcus often continues into a secondary, smaller and 
shallower depression, the sulcus minor (Fig. 2a).

The asteriscus shows a broad, almost straight depression 
in its central region, the fossa acustica, surrounded by 
an elevation, the crista, which is followed by a narrow 
depression called canaliculum. At the anterior edge of the 
astericus we observed an angular recess, called excisura. 
The excisura defines an upper and a lower projection, called 
rostrum and antirrostrum, respectively (Fig. 2b).

The sagitta is the most fragile of the three otoliths. 
Its shape is clavate, with a tapered posterior region and 
a flared anterior one. In the latter, central elevations are 
observed; the dorsal wings are continuous with lateral 
expansions named basal wings. The degree of projection 
of these expansions is what determines the shape of 
the anterior region, which can be rectangular, fusiform, 
ovoid or rhomboid. The depression in the sagitta, the 
fissura, has a sinuous path and is delimited by the dorsal 
wings. At the junction between the anterior and posterior 
regions, an angle greater than ninety degrees is formed. 
This determines that the otolith is not flat (Fig 2c).

Hypoptopomatinae. Otocinclus vittatus Regan, 1904. 
Lapillus: Oval otolith, elongated in its supero-inferior 
axis with smooth edges. It has a short and wide sulcus that 
is continuous on a sulcus minor completely surrounding 
the mond. The latter have a rhomboid-shape and is 
located in a central position. The mond shows a projection 
directed towards the lower edge (Fig. 3a). Asteriscus: 
Auricular otolith, elongated in its supero-inferior axis, 
its edges are smooth. In the leading edge the excisura is 
not observed. The fossa acustica has a central position; 
it is wide and long, exceeding the average axis otolith. 
The crista and canaliculum are narrow and both of them 
of full path (Fig. 3b). Sagitta: Claviform otolith with 
the anterior region rectangular, the basal wings poorly 
developed and one of them forming a well-developed 
process. Only one of the dorsal wings is clearly visible 
and occupies the central region of the otolith, so that the 
fissura is displaced laterally, describing a sinuous path 
(Fig. 3c).

Fig. 2. General structure and morphological features of the three otoliths (a) Lapillus. 1, sulcus; 2, sulcus minor; 3, mond. 
(b) Asteriscus. 1, fossa acustica; 2, crista; 3, canalículum; 4, excisura; 5 rostrum; 6, antirrostrum. (c) Sagitta. 1, dorsal 
wings; 2, basal wings; 3, fissura. In all the cases A, anterior region; P, posterior region; S, superior region; I, inferior 
region.
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Hypoptopoma inexspectatum (Holmberg, 1893). 
Lapillus: Elongated otolith in its supero-inferior axis, ovoid-
shaped, and with smooth edges. It has a wide and long 
sulcus and a large and complete sulcus minor that surrounds 
the mond. The mond is large, central, and more or less 
square-shaped, with a projection toward the upper end of 
the otolith separating the sulcus from the sulcus minor (Fig. 
4a). Asteriscus: Elongated otolith in its supero-inferior axis, 

auricular-shaped, and with smooth edges. The excisura is not 
observed. The fossa acustica, of central position, is wide and 
markedly exceeds the average otolith axis, approaching the 
trailing edge. The crista is narrow and so is the canaliculum 
and it is of full path (Fig. 4b). Sagitta: Claviform otolith. It 
has a fusiform anterior region. The basal wings are more 
developed. The only dorsal wing remains undeveloped, and 
limits with a shallow, wide and winding fissura (Fig. 4c).

Fig. 3. Right serie of otoliths of Otocinclus vittatus (a) Lapillus, Scale bar = 200 µm; (b) Asteriscus, Scale bar = 200 µm; (c) 
Sagitta, Scale bar = 200 µm.

Fig. 4. Right serie of otoliths of Hypoptopoma inexpectatum (a) Lapillus, Scale bar = 200 µm; (b) Asteriscus, Scale bar = 200 
µm; (c) Sagitta, Scale bar = 200 µm. 



R. O. Sánchez & V. H. Martínez
Neotropical Ichthyology, 15(1): e160058, 2017

5

e160058[5]

Loricariinae. Rineloricaria catamarcensis (Berg, 1895). 
Lapillus: Elongated otolith in its supero-inferior axis, ovoid-
shaped with scalloped edges. It has a wide sulcus of which 
its length exceeds the median axis of the otolith, reaching 
almost to the trailing edge. It presents a well-defined sulcus 
minor completely surrounding the mond. The latter is more 
or less rectangular, of central position, reaching the front edge 
without actually going over it. (Fig. 5a). Asteriscus: Pyriform 
otolith with smooth edges. In the front edge defining a small 
excisura a rostrum and antirrostrum are observed. The fossa 
acustica occupies a central position; it is narrow and its length 
exceeds the median axis of the otolith approaching the trailing 
edge. The crista is broad and the canaliculum is narrow (Fig. 
5b). Sagitta: Claviform otolith. Its anterior region is ovoid due 
to the further development of basal wings. The dorsal wings 
appear as robust expansions accompanying the wide fissura 
that has an almost straight path (Fig. 5c).

Rineloricaria sp. Lapillus: Elongated otolith in its supero-
inferior shaft, ovoid-shaped with smooth to slightly wavy edges. 
The sulcus is wide and its length exceeds the median axis of the 
otolith. It has a wide sulcus minor, which completely surrounds 
the mond. The latter is more or less rounded and its position 
is slightly beyond the leading edge (Fig. 6a). Asteriscus: 
Pyriform otolith with smooth edges. At the front edge there 
is a small excisura that defines the rostrum and antirrostrum. 
The fossa acustica occupies a central position. It is wide and its 
length exceeds the median axis of the otolith. The crista is wide 
and the canaliculum is narrow, both of full path, that is to say, 
they are not interrupted (Fig. 6b). Sagitta: Claviform otolith. 
Its anterior region is ovoid with great development of the basal 
wings; the only noticeable dorsal wing is displaced laterally 
and accompanies the fissura in its winding path (Fig. 6c).

Paraloricaria vetula (Valenciennes, 1835). Lapillus: 
Rounded otolith, with smooth edges. The sulcus is wide and 
short, not reaching the middle axis of the otolith. It presents 
a sulcus minor that is not that obvious. The mond is oval, of 
central position, and slightly exceeds the anterior edge of the 
otolith (Fig. 7a). Asteriscus: Elongated otolith in its supero-
inferior axis; its general shape is piriform with wavy edges. 
In the front edge there is an excisura that defines an obvious 
rostrum and antirrostrun. The fossa acustica is wide and long, 
exceeding the median axis of the otolith. It has a broad crista 
and a narrow canaliculum, both of full path (Fig. 7b). Sagitta: 
Claviform otolith; its anterior region is rhomboid due to 
further expansion of the basal wings. The dorsal wings are 
developed; one of them occupies the central region of the 
otolith and the other is notoriously expanded laterally. Its 
shape is round. The fissura is wide, displaced laterally and 
describing a little winding path (Fig. 7c).

Rineloricaria steinbachi (Regan, 1906). Lapillus: 
Elongated otolith in its supero-inferior axis, oval-shaped, and 
with smooth to wavy edges. The sulcus has a width and length 
that exceed the median axis of the otolith. The sulcus minor 
is developed. The mond is rounded, of central position, and 
not reaching the anterior edge (Fig. 8a). Asteriscus: Elongated 
otolith in its supero-inferior axis, piriform, and with smooth 
edges. The fossa acustica is wide, straight and exceeds 
the median axis of the otolith. The crista is broad and the 
canaliculum is narrow, both of full path. The slightly angled 
excisura defines a rounded rostrum and a little conspicuous 
antirrostrum (Fig. 8b). Sagitta: Claviform otolith, with an 
ovoid anterior region. One of the dorsal wings is highly 
developed; the other dorsal wing is inconspicuous and defines 
a shallow fissura with winding path (Fig. 8c).

Fig. 5. Right serie of otoliths of Rineloricaria catamarcensis (a) Lapillus, Scale bar = 200 µm; (b) Asteriscus, Scale bar = 200 
µm; (c) Sagitta, Scale bar = 200 µm.
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Hypostominae. Hypostomus paranensis Weyenbergh, 1877. 
Lapillus: Elongated and oval otolith in its antero-posterior 
axis, with irregular edges. It presents a short and narrow 
sulcus, which continues with a sulcus minor that surrounds 
the mond. The latter notoriously exceeds the anterior edge; 
it is roughly polyhedral-shaped, forming a projection that is 
oriented to the rear edge (Fig. 9a). Asteriscus: Elongated otolith 
in its supero-inferior axis, oval to rectangular-shaped, and with 
smooth edges. It presents a marked excisura defining an acute 

antirrostrum and a round, small rostrum. The fossa acustica is 
wide and long; it exceeds the median axis of the otolith and 
descends on its way to the bottom edge. The crista surrounding 
the fossa acustica is narrow, while the canaliculum is wide and 
it does not completely surround the crista (Fig. 9b). Sagitta: 
Claviform otolith, with its anterior region markedly ovoid. It 
presents robust and well-developed basal wings and the only 
dorsal wing is not evident. The fissura is narrow, sinuous, and 
is laterally displaced (Fig. 9c).

Fig. 7. Right serie of otoliths of Paraloricaria vetula (a) Lapillus, Scale bar = 500 µm; (b) Asteriscus, Scale bar = 500 µm; 
(c) Sagitta, Scale bar = 500 µm.

Fig. 6. Right serie of otoliths of Rineloricaria sp. (a) Lapillus, Scale bar = 200 µm; (b) Asteriscus, Scale bar = 200 µm; (c) 
Sagitta, Scale bar = 200 µm.
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Hypostomus commersoni Valenciennes, 1836. Lapillus: 
Elongated otolith in its antero-posterior axis, generally oval, 
with its edges being smooth to lobed, especially at the trailing 
edge. It presents a short and wide sulcus; the sulcus minor is 
not so evident and surrounds the mond. The latter is roughly 
polyhedral-shaped with a projection directed to the rear edge. 
The mond is shifted laterally well beyond the leading edge 
(Fig. 10a). Asteriscus: Elongated otolith in its supero-inferior 
axis, piriform-shaped, and winding edges. In its leading edge 

it has an excisura defining a rostrum and antirrostrum that 
are inconspicuous. The fossa acustica occupies a central 
position. It is wide and long, and exceeds the median axis of 
the otolith. The crista is wide and the canaliculum is evident, 
both of full path (Fig. 10b). Sagitta: Claviform otolith with its 
anterior region ovoid. With well-developed basal wings with 
similar development. Only one of the dorsal wings is evident, 
which is robust and occupies a central position. The fissura 
is narrow and is located next to the dorsal wing (Fig. 10c).

Fig. 8. Right serie of otoliths of Rineloricaria steinbachi (a) Lapillus, Scale bar = 100 µm; (b) Asteriscus, Scale bar = 100 
µm; (c) Sagitta, Scale bar = 100 µm.

Fig. 9. Right serie of Hypostomus paranensis otoliths of (a) Lapillus, Scale bar = 200 µm; (b) Asteriscus, Scale bar = 200 
µm; (c) Sagitta, Scale bar = 200 µm.
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Pterygoplichthys anisitsi Eigenmann & Kennedy, 1903. 
Lapillus: Elongated otolith in its antero-posterior axis with 
irregular wavy lower edges. The sulcus is short, wide and it 
continues with the sulcus minor to surround the mond. The 
latter is large, prominent, occupying much of the surface of 
the otolith. One of the edges is circular and well beyond the 
anterior edge of the otolith, while the opposite is straight 
(Fig. 11a). Asteriscus: Elongated otolith in its supero-
inferior axis, auricular-shaped and with smooth edges. It has 

a small excisura that defines the rostrum and antirrostrum of 
almost similar development. The fossa acustica is wide and 
long, exceeding the median axis of the otolith, ending near 
the trailing edge. The crista and the canaliculum are wide 
and of full path (Fig. 11b). Sagitta: Claviform otolith. Its 
anterior region is rhomboid and the basal wings are strong 
and well developed. The single dorsal wing rises gently and 
the fissura occupies a central position, being wide and of 
winding path (Fig. 11c).

Fig. 10. Right serie of otoliths of Hypostomus commersoni (a) Lapillus, Scale bar = µm; (b) Asteriscus, Scale bar = 200 µm; 
(c) Sagitta, Scale bar = 200 µm.

Fig. 11. Right serie of otoliths of Pterygoplichthys anisitsi (a) Lapillus, Scale bar = 500 µm; (b) Asteriscus, Scale bar = 500 
µm; (c) Sagitta, Scale bar = 500 µm.
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Ancistrinae. Ancistrus cirrhosus (Valenciennes, 1836). 
Lapillus: Elongated otolith in its antero-posterior axis, oval-
shaped, and with smooth edges. The sulcus is short and 
continues in an apparent sulcus minor that surrounds the 
mond. The mond occupies a central position; its anterior 
edge is rounded and exceeds the edge of the otolith, while the 
opposite edge forms a tapered projection which approaches 
the posterior edge of the otolith (Fig. 12a). Asteriscus: 
Elongated otolith in its supero-inferior axis, with pyriform 
aspect and smooth edges. In shows a slightly angled excisura 

that fails to define rostrum and antirrostrum in its anterior 
edge. The fossa acustica is wide; it occupies a central position 
and exceeds the median axis of the otolith. The crista is broad 
and is surrounded by the canaliculum, the latter is evident 
and both are of full path (Fig. 12b). Sagitta: Claviform 
otolith; its anterior region is markedly rhomboid due to the 
highly developed basal wings. The dorsal wings are evident, 
one occupies a central position and the other spreads like a 
fan. The fissura bounded by the dorsal wings is in the center 
of the otolith describing a small winding path (Fig. 12c).

Fig. 12. Right serie of otoliths of Ancistrus cirrhosus (a) Lapillus, Scale bar = 100 µm; (b) Asteriscus, Scale bar = 100 µm; 
(c) Sagitta, Scale bar = 100 µm.

Ancistrus sp. Lapillus: Elongated otolith in its antero-
posterior axis, oval-shaped, and with smooth edges. The 
sulcus is short and wide. The sulcus minor is evident and 
completely surrounds the mond. The mond is oval and well 
beyond the anterior edge (Fig. 13a). Asteriscus: Elongated 
otolith in its supero-inferior axis, piriform-shaped, and 
with winding edges. It shows an angled excisura defining 
a rostrum and antirrostrum. The fossa acustica is less wide. 
It is long, and exceeds the median axis of the otolith. The 
crista is broad and is surrounded by the canaliculum, the 
latter is evident and both are of full path (Fig. 13b). Sagitta: 
Claviform otolith. Its anterior region is oval due to less 
developed basal wings. One of the dorsal wings occupies a 
central position. The fissura is marked and deep describing 
a winding path accompanying the dorsal wing (Fig. 13c).

Discussion

There are few studies characterizing otoliths of 
freshwater fishes. In the case of siluriforms, the otoliths are 
known by the contributions of a few authors. For example, 
Adams (1940), Tilak (1963) and Martínez, Gonzo (1991).

The morphology of major structures for each of the three 
otoliths is very characteristic and we can effectively assign 
certain morphological characters to a particular species. 
We were able to confirm the morphologies of the otoliths 
of Hypostomus paranensis and Hypostomus commersoni 
previously described by Martínez, Gonzo (1991), and Fuchs, 
Volpedo (2009).

Each of the three otoliths of Loricariidae presents a 
characteristic trough: The sulcus (superior position of 
the lapillus), the fossa acustica (central position of the 
asteriscus) and the fissura (lateral position of the sagitta). At 
present the otoliths of more than 50 siluriforms species are 
known (e.g., Adams, 1940; Tilak, 1963; Martínez, Gonzo, 
1991; Fuchs, Volpedo, 2009), and the loricariid otoliths 
studied here respond to the general pattern of siluriforms. 
However, they show morphological characteristics that 
could distinguish the family within the order: robust lapillae 
with prominent mond, flattened asteriscae of auricular shape 
and very characteristic sagittae of clavate shape, with winged 
expansions that define its form (Martínez, Gonzo, 1991).

We agree with Assis (2005), who proposed two 
morphological patterns for the lapillus of teleost: (1) 
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clupeiform type: highly modified, of tetrahedrical shape, 
slender with a mond or hump, which is little prominent; and 
(2) the non-clupeiform type: never tetrahedrical, robust, 
with strong development of the mond. The lapillus analyzed 
in the present study correspond to the non-clupeiform 
type, being robust with prominent mond. Furthermore, we 
suggest a subdivision of the non-clupeiform type into two 
morphological patterns: (1) an ovoid model, in which the 
lapillae are elongated in its supero-inferior axis and the 
mond hardly exceed the anterior edge of the otolith and 
(2), an oval model, where the lapillae are elongated in 
their antero-posterior axis and the mond always exceeds 
the anterior edge in an obvious way. The studied species 
of the Hipoptopomatinae and Loricariinae display the 
ovoid pattern of the lapillae, while the studied species of 
the Hypostominae and Ancistrinae have the oval pattern. 
The patterns proposed here could be diagnostic of certain 
subfamilies. The descriptions of Martínez, Gonzo (1991) 
and Fuchs, Volpedo (2009) of lapillus of Loricaria simillima 
Regan 1904 and Loricariichthys anus (Valenciennes 1835) 
(Loricariinae) fit into the ovoid model proposed herein.

The asteriscus of teleosts may appear in several different 
forms. Assis (2003) proposed three morphological types 
of asteriscus, considering, among other characters, shape, 
orientation, and position of the fossa acustica. He described 
the vertical type present in Elopomorpha, Clupeomorpha, 
Scopelomorpha, Protacanthopterygii, and Acanthopterygii; 
the horizontal type in the Paracanthopterygii; and the 
gyro type in Otophysi (Cypriniformes, Characiformes, 
Siluriformes and, Gymnotiformes). In the gyro type, 
the greatest lobe and the crista completely surround the 
fossa acustica describing a circumference of nearly 360 
degrees and positioning the depression in the center of the 

otolith. The morphology of the asteriscae of the loricariids 
investigated in the present study responded to the gyro 
type. Nonetheless, we point out some peculiarities that call 
for further investigation, e.g. corroborate the presence of 
elongated supero-inferior shapes in a greater number of 
species of the family. In the studied species this otolith 
presents the upper and lower halves of equal size, with 
generally smooth edges, a long, descending fossa acustica, 
usually surrounded by the crista. The excisura may be 
present, but is usually poorly developed; hence a clear 
rostrum and antirrostrum cannot be defined. We found that 
the asteriscus in the studied eleven species show marked 
differences useful perhaps for species identification. 
However, their morphological characters are insufficient 
to differentiate subfamilies. Hence we were unable to 
establish pattern that could offer a characterization of the 
subfamilies.

Only three studies have investigated the sagitta of 
siluriforms (Adams, 1940; Tilak, 1963; Martínez, Gonzo, 
1991). Adams (1940) described the sagitta of siluriforms 
as highly modified and very different from that in other 
fish orders. In the studied species, this otolith is fusiform 
with two pairs of wings, basal and dorsal surrounding the 
fissura. The only descriptions of sagitta of Loricariidae 
are the ones by Martínez, Gonzo (1991) for Hypostomus 
paranensis and Loricaria simillima. In the studied species, 
the sagitta are highlighted by the clavate appearance, 
where an enlarged anterior region containing the wings, 
the fissure, the fragile and tapering posterior region are 
differentiated. As well as the asteriscus, its morphology 
varies subtly among the studied species which did not 
allow us to identify morphological features characterizing 
subfamilies. We agree with Martínez, Gonzo (1991) 

Fig. 13. Right serie of otoliths of Ancistrus sp. (a) Lapillus, Scale bar = 200 µm; (b) Asteriscus, Scale bar = 200 µm; (c) 
Sagitta, Scale bar = 200 µm.
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that some morphological features of the sagittae are 
characteristic for Loricariidae, as for instance the shape 
of the basal wings, which are expanded, while in other 
sagittae the wings are small or reduced.

Our study supports previous findings that the 
morphological characterization of otoliths is relevant in 
species identification (e.g., Hernández García, et al., 2004; 
Tuset et al., 2012).

The fact of having found an apparent morphological 
pattern makes us suppose that otoliths could show 
synapomorphic characters. Further studies on the 
morphology of the three otoliths in more species are needed 
to confirm whether the otoliths present morphological 
characters of phylogenetic importance in some groups.
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