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Abstract. The Sagitta otolith characteristics in 3 species viz. Sardinella gibbosa, S. longiceps and S. 
sindensis, of various standard lengths were compared. The results showed that these species have 
acquired peculiar characteristics which separate them from the other species. Likewise presence of two 
groups of characteristics: (1) characteristics that are consistent in the sagitta otoliths of S. gibbosa, S. 
longiceps and S. sindensis which are useful to separate these species from the rest of clupeids species, 
however these otolith characteristics in 3 species of Sardinella genus are more closely related to one 
another, (2) characteristics that vary due to genetically guided mechanism and biological factors but that 
may be useful to define species and are species-specific. 
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Introduction. The inner ear in all of teleosts (Osteichthyes) contains a left and right 
membranous labyrinth enclosed in bony otic capsules at the rear of the neurocranium. 
The labyrinth includes three semicircular canals oriented in different planes and three 
compartments: the utriculus, sacculus and lagena. Each compartment contains otoliths 
(earbones or earstones), the lapillus, sagittae and asteriscus, respectively (Berra & Aday 
2004). Otoliths have an important biological function because they enable the inner ear 
to mediate the senses of hearing and balance (Popper et al 2005). These otoliths are 
composed of calcium carbonate in the form of aragonite, in a protein matrix. The present 
study focuses on the saccular otolith, which is the largest and/or most massive of the 
three types of otoliths in most groups of teleost fishes (Nolf 1985; Assis 2005), however, 
in otophysan fishes (Cypriniformes, Siluriformes, Characiformes and Gymnotiformes) the 
asteriscus is the largest (Harvey et al 2000; Berra & Aday 2004). Otoliths commonly are 
used to determine the taxon, age, and size of fishes (Harvey et al 2000).  
 Aristotle, in the third century BC, was the first to observe the uniqueness of fish 
otoliths (Stinton 1975), whereas their taxonomic utility was recognised by Cuvier (Cuvier 
& Valenciennes 1836) and their value to palaeoichthyology was first acknowledged by 
Koken (1884). Since then, the use of the saccular otolith as a taxonomic characteristic 
has proliferated, as demonstrated by the number of publications on otoliths of extant 
species (e.g. Nolf 1985; Hecht 1987; Smale et al 1995). The species-specific shape 
properties of the otolith have been used in stomach content studied of marine 
ichtiophagous species (Fitch & Brownell 1968). Ontogenetic otolith shape change during 
fish growth have been described and used to identify age in commercial species 
(Cardinale et al 2004) and sex and maturing stage (Piera et al 2005). Characteristics of 
populations can also be detected by the morphology of the saccular otolith 
(Reichenbacher & Sienknecht 2001; Schulz-Mirbach & Reichenbacher 2006). 
 Studies on otolith morphology of the family Clupeidae are few. The aim of the 
present work is to give a comprehensive description of the otolith of 3 species of 
Sardinella genus collected from the Oman Sea to facilitate these species identification 
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and the characterization of three size classes of fish standard length. This work is 
regarded as a contribution to ichthyology since it will help resolve future taxonomic 
problems that might arise among the members of the genus Sardinella.  
 
Material and Method. In total, one hundred ten sagitta otoliths pairs of Sardinella 
genus belonging to different standard lengths collected from the Oman Sea (Figure 1), in 
November 2008, were analyzed. The specimens, which ranged from 108 to 138 mm in 
standard length for Sardinella gibbosa, 120 to 156 mm for S. longiceps and 85 to 115 
mm for S. sindensis, were placed in 3 groups (according to their standard length in each 
species). Only sagittal otoliths were extracted from the specimens.  

Figure 1. Map of southern Iranian coastal zone, the Persian Gulf and Oman Sea,  
the sampling areas of Sardinella gibbosa, S. longiceps and S. sindensis. 

 

The otoliths were removed by turning the ventral side of the fish upward to allow removal 
of the lower jaw, the gills and the hypobranchial apparatus and to expose the base of the 
skull. With a sharp scalpel, the otic capsules were separated and the otoliths gently 

removed with a pair of fine tweezers (Figure 2).  
 

Figure 3. Morphological nomenclature of the inner face 
of otolith (Schwarzhans 1978). 

 

Figure 2. Sagittal otolith 
extracting in Sardinella sp. 



AACL Bioflux, 2013, Volume 6, Issue 3. 
http://www.bioflux.com.ro/aacl 213 

Then, the otoliths were cleaned with 70% ethanol and stored dry in a glass vials. 
Scanning electron microscopy (SEM) was used to record the morphological characteristics 
on the medial faces (proximal surface) of the saccular otolith (sagitta). The terminology 
of otolith morphology follows in Figure 3. The otoliths to be used for SEM were air dried 
and mounted on an aluminium stub using double-sided carbon tape. Stubs were sputter 
coated with gold in a vacuum of about 4061023 torr. Otoliths were viewed in a Philips XL 
45 FEG at 5.0 KV.  
 
Results. Based on the morphological changes of sagitta otolith and fish standard length 
can be assigned 3 groups and description of the otolith morphological characteristics 
were carried out in these groups. SEM images of otoliths from each species were 
prepared for comparative investigation of the morphology.  
 
Morphological characteristics of sagitta otolith in S. gibbosa. The sagitta otolith of 
S. gibbosa is ovate and otolith size is small, averagely 2.4% of standard length, otolith 
width in this species is 43% of otolith length. Distal surface concave that increased by 
otolith growth. Sagitta otolith was not thick (Figure 4).  
  

Figure 4. Diagram of the mesial face of the sagitta otoliths of S. gibbosa.  
Group I (standard length 108-113 mm), Group II (standard length 123-128 mm),  

and Group III (standard length 133-138 mm). 
 

Dorsal margin in groups I, II and III are irregular. In groups I and II dorsal depression 
are exist but gradually in group III if present, it is shallow groove. Ventral margin lobate 
in groups II and III are slightly irregular anteriorly and posteriorly. Rostrum in groups I, 
II and III are long and broad and in groups I and II are pointed tip and in group III is 
rounded tip, sometimes constricted. Rostrum length is 29% of otolith length. Antirostrum 
in groups I, II and III are moderate to well developed with pointed tip. Antirostrum 
length is 55% of rostrum length and 10% of otolith length. Width antirostrum is 56% of 
rostrum width. Sulcus acusticus in groups I, II and III are heterosulcoid, opening ostial 
and approximately deep. Cauda in groups I, II and III are straight and horizontal, not 
flared posteriorly, tip well-defined. Ostium in groups I, II and III are elongate, dorsally 
flared, ventral margin horizontal. Collum in groups I and III are developed but in group II 
slightly defined. Crista superior in group I is approximately developed rim-like over cauda 
and ostium and in groups II and III are developed ridge-like over cauda and ostium. 
Crista inferior in group I is developed, rim-like along cauda and ostium in groups II and 
III are developed ridge-like along cauda and ostium. Excisura major in groups I, II and 
III are well developed and in group I excisura angle is 50o, in group II is 44o and in group 
III excisura angle is 34o. Excisura minor in groups I, II and III are developed therefore 
postrostrum and pararostrum are exist (Table 1). 
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Table 1 
Sagitta otolith characteristics of three size classes of the S. gibbosa 

 

Otolith 
characteristics 

Group I  
(108-113 mm) 

Group II  
(123-128 mm) 

Group III  
(133-138 mm) 

Otolith shape ovate ovate ovate 
Otolith width moderately thin moderately thin moderately thin 

Depth shallow shallow shallow 
Mesial surface convex convex convex 
Lateral surface concave concave concave 
Dorsal margin irregular to lobed, 

rounded over cauda and 
over ostium 

irregular, sculpture 
smooth, rounded over 
cauda and over ostium 

mainly flattened; sometimes 
flattened over cauda and 

curves over ostium, 
Ventral margin lobate, horizontal, 

smooth at anteriorly 
lobate, horizontal, 

irregular anteriorly and 
posteriorly 

lobate, horizontal, 
irregular anteriorly and 

curved, irregular posteriorly 
Posterior 
margin 

rounded, irregular with 
excisura minor, 

developed, postrostrum, 
pararostrum 

rounded, irregular with 
excisura minor, 

developed, postrostrum, 
pararostrum 

rounded, irregular with 
excisura minor, developed 
postrostrum, pararostrum 

Sulcus 
acusticus 

heterosulcoid, opening 
ostial and approximately 

deep. 

heterosulcoid, opening 
ostial and approximately 

deep. 

heterosulcoid, opening 
ostial and approximately 

deep. 
Ostium elongate, dorsally flared, 

ventral margin horizontal 
elongate, dorsally flared, 
ventral margin horizontal 

elongate, dorsally flared, 
ventral margin horizontal 

Cauda straight and horizontal, 
not flared posteriorly, tip 

well-defined 

straight and horizontal, 
not flared posteriorly, tip 

well-defined 

straight and horizontal, not 
flared posteriorly, tip well-

defined 
Collum developed slightly defined developed 

Crista superior developed, rim –like 
over cauda and ostium 

developed ridge-like 
over cauda and ostium 

developed ridge-like 
over cauda and ostium 

Crista inferior developed rim along 
cauda and ostium 

developed ridge-like along 
cauda and ostium 

developed, ridge-like 
along cauda and ostium 

Dorsal 
depression 

elongateand empty shallow, empty if present,it is shallow groove 

Ventral 
depression 

absent, if present shallow 
groove and empty 

absent, if present shallow 
groove and empty 

absent, if present shallow 
groove and empty 

Rostrum size long long long 
Rostrum shape pointed tip pointed tip rounded tip and sometimes 

constricted 
Rostrum 
thickness 

broad broad broad 

Antirostrum 
 

moderate to well 
developed with pointed tip 

moderate to well 
developed with pointed tip 

moderate to well 
developed, with pointed tip 

Excisura major well developed and 
excisura angle 50o 

well developed and  
excisura angle 44o 

well developed and 
excisura angle 34o 

 

Morphological characteristics of sagitta otolith in S. longiceps. The sagitta otolith 
of S. longiceps is ovate and otolith size is small, average 2.1% of standard length, otolith 
width in this species is 42% of otolith length. Distal surface concave that increased by 
otolith growth. Sagitta otolith was not thick (Figure 5). 

Figure 5. Diagram of the mesial face of the sagitta otoliths of S. longiceps. Group I (standard 
length 120-126 mm), Group II (standard length 132-138 mm), and Group III (standard 

length 150-156 mm). 
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Dorsal margin in groups I, II and III are irregular. Dorsal depression if present, is shallow 
groove. Ventral margin lobate in groups I, II and III are slightly irregular at anteriorly. 
Rostrum in groups I, II and III are long and broad and pointed. Rostrum length is 40-
47% of otolith length. Antirostrum in groups I, II and III are well developed with pointed 
tip. Antirostrum length is 48% of rostrum length and 22% of otolith length. Width 
antirostrum is 90-95% rostrum width. Sulcus acusticus in groups I, II and III are 
heterosulcoid, opening ostial and approximately are deepen, and increased by otolith 
growth. Cauda in groups I, II and III are straight and horizontal, not flared posteriorly 
and in tip slightly defined. Ostium in groups I, II and III are elongate, dorsally flared, 
ventral margin horizontal. Collum in groups I, II and III are defined and developed. 
Crista superior in groups I, II and III are developed ridge-like over cauda and ostium. 
Crista inferior in groups I and II are developed ridge-like along cauda and ostium, but in 
groups III is developed rim-like along cauda and ostium. Excisura major in groups I, II 
and III are well developed. In group I excisura angle is 35o, in group II is 42o and in 
group III excisura angle is 42o. Excisura minor is not developed, therefore postrostrum 
and pararostrum are absent (Table 2). 

   
Table 2 

Sagitta otolith characteristics of three size classes of the S. longiceps 
 

Otolith 
characteristics 

Group I  
(120-126 mm) 

Group II  
(132-138 mm) 

Group III  
(150-156 mm) 

Otolith shape ovate ovate ovate 
Otolith width moderately thin moderately thin moderately thin 

Depth shallow shallow shallow 
Mesial surface convex convex convex 
Lateral surface concave concave concave 
Dorsal margin irregular, sculpture 

smooth, rounded over 
cauda and over ostium 

irregular, sculpture 
smooth, rounded over 
cauda and over ostium 

irregular to lobed, rounded 
over cauda and over 

ostium, 
Ventral margin lobate, horizontal, 

slightly irregular 
anteriorly, sculpture 

posteriorly 

lobate, horizontal, 
slightly irregular 

anteriorly, sculpture 
posteriorly 

lobate, horizontal, 
irregular anteriorly and 

curved, irregular 
posteriorly 

Posterior margin rounded, irregular with 
or without excisura 

minor, postrostrum and 
pararostrum 

rounded, irregular with 
or without excisura 

minor, postrostrum and 
pararostrum 

rounded, irregular without 
excisura minor, 
postrostrum and 

pararostrum 
Sulcus acusticus heterosulcoid, opening 

ostial and approximately 
deep 

heterosulcoid, opening 
ostial and approximately 

deep 

heterosulcoid, opening 
ostial and approximately 

deep 
Ostium elongate, dorsally 

flared, ventral margin 
horizontal 

elongate, dorsally 
flared, ventral margin 

horizontal 

elongate, dorsally flared, 
ventral margin horizontal 

Cauda straight and horizontal, 
not flared posteriorly, 

tip slightly defined 

straight and horizontal, 
not flared posteriorly, 

tip slightly defined 

straight and horizontal, not 
flared posteriorly, tip 

slightly defined 
Collum developed developed developed 

Crista superior developed ridge-like 
over cauda and ostium 

developed ridge-like 
over cauda and ostium 

developed ridge-like 
over cauda and ostium 

Crista inferior developed ridge-like 
along cauda and ostium 

developed ridge-like 
along cauda and ostium 

developed, rim-like 
along cauda and ostium 

Dorsal depression if present,it is shallow 
groove, empty 

if present,it is shallow 
groove, empty 

if present,it is shallow 
groove, empty 

Ventral 
depression 

absent absent absent, if present shallow 
groove and empty 

Rostrum size long long long 
Rostrum shape pointed tip pointed tip pointed tip 

Rostrum thickness broad broad broad 
Antirostrum 

 
moderate to well 

developed, with pointed tip 
moderate to well 

developed, with pointed tip 
moderate to well 

developed, with pointed tip 

Excisura major well developed and 
excisura angle 35o 

well developed and  
excisura angle 42o 

well developed and 
excisura angle 42o 
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Morphological characteristics of sagitta otolith in S. sindensis. The sagitta otolith 
of S. sindensis is ovate and otolith size is small, average 2.2% of standard length, otolith 
width in this species is 45% of otolith length. Distal surface concave that increased by 
otolith growth. Sagitta otolith was not thick (Figure 6).  

Figure 6. Diagram of the mesial face of the sagitta otoliths of S. sindensis.  
Group I (standard length 85-90 mm), Group II (standard length 95-100 mm),  

and Group III (standard length 110-115 mm). 
 
Dorsal margin in groups I, II and III are irregular. In group I and II dorsal depression are 
exist but gradually in group III is shallow groove, if it is presented. Ventral margin lobate 
along cauda and ostium, and rostrum in groups I, II and III are long and broad and in 
groups I and II are rounded tip and in group III is pointed tip. Rostrum length is 38% of 
otolith length. Antirostrum in groups I, II and III are moderate to well developed with 
pointed tip. Antirostrum length is 44% of rostrum length and 17% of otolith length. 
Width antirostrum is 70% of rostrum width. Sulcus acusticus in groups I, II and III are 
heterosulcoid, opening ostial and approximately deep. Cauda in groups I, II and III are 
straight and horizontal, not flared posteriorly and tip well-defined. Ostium in groups I, II 
and III are elongate, dorsally flared, and the ventral margin is horizontal. Collum in 
groups I and II are developed but in group III is slightly defined. Crista superior in group 
I, II and III are developed ridge-like over cauda and ostium. Crista inferior in group I is 
developed, ridge-like along cauda and ostium and in groups II and III are developed rim-
like along cauda and ostium. Excisura major in groups I, II and III are well developed, 
and the excisura angle in group I is 35o, in group II is 40o and in group III is 42o. 
Excisura minor is not developed therefore postrostrum and pararostrum are absent 
(Table 3). 
 Some characters such as oblong shape of otolith, otolith width, depth, convex 
mesial surface (proximal face), concave lateral face, ostial and heterosulcoid sulcus 
acusticus, ostium, straight and horizontal cauda and antirostrum share are not varied 
among the 3 species of Sardinella genus. Varied characters among the 3 species of 
Sardinella genus are the rostrum shape which are mostly large and broad, shape of the 
tip which were not consistent in each species and in S. gibbosa almost is rounded tip and 
in S. longiceps and S. sindensis are almost pointed tip, the well-developed and ridge-like 
crista superior in S. sindensis and S. longiceps and rime-like in group I and developed 
ridge-like in S. gibbosa, the well-developed and ridge-like for crista inferior in S. gibbosa, 
developed and ridge-like in groups I and II and rime like in group III in S. longiceps, and 
developed ridge-like in group I and rime like in groups II and III in S. sindensis, the 
shape of the dorsal margin showed a trend of change in irregularity in these species and 
rarely includes lobes, the ventral margin is lobate in these species and can be different in 
place and numbers, the posterior margin is usually not uniform and can be rounded and 
irregular in these species, in S. gibbosa excisura minor, postrostrum and pararostrum are 
exist, in S. longiceps few specimens have excisura minor and in S. sindensis excisura 
minor is absent. Depressions in the dorsal and ventral areas have a distinctive shape and 
contain certain structures that make them morphologically different from the rest of the 
neighbouring area. Dorsal depression is empty in these species but ventral depression 
not showed (Figures 4, 5 and 6). Collum is developed in Sardinella genus and cauda has 
slightly difference in tip among these species, in S. gibbosa and S. sindensis tip are well-
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defined and in S. longiceps tip is slightly defined. Excisura angle gradually decrease in S. 
gibbosa therefore rostrum and antirostrum are closed to each other and in S. longiceps 
and S. sindensis excisura angle gradually increase.  
 

Table 3 
Sagitta otolith characteristics of three size classes of the S. sindensis 

 
Otolith 

characteristics 
Group I  

(85-90 mm) 
Group II  

(95-100 mm) 
Group III  

(110-115 mm) 
Otolith shape ovate ovate ovate 
Otolith width moderately thin moderately thin moderately thin 

Depth shallow shallow shallow 
Mesial surface convex convex convex 
Lateral surface concave concave concave 
Dorsal margin irregular, sculpture 

smooth, rounded over 
cauda and over ostium 

irregular, emarginated, 
rounded over cauda 

and over ostium 

mainly flattened; 
sometimes flattened 
over cauda and over 

ostium, 
Ventral margin lobate, horizontal, 

slightly irregular 
anteriorly, sculpture 

posteriorly 

lobate, horizontal, 
sculpture anteriorly 

and posteriorly 

lobate, horizontal, 
irregular anteriorly and 

curved posteriorly 

Posterior margin rounded, irregular 
without excisura 

minor, postrostrum 
and pararostrum 

rounded, irregular, 
sculpture smooth, 
without excisura 

minor, postrostrum 
and pararostrum 

rounded, irregular, 
emarginated, without 

excisura minor, 
postrostrum and 

pararostrum 
Sulcus acusticus heterosulcoid, opening 

ostial and 
approximately deep 

heterosulcoid, opening 
ostial and 

approximately deep 

heterosulcoid, opening 
ostial and 

approximately deep 
Ostium elongate, dorsally 

flared, ventral margin 
horizontal 

elongate, dorsally 
flared, ventral margin 

horizontal 

elongate, dorsally 
flared, ventral margin 

horizontal 
Cauda straight and horizontal, 

not flared posteriorly, 
tip well-defined 

straight and horizontal, 
not flared posteriorly, 

tip well-defined 

straight and horizontal, 
not flared posteriorly, 

tip well-defined 
Collum developed developed slightly defined 

Crista superior developed ridge-like 
over cauda and ostium 

developed ridge-like 
over cauda and ostium 

developed ridge-like 
over cauda and ostium 

Crista inferior developed, ridge-like 
along cauda and ostium 

developed, rim-like 
along cauda and ostium 

developed, rim-like 
along cauda and ostium 

Dorsal depression shallow groove, empty shallow groove, empty if present, it is shallow 
groove, empty 

Ventral depression absent absent absent 
Rostrum size long long long 

Rostrum shape rounded tip rounded tip pointed tip 
Rostrum thickness broad broad broad 

Antirostrum 
 

moderate to well 
developed with  

pointed tip 

moderate to well 
developed with  

pointed tip 

moderate to well 
developed, with  

pointed tip 
Excisura major well developed and 

excisura angle 35o 
well developed and  
excisura angle 40o 

well developed and 
excisura angle 42o 

 
Discussion. Morphological characteristics of fish otoliths are highly variable between 
species, ranging from the relatively simple disc shape of some flatfish (Pleuronectidae) to 
the irregular shape of others, such as redfish Sebastes sp. (Hunt 1992). The growth of 
the otolith continues throughout a fish’s lifetime and is based on a genetically guided 
mechanism (Gauldie & Nelson 1988). However, otolith growth is influenced by many 
factors, such as seasonal variations, temperature, habitat and diet (Campana 2001). 
Investigations of morphological characteristic of otolith shapes are useful to identify 
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species and specific guides or keys to fish otoliths also have been published (Morrow 
1979; Harkonen 1986; Hecht 1987; Smale et al 1995; Furlani et al 2007).  
 There are some landmark morphological features of the saccular otolith that assist 
in taxonomic studies (Figure 3). Because of their large size and degree of inter-specific 
variation, the teleost saccular otolith (sagitta) is the most widely used tool in comparative 
taxonomic studies. Study on otolith morphology in the Sardinella genus, deals with a 
wide range of otolith characteristics. However, there are only a few characteristics that 
are taxonomically important for Sardinella genus and these will be useful in future 
taxonomic studies. 
 In generalized otolith models, the sagitta otoliths are described as medially 
convex and distally concave bodies (Parmentier et al 2002; Parmentier et al 2007). 
Shape and nucleus location result from the release of soluble Ca2+ on the proximal side 
(Ibsch et al 2004), which in turn precipitates as CaCO3 crystals due to an increasing 
alkaline gradient, from the sulcal area towards the otolith edge (Gauldie & Nelson 1990). 
As a result, the growth of the crista superior and crista inferior is privileged and there is a 
more important development of the sulcal side. The macula is elongated and narrow in 
teleosts, and the crista superior and inferior are proportionally more important than the 
colliculum (Popper & Hoxter 1981; Lombarte & Fortuno 1992; Ladich & Popper 2001). 
The macula faces the colliculum, and prevents otolith growth at this level (Pannella 1980; 
Popper & Hoxter 1981; Lombarte & Fortuno 1992).  
 Lombarte et al (2003) have showed in Merluccius the sagitta otolith shape 
variability has been related to genetic, ontogenetic and environmental factors. Many 
previous studies on fossil and extant otoliths have demonstrated that the sulcus 
morphology usually is consistent among the species of a single genus (Nolf 1985), and 
thus this feature is likely controlled genetically (Gauldie 1988). Interspecific variation in 
sulcus morphology has previously been recorded for only a few other genera. For 
example, in Merluccius (Merlucciidae), interspecific sulcus variation separates the 
American from the Euro–African species, and hence sulcus variation parallels 
zoogeography and phylogeny (Torres et al 2000). However, sulcus variation has been 
shown to concur with specialization in hearing abilities, and thus interspecific sulcus 
variation may also result from ecomorphological adaptations (Ramcharitar et al 2004; 
Popper et al 2005). For example, an ecomorphological influence on sulcus morphology is 
reflected in the ratio of the sulcus area to the total otolith area; the ratio increases in 
species from deeper water environments (Lombarte 1992; Tuset et al 2003).  
 Apart from sulcus morphology, a correlation between particular otolith features 
(e.g., rostrum, antirostrum proportions) and biological functions such as swimming 
ability, feeding, or other activities has not yet been established (Popper et al 2005). 
Considering the whole variety of teleost fishes there might be some correlation between 
the otolith rostrum length and swimming ability (Nolf 1985; Volpedo & Echeverria 2003), 
but this feature has not been shown to be significant in the discrimination of closely 
related species (Reichenbacher et al 2007). 
 The results of the present study showed that the overall morphology and generally 
oblong shape of the otolith remains consistent of the Sardinella genus. According to 
Volpedo & Echeverria (1999), the absence of changes in the shape of the otolith may be 
related to the organic matrix and the way in which CaCO3 is deposited during sagittal 
development. Two groups of characteristics can be distinguished from the results at 
hand: (1) characteristics that are consistent in the sagitta otoliths of S. gibbosa, S. 
longiceps and S. sindensis which are useful to separate these species from the rest of 
clupeids species, however these otolith characteristics in 3 species of Sardinella genus 
are more closely related to each other, (2) characteristics that vary due to genetically 
guided mechanism and biological factors but that may be useful to define species and are 
species-specific. Reasons for these differences are not yet clear. It is assumed that the 
structural variability of otoliths follows some evolutionary trends (Fermin et al 1998; 
Lychakov 1988, 1995a, b). On the other hand, it seems that the structural variability of 
the otoliths is correlated to the interspecific variation of life styles, motor activities and 
hearing capabilities of the animals (Gauldie 1988; Lychakov 1990, 1992; Lychakov & 
Rebane 1993; Platt & Popper 1981; Popper & Coombs 1982). Thus, the structural 
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variability of the otoliths may reflect phylogenetic and ecomorphological patterns. Also 
Tuset et al (2003) relates the shape of the otolith to the biological and ecological 
behaviour of the species.   
 The consistency of the characteristics presented through different standard 
lengths can be used as a tool to separate these species from each other and other 
members of genus Sardinella, but before such a decision is made regarding their 
usefulness in the identification of Sardinella genus, they need to be shown to be unique 
to these species. 
 
Conclusions. It is clear that Sardinella genus shares the following characteristics, width, 
otolith shape, proximal surface (mesial face shape), distal surface (lateral face shape), 
shape of the sulcus acusticus, ostium and straight and horizontal canda. The second 
group of characteristics (shape of the dorsal, ventral, and posterior margins; dorsal and 
ventral depressions; and shape of the rostrum and antirostrum), despite showing 
inconsistencies among fishes, provides a good taxonomic tool to separate Sardinella 
genus from each other (interspecies) and the rest of the clupeids species already 
described by other authors, providing that adult otoliths are used in such comparison. 
Moreover, such differences in otolith characteristics might be considered important for 
fisheries, biologists, archaeologists and geologists who can use them as a way to 
separate S. gibbosa, S. longiceps and S. sindensis.  
 
References 
 
Assis C. A., 2005 The utricular otoliths, lapilli, of teleosts: their morphology and 

relevance for species identification and systematic studies. Journal of Marine 
Science 69:259–273. 

Berra T. M., Aday D. D., 2004 Otolith description and age-and-growth of Kurtus gulliveri 
from northern Australia. Journal of Fish Biology 65(2):354–362. 

Campana S. E., 2001 Accuracy, precision and quality control in age determination, 
including a review of the use and abuse of age validation methods. Journal of Fish 
Biology 59(2):197–242. 

Cardinale M., Doering-Arjes P., Kastowsky M., Mosegaard H., 2004 Effects of sex, stock, 
and environment on the shape of knowing-age Atlantic cod (Gadus morhua) otolith. 
Canadian Journal of Fisheries and Aquatic Sciences 61(2):158-167 

Cuvier G., Valenciennes A., 1836 Histoire Naturelle des Poisson [Natural History of 
Fishes]. Paris (France): Leurault. 

Fermin C. D., Lychakov D. V., Campos A., Hara H., Sondag E., Jones T., Jones S., Taylor 
M., Mesa-Ruiz G., Martin D. S., 1998 Otoconia biogenesis, phylogeny, composition 
and functional attributes. Histology and Histopathology 13:1103–1154. 

Fitch J. E., Brownell R. L., 1968 Fish otolith in cetacean stomachs and their importance in 
interpreting feeding habits. Journal of Fishery Research of Board of Canada 
25(12):2561-2574. 

Furlani D., Gales R., Pemberton D., 2007 Otoliths of Australian temperate fish: a 
photographic guide. CSIRO PUBLISHING, 216 pp.  

Gauldie R. W., 1988 Function, form and time-keeping properties of fish otoliths. 
Comparative Biochemistry and Physiology A 91:395–402. 

Gauldie R. W., Nelson D. G. A., 1988 Aragonite twinning and neuroprotein secretion are 
the cause of daily growth rings in fish otoliths. Comparative Biochemistry and 
Physiology A 90:501–509. 

Gauldie R. W., Nelson D. G. A., 1990 Otolith growth in fishes. Comparative Biochemistry 
and Physiology A 97:119–135. 

Harkonen T., 1986 Guide to the otoliths of the bony fishes of the northeast Atlantic. 
Danbiu Aps. Denmark, 256 pp. 

Harvey T. J., Loughlin R. T., Perez A. M., Oxman S. D., 2000 Relationship between fish 
size and otolith length for 63 species of fishes from the Eastern North Pacific Ocean. 
NOAA Technical Report NMFS. 150 pp. 



AACL Bioflux, 2013, Volume 6, Issue 3. 
http://www.bioflux.com.ro/aacl 220 

Hecht T., 1987 A guide to the otoliths of Southern ocean fishes. S Afr J Antarct Res 17:1–
87. 

Hunt J. J., 1992 Morphological characteristics of otoliths for selected fish in the Northwest 
Atlantic. Journal of Northwest Atlantic Fishery Science 13:63-75. 

Ibsch M., Anken R. H., Rahmann H., 2004 Calcium gradients in the fish inner ear sensory 
epithelium and otolithic membrane visualized by energy filtering transmission 
electron microscopy (EFTEM). Advances in Space Research 33:1395–1400. 

Koken K., 1884 Uber fisch-otolithen, insbesondere uber diejenigen der norddeutschen 
Oligozan-Ablagerungen [About teleostean otoliths of the Eocene in the Belgian 
basin. Reconstruction of the fauna and biostratigraphic transition]. Zeit Deutsche 
Geol Gesell 36(1):500–565. 

Ladich F., Popper A. N., 2001 Comparison of the inner ear ultrastructure between teleost 
fishes using different channels for communication. Hearing Research 154:62–72. 

Lombarte A., 1992 Changes in otolith area: sensory area ratio with body size and depth. 
Environmental Biology of Fishes 33:405–410. 

Lombarte A., Fortuno J. M., 1992 Differences in morphological features of the sacculus of 
the inner ear of two hakes (Merluccius capensis and M. paradoxus, Gadiformes) 
inhabits from different depth of sea. Journal of Morphology 214:97–107. 

Lombarte A., Torres G. J., Morales-Nin B., 2003 Specific Merluccius otolith growth 
patterns related to phylogenetics and environmental. Journal of the Marine 
Biological Association of the United Kingdom 83:277-281. 

Lychakov D. V., 1988 Evolution of otolithic membrane: the structural organization. Zh 
Evol Biokhim Fiziol 24:250–261. 

Lychakov D. V., 1990 Comparative study of otoliths in some Black Sea fishes in relation 
to vestibular function. Zh Evol Biokhim Fiziol 26:550–556. 

Lychakov D. V., 1992 Morphometric studies of fish otoliths in relation to vestibular 
function. Zh Evol Biokhim Fiziol 28:531-539. 

Lychakov D. V., 1995a Study of otolithic membrane structure in the lamprey Lampetra 
fluviatilis in relation to evolution of otoliths and otoconia, Zh Evol Biokhim Fiziol 
31:175–185.  

Lychakov D. V., 1995b Investigation of the otolithic apparatus in the Acipenser fry. 
Journal of Evolutionary Biochemistry and Physiology 31:333-341. 

Lychakov D. V., Rebane Y. T., 1993 Effect of otolith shape on directional sound 
perception in fish. Journal of Evolutionary Biochemistry and Physiology 28:531-536. 

Morrow J. E., 1979 Preliminary keys to otoliths of some adult fishes of the Gulf of Alaska, 
Bering Sea, and Beaufort Sea. U.S. Dep. Commer., NOAA Tech. Rep. NMFS Circ., 
420, 32 pp. 

Nolf D., 1985 Otolithi Piscium. Handbook of Paleoichthyology, Vol. 10. Stuttgart, New 
York: Gustav Fischer, 145 pp. 

Pannella G., 1980 Growth pattern of fish sagittae. In: Skeletal growth of aquatic 
organisms: biological records of environmental change, topics in geobiology, vol. 1. 
Rhoad D. C., Lutz R. A. (eds), Plenum Press, New York, pp. 519–560. 

Parmentier E., Lagardere F., Vandewalle P., 2002 Relationships between inner ear and 
sagitta growth during ontogenesis of three Carapini species and consequences of 
life-history events on the otolith microstructure. Marine Biology 141:491–501. 

Parmentier E., Cloots R., Warin R., Henrist C., 2007 Otolith crystals (in Carapidae): 
growth and habit. Journal of Structural Biology 159:462–473. 

Piera J., Parisi-Baradad V., Garcia-Ladona E., Lombarte A., Recasens L., Cabestany J., 
2005 Otolith shape feature extraction oriented to automatic classification with open 
distributed data. Marine and Freshwater Research 56(5):805-814.  

Platt C., Popper A. N., 1981 Fine structure and function of the ear. In: Hearing and sound 
communication in fish. Tavolga W. N., Popper A. N., Fay R. R. (eds), Springer-
Verlag, New York, pp. 3-38. 

Popper A. N., Coombs S., 1982 The morphology and evolution of the ear in 
actinopterygian fish. American Zoologist 22:311-328. 

Popper A. N., Hoxter B., 1981 The fine structure of the sacculus and lagena of a teleost 
fish. Hearing Research 5:245–263. 



AACL Bioflux, 2013, Volume 6, Issue 3. 
http://www.bioflux.com.ro/aacl 221 

Popper A. N., Ramcharitar J. U., Campana S. E., 2005 Why otoliths? Insights from inner 
ear physiology and fisheries biology. Marine and Freshwater Research 56:497–504.  

Ramcharitar J. U., Deng X., Ketten D., Popper A. N., 2004 Form and function in the 
unique inner ear of a teleost: the silver perch (Bairdiella chrysoura). Journal of 
Comparative Neurology 475:531–539. 

Reichenbacher B., Sienknecht U., 2001 Allopatric divergence and genetic diversity of 
recent Aphanius iberus and fossil Prolebias meyeri (Teleostei, Cyprinodontidae) from 
southwest and western Europe as indicated by otoliths. Geobios 34(4):69–83. 

Reichenbacher B., Sienknecht U., Kuchenhoff H., Fenske N., 2007 Combined otolith 
morphology and morphometry for assessing taxonomy and diversity in fossil and 
extant killifish (Aphanius, Prolebias). Journal of Morphology 268:898–915. 

Schulz-Mirbach T., Reichenbacher B., 2006 Reconstruction of oligicene and neogene 
freshwater fish faunas-an actualistic study on cypriniform otoliths. Acta 
Palaeontologica Polonica 51(2):283–304. 

Schwarzhans W., 1978 Otolith - morphology and its usage for higher systematical units, 
with special reference to the Myctophiformes. Mededelingen van de Werkgroep voor 
Tertiaire en Kwartaire Geologie 15(4):167-185. 

Smale M. J., Watson G., Hecht T., 1995 Otolith atlas of southern African marine fishes. 
Ichthyological Monographs of the J. L. B. Smith Institute of Ichthyology 1:1–253. 

Stinton F. C., 1975 Fish otoliths from the English Eocene. Part 1. Monograph of the 
Palaeontographical Society, London, pp. 1-56.  

Torres G. J., Lombarte A., Morales-Nin B., 2000 Sagittal otolith size and shape variability 
to identify intraspecific differences in three species of the genus Merluccius. Journal 
of the Marine Biological Association of the United Kingdom 80:333–342. 

Tuset V. M., Lombarte J. A., Gonzalez J. A., Pertusa J. F., Lorente M. J., 2003 
Comparative morphology of the sagittal otolith in Serranus spp. Journal of Fish 
Biology 63(6):1491–1504. 

Volpedo A. V., Echeverria D. D., 1999 Catalogoy claves de otolitos para la identificacion 
de peces del mar de Argentina [Catalogue and keys of the otolith for the 
identification of the fishes in Argentinian seas]. Editorial Dunken, Buenos Aires, 
Argentina, 88 pp. 

Volpedo A., Echeverria D. D., 2003 Ecomorphological patterns of the sagitta in fish on the 
continental shelf off Argentine. Fisheries Research 60:551–560. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Received: 28 September 2012. Accepted: 30 October 2012. Published online: 06 February 2013. 
Authors: 
Hanie Homayuni, Department of Marine Biology, Science and Research Branch, Islamic Azad University, Tehran, 
Iran, e-mail: h.homauni@gmail.com 
Mohsen Marjani, Department of Marine Biology, Science and Research Branch, Islamic Azad University, Tehran, 
Iran, e-mail: m.mohsenmarjani@gmail.com 
Hamed Mousavi-Sabet, Department of Fisheries Sciences, Faculty of Natural Resources, University of Guilan, 
Sowmeh Sara, Guilan, Iran, e-mail: mousavi-sabet@guilan.ac.ir 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Homayuni H., Marjani M., Mousavi-Sabet H., 2013 Descriptive key to the otoliths of three Sardinella species 
(Pisces, Clupeidae) from the northern Oman Sea. AACL Bioflux 6(3):211-221. 


