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Abstract
The relation of �sh size with that of its otolith of pama croaker, Otolithoides pama (Hamilton, 1822) was
established. Fish specimens were collected from the bagnet catch from Narmada estuary, India for a
period of 8 months (November 2018 to June 2019). To understand the relationship between �sh and
otolith size, the sagittal otoliths were extricated, cleaned, measured, and photographed. The Otolith length
(OL), Otolith breadth (OB), and Otolith weights (OW) were measured from each specimen to the nearest
size of 0.01 mm and weight of 0.01 g. The observed length and weight of the �sh were in the range of 85
to 288 mm (175.79±33.13 mm) and 3.0 to 186.56 g (43.68±27.67 g), respectively. The recorded otolith
length, breadth, and weight were in the range of 2.65 to 12.54 mm (7.20±1.77 mm), 2.01-10.48 mm
(5.95±1.33 mm), and 0.02 g to 0.75 g (0.23±0.11 g), respectively. The data �tted well to the power model
for the OL, OB, OW, and �sh length and weight. High values of the coe�cient of determination (R2) were
recorded between �sh length and otolith length (R2 = 0.978), �sh length and otolith weight (R2 = 0.931),
�sh length and otolith breadth (R2 = 0.985), �sh weight and otolith length (R2 = 0.942), �sh weight and
otolith weight (R2 = 0.922), and �sh weight and otolith breadth (R2 = 0.962). The study also depicted a
high correlation of otolith dimensions with the size of the �sh.

Introduction
Otolith, a crystallized structure located in the inner ear of �shes made up of Calcium carbonate is
indirectly employed in studying the age and population structure of �shes, and to assess the
relationships between �sh and its environment (Lord et al. 2012; Zengin et al. 2015). These are important
tools to study the life history traits of �shes, as they allow for studying the age and growth of �shes.
Sagittal otoliths are mainly used for morphological studies in most of the bony �shes as these are the
largest among the three pairs of otoliths (Harvey et al. 2000; Jawad& Al-Mamry 2012). Otolith
morphometry is a widely used taxonomic feature in �sh biology for intra-and inter-species comparisons
(Campana 2004; Jawad et al.2017; Basusta et al. 2020), as both the environmental changes and
geographical separations develop certain variations in otolith structure (Torres et al. 2000; Vignon and
Morat 2010; Sadighzadeh et al. 2014). Other than stock assessment studies, otoliths are also used to
examine the feeding habits of �shes (Harvey et al. 2000). Further, to study the prey-predator relationships
by stomach content analysis, the relationships between the �sh size and otolith dimensions are
important (Mehanna et al. 2016).

The morphology of otoliths is an important attribute that de�nes every �sh species (Hossucu et al. 1999).
The size and shape of otoliths differ from species to species; hence these hard structures are used in
calculating the size of the �sh species (Basusta et al. 2013; Zan et al. 2015). The otolith usually follows
an allometric enhancement in dimensions with �sh size (Chilton and Beamish 1982). Thus, the otolith
length helps to estimate the length of �sh species and vice versa (Sen et al. 2001; Yilmaz et al. 2014);
such studies are frequently conducted in the �shery sciences (Battaglia 2015).
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Due to the stable nature of otolith, and its species-speci�c features, otoliths act as a very useful tool in
stomach contents analysis (Polito et al. 2011; Zan et al. 2015), since otoliths could remain undigested for
a comparatively longer period in the stomach of carnivorous �shes (Bostanci 2009). Thus, the back-
calculation of �sh size from the otolith’s measurements of prey species is common once the �sh size and
otolith dimension relationships are established (Zan et al. 2015). Such studies are also useful in the
study of �sh population dynamics.

Sciaenids are one of the major demersal �shery resources in the state of Gujarat with a production of
around 47,510 t, constituting about 21.59% of the total demersal production during 2018–2019 (CMFRI
2019). Also, sciaenids contributed about 3.73% of the total marine production of India during the same
period. The commercially important Sciaenid species occurring on the long Indian coast are Otolithoides
biauritus, O. pama, Protonibea diacanthus, Otolithes ruber, Otolithes cuvieri, Johnius glaucus, Johnius
elongatus, Johnius carutta, Pennahia anea, Johnius borneensis and Johnius dussumieri (Talwar 1995;
Bhakta et al. 2020a & b). The important sciaenids species contributing signi�cantly to the �sh basket of
the state of Gujarat are Otolithes cuvieri, Otolithes ruber, Protonibea diacanthus, Nibea soldado,
Otolithoides biauritus, Johnius glaucus, Johnius elongatus, Johnius macrorhynus, J. belangeri, J. aneus,
J. sina, Atrobucca nibe, O. pama, etc. (Mohan, 1991). Among the sciaenids, Otolithoides pama forms an
important commercial �shery in the Narmada and Hooghly-Matlah estuaries of India (Kumar et al. 2012;
Bhakta et al. 2015 & 2019b).

In general, �shes of the family Sciaenidae possess relatively large otoliths (Kumar et al. 2012; Bhakta et
al. 2020a). There is very little information available on the otolith morphometry and �sh length of O.
pama inhabiting the estuarine waters of India and other associated water bodies (Bhakta et al. 2020a).
The present study aimed to determine the correlation between the �sh size and otolith dimensions of O.
pama specimens collected from the Narmada estuary, Gujarat, located on the west coast of India.

Materials And Methods
During the sampling period of November 2018 to June 2019, a total of 196 sex undistinguished
specimens of O. Pama were collected from the bag net catch of Narmada estuary, having a size range of
85.0-288.0 mm and weight range of 3.0-186.56 g. Efforts were made to collect the specimens fortnightly
and compulsorily monthly, based on the availability of pama croaker from the bag net catches of the
estuary (Fig. 1). Bag net is locally known as ‘Golava’ with a 10 mm cod-end mesh size, and length of 15–
22 m, and is usually operated for 7–8 months (November to June) in the Bhadbhut-Mehegam �shing
area of Narmada estuary (Bhakta et al. 2019d). Fish samples were brought to the laboratory in the icebox
and preserved at -20 oC. The samples were thawed before further studies. The specimens were identi�ed
by using the standard taxonomical characters of the FAO species identi�cation sheet (Fisher and
Binanchi 1984), Mohan (1991) as well as Talwar (1995).

The total length (TL) and body weight (BW) of the specimen was measured to the nearest decimals of
millimeter (0.1 mm) and gram (0.01 g), respectively before collection of the otolith. The largest otolith,
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sagitta from each individual were collected with the help of the optic capsule using �ne forceps which
were then cleaned and stored dry in glass vials (Fig. 2). Maximum otolith length (OL) and breadth (OB)
were measured using a digital calliper with a resolution of 0.01 mm and weight was measured by using
an analytical balance with a resolution of 0.001g. For the present study, right otoliths were only
segregated since no signi�cant difference between left and right otoliths was noticed. While measuring
the otolith, the longest length from the rostrum to the post rostrum and breadth from the dorsal to the
ventral edge at right angles were taken (Smale et al. 1995).

To establish otolith length-weight relationships, the non-linear equation W = aLb (Le Cren 1951), was
followed. The signi�cance of the exponent (b) was tested with �sher‘t’ test. The parameters compared
with the total �sh length (TL) and total �sh weight (TW), were otolith length (OL), otolith weight (OW) and
otolith breadth (OB). The morphometric relationships among compared characters were established
using a power regression model, which best �t the data distribution (Myers 1990).

Results And Discussion
The length and weight of the �shes were in the range of 85 to 288 mm (175.79 ± 33.13 mm) and 3.0 to
186.56 g (43.68 ± 27.67 g), respectively. OL, OB and OW ranged from 2.65 to 12.54 mm (7.20 ± 1.77 mm),
2.01 to 10.48 mm (5.95 ± 1.33 mm) and 0.02 to 0.75 g (0.23 ± 0.11 g), respectively (Table 1). The length-
weight relationships (LWRs) of the samples are provided in Fig. 3. The length and weight relationships of
otoliths are provided in Fig. 4, which was showing a negative allometric growth pattern with a high value
(0.898) of the coe�cient of determination (R2). A power model was followed to establish the
relationships between �sh sizes and otolith dimensions, and all six relationships exhibited negative
allometry.

From the established power model, a high value of coe�cient of determination (R2) was found between
TL and OL (R2 = 0.978), TL and OW (R2 = 0.931), TL and OB (R2 = 0.985), TW and OL (R2 = 0.942), TW and
OW (R2 = 0.922), and TW and OB (R2 = 0.962) (Table 2 and Figs. 5a-f).

Only a few studies are available on the LWRs of ‘Pama croaker’ from India and other neighbouring
countries (Nath et al. 2004; Hossain et al. 2015; Baitha et al. 2018; Bhakta et al. 2019b). In the present
study ‘b’ value was found to be 3.038, pointing toward a positive allometric growth pattern. Nath et al.
(2004) and Hossain et al. (2015) also found a similar kind of positive allometric growth of ‘Pama croaker’
from the Hooghly estuary, India, and Tetulia river, Bangladesh, respectively. In contrast to our study,
negative allometric growth patterns also had been reported by Baitha et al. (2018) and Bhakta et al.
(2018) of ‘Pama croaker’ from the Ganga River and Hooghly-Matlah estuary, respectively. A series of
factors frame up such differences in ‘b’ values, mainly the area of collection, habitats, seasonal effects,
degree of stomach fullness, maturity stages, sexes, overall health conditions, length of the studied
specimens, etc. (Tesch 1971, Sarkar et al. 2017; Chakraborty et al. 2018; Vahneichong et al. 2018; Bhakta
et al. 2019c).
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We could not �nd any signi�cant differences in terms of OL, OB, and OW between left and right otolith
pairs (p < 0.05). Hence, right otoliths were used in comparison in the present study for convenience. In
general, morphological features of otoliths of �shes are the most widely used tools for the identi�cation
of �n�sh species by comparing taxonomic characters, since otoliths are large, and their variability is inter-
speci�c (Lord et al. 2012). Further, there are numerous advantages to studying the relationship between
�sh length and otolith size (eg. the age and size of the �sh can be calculated).

The LWRs between otolith length and otolith weight indicates that the values of ‘b’ and ‘R2’ were at 1.835
and 0.898, respectively which showed a negative allometric growth pattern with a relatively high
correlation. A similar kind of allometric growth pattern between otolith length-weight was also reported by
Bhakta et al. (2020a) in O. pama from the Hooghly-Matlah estuarine systems, India.

In the present study, the size range of �sh and otolith dimensions was found a little smaller than that of
the study of O. pama from the Hooghly-Matlah estuary of India (Bhakta et al. 2020a). This might be due
to the collection of �sh samples from the smaller mesh size (bag net with 10 mm mesh size). Further, the
established relationship between �sh size and otolith dimensions varied due to the distribution range,
respective stocks, and sexes (Sparre et al. 1989; Aneesh Kumar et al. 2017).

The present study established that otolith length and weight are signi�cantly correlated (p < 0.01) to the
�sh size. It has been reported that along with an increase in the length of ‘Pama croaker’ in the Hooghly-
Matlah estuary, the otolith length and weight also increase (Bhakta et al. 2020a) and similarly with age
and length of the king soldier bream, Argyrops spinifer, in the Persian Gulf (Ghanbarzadeh et al. 2014).
Some studies also reported that the otolith dimensions (length, width, and mass) have a high degree of
reliance on the �sh length and weight of 12 species of sciaenids inhabited along the north-west coast of
India, which is like the present work (Kumar et al. 2012). Ye et al. (2014) reported that �sh age is
correlated with otolith shape and that the otolith weight has the potential to predict the age of a slow-
growing �sh Belanger’s croaker, Johnius belangerii (Cuvier, 1830) from the coastal waters of China by the
alternative and objective method.

Further, our study established somatic relationships with otolith measurements, and estimation indicated
a strong correlation between them. A similar kind of relationship between otolith and somatic
measurements was reported by several researchers (Harvey et al. 2000; Waessle et al. 2003; Monteiro et
al. 2005; Jawad & Al- Mamry 2012; Kumar et al. 2012; Kumar et al. 2016; Borah et al. 2019). As per Munk
(2012), a strong correlation between somatic measurements and otolith size suggests that somatic
growth has a signi�cant in�uence on otolith growth. In the present study, the relationship was established
through the power regression model; and such a model is found to be the most suitable in certain �shes
(Lleonart et al. 2000; Kumar et al. 2016). Through the power regression model, Kumar et al. (2016)
reported a signi�cant positive correlation between TL, and TW of �sh along with OL, OW, and OB in four
marine �shes from Indian waters.
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Table 1
Range and mean of TL, TW, OL, OW, and OB of O. pama (combined

sexes) collected from Narmada estuary, India
Parameters Minimum Maximum Mean SD

Total length (mm) 85.00 288.00 175.79 33.13

Total weight (g) 3.00 186.56 43.68 27.67

Otolith length (mm) 2.65 12.54 7.20 1.77

Otolith weight (g) 0.02 0.75 0.23 0.11

Otolith breadth (mm) 2.01 10.48 5.95 1.33

Table 2
Relationship between TL-TW, OL-OW, TL-OL, TL-OW,

TL-OB, TW-OL, TW-OW and TW-OB of O. pama
(combined sexes) with coe�cients of determination

(R2)
Types of Relationship Model used R2 value

TL-TW Power 0.974*

OL-OW Power 0.898*

TL-OL Power 0.978*

TL-OW Power 0.931*

TL-OB Power 0.985*

TW-OL Power 0.942*

TW-OW Power 0.922*

TW-OB Power 0.962*

(*Signi�cant at p < 0.01).

Conclusions
The established relationships between �sh size and otolith dimensions of O. pama will be useful in the
calculation of �sh size from the otolith measurements. The present study is also in agreement that, the
�sh length and otolith measurements are very useful for establishing the role of otoliths in the
identi�cation of �sh species. Otolith shape analysis serves as baseline information for the growth of O.
pama as otolith size is increasing with the increase of �sh size. Thus, otolith length, weight, and breadth
can be used to estimate the �sh length and weight of O. pama from the morphometric relationship
analysis.
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Figure 1

Map showing the collection site (Bhadbhut) of O. pama from the Narmada estuary

Figure 2

Otolith morphology of O. pama from the Narmada estuary
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Figure 3

Length-weight relationship of O. pama (sex combined)
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Figure 4

Relationship between otolith length and otolith weight of O. pama (sex combined)

Figure 5
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Relationship between (sex combined): a) �sh length and otolith length; b) �sh length and otolith weight;
c) �sh length and otolith breadth; d) �sh weight and otolith length; e) �sh weight and otolith breadth, and
f) �sh weight and otolith breadth of O. pama from Narmada estuary, India


