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abstract. The present study was conducted to investigate the relationships between fish length, otolith 
size and otolith weight. A total of 180 Sperata aor and 171 Labeo bata specimens were collected 
monthly during January 2016 to March 2017 from the River Ganga at the Narora site. Student’s 
t-test showed no significant differences in the size of right and left otoliths in the selected fish spe-
cies, therefore, a single linear regression based on the left otolith was carried out. Fish length was 
plotted against otolith weight, otolith length and otolith height. Moreover, otolith length was plotted 
against otolith weight and otolith height. The linear regression model was found to fit the data well 
for fish length to otolith size in both selected fish species. A strong relationship between otolith length 
and weight was found in both species (r2 > 0.8). Furthermore, the study revealed that fish length is 
potentially related to otolith size and a strong relationship between fish length and otolith size exists 
in S. aor (mean r2 = 0.89) as compared to L. bata (mean r2 = 0.70). Such relationships should be 
determined for the fish species that are ecologically and socio-economically important in order to 
understand their trophic relationships, population dynamics and yield estimates.

The long-whiskered catfish, Sperata aor (Hamilton 
1822), a commercially important food fish, is distrib-
uted in India, Pakistan, Bangladesh, Nepal and upper 
Myanmar (Talwar and Jhingran 1991). In India, S. aor 
is usually caught for consumption from the wild since 
its culture practices have not been standardized to the 
commercial level (Khan, Nazir, and Khan 2016). The 
fishing practices in the Ganga basin are unorganized 
and no report is available on the trends in S. aor pro-
duction from the selected River (Nazir and Khan 2019). 
Moreover, the decline in fish catches may be due to 
the overdependence of dense human population on 
the Ganga River for agricultural, developmental and 
religious activities (Nazir and Khan 2017; Khan and 
Nazir 2019). S. aor has been categorized as vulnerable in 
Indian rivers because of overfishing, noticeable change 
in its distribution patterns and anthropogenic threats 
(Lakra et al. 2010; Sarkar et al. 2012).
Bata, Labeo bata (Hamilton 1822), is a benthopelagic 
and potamodromous species distributed in Bangladesh, 
India and Pakistan (Rema Devi and Ali 2011). This fish 
species has a high market value and is considered to 
be a commercially important species for aquaculture 
(Rema Devi and Ali 2011). L. bata has been listed as 
lower risk near threatened (Molur and Walker 1998) 
and least concern by IUCN (Rema Devi and Ali 2011). 
Several threats, such as loss of habitat, overexploitation, 
water diversions, siltation and industrial discharges 

intRoduCtion

Otoliths are commonly used to estimate fish age and 
growth, which are useful for monitoring population 
dynamics, understanding trophic interactions as well 
as for carrying out stock assessments (Campana et 
al. 2000; Harvey et al. 2000; Viva et al. 2015; Khan, 
Nazir, and Banday 2018). Otolith size and morphology 
can be used as a taxonomic tool for species identifica-
tion and delineation of fish stocks due to high levels 
of inter- and intraspecific variations (Campana et al. 
2000; Stransky and MacLellan 2005; Aneesh-Kumar et 
al. 2017). It is reported that fossil otoliths are very use-
ful for studying ancient teleost fish fauna (Nolf 1995; 
Annabi, Said, and Reichenbacher 2013).
Fish size and biomass can be back-calculated from fish 
length and otolith size relationships (Harvey et al. 2000; 
Waessle et al. 2003; Tarkan et al. 2007; Aneesh-Kumar et 
al. 2017). For most fish species, linear regression analyses 
have been used to delineate the relationship between fish 
length and otolith size (Battaglia et al. 2010, 2015). A 
number of studies have reported the relationship between 
fish length and otolith size in marine and freshwater fishes 
(Hunt 1992; Harvey et al. 2000; Waessle, Lasta, and 
Bavero 2003; Longenecker 2008; Zorica, Sinovcic, and 
Kec 2010; Potier et al. 2011; Skeljo and Ferri 2012; Batt-
aglia et al. 2015; Humston et al. 2015; Viva et al. 2015; 
Aneesh-Kumar et al. 2017).
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are considered to be responsible for the decline in L. 
bata populations in natural environments (Molur and 
Walker 1998; Rema Devi and Ali 2011).
Information about the relationship between fish length 
and otolith size in the selected fish species is lacking; 
moreover, there is a paucity of published reports on 
such types of relationships for most of the freshwater 
fish species from India. Therefore, the present study 
was conducted to examine the relationship between 
fish length, otolith size and otolith weight in S. aor and 
L. bata collected from the River Ganga.

mateRials and methods

A total of 180 S. aor and 171 L. bata samples were 
collected from January 2016 to March 2017 from the 
River Ganga at the Narora site (28°11′ N, 78°23′ E). 
The taxonomic identification of samples was carried 
out following Talwar and Jhingran (1991). Fish sam-
ples were placed on ice, transported to the laboratory, 
measured for total length (nearest 0.1 cm), and frozen 
for subsequent analyses. Otoliths (lapilli in S. aor and 
asterisci in L. bata) were removed and cleaned with 
water, kept at room temperature to dry and then placed 
into marked envelopes (Khan, Nazir, and Khan 2016). 
The otoliths of both fish species were photographed 
with a Nikon® SMZ745T Stereozoom microscope and 
the morphometric measurements of the otoliths (length 
and height) were taken using ImageJ software (ImageJ 
1.51j8, National Institute of Health, USA) (Figure 1). 
Otolith weight of each individual (in milligrams) was 

determined using an electronic balance (SI-234 Denver 
Instruments, Germany) with an accuracy of 0.1 mg.
Linear regression analysis was performed to determine 
the relationship between otolith weight and otolith 
length in both species. Also, the linear regression analy-
sis was conducted to relate fish length (FL) to otolith 
weight (OW), otolith length (OL) and otolith height 
(OH). For each fish sample, these equations were first 
calculated for both left and right otoliths and the t-test 
was used to compare regression coefficients; when 
significant differences (p < 0.05) were not found, the 
null hypothesis (b right = b left) was accepted. Hence, 
the left otolith was selected for further linear regression 
analysis. Thus, a single linear regression was described 
for each variable (OW, OL and OH) and species (Batt-
aglia et al. 2015).

Results

The information about sample size, minimum and 
maximum values of fish length, otolith length, weight 
and height of both species are presented in Table 1. A 
strong relationship between otolith length and otolith 
weight (r2 > 0.8) was found in both species (Figures 
2–3). The relationships between fish length and otolith 
size (length and height) are shown in Figures 4–11. In 
S. aor, otolith weight was found to be best correlated 
with fish length (r2 = 0.96) and nearly the same correla-
tion was discovered between otolith length and otolith 
height (r2 = 0.95). In the case of L. bata, the highest 
correlation was found to exist between otolith length 

Figure 1. Otolith measurements (OL, otolith length; OH, otolith height) of lapilli in Sperata aor (A) and asterisci in Labeo 
bata (B) collected from the River Ganga.
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Figure 2. Relationship between otolith length and otolith 
weight in Sperata aor.

Figure 3. Relationship between otolith length and otolith 
weight in Labeo bata.

Figure 4. Relationship between otolith length and otolith 
height in Sperata aor.

Table 1. Information about sample size (N), fish length (cm), otolith weight (mg), otolith length (mm) and otolith height (mm) 
of Sperata aor and Labeo bata collected from the River Ganga.

Species N Fish length (cm)
Min–Max

Otolith weight (mg)
Min–Max

Otolith length (mm)
Min–Max

Otolith height (mm)
Min–Max

Sperata aor 180 16.5–81.4 4.1–62.3 2.5–7.1 1.6–4.5
Labeo bata 171 14–31.2 1.6–5 2–3.1 1.1–2.1

Figure 5. Relationship between fish length and otolith length 
in Sperata aor.

Figure 6. Relationship between fish length and otolith height 
in Sperata aor.

Figure 7. Relationship between fish length and otolith weight 
in Sperata aor.

and otolith weight (r2 = 0.94), the correlation determined 
between fish length and otolith weight being also strong 
(r2 = 0.87). Overall, a strong correlation between fish 
length and otolith size and otolith weight was found in 
S. aor (mean r2 = 0.91) as compared to that of L. bata 
(mean r2 = 0.79).

disCussion

Otolith morphology and morphometric relationships 
are valuable tools in species and stock identification, 
and can be used in feeding ecology to estimate fish size 
and biomass (Granadeiro and Silva 2000; Mehanna et 
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al. 2016). There are no published reports available on 
the relationship between fish length and otolith size and 
length-weight relationship of otoliths from the target 
habitat or elsewhere for both fish species. Several re-
searchers have reported that the relationships between 
fish length and otolith size can be used to back-calculate 
fish length from otolith size (Harvey et al. 2000; Zan et 
al. 2015; Aneesh-Kumar et al. 2017).
A strong relationship between fish length and otolith 
size suggests that somatic growth has a major effect on 
otolith growth (Munk 2012); there are published reports 
about similar relationships revealed between somatic and 
otolith growth (Aneesh-Kumar et al. 2017; Yilmaz et 
al. 2019). In the present study, linear regressions between 
fish length and otolith size showed a higher coefficient of 
determination (r2 > 0.8) except between fish length and 
otolith height for L. bata. There are a number of factors 
that influence fish length and otolith size relationships 
such as differences in fish species, habitat condition, food 
availability and other environmental factors (Aydin et 
al. 2004); therefore further studies into the effect of these 
variables are highly warranted.
The present study has revealed that the fish length is po-
tentially related to otolith size and a strong relationship 
exists between fish length and otolith size in both target 
fish species. Therefore, it is highly important that the re-
lationship between fish length and otolith size, and oto-

lith length-weight relationship be estimated for a large 
number of fish species inhabiting the Gangetic river 
system in order to understand the trophic relationships 
between the fishes and their population dynamics.
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Figure 8. Relationship between otolith length and otolith 
height in Labeo bata.

Figure 9. Relationship between fish length and otolith length 
in Labeo bata.

Figure 10. Relationship between fish length and otolith height 
in Labeo bata.

Figure 11. Relationship between fish length and otolith weight 
in Labeo bata.
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