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Abstract. Fish age estimation is essential for stock assessment, population dynamics, and fisheries management.
The presently reported study was conducted to evaluate the relation between otolith weight and observed age in
Labeo bata (Hamilton, 1822) inhabiting the Ganga River. A total of 187 L. bata specimens were collected from
Narora site of the Ganga River. Linear regression analysis was applied between otolith weight and observed
age to predict the age of fish from the otolith weight. The relation between otolith weight and observed age was
significant for L. bata. The otolith weight increased with the fish age. Discriminant function analysis revealed
96.3% of the predicted ages were correctly classified to their observed ages. Thus, it can be inferred that the
relation between otolith weight and fish age can provide an additional method of age estimation in L. bata.
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INTRODUCTION
Age and growth of fish species is the basis for an
understanding of the species biology and is highly
significant for the management and conservation of the
fisheries resources. Fish age estimation is also essential
for stock assessment and population dynamics (Khan and
Khan 2009). Fish age is generally estimated after initial
preparation of the otolith (such as embedding, sectioning,
and polishing) followed by microscopic examination and
counts of the annual growth zones (annuli). The preparation
process is generally time consuming and interpretation of
the annuli requires expertise. As a result, the process of
age determination from hard structures is very expensive
(Francis and Campana 2004). Moreover, age validation
methods increase precision and accuracy of age estimates
(Campana 2001), but these methods require either markrecapture method or regular sampling of fish over relatively
long time periods thereby are rarely completed (Britton and
Blackburn 2014). The otolith weight increases continuously
throughout the life of fish in contrast to otolith length and
fish length (Fowler and Doherty 1992). Thus, in some cases
(Fletcher 1995), otolith weight can be used as an effective
surrogate for the age to reduce the cost and subjectivity
associated with traditional annuli enumeration (Bermejo
2007, Britton and Blackburn 2014). However, there are
reports of overlap in otolith weight among age classes that
may lead to incorrect ageing of a number of individuals; this
depends on the amount of overlap and on the abundance of
each age class (Cardinale and Arrhenius 2004).

Labeo bata (Hamilton, 1822) has been reported from
rivers and lakes of India, Bangladesh, and Pakistan (Talwar
and Jhingran 1991). Labeo bata is a benthopelagic,
potamodromous species and a herbivorous column feeder.
It is a commercially important species for aquaculture
and it has a high market value (Rema Devi and Ali
2011). Labeo bata has been listed as of least concern by
the IUCN (Rema Devi and Ali 2011). Loss of habitat,
overexploitation, water pollution and siltation may be
some of the threats to wild populations of the species
(Molur and Walker 1998).
Therefore, the objective of the present study was to
evaluate the relation between otolith weight and observed
age (calculated by reading annuli on otoliths) in Labeo
bata inhabiting the Ganga River.
MATERIAL AND METHODS
A total of 187 Labeo bata specimens were collected by
cast nets at Narora site (27º30′N, 78º25′E) of the Ganga
River between January to June 2016. The samples were
transferred in an ice box to the laboratory where they
were identified, measured (fish length, cm), their otoliths
removed, cleaned, and washed with distilled water.
Otoliths were then dried at room temperature for 18 h
before being weighed (nearest mg).
Otoliths were analysed under a Nikon® SMZ745T
Stereozoom microscope using both transmitted and
reflected light in order to determine the precise age by
the two age readers independently. Otoliths with unclear
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growth zones were grounded with 320-grit CarbiMet® 2
Abrasive Discs to make the zones more distinct (Khan et
al. 2016).
Precision was assessed by subjecting the data obtained
by two independent age readers to calculate the mean
percentage error and coefficient of variation. Mean
percentage error (MPE)* was derived using the formula
presented by Beamish and Fournier (1981)

IMPE
=
MPE
jj 100% ×

1

R

∑
R
i =1

Xi j − X j
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where Xij is the ith age determination of the jth fish, Xj is
the mean age estimate of the jth fish, and R is the number
of times each fish is aged. Coefficient of variation (CV),
expressed as the ratio of the standard deviation over the
mean, was computed following Chang (1982)
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RESULTS
The number of samples, mean fish length, and mean
otolith weight at each age, and comparison of MPE and
CV within each age class for Labeo bata are shown in
Table 1. There was no ageing bias observed between two
independent readers for L. bata using otoliths (Fig. 1).
Significant relations between otolith weight and fish age,
and otolith weight and fish length were observed (r2 > 0.9,
P < 0.001) (Fig. 2). The discriminant function analysis for
L. bata revealed the first canonical discriminant function
elucidated 94.4% of variance and effectively separated the
fish by age groups (Wilks λ = 0.05; P < 0.001).
The cross-validation classification method revealed
100% of individuals of the L. bata having same predicted
age as the observed for the age 1, 3, and 4. For age 2, 95.2%
of the L. bata individuals showed the same predicted age
as the observed (remaining percentage predicted as age
1). Moreover, 83.3% of the L. bata individuals showed
predicted age as observed for the age 5 (remaining percentage
7
6

Age reader 2

where CVj is the age precision estimate for the jth fish.
Age bias graphs were plotted to examine potential bias
between two independent age readers.
To predict the age of fish from otolith weight, linear
regression analysis was applied between otolith weight
and observed age (age obtained from counting annuli on
the otoliths), that is

classifications are mean values (Ibáñez et al. 2008). The
predicted ages and their related probability were the proportion
of fish classified according to their relation between total
length and otolith weight vs. their estimated age obtained
from otoliths analysed under a stereo-zoom microscope by
two independent readers (Britton and Blackburn 2014).

OW − a

5
4

b
3
where T is the estimated age (years), OW the otolith
2
weight [mg], a is the intercept and b is the slope of linear
1
regression between OW and observed age, respectively
(Cardinale et al. 2000, Pino et al. 2004).
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The discriminant function analysis was performed
Age reader 1
by using the observed age as a grouping variable and fish
length and otolith weight as the independent variables.
The discriminant functions were developed through cross- Fig. 1. Age bias plot for comparison of age estimates
validation classification by using the leave-one-out method
between two independent readers for otoliths in Labeo
and the use of this method means that the accuracy of age
bata from the Ganga River
Total length and otolith weight in consecutive age classes of Labeo bata from the Ganga River
Age

n

TL [cm]

OW [mg]

MPE

CV

1
2
3
4
5
Total

56
43
35
33
20
187

15.9 ± 1.0
20.9 ± 1.0
24.8 ± 0.9
29.7 ± 0.8
30.9 ± 1.3

1.93 ± 0.08
2.35 ± 0.07
2.98 ± 0.06
3.88 ± 0.09
4.40 ± 0.12

1.19
1.41
1.54
1.78
1.95
1.64

1.84
1.97
2.30
2.77
3.10
2.66

Table 1

n = number of fish, TL = total length, OW = otolith weight, MPE = mean percentage error, CV = coefficient of variation; values of total
length and otolith weight represent the mean ± standard error.
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Age estimation of Labeo bata using otolith weight
predicted as age 4) (Fig. 3). Overall, 96.3% of the predicted
ages were correctly classified to their observed ages.
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Fig. 3. Scatterplot showing contribution of predictive
ages to the observed age for Labeo bata from the Ganga
River; predicted age in years are represented by symbols;
1 (●), 2 (▲), 3 (■), 4 (), and 5 ()
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DISCUSSION
The presently reported study provided an evidence
of a linear relation between otolith weight and observed
age in Labeo bata from the Ganga River. Several studies
have reported a linear relation between otolith weight and
observed age (Pino et al. 2004, Metin and İlkyaz 2008,
Ghanbarzadeh et al. 2014). Earlier studies have emphasized
that average otolith weight continues to increase with age,
unlike certain other variables e.g., fish length, otolith
length, etc. The growth of otoliths is different from the
somatic growth rate and may simply be more strictly
related to time and age (Reznick et al. 1989). Therefore,
otolith weight may provide a more accurate estimate of
age than the other variables and in some conditions may
provide a reliable estimate of fish age than annuli counts of
otolith (Worthington et al. 1995). For example, when the
counts of annuli are unclear especially in older individuals
due to the curvature of the edge and the annuli along the
edge become crowded and are difficult to differentiate

4

5

(Khan et al. 2016). In order to exploit the benefits of using
otolith weight, the relation between otolith weight and
observed age should be calibrated for each new sample of
fish. The calibration would require precise age estimates
of only a relatively small number of fish that should cover
the whole range of the samples analysed.
The output of the predictive model (discriminant
function analysis) revealed 96.3% of estimated ages were
correctly classified to their ages obtained from microscopy.
Thus, the predictive models can be used to estimate the
age of fish with an output of the probability of the estimate
without further use of microscopy and it implies strictly
when there is no overlap in otolith weight between age
classes (Britton and Blackburn 2014). We conclude that the
relation between otolith weight and fish age can provide a
substitute method of age estimation in Labeo bata.
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