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Abstract
Length-weight relationship provides basic information of a ﬁsh’s condition while the
morphometric data of otolith has been traditionally used to determine the range of ﬁsh sizes for various
purposes. The length-weight relationship of Terapon jarbua (Forskål, 1775) was examined from 165
specimens, while 132 specimens were used in sagittal otolith biometry measurements. Fish specimens
were obtained from various locations in Malaysia including Pahang, Selangor, Sarawak, and Sabah. The
total length of ﬁsh ranged 12.5–32.5 cm, while the total weight ranged 26.28–444.30 g. The otolith length
ranged 0.423–1.070 cm, and the otolith weight was 0.010 3–0.157 2 g. The specimens displayed a mixture
of positive and negative allometry growth as indicated by ﬂuctuating b values between 2.74 and 3.15.
The overall coeﬃcient of determination (R2) between ﬁsh length and weight was 0.972 9, which implies a
strong correlation. All regressions between the ﬁsh length and otolith dimensions were highly signiﬁcant
(P<0.001). The otolith dimensions found to be most closely related to the ﬁsh total length was the otolith
weight. This was supported by the regression model showing a high R2 value of 86.57%. The aspect ratio of
otolith was 1.80±0.14 (mean±SD). Results conﬁrm that the otolith growth reﬂects the somatic growth of T.
jarbua. The length-weight relationship explained the growth conditions of the ﬁshes in each location while
the overall b value of 2.91 indicates that the condition of T. jarbua grown in Malaysian waters during the
study period was generally in good condition. This study contributed to the database on the morphometric
data of otolith of T. jarbua as well as the ﬁrst report on ﬁsh length-weight relationship for T. jarbua in
Malaysia.
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1 INTRODUCTION
Terapon jarbua (Forskål, 1775) is commonly
known as tiger perch, or “ikan mengkerong” in the
local name (Department of Fisheries Malaysia, 2009;
Du et al., 2019; Shyama et al., 2020). They are also
called grunters in reference to the sound emitted by
their unique swim bladder that is equipped with
extrinsic muscles (Vari, 1978). T. jarbua is a
catadromous species (Riede, 2004), in which they are
born in saltwater, and subsequently migrate to

freshwaters as juveniles before migrating back into
the ocean as adults for spawning (Rao et al., 2000).
The total length of an adult is generally between 20
and 27 cm (Vari, 1978), but sometimes can reach up
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to 36 cm (Froese and Pauly, 2018).
The estimation on length-weight relationships
(LWR) parameters for T. jarbua has been reported
from populations in New Caledonia (Vari, 1978),
Thailand (Yamagawa, 1994), Indonesia (Pauly et al.,
1996), South Africa (Harrison, 2001), China (Zhang
et al., 2002), India (Manoharan et al., 2013;
Nandikeswari et al., 2014), and the Philippines
(Gumanao et al., 2016). Length weight regressions
have been used frequently to estimate weight from
length because direct weight measurement can be
time consuming in the ﬁeld (Kalaycı et al., 2007).
Establishment of a relationship between weight and
length is essential for the calculation of production
and biomass of a ﬁsh population (Khan et al., 1987).
We can also evaluate the conditions (i.e., environment,
food availability), reproduction and spawning
activities, ontogenetic changes, life cycle, and the
general health of a ﬁsh by using the LWR (Bayhan et
al., 2008). Such information is useful to improve,
optimize and produce economically feasible and
higher biomass yield on a commercial scale basis.
Allometry is the study of consequences of size and
shape. In allometry, the relationship between two
parts of an organism’s body over a wide size range is
calculated (Reiss, 1991). According to Jones et al.
(1999), b values less than 3 (b<3), indicates negative
allometric growth. This shows that weight will
decrease with the increase of ﬁsh length, causing the
specimen to become less rotund. Positive allometric
growth occurs when b value is greater than 3 (b>3). It
implies a signiﬁcant positive relationship between
ﬁsh weight and ﬁsh length thus causing the weight to
increase with its length, and the ﬁsh becomes more
rotund (Jones et al., 1999). When the b value is equal
or close to 3, growth of aquatic species is isometric
and growth occurs equally in all dimensions (Wootton,
1990).
Otoliths are calcium carbonate structures located in
the inner ears of bony ﬁshes. They are responsible for
providing stability and sound detection in bony ﬁshes
(Campana and Thorrold, 2001). Otoliths have distinct
shapes, which vary widely among ﬁsh families and
can be highly species-speciﬁc (Harvey, 2000; Tuset et
al., 2008). Sagittae is the largest among the three pairs
of otoliths (asteriscus, lapillus, sagittae) present in
bony ﬁshes, hence it has been chosen in this study
(Harvey, 2000). In stomach content analyses, the
identiﬁcation and quantiﬁcation of ﬁsh prey is diﬃcult
when specimens are partially or totally digested.
To date, studies on the LWR and otolith of
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Fig.1 The sampling locations from East (Sandakan, Sabah
and Mukah, Sarawak) and West Malaysia (Sungai
Besar, Selangor and Kuantan, Pahang)

T. jarbua have not been reported in Malaysia. The
outcome of this study is expected useful for
assessment of their age, growth, and production. The
basic information on LWR and otolith for ﬁsh
resources is important as it provides much needed
information and allows estimations of ﬁsh growth in
diﬀerent regions. Hence, the present study focused
on compensating the gap of information in this area
in order to carry out ecosystem-based ﬁsheries
management (EBFM).

2 MATERIAL AND METHOD
2.1 Sampling
Terapon jarbua was collected from various local
markets and landing sites across east and west
Malaysia. A total of 165 specimens were collected
randomly to represent a wider size range of ﬁshes. Of
these, 53 were collected from Selangor, 32 from
Pahang, 60 from Sabah and 20 from Sarawak (Fig.1).
The specimens were collected from October 2015 to
August 2018 (Appendix 1).
2.2 Morphometric measurements
The total length (TL, cm) and total weight (Wt, g)
were initially measured for each specimen. The
otoliths were then removed through a cut in the
cranium and no preservative was used before
extraction. The otoliths were cleaned and
photographed in the laboratory. The left and right
otoliths were considered separately. Damaged or
broken otoliths were excluded from the analyses. The
following measurements were subsequently obtained
from each specimen: otolith length (OL, cm), the
longest distance between the most anterior and
posterior points; otolith width (OW, cm), the longest
distance between the ventral and dorsal edges; and the
weight of the sagittal (OWt). The otolith aspect ratio
(OAS) was calculated by dividing OL by OW (See et al.,
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Table 1 LWR parameters of specimens from Malaysian waters
Locality

n

Selangor 53

Length (cm)
min.–max.

Weight (g)
min.–max.

17.2–28.0

71.08–330.50

a

b

R²

95% CL of a

95% CL of b

Equation

0.012 2.816 1 0.912 8 0.006 8–0.021 3 2.571 5–3.060 8 LogW=log0.012+2.816 1 logL

Pahang

32

21.7–32.5

137.14–444.30

0.005 3.150 1 0.941 4 0.002 6–0.010 9 2.856 9–3.443 2 LogW=log0.005+3.150 1 logL

Sabah

60

14.5–21.5

46.64 –136.35

0.014 2.744 4 0.824 3 0.006 8–0.026 6 2.456 8–3.065 9 LogW=log0.014+2.744 4 logL

Sarawak 20

12.5–25.3

26.28 –195.61

0.011 2.863 4 0.979 5 0.006 7–0.016 9 2.658 1–3.068 7 LogW=log0.011+2.863 4 logL

12.5–32.5

26.28–444.30

0.010 2.907 2 0.977 1 0.008 3–0.011 3 2.838 3–2.976 0 LogW=log0.010+2.907 2 logL

Total

165

n: specimen size; a: intercept (ﬁsh shape); b: slope (ﬁsh growth); R2: coeﬃcient of determination; CL: Conﬁdence Limit.

3 RESULT
3.1 Total length-weight relationship of ﬁsh
OW
OL

Fig.2 Image of otolith captured under the stereomicroscope
OW (width) was measured from anterior to posterior. OL (length) was
measured from dorsal to ventral.

2016). Digital images of each pair of otoliths were
recorded with a stereomicroscope (Olympus SZ61) as
shown in Fig.2.
2.3 Data analysis
As there was no signiﬁcant statistical diﬀerence
observed between the left and right ﬁsh otoliths
(paired t-test, P>0.05), data of the left otolith was
used in this study. This is consistent with the
observation that the otolith pairs are mirror images of
each other. Least square linear regression based on
logarithms for each locality and all localities combined
was used to determine the relationship between TL
against Wt and OL against OWt. The relationship was
determined by ﬁtting into the equation, W=aLb.
Parameters a and b of the length-weight relationships
(LWR), were estimated from the intercept and slope
of the linear regression analysis on the log-transformed
weight and length data, log W=loga+b logL (Keys,
1928). The strength of each relationship was evaluated
from the determination coeﬃcient (R2). The highest
R2 scores were used to determine which type of
regression model (linear or exponential) was used
between the parameters. All data analyses were
carried out using Microsoft Excel ver. 2016. Presence
of outliers was taken into consideration according to
Froese et al. (2011).

A total of 165 ﬁsh specimens with an average total
length of 20.77 cm (12.5–32.5 cm) and an average
total weight of 140.85 g (26.28–444.30 g) were
examined. The tabulated data of LWR, regression
parameters and signiﬁcance of correlation according
to sampling locations are presented in Table 1.
The largest specimen with a length of 32.5 cm was
found from Pahang while the smallest with a length of
12.5 cm was obtained from Sarawak. The LWR of
T. jarbua conformed to the general formula by ﬁtting
into the equation logW=log0.010+2.907 2 logL for
the pooled data. The LWR of T. jarbua in Malaysian
waters during the study period showed negative
allometry based on the regression coeﬃcient (b)
values (b<3; b=2.907 2). This is conﬁrmed by the ttest which showed a high t-statistic with a low Pvalue (P<0.05). Since all the coeﬃcients of a and b
were within the range of 95% conﬁdence limit (CL),
the data used in this study is considered to be
statistically signiﬁcant. This study also displayed high
regression values in all localities, indicating a good ﬁt
between length and weight. The highest b value was
observed for specimens from Pahang (b>3; b=3.1501)
showing positive allometric growth, while the lowest
b value was observed for specimens from Sabah (b<3;
b=2.744), which indicates negative allometric growth.
The growth in diﬀerent localities is depicted in Fig.3.
3.2 Otolith length-weight relationship
The descriptive statistics of sagittal otoliths from
132 specimens of T. jarbua are shown in Table 2.
The otolith length ranged 0.423–1.070 cm, otolith
width 0.243–0.595 cm, and otolith weight
0.010 3–0.157 2 g. The biggest otolith was found in
Pahang, while the smallest was from Sarawak. The
relationship of otolith length and otolith weight was
analysed by the exponential model which resulted in
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Fig.3 LWRs of T. jarbua in Malaysia using log transformed L-W (cm, g) data
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Fig.4 Correlation of otolith length and weight based on locations
Table 2 Otolith length (OL), width (OW), weight (OWt), R² and aspect ratio (OAS) measurements
Locality

n

OL (cm)
min.–max.

OW (cm)
min.–max.

OWt (g)
min.–max.

R²
(OL and OWt)

OAS

Selangor

28

0.586–0.894

0.322–0.469

0.017 4–0.087 4

0.669 6

1.82±0.17

Pahang

25

0.625–1.070

0.365–0.595

0.025 5–0.157 2

0.866 8

1.83±0.13

Sabah

59

0.492–0.874

0.295–0.449

0.012 8–0.072 4

0.836 2

1.78±0.11

Sarawak

20

0.423–0.908

0.243–0.477

0.010 3–0.044 8

0.665 7

1.75±0.17

Total

132

0.423–1.070

0.243–0.595

0.010 3–0.157 2

0.862 4

1.80±0.14

a strong linear correlation at 81.26% as illustrated in
Fig.4. The total aspect ratio of otolith (OAS) was
1.79±0.14 (mean±SD). The highest aspect ratio was
observed in specimens from Pahang (1.83±0.13) and
the lowest was recorded from Sarawak (1.72±0.15).
These aspect ratio data were tested for normality and
all populations conformed to a normal distribution
(Kolmogorov-Smirnov, P>0.05).

3.3 Fish length-otolith dimensions
Both linear and exponential regression models
were used to determine the relationship between the
ﬁsh length and otolith dimensions. The calculated
otolith width and otolith length were linearly
correlated to the total ﬁsh length and displayed
coeﬃcient of determination (R2) of 73.75% and
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80.85% respectively. On the other hand, the otolith
weight correlates exponentially to the ﬁsh length by
displaying a rather higher coeﬃcient of determination
(R2) of 86.57%. Otolith weight displayed the highest
regression value with the ﬁsh length in T. jarbua
(Fig.5c) while otolith width (Fig.5a) and otolith
length (Fig.5b) showed lower regression values. All
relations of the ﬁsh length and otolith measurements
were statistically signiﬁcant (P<0.05).

4 DISCUSSION
4.1 Fish total length-total weight
Slope of the regression line b is the most important
parameter in LWR as it helps in predicting the general
health condition of the ﬁsh (Radhi et al., 2018). The b
values in this study lie within the expected range of
2.5–3.5 for members of the Perciformes (Froese,
2006). Positive allometry (b>3) is likely observed
when specimens are in good condition (i.e., feeding
and environment) or the width increases more than its
length, either as a result of a notable ontogenetic
change in body shape or that most of the larger
specimens were thicker than the smaller specimens.
Conversely, negative allometry (b<3) indicates a
decrease in condition or elongation in form
accompanied by an increase in length. The larger the
diﬀerence from 3.0, the larger the change in condition
or form (Hile, 1936).
The overall value of b for T. jarbua in Malaysian
waters was 2.907 2, indicating negative allometry, in
which the ﬁsh’s body shape becomes streamlined as it
grows (Saleem et al., 2016) and this was due to the

ﬁsh growing faster in length than its width. The LWR
parameters of T. jarbua from various locations are
presented in Appendix 2. In western Indonesia, the b
value recorded was 2.52 (Pauly et al., 1996); East
China Sea 2.87 (Zhang et al., 2002); Gulf of Thailand
2.88 (Yamagawa, 1994); Philippines 2.89 (Gumanao
et al., 2016); South Africa 2.94 (Harrison, 2001);
Yemen 2.99 (Lavergne et al., 2013); New Caledonia
3.08 (Letourneur et al., 1998) and Pakistan 3.09
(Hussain et al., 2010).
The general growth pattern of T. jarbua in
Malaysian waters during the study period is suggested
as negative allometry (b<3; b=2.91), which implies
that the increase in length and weight dimensions is
not proportional. Hence, the specimens are generally
less rotund. According to Zakaria et al. (2000), a ﬁsh
with b value within the range of 2.9–3.0 is considered
as having healthy growth. Hence, we can conclude
that the conditions such as the food availability,
habitat (oxygen, temperature, water quality) or
seasons (Isa et al., 2010; Nandikeswari et al., 2014;
Ahmed and Benzer, 2015) of T. jarbua in Malaysian
waters during the study period is generally good. This
is in agreement with the report by Radhi et al. (2018),
suggesting that growth patterns for ﬁshes in Malaysia
can be considered good even though some variations
in b value within ﬁsh species were identiﬁed.
Specimens from Pahang recorded the highest b
value of 3.15, implying that the specimens increased
more in width compared to its length. In addition, we
predicted some of the specimens were undergoing
pre-spawning (results not shown). According to
Zakaria et al. (2000), the b value generally rises above
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2.8 during the development of gonads. Gonad
maturity cannot be measured for this study as all the
specimens were collected randomly in diﬀerent
months and years. However, we made a comparison
based on the GSI value between the current research
and T. jarbua from Taiwan, China (Chang et al.,
2008). Chang stated that females with ovaries in the
late maturing or later stages usually have GSI greater
than 2.5 and are categorized as matured. Meanwhile,
males in the mature stage, which possess GSI greater
than 1.0, are deﬁned as matured. The female specimens
from Pahang showed an average GSI value of 3.16
suggesting that the ovaries are matured. Meanwhile,
the male specimens from Pahang showed a lower GSI
value of only 0.46, indicating that the male gonads are
still immature during the collection period. These
comparisons might justify the ﬁsh maturity of
specimens from Pahang.
Mitra and Naser (1987) found that reduced
metabolic activities, accumulation of fat and increased
weight of gonads during pre-spawning have resulted
in higher b values. In the present study, we predict
that the higher b value of female T. jarbua may be
attributed to the reduced metabolic activities, higher
fat accumulation and increased gonadal weight as
compared to its male counterpart due to the huge
diﬀerence in its gonadal weight and GSI values.
The observed positive allometric growth in
specimens from Pahang may also be attributed to
seasonal variations as they were collected during the
monsoon season in late October. The South China Sea
circulation in the east coast of Peninsular Malaysia is
strongly driven by the monsoon winds (Shaari and
Mustapha, 2017). The increase in primary and
secondary production including phytoplankton
biomass in the sea might occur during this period,
which aﬀects the condition factors and length-weight
of T. jarbua (Hong et al., 2002). This in turn is
expected to escalate the ﬁsh growth. Similarly, a
positive allometric growth in T. jarbua during
monsoon season was observed previously by Ahmed
et al. (2015).
On the other hand, specimens from Sabah recorded
the lowest b value of 2.74. This indicates that the
increase in ﬁsh length is not proportionate to its
weight causing the ﬁsh to be more streamlined
(Manoharan et al., 2013; Nandikeswari et al., 2014).
This can be proved as the number of male specimens
collected was higher by 86.67% than the females,
which was only 13.33% (results not shown). The
higher metabolic activity of the male ﬁshes is believed

377

to have led to more growth in length rather than
weight. For the female specimens, negative allometry
is likely if they were collected after spawning. This
result in which the male specimens outnumbered the
females is in support of studies done in Sabah on
horseshoe crabs (Faridah et al., 2015; Mohamad et al.,
2016). This clearly stipulates the male biased LWR is
common in T. jarbua in Malaysia. According to
Christianus and Saad (2009), this male skewed
phenomenon occurs due to the female-biased
harvesting especially the gravid females to be sold
and served as a delicacy, or exported to fulﬁl high
demands from locals and neighbouring country by the
anglers in Malaysia.
Froese (2006) provided a form factor (a3.0) to
determine if the body shape of a given species or
population is signiﬁcantly diﬀerent from others. The
body shapes description provided by Froese (2006)
refers to a value of ﬁshes whose exponent b equals to
3 (a3.0). When the a value is about 0.001, the ﬁsh is
more eel-like; 0.008, more elongated; 0.013, fusiform;
and 0.018, short and deep (Froese, 2006). For every
increase in the slope (b value) of the regression line
will generally lead to decrease in the intercept (a
value), or vice versa. This concept is in accordance
with the widely accepted norm for relationships in
ﬁshes (Froese, 2006). Since the mean b value in
Malaysian waters is negative allometry (b=2.92), we
cannot determine the body shape of T. jarbua based
on the classiﬁcation of Froese (2006).
4.2 Fish length-otolith dimensions
The results show that otolith weight had more
correlation to the ﬁsh length compared to otolith
length and width. This indicates that for T. jarbua, a
better prediction of the ﬁsh size can be obtained when
otolith weight information is available. However,
otolith width and length are still valuable predictors
of ﬁsh size (Waessle et al., 2003; Corral et al., 2013).
Although Zengin et al. (2015) noticed that the linear
regression model was preferred for the examination
of the relationship between ﬁsh length and otolith
characteristics in most of the studies, the exponential
regression model in the present study gave higher R2
scores than the linear regression model, speciﬁcally
for TL and OWt. Therefore, an exponential regression
model was used to explain relations between these
two variables.
Gauldie (1988) reported that the strong relationship
between the ﬁsh length and otolith length exists
because both follow the same metabolic processes.
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According to Aydin et al. (2004), younger ﬁshes have
stronger linear relationship between ﬁsh length and
otolith dimensions in comparison to older age groups.
This is because otolith length correlates linearly to
ﬁsh length until the ﬁsh’s growth slows down,
thereafter the otolith increases in thickness only
(Williams and Bedford, 1974). As the growth halts,
the deposition of minerals on the otoliths causes the
diameter of the otolith to increase regularly along
with the otolith weight in older ﬁshes (Nedreaas,
1990). Hence, the estimation of the total length of
T. jarbua based on the otolith length and width is still
highly reliable with respect to the strong relationship
between ﬁsh total length and otolith weight.
The feasibility of using otolith measurements in
predicting ﬁsh size enables determination of ﬁsh size
from the recovered otoliths in stomach of predators.
This relationship is speciﬁcally useful in understanding
the prey-predator relationships by examining food
habits of possible piscivores predators of T. jarbua
from the length and width of recovered otoliths
(Cottrell et al., 1996; Al-Busaidi et al., 2017). The
predators from which we can expect to recover
T. jarbua otoliths include bony ﬁshes from the family
Dasyatidae and shore birds of the family Cerylidae or
Laridae (Froese and Pauly, 2018). Since otolith
dimensions increases with ﬁsh length, otolith growth
can be correlated with ﬁsh growth. To conclude,
otolith weight is the best index for estimating ﬁsh
length (R2=0.865 7) according to the present study.
Our ﬁndings support previous research on otoliths of
T. jarbua from the Philippines, in which all three
otolith dimensions are reliable in estimating ﬁsh
growth (Fortaleza et al., 2019).

5 CONCLUSION
In general, this study marks the ﬁrst report on the
relations between length, weight, and otolith
dimensions of T. jarbua from Malaysian waters.
Results of somatic growth and otolith morphometric
relationships for T. jarbua indicate that all otolith
dimensions can be used to predict size of the ﬁsh. The
ﬁsh LWRs observed are important to the ﬁsheries
industry as they help to predict the best length and
suitable time to harvest this species. It also provides
valuable information for future spatial and temporal
comparisons. Factors that may have contributed to the
variations in growth include environmental
conditions, seasonal variations, sampling time, or a
combination of these factors. However, none of these
factors was taken into consideration due to time and
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budget constraints. Hence, more comprehensive
studies need to be conducted, which would involve
the standardization of the sample size, sampling
depths, and sampling season, as well as understanding
the biology of the ﬁshes before further inferences
could be made on comparisons among these various
sites. The T. jarbua in Malaysian waters can be
considered as having healthy growth during the study
period from October 2015 to August 2018. For better
understanding of otolith growth, future studies to
explore the age of T. jarbua are recommended. The
otolith information gained through this research can
be further explored for identiﬁcation and size
estimation of T. jarbua in prey-predator studies. This
study contributed to the knowledge of ﬁsh populations
that could assist ﬁshery management scientists in
carrying out future ecological studies in line with the
strategies of conservation, restoration, and
management of T. jarbua.
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Appendix 1 Sampling dates and seasons according to localities
Locality

Sampling date

Season

Selangor

May 25, 2016
August 10, 2016

Dry
Pre-monsoon

Pahang

October 28, 2015
October 29, 2015

Monsoon
Monsoon

Sabah

August 24, 2018
August 29, 2018

Pre-monsoon
Pre-monsoon

Sarawak

October 10, 2015
April 6, 2016

Monsoon
Dry

Appendix 2 LWR parameters of T. jarbua from various locations
Location

n

Fish length

Min.–max. (cm)

a

b

R2

Malaysia (this study)

165

TL

12.5–32.5

0.010

2.91

0.98

Gulf of Thailand (Yamagawa, 1994)

6

TL

9.6–26.8

0.022

2.88

0.99

FL

8.0–19.0

0.075

2.52

0.98

FL

2.0–28.5

0.015

3.08

0.98

Western Indonesia (Pauly et al., 1996)
New Caledonia (Letourneur et al., 1998)

97

South Africa (Harrison, 2001)

70

SL

1.0–14.8

0.033

2.94

0.99

Pakistan (Hussain et al., 2010)

242

TL

10.5–19.3

0.012

3.09

0.97

China (Wang et al., 2011)

51

TL

12.0–24.3

0.049

2.76

0.98

Gulf of Aden, Yemen (Lavergne et al., 2013)

620

SL

4.7–27.9

0.029

2.99

0.96

Davao, Philippines (Gumanao et al., 2016)

25

SL

90–220

0.042

2.89

0.99

Mindanao, Philippines (Fortaleza et al., 2019)

160

SL

90–224

0.014

2.85

0.96

TL: total length; SL: standard length; FL: fork length. Data provided are cited from FishBase and reference papers.

