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Abstract
Background and Objectives: Epinephelus areolatus  is one of the most dominant grouper species landed in Terengganu waters. However,
the information on the population characteristics of this species is still remaining at large. Otolith is a unique structure in fish that can
derive a lot of valuable information on population parameters. This study is the first attempt to describe the relationship between otolith
dimension and weight with the fish size. Materials and Methods: The samples of E. areolatus  were collected from the main landing ports
in Terengganu for 12 months, where 455 otoliths were extracted by up through the gill method. The length and width of otoliths were
measured and the weight was recorded. Linear regression was used to analyze the relationship between fish size and otolith weight and
dimension. Results: No significant differences observed between the size and weight of the right and left otolith of E. areolatus. A linear
regression was plotted for Total Length (TL) and Total Weight (TW) with Otolith Length (OL), Otolith Width (OW) and otolith weight (OWE),
showing strong relationship between otolith dimension and weight with fish size. Strong coefficient determination was observed in the
relationship between fish size with otolith weight and width than with the otolith length. Conclusion: This study conclude that either
left or right otolith would be suitable to use for further study on the age and growth analysis. To identify the diet of piscivores or
carnivorous fish based on the relationship between fish length and otolith weight and dimension, the otolith weight and width are more
appropriate to be used than otolith length.
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INTRODUCTION

Groupers are a commercially important species globally,
received extensive demand due to its taste and resulted in
high  selling  price.  One  hundred  and  fifty  nine  species  in
15 genera from the Serranid subfamily Epinephelinae have
been found around the world1 and Matsunuma et al.2 found
16 species of groupers in Terengganu waters, with the most
dominant species landed is Epinephelus areolatus.

Epinephelus  areolatus  inhabit  around  coral  reef  areas
and feed on penaied prawn and fishes3,4. About 10,296 t of
groupers were landed in Malaysia in 2014 with E. areolatus  is
the most dominant grouper species captured by various
fishing gears which include trawl nets5. Despite their
abundance and commercial value, the information on their
population characteristics as well as their conservation status
however are very limited. The present study was carried out to
investigate the relationships between fish length and otolith
measurement for the Areolate grouper, E. areolatus in
Terengganu waters, Malaysia. Many researchers have
investigated the otolith morphology particularly on the
relationship between otolith dimension and fish size6-12. This
study will be the first step in explaining the population
characteristics of E. areolatus. The data obtained will serve not
only as baseline biological information for this species, but
also as a guideline for further studies on their food habits or
age and growth analysis for the management purpose of this
commercially important species.

MATERIALS AND METHODS

Fish  sampling  and  fish  measurements:  The  fish  samples
were collected at two main fish landing ports in Terengganu,
Kuala  Dungun  LKIM  Port  and  Pulau  Kambing  LKIM  Port  for
12 months from December, 2014 to November, 2015. A total
of 455 specimens were collected during sampling period. The
Total Lengths (TL) of fish were measured to the nearest
millimeters and body weights were measured to the nearest
0.01 g.

Otolith extraction and analysis: In this study, the sagittae
otolith of E. areolatus  which is the biggest otolith in fish were
extracted by using “Up through the gills method” following
the method by Secor et al.13.  The otoliths were cleaned gently
with water, air dried, stored in a labeled 10 mL glass vial. The
Otolith Length (OL) which is the greatest distance between
anterior and posterior otolith margin and Otolith Width (OW)
which is the greatest distance from dorsal to ventral otolith
margin14  were  measured  with  an  electronic  vernier  caliper

with a precision of 0.01 mm. The weights of otoliths (OWE)
were measured with an electronic microbalance with accuracy
of 0.0001 g. The left and right otoliths are considered
separately. Broken and damaged samples were not included
in this study.

The differences between the length,  width  and  weight
of left and right otoliths were tested using t-test statistical
analysis. When the statistical equation for left and right otolith
did not significantly differ, only one otolith (right or left) was
used and analyzed for the relationship with fish length and
weight. The otolith length, width and weight of fish from two
fishing ports also were tested for differences by using t-test
analysis. If no significant differences were recorded, the data
from the two fishing port was combined for further analysis.

The linear regression model was used to investigate the
relationship between the total length and weight of fish and
the otolith length, width and weight in the present study. The
relationship between otolith length, width and weight and
fish length (TL) and weight were established using the
following equation:

y = a+bx

where, y is the otolith length/width/weight, x is the fish length
(TL)/fish weight (TW), a is the intercept value and b is the
coefficient value (slope). The strength of each of relationships
was evaluated from the determination coefficient (r2).

RESULTS

A total of 455 E. areolatus have been examined in this
study  with  the  total  length  and  weight  ranged  between
137-448 mm and 41.51-1289.86 g with a mean of 279.29 mm
and 324.58 g, respectively (Table 1). The otolith length, width
and weight of E. areolatus examined in this study were in
between 5.55-14.25 and 2.78-6.57 mm and 0.0143-0.1855 g,
respectively. Linear regression analysis (Fig. 1a-c, 2a-c) showed
strong relationship between Otolith Length (OL), Otolith
Width (OW) and otolith weight (OWE) with the Total Length
(TL) and Total Weight (TW) of the E. areolatus  fish.

Table 1: Principal parameters of Epinephelus areolatus and their otoliths
obtained from the Terengganu waters (n = 455)

Values
-----------------------------------------------------------

Parameters Mean±SD Range
Total length (mm) 279.29±208.32 137-448
Total weight (g) 324.58±59.07 41.51-1289.86
Otolith length (mm) 9.58±1.66 5.55-14.25
Otolith width (mm) 4.60±0.69 2.78-6.57
Otolith weight (g) 0.0593±0.0306 0.0143-0.1855
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Fig. 1(a-c): Relationship  of,  (a)  Total  length-otolith  length, (b)  Total  length-otolith  width  and  (c)  Total length-otolith weight
in Epinephelus areolatus  from Terengganu waters (n = 455)

Fig. 2(a-c): Relationship between, (a) Total weight-otolith length, (b) Total weight-otolith width and (c) Total weight-otolith weight
in Epinephelus areolatus in Terengganu waters (n = 455)

The best fit for the relationship between the total length
and otolith dimensions was recorded for TL-OW with the
coefficient of determination, r2 = 0.840 (Fig. 1b). The
relationship between the total weight and otolith dimensions
showed that the best fit was recorded for TW-OWE (r2 = 0.823)
as shown in Fig. 2c. The lowest value of the coefficient of

determination was reported for the relationship between the
Total Weight (TW) and Otolith Length (OL) (r2 = 0.741) as in
Fig. 2a.

Figure 3 shows strong correlation for the relationship
between Otolith Length (OL) and Otolith Width (OW) with the
coefficient of determination, r2 = 0.887.
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Fig. 3: Otolith length-otolith width relationship in Epinephelus
areolatus  (n = 455)

DISCUSSION

Linear functions are preferred and mostly used method to
describe the relationship between otolith dimensions and fish
size. A single linear regression was plotted against Total
Length (TL) and Total Weight (TW) with Otolith Length (OL),
Otolith Width (OW) and otolith weight (OWE) due to no
significant differences observed between the size of left and
right sagittae of E. areolatus. This finding is in agreement with
the findings obtained by Al-Mamry et al.8, Battaglia et al.9 and
Jawad et al.11 but dissimilar with the findings by Harvey et al.6

and Waessle et al.15. Harvey et al.6 however mentioned that
small samples in their investigation might be the reason why
this diversity occurs.

The present study found that there was a positive linear
relationship  between  the  total  length  and  total  weight  of
E. areolatus with the otolith dimensions and weight of its
otolith.  Similar  results  were  reported  by  Jawad  et  al.11,
Basusta et al.12 and Battaglia et al.16. The results obtained in
this study proved the statement by Waessle et al.15 that the
otolith dimensions and weight are good indicators for fish
length and weight. Looking into the values of the coefficient
of determination of the relationship between total length and
body weight with otolith dimension and weight, the otolith
weight is a better indicator than its length and width. The
otolith weight also would be a more precise indicator of
somatic growth for five pelagic fish species caught in the
Croatium part of the Adriatic Sea10. Pawson17 reported that the
otolith size is affected by growth rate of the fish.

Otoliths are powerful feature for fish identification
because of their high-specific variability in shape9 and have
been used to identify fish species found in the stomach or
feces in piscivores and marine predator like seabird and
marine mammals18-20. Jobling and Breiby21 however found that
by measuring the dimension and weight of the otolith from
fish consumed by piscivores fauna or marine predators to
identify the fish may be biased because of exposure of the
otolith to chemical and mechanical abrasion in the stomach.

Jawad  et  al.11  proposed  to  use  only  one  otolith
measurement for the estimation of fish length even though
the otolith weight and length dimensions were strongly
correlated with the length of fish. Aydin et al.7 added that the
linear relationship between the length of the fish and otolith
dimension is stronger in younger fishes than that of the older
fishes, due to the fact that the otolith length is linearly related
to the fish length until the fish reaches maximum size,
thereafter the otolith increase only in thickness which also
supported by Williams and Bedford22. In this present study on
E. areolatus, the otolith weight and width would be more
appropriate   for   species   determination   of   the   older   or
long-lived species like groupers.

CONCLUSION

This study concludes that both left and right otolith can
be used for further study especially on the age and growth
analysis. The relationship between fish length and otolith
dimension is useful to examine food habits of piscivores and
others marine mammal from the length and width of
recovered otoliths but care should be taken in analyzing the
complete and perfect otolith. It is also suggested that otolith
weight and width is more appropriate to be use when
studying the relationship of otolith morphology with the
length or weight of grouper species or other long-lived
species.
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