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THE RELATIONSHIPS BETWEEN BODY AND OTOLITH SIZE
OF THE BLUELINE SNAPPER
LUTJANUS COERULEOLINEATUS (RUPPELL, 1838)
COLLECTED FROM THE COASTS OF OMAN, ARABIAN SEA

SUMMARY

Relationships between fish length and otolith length and width were exam-
ined in the blueline snapper Lutjanus coeruleolineatus (Lutjanidae) collected
from the coasts of Oman, Arabian Sea. The values of exponent b from the
relationships between fish total length and otolith length and total length and
otolith width were estimated representing the close fitness of otolith size with
fish size. Both relationships were statistically significant, which means both
otolith length and width can be used to retrieve the fish original size. The
analysis of covariance (ANCOVA) was used to test the effect of the categori-
cal factor of species in the fish length and otolith length relationship. This
study represents the first reference available on the relationship of fish size
and otolith size for L. coeruleolineatus in the Arabian Sea area. Results from
this study will offer original data on quantitative biometric relationships be-
tween body and otolith measurements of fish species in Arabian Sea region.
By obtaining the mathematical model showing the relationship of the otolith
size and fish length will enable fisheries biologists to know the size of the
fish that has been eaten an information which important for fish biologists.

INTRODUCTION

Several applications of the relationships between fish size and otolith size have
been used by fisheries biologists such as those related to predation studies and
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growth of fish (TempLEMAN and SQuires, 1956; Park et al., 2018). The length of a fish
can be inferred from otolith size since somatic growth has a noteworthy effect
and is positively linked with otolith mass (Munk, 2012). In the instance when
the prey found in the fish diets are undamaged and being possible to identify
satisfactorily to the genus or species level, recreating prey size and biomass from
otoliths obtained from stomach subjects of fish is possible if correlations be-
tween specific morphological features of the prey (e.g. otolith length) and actual
prey size, and weight-length relationships of prey species are known (BATTAGLIA
et al., 2010; GraNnaDERO and Sitva, 2000; Jawap et al., 2011). Moreover, otolith
length and width features, and their relationships are broadly used in keys and
identification guides on fish otolith morphology consequently turning them into
a consistent taxonomic tools (LoMBARTE et al., 2006).

Relationships between fish size and otolith size have been done globally
in several fish species (e.g. BATTAGLIA et al., 2010; Jawap et al., 2017) includ-
ing the Omani waters (AL Busaibi et al., 2017), but there are still inadequate
information on these relationships in many fish species of Oman as such
relationship is important to know the original size of the prey.

In the present study, otolith information were given for the blueline snapper
Lutjanus coeruleolineatus collected from the coasts of Oman, Arabian Sea. This
species is considered one of the commercially important species in the Indian
Ocean as a whole. It is a marine and reef-associated species living at depth range
10 - 20 m (Lieske and Myers, 1994). It distributed in the Indian Ocean surround-
ing the Arabian Peninsula except the northern Red Sea and the Arabian Gulf. It
reaches a maximum total length of 40.0 cm, with a common length of 200 mm
TL (RaNDALL, 1995). Adults individuals of this species inhabit clear coastal coral
reefs and they occur singly or in small groups. The age structure of male fishes is
between 1 and 14 years for males while the age of females ranged from 1 to 18
years. Growth rate (K) was 0.21 y—1 and 0.16 y—T1 for males and females, respec-
tively. The natural mortality is 0.296, total mortality is 0.372, fishing mortality is
0.076, and exploitation rate is estimated as 0.2 (AL Mamari et al., 2021). Also, this
study characterizes an additional step in gathering of biometric data and param-
eters in support of the future studies on food habits for Omani teleosts to decide
the size of fishes from the length of recovered otoliths. The information provided
in this study will assist in gaining information about the size of fish being eaten
as prey, which in turn be a valuable data for fish biologists.

MATERIAL AND METHODS
Fish specimens and sampling

A total of 195 otoliths were obtained from 195 fish specimens originated from a
commercial catch at Salalah fish market, Dhofar Governorate between March
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2015 and February 2016. The fish specimens were kept frozen immediately af-
ter attaining and taken directly to the laboratory for identification to the species
level based on RanDAL (1995). To decrease shrinkage in body length during the
frozen-thawing process, all fishes attained were packed in plastic bags before
freezing, and analyses were conducted within 2 weeks after obtaining fish.

Fish processing

For each specimen, total length (TL) and standard length (SL) were measured to
the nearest 0.1 cm from the anterior tip of the snout to the end of the pinched
caudal fin. Sex was decided by means of macroscopic examination of the go-
nads (Jawap et al., 2017). Otoliths (sagittae) were extracted through an incision in
the cranium, then washed clean with 70% ethanol and stored dry in glass vials.

Otolith measurements and statistical analysis

Preceding to storage, each otolith was positioned with the sulcus acusticus
oriented towards the observer and its length (OL) and width (Ow) was mea-
sured to the nearest 0.001 mm using electronic digital calipers (Fig. 1). To keep
measuring accuracy, measurements were taken by the same person. As no
significant differences were observed between left and right otoliths in terms
of length and width (student’s ¢ test, all p > .05 for all species). All subsequent
analyses were done on randomly selected on right or left otolith from each
individual. The relationships between fish TL and both otolith length OL and
width Ow were analysed using a linear regression equation of Y = a + bX,
where a and b are the intercept and allometric coefficient, respectively (Harvey
et al., 2000). The standard error (SE) of parameters a and b, and the statistical
significance level of r* were estimated. Outermost outliers were deleted before
fitting the linear regression (Froese et al., 2011). Full factorial analyses of cova-
riance (ANCOVA) was used to test the effect of the categorical factor of sex in
the all relationships between fish body and otolith measurements. In addition,
ANCOVA with Bonferroni correction for multiple comparison were used to
determine significant differences in TL-OL regressions.

Lutjanus coeruleolineatus. Light microscopy image of otolith placed with the sulcus
acusticus oriented through the observer and showing the otolith length and width.
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RESULTS

The range of the total length of the specimens used in this study was 214-
400 mm with a mean of 296 mm (+ SD 4.68). The fish lengths available for
the species in question were those available in commercial fisheries and
research surveys but the extremes of length ranges were under sampled. The
ranges and means (+ standard deviation) of otolith length and width were
respectively: 7.56-13.53, 10.63 mm (+ 1.38), and 4.37-6.96, 5.58 (+0.66)
(table 1).

Table 1. Lutjanus coeruleolineatus. Data analysis of individuals collected from the
coasts of Oman, Arabian Sea showing results of regression analysis between otolith
dimensions (length and width) with fish total length.

Parameter Number of | Slope (m) | Intercept | Linear equation Correlation
specimens (b)
Otolith length | 195 3.1243 3.621 Otolith length = 0.84

3.1243 TL - 3.621

Otolith width | 195 6.4705 6.511 Otolith width = 0.83
6.4705 TL-6.511

The otolith length (OL) was about 3.6% of total fish length (2.9-4.8%),
and width (OW) of the otolith was about 52.5% of its length. The relation-
ships between TL and OL, and between TL and OW width were also signifi-
cantly correlated (p < .05), with the highest coefficient of correlations of r* =
0.83 and r? = 0.84 for TL-OL and TL-Ow relationships respectively (Table 1;
Figs. 2, 3). ANOVA tests revealed statistically significant linear relationships
between fish size and otolith dimensions (P< 0.05). The t-test on the relation-
ship between fish total length (TL) and OL and OW did not show significant
differences between right and left sagittae, thus a single linear regression was
used for each equation. As no significant differences in the total length of fish
and otolith measurements between male and female were detected by the
ANCOVA (p > .05), the parameters were estimated and summarized by sex
combined.

DISCUSSION

Otoliths play an important role in taxonomic studies. With their distinctive
and species specific surface morphology, fish species can be identified from
otolith retrieved from food of several aquatic animals and from sediments at
archaeological sites. In addition, otolith dimensions and characteristics such
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Fig. 2 - Fish Total length (cm) - Otolith length (mm) relationship of Lutjanus coerule-
olineatus. Regression equation, Regression value (R2), and the number of specimens

(N) are written on the figure.
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Fig. 3 - Fish Total length (cm) - Otolith width (mm) relationship of Lutjanus coerule-
olineatus. Regression equation, Regression value (R2), and the number of specimens

(N) are written on the figure.
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as the length and width are also vital to evaluate the size and mass of the fish
being preyed upon. The good example on such a case is that of BATTaGLIA et
al. (2010), who studied the relationships between otolith size and fish size
in some mesopelagic and bathypelagic species from the Mediterranean Sea
(Strait of Messina, Italy). The importance of otolith in feeding ecology stud-
ies as in most of the instances they represent the only item remaining parts
of the prey in the stomach of a predator (Jawap et al., 2011). This condition
was considered in the present study and delivered the Total length-Otolith
length and Total length-Otolith width for both the otolith of L. coeruleolinea-
tus. The data can be used in the back-calculation examination to attain fish
size from recovered otoliths found in the stomachs of predator fish, which
in turn is a prime information for fish stock assessment and feeding biology
of the species.

Studies on the relationship between fish and otolith size have focused
on the relationship between fish length and otolith length (GranaDEIRO and
Sitva, 2000) because it is easily described using a simple linear regression.
Recently, however, investigations are also offering additional data on otolith
length and width relationships for four demersal fishes from western Korean
waters (Jawap et al., 2017), and a simple linear relationship between fish size
and otolith width of Bengal snapper (Jawap et al., 2011), but no such studies
were performed on fish species from the coasts of Oman, Arabian Sea that
the studies on the fish population management, predator-prey studies, and
archaeological research are may be benefited of the results of this study. The
use of both measurements is more reliable for evaluating and computing
biometric data since the tips of either the otolith rostrum or post-rostrum
can often be damaged, making it difficult to assess fish size from the otolith
length alone. Such problem solved by considering the otolith width for the
calculation.

The results herein are comparable with earlier studies on otolith shapes
and morphometric data for fishes from the Arabian Gulf and Sea of Oman.
Qasim et al. (2019) investigated the relationship between fish length and both
otolith sizes and weight in the fish species Otolithes rube collected from the
marine waters of Iraq, while Al Busaipi et al. (2017) studied the relationship
between the fish length and the otolith size of the species Lutjanus ehrenber-
gii collected from the coast of Muscat City, Sea of Oman. The strong correla-
tion between the otolith size and somatic size proposes that somatic growth
have important impact on the otolith mass as reported by Munk (2012).

There is no noteworthy variance between the right and left otolith, which
shows that these are mirror images of each other (HunT 1979). Preceding stud-
ies by HArvey et al. (2000) and WaessLe et al. (2003) confirmed the similarity
of right and left otolith in Lutjanus benghalensis. Linear relationship between
otolith length and fish length could be influenced by the growth rate of the fish
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(Muaiva and Tanaka, 1992) and these relationships became curvilinear in some
larval or juvenile fishes (West and LarkiN, 1987). The relationship reported to
be changed at intervals relative to fish size (Frost and Lowry, 1981) and onto-
genetic changes in the life history (HarRe and Cowen, 1995). Therefore, there is
a chance of getting mistakes in the conclusion owing to these errors.

Different relationship formulae might obtain for the fish size and otolith
size of fish specimens of L. coeruleolineatus collected from the neighbour-
ing areas to the coasts of Oman, Arabian Sea. Such changes may disclose
geographical disparity owing to the influence of water physical and chemical
characteristics (e.g., environmental variables, such as salinity; variation in pol-
lutants) or food obtainability on fish growth (Mommsen, 1998; ADANDEDJAN et al.,
2012). However, a further inclusive sampling system encompasses the whole
year shall be indispensable in order to gather suitable data and companion
biological parameters to environmental and anthropogenic factors, while the
present study is based on data collected in a single sampling investigation.
Certainly, seasonal disparities in relative growth and condition are identified in
several fish species (SAFRAN, 1992; RicHTER et al., 2000; BoLocNint et al., 2013).
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