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Otolith mass asymmetry in Acantbopagrus arabicus Iwatsuki, 2013
collected from the Iraqi marine waters
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ABSTRACT

Otolith mass asymmetry may show some growth disorders in fish affected by environmental impacts. Mostly high-level
otolith mass asymmetry can negatively upsetting fish life, consequently the assessment per species is very momentous.
Saccular otolith mass asymmetry is investigated in the sparid fish species, Acanthopagrus arabicus collected from Khor
al-Zubair at the North-West region of the Arabian Gulf. This feature was calculated as the discrepancy between the
weight of the right and left otoliths divided by mean otolith weight in the three sparid species examined. Conferring to
the preceding instances attained on another symmetrical fish species, the absolute value of X in these species does not
resolute by fish length and otolith growth ratio, while the absolute rate of otolith weight disparity is increased with the
fish length. The estimate of X was between -0.2 and +0.2. Otolith mass asymmetry can show some growth anomaly of

fish due to environmental impacts.
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INTRODUCTION

Among animals, fishes can be affected by unfa-
vourable environmental factors more than any
other groups because they are directly facing and
become vulnerable to such impacts (Yedier et al.,
2018). In teleosts fish species, there are three sets of
otolith inside their inner ear known as Asteriscus,
lapillus, and Sagitta. The function of the otoliths in
the fish body is imperative for the endure living of
the fish and contains body balance, hearing, grav-
ity sensation and linear acceleration in the species
(Nolf, 1985; Poper and Lue, 2000). The otoliths are
usually having bilateral symmetrical structure in the
fish, but their weights are different between the
left and right otolith, and this is what called otolith
mass asymmetry.

The asymmetry in fish species is expected to ex-
press the growth disorders of fish owing to different
type of impacts such as genetic or environmental
stresses (Valentine et al., 1973). Whatever the mass
asymmetry is, increase or decrease, the result will
affect negatively fish action, chiefly hearing and
balance. Consequently, otolith mass asymmetry has
been exploited as a bioindicator to check the health
of the environment that the fish living in (Grgnkjaer
and Sand, 2003).

The sparid fish examined in the present study
are amongst the significant commercial fish spe-
cies along its geographical dispersal. It is marine
species and often found in fresh and brackish
waters. Individuals of the yellowfin seabream, A.
arabicus (Houttuyn, 1782) favour demersal hab-
itats and regularly ingoing in river mouths and
estuaries (Iwatsuki, 2013). They reaching a maxi-
mum total length of 400 mm (Wang et al., 2016).
This species has been recorded from the Arabian
Gulf area (Al-Salim and Jassim, 2013; Iwatsuki,
2013).

Notwithstanding of the increase in otolith weight
asymmetry studies in the literature, information of
otolith mass asymmetry on the yellowfin seabream
investigated in the present study remains unknown
in the Arabian Gulf area. In the current study, the
value the otolith mass asymmetry was quantified for
A. arabicus chosen for this study, which was collect-
ed from Khor al-Zubair area North-West region of
the Arabian Gulf the marine waters. Also, the dispro-
portion of this asymmetry was assessed throughout
fish length.
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MATERIALS AND METHODS

Description of sampling area

Khor al-Zubair is one of the four marine coastal
areas of Irag, which include the estuary of the Shatt
al-Arab River at the city of Fao, the Khor Abdulla,
and Um Qasar regions. Iraqi marine biodiversity
has been changed by the region’s geological hi-
story, position in the North-West Arabian Gulf and
its physiographical intricacy. The Tigris and Eu-
phrates Rivers convene at Qurnah to form the Shatt
al-Arab River, which flows southward, entering the
Arabian Gulf at the city of Fao. The coastal areas
in the Khor al-Zubair region spread from sea-level
to an elevation 3 m above sea level (Kukal and Sa-
adallah, 1973). Until 1983, when the Shatt al-Basra
canal was opened and linked the greater marsh are-
as in Southern Mesopotamia, the fluctuating course
of the Euphrates made Khor al-Zubair a North-West
marine extension of the Arabian Gulf (Al-Mussawy,
1991). Salinity values of this lagoon range between
32 and 38 and it is subject to a semi-diurnal tidal
cycle with 2-3 m spring tides, similar to the Nor-
thern part of the gulf.

Fish sample collection

Fish samples of A. arabicus (120) and were collected
from the commercial catch using small trawler (21 m
length x 3.5 m width) provided with net of mesh
size 2.5 cm working at from Khor al-Zubair area at
the North-West region of the Arabian Gulf. Fishes
were collected in the period February-July 2020 and
at depth of 10-25 m. The method of Lychakov et
al. (2006) was adopted in measuring the standard
length of fishes before the removing of their otoliths.
The otoliths were isolated from each side, washed
in water, left to dry at room temperature, and then
weighed on a Sartorius TE 313S analytical balance to
an accuracy 0.0001 g. Alterations between left and
right otolith mass assessments for each species was
confirmed using t- test. Similarly, discrepancy of oto-
lith weight between males and females was corrob-
orated using t- test. The otolith mass asymmetry (X)
was calculated from X = (mr - ml) m-1, where mr
and m/ are the otolith masses of the right and left
otoliths and m is the mean mass of the right and left
otoliths. Notionally, the X value can vary between
-2 and 2, X = 0 signifies the nonappearance of mass
asymmetry (mr - ml), and X = -2 or X= 2 exemplifies
the maximal asymmetry (absence of one otolith). A
positive value of X represents a larger mass for the

right otolith mass than the left while a negative val-
ue shows the opposite. The connection between the
absolute value of X and the otolith growth rate was
examined. The association between otolith mass
and fish total length, m = a [ + b, was work out in
order to assess the otolith growth rate, where m sig-
nifies the mass of the otolith, / for the total length of
the fish, “a”for the coefficient indicating the growth
degree of the otolith, and “b” for a variables for the
sparid species in question.

REsuLTS

The mean value of x is 0.0054 + 0.0131, n = 120
and the value of IXI is 0.0177 = 0.0152, n = 120. Ac-
cording to the regression analysis, there was no link
between fish total length and both X (y = -7E-05x +
0.0206) (P> 0.005, R? = 0.0114) (Figure 1) and IXI (y
= -7E-05x + 0.0031) (P > 0.05, R? = 0.0252) (Figure
2). The relation between the otolith mass difference
(MR - ML), and the fish length is further complex
than the relation between x and the fish length (2 =
120, total length = 200-240 mm, P > 0.05, y = -1E-05x
+0.0032, R* = 0.0090) (Figure 3).

DiscussionN

In recent years, the studies that dealt with otolith
mass asymmetry were numerous and in all these
investigations the otolith mass asymmetry estimates
were shown to be in the range of -0.2 < x < +0.2 for
quite a few marine and freshwater species (Lycha-
kov et al., 1988; Lychakov, 1992; Takabayashi and
Ohmura-Twasaki, 2003; Lychakov and Rebane, 2004;
Lychakov and Rebane, 2005; Jawad et al., 2011;
Jawad and Sadighzadeh, 2013; Jawad, 2013; Jawad
et al., 2017, Al Balushi et al., 2017). Additionally,
the otolith weight asymmetry was less than 0.06 a
value that agreed with the value of this phenome-
non developed for great number of marine species
(Lychakov et al., 2006) and did not be definite by
on otolith growth level. The otolith weight incon-
sistency increases with the fish length and this is
peculiarity of the littoral and bottom fishes and not
the pelagic fishes (Lychakov and Rebane, 2004).
Lychakov and Rebane (2004, 2005) have revealed
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Fig. 4 — Saccular otolith mass asymmetry x in Acanthopagrus arabicus as a function of fish total length.

over the mathematical modelling that acoustic and
vestibular operative of a fish ear can be reduced
due to otolith weight inequality. However, in some
fishes examined (Lychakov et al., 2006), containing
the species in question, otolith weight asymmetry is
very low (IXI < 0.0), irrespective of fish length. This
low level of otolith asymmetry is typical for utricular
and lagenar otolith organs also in symmetric teleost
fishes. Besides, Lychakov and Rebane (2005) have
showed that only fishes that encompass the largest
otoliths and IXI > 0.2 might, in theory, show diffi-
culty with sound handling due to unsuitability and
discrepancy of the movement of the two otoliths on
both sides of the head of the fish. Consequently, the
majority of fish species can getaway functional inca-
pability as they have otolith mass asymmetry below
serious value.

Lychakov et al. (2006) suggested that otolith mass
asymmetry exhibits resemblances and variations be-
tween the marine roundfishes and flatfishes (Lycha-
kov et al., 2008). They concluded that the saccular
otolith weight asymmetry is not subjective by the
fish length or the otolith growth rate.

Similarly, further marine fish (Lychakov et al.,
2008), the value of X obtained in the present study
falls in a range between -0.2 and +0.2. The otolith
weight asymmetry, though, was less than 0.05, a
value that concurs with that attained for a large
number of marine species (Lychakov et al., 2000).
The otolith weight discrepancy increases with the
fish length as is the case for other fish species
(Lychakov and Rebane, 2004). Lychakov and Re-
bane (2004, 2005) suggested in their mathematical
model that the acoustic and vestibular functioning
of a fish ear can decrease due to otolith weight
asymmetry. However, in the majority of fish spe-
cies (Lychakov et al., 2000), including the species
studied, the otolith weight asymmetry is very little
(IXI < 0.5), regardless of the fish length. This low
level of otolith asymmetry is characteristic of the
utricular and lagenar otoliths. Conversely, Lychak-
ov and Rebane (2005) specified that only fish with
the biggest otoliths and IXI > 0.2 could, in theory,
have complications with sound management ow-
ing to the unsuitability and conflict of the mobil-
ity of the two otoliths on both sides of the head.
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Fig. 5 — Absolute otolith mass asymmetry in Acanthopagrus arabicus as function of fish total length

Thus, furthermost teleost species can escape an
operating ineffectiveness as they have an otolith
weight asymmetry lower than the crucial value.

The impact of otolith weight asymmetry on the
vestibular performance was studied and clarified
by Lychakov and Rebane (2000, 2004) in their
mathematical model that showed the reaction of
the ellipsoid-shaped otolith to the action of the
force of gravity. They calculated the change be-
tween the static displacement of the right and left
ellipsoid-shaped otoliths and found that it connect-
ed to the otolith weight asymmetry. This displace-
ment modification, they determined, could be the
main source of the different release features of the
paired otolithic organs and hereafter the perform-
ing of otolith asymmetry.

The results of this study on otolith weight asym-
metry in A. arabicus show that it does not rely on
the fish size. This agrees with the results acquired
by other researchers on many marine and fresh-
water fish species (Lychakov and Rebane, 2004,
2005; Lychakov et al., 2006; Jawad, 2013; Jawad
and Sadighzadeh, 2013, Jawad et al., 2011, 2012).

However, the association between otolith weight
difference and fish length is more complex. In the
present study, no relationship between fish length
and otolith mass has been found. Such an outcome
in support of the results attained by Lychakov and
Rebane (2004, 2005) on some teleost species. Lycha-
kov et al. (2006) suggested that a small link might
be owing to the small sample used in the study or
when specimens do not visibly deviate in size. Both
endorsements can be related to our dataset as only
120 specimens with total lengths between 200-240
mm were used.

Otolith mass asymmetry can have an effect on
the life of a fish, so the investigation about the asym-
metry of fishes is very vital. In the present study,
the average otolith mass asymmetry of A. arabicus
from Khor al-Zubair area, Iraq, North-West region
of the Arabian Gulf was lower than that attained on
an individual basis. These outcomes disclose that
the population of the species in question is under
environmental impact.

Pollution in Iraq is a problem that facing the
whole world owing to the impact of on environ-
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Fig. 6 — Saccular otolith mass difference in Acanthopagrus arabicus as a function of fish total length

ment. Pollution of different types can upsetting the
life of the biota in way or another. Though bearing
in mind the prominence of water in the life of living
organisms, the results of water pollution forms the
most chief type of pollution in this aspect. The only
way to find out about the level of pollution in the
aquatic environment is by studying the impact of
the adverse factors on the biota. Such events can be
applied in both the terrestrial and aquatic habitats.
These influences are also identified in controlling
the physiology, histology and anatomy, behavioral
patterns and nutritional behaviors of living things
(Yedier et al., 2018).

Marine areas of Iraq in general, where the
fish samples in the study at hand were collected
are known for their high pollution level. Pollu-
tion chiefly hydrocarbon was distinguished over
years in this area (Al-Jaberi et al., 2014; Abdulna-
bi, 2016; Al-Khion et al., 2016) and in the Kuwaiti
marine environment (Saeed et al., 1999; Beg and
Al-Ghadban, 2003; Al-Yamani, 2008). Such source
of pollution is started from the course of export-
ing oil using the huge oil tankers visiting Iraqi

ports for loading. Such pollution can cause col-
lapse of the quality of water resources and the
constant change of the aquatic ecosystem (Turgut
and Ozgiil, 2009). Pollution could also be a reason
for pressure cause on the aquatic animals, which
in turn can disturb the growth constancies in fish.
Earlier studies in this area have revealed a direct
connection between environmental impact and
asymmetry as an outcome from pollutions (Jawad
etal., 2012).

Further investigations with larger numbers of
specimens and a wider series of body size are im-
perative to find the association between the oto-
lith weight difference and the fish length, particu-
larly in view of the absence of studies on otolith
weight asymmetry in the marine waters of Iraq.
This study suggests a starting point for future in-
vestigations in marine fish species in Iraq and will
allow researchers to make links between species
in Iraq and species living in the neighbouring ar-
eas. A management plan is instantly needed in or-
der to restore a healthy environment in the marine
waters of Iraq.
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