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Bilateral asymmetry is presumed to reveal the developmental variability of the fish in polluted aquatic en-
vironments. In these habitats, high-level asymmetry develops, and these fish expend more energy to balance
their growth than fish that are not under an impact. A total of 210 specimens of Acanthopagrus bifasciatus, A. latus
and Sparidentex hasta were collected from the marine waters of Iraq in the northwest part of the Arabian Gulf.
The asymmetry was calculated for the sagittal otolith characters of length and width. Otolith width has lower

asymmetry than otolith length for the three sparid fish species investigated. An increase in the value of fluc-
tuating asymmetry with fish length was observed. This could be a pertinent indicator of pollution in the habitat.

The discrepancy in development of a bilateral trait between the left
and right sides of an organism is recognised as asymmetry (Van Vallen,
1962; Palmer and Strobeck, 1986; Leary and Allendrof, 1989). Fluctu-
ating asymmetry which is a random deviation from perfect bilateral
system reflects variable growth during development (Palmer, 1994; Fey
and Hare, 2008) and is thought to reflect the genetic and environmental
pressures experienced throughout development,

Asymmetry of otoliths has been suggested as a valuable index of
body condition and health (Grgnkjaer and Sand, 2003; Allenbach,
2011) during the early development and growth of fish (Gagliano and
McCormick, 2004). Fluctuating asymmetry denotes a specific pattern of
bilateral difference in a particular character showed by a sample of
individuals, i.e. a frequency distribution of right minus left (R _ L)
whose mean is zero and whose shape does not depart from normal
(Somarakis et al., 1997b).

Fish otoliths are a very important structure in the fish body and
perform vital functions such as recognition of sound and balance.
Asymmetric otoliths may negatively affect the sensory accurateness of
the inner ear (Lychakov and Rebane, 2005; Gagliano et al., 2008).
Notwithstanding the prevalence of the use of fish otoliths for age and
growth studies, few studies have examined fluctuating asymmetry in
otoliths. Earlier studies have concentrated mostly on the larval stage
(Panfili et al., 2005).
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Some investigations have shown that increased fish otolith fluctu-
ating asymmetry can happen due to stressful conditions caused by
pollution (Franco et al., 2002), parasitism (Escés et al., 1995) and poor
feeding conditions (Somarakis et al., 1997a, 1997b). However, other
studies have not detected any strong relation between stress and fluc-
tuating asymmetry in otolith (Folkvord, 2005; Panfili et al., 2005; Fey
and Hare, 2008).

Assessment of the extent of fluctuating asymmetry has not been
performed on the otolith widths or lengths of the three sparid fish
species examined in the present study. Fish were collected from the
marine waters of Iraq and the study is the first in its kind for the
Arabian Gulf area in general and the Iraqi marine waters in particular.

A total of 210 specimens of the three members of the family
Sparidae, Acanthopagrus bifasciatus (80), A. latus (80) and Sparidentex
hasta (50) were collected from Khor Abdullah at the southern extent of
the marine waters of Iraq using small trawler (21 m length x 3.5 m
width), which was equipped with net of mesh size 2.5 cm. Khor
Abdullah in southern part of the Iraqi marine waters is one of the main
fishing grounds for the three sparid species in Iraq. Fish specimens were
caught in the in the period January 2017 to March 2018 and at depth of
10-25 m. Sagittae from both sides of the fish head were removed from
the sacculus part of the fish inner ear. Fish samples ranged from 204 to
330, 101-235 and 170-252 mm TL for A. bifasciatus, A. latus and S.
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hasta respectively. Otolith length and width was measured to the
nearest millimetre under dissecting microscope. These measurements
have been used in our studies of the bilateral asymmetry analysis of
other fish (Al-Rasady et al., 2010; Jawad et al., 2012d; El-Regal et al.,
2016).

Asymmetry was calculated as the squared coefficient of asymmetry
variation (CV?) for the two otolith dimensions according to Valentine
et al. (1973):

CVZa = (Sr,lXIOO/XrH)Z

where S, _ is the standard deviation of signed changes and X 1 is
the mean of the trait, which is computed by adding the absolute scores
for both sides and dividing by the sample size. The asymmetry study for
these species is significant to the effect of this trait on the settlement of
the larvae of these commercially important species in the fishing
ground. Bilateral asymmetry estimates and measurement errors are in
general small and normally distributed around a mean of zero (Merila
and Bjoklund, 1995). Individual differences in taking measurements
can affect the results of bilateral asymmetry analysis (Palmer, 1994).
Consequently, in the present study, all the measurements were reached
by only one person to exclude any unwanted error (Lee and Lysak,
1990; StatSoft, Inc., 1991), and were repeated twice. Coefficients of
asymmetry were compared between the different total length classes
using ANOVA test. In addition to the ANOVA test, Tukey HSD post hoc
test were conducted to assess whether the differences were significant
between pairwise comparisons of length classes (StatSoft, Inc., 1991).

The results of asymmetry examination of the data of the otolith
length and width of the three sparid species are shown in Table 1. The
level of asymmetry of the otolith width was greater than that of otolith
length for all three species. Also, the asymmetry values of length classes
were significantly different (P < .05). For the two otolith traits in-
vestigated in the present work, the results exhibited that the level of
asymmetry at its lowest and highest values in fish ranging in length
between 200 and 340, 100-240 and 170-250 for A. bifasciatus, A. latus
and S. hasta respectively.

The percentage of the individuals showing asymmetry in the otolith
length traits was the highest between the percentages calculated for the
two otolith characters of the three species in question (Table 1). In-
dividuals of A. bifasciatus, A. latus and S. hasta were grouped into length
classes (Tables 2-4). A tendency for the asymmetry value to increase
with fish length was noted in both the length and width of the otolith.

There is some inconsistency in the degree of asymmetry between the
two otolith measurements of the three sparid fish species in the present
study. It is hard to assess the value of asymmetry of those characters
and to decide if they are higher or lower than the usual owing to the
lack of data regarding natural asymmetry in this part of the world. Even
so, traits like otolith width showed bigger asymmetry level than the
otolith length feature (Tables 2-4). The high asymmetry value of the
otolith width could indicate the susceptibility of this character to the
direct disparities in the habitats that fish living in. It is not conceivable

Table 1
Squared coefficient of asymmetry (CV?) value and character means (X,.|) of
three sparid fish species collected from the marine waters of Iraq.

Character cv2 N Character mean % of individuals
(mm) = SD with asymmetry

Acanthopagrus bifasciatus

Otolith length 45.74 80 8.0830 69

Otolith width 85.57 80 4.5880 96

Acanthopagrus latus

Otolith length 44.98 80 7.4600 75

Otolith width 88.65 80 4.9785 98

Sparidentex hasta

Otolith length 41.87 50 7.6315 65

Otolith width 87.3 50 4.9915 91
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Table 2
Squared coefficient of asymmetry and character means by size class of
Acanthopagrus bifasciatus fish species collected from the marine waters of Iraq.

Character cv2 N Character mean % of individuals

(mm) *= SD with asymmetry
Acanthopagrus bifasciatus
Otolith length
200-220 335 5 8.0734 = 1.2 76
221-240 47.9 13 7.8531 + 2.2 89
241-260 59.9 10 8.0652 * 2.4 69
261-280 63.5 21 8.1367 = 1.3 98
281-300 78.7 10 7.8541 = 1.6 99
301-320 91.6 11 8.0952 * 1.5 98
321-340 109.9 10 8.0833 = 1.9 97
Otolith width
200-220 28.2 5 45881 + 1.7 90
221-240 39.9 13 4.2742 = 1.2 97
241-260 53.6 10 43652 = 1.1 89
261-280 79.9 21 44352 + 1.4 98
281-300 95.6 10 4.3672 = 1.7 87
301-320 110.9 11 4.2678 = 1.5 89
321-340 120.1 10 43342 = 1.8 87
Table 3

Squared coefficient of asymmetry and character means by size class of
Acanthopagrus latus fish species collected from the marine waters of Iraq.

Character cv2 N Character mean % of individuals
(mm) *= SD with asymmetry
Acanthopagrus latus
Otolith length
100-120 43.5 4 7.4501 = 1.1 86
121-140 57.9 14 7.3872 = 2.4 89
141-160 79.9 9 7.4286 *+ 2.7 89
161-180 93.5 22 7.3274 = 1.9 98
181-200 105.7 8 7.4541 = 1.5 99
201-220 120.6 13 7.3895 *+ 1.8 97
221-240 134.9 10 7.4411 = 1.7 96
Otolith width
100-120 38.2 4 4.9883 = 1.4 90
121-140 59.9 14 48973 = 1.5 97
141-160 73.8 9 4.9042 = 1.4 89
161-180 89.9 22 4.8762 = 1.3 98
181-200 105.6 8 49775 * 1.6 87
201-220 119.9 13 49742 = 1.4 89
221-240 127.1 10 49342 = 1.9 87
Table 4

Squared coefficient of asymmetry and character means by size class of
Sparidentex hasta fish species collected from the marine waters of Iraq.

Character cv2 N Character mean % of individuals

(mm) * SD with asymmetry
Sparidentex hasta
Otolith length
170-190 53.5 4 7.6353 + 1.2 96
191-210 67.9 14 7.6431 = 25 89
211-230 89.9 10 7.6386 = 2.5 87
231-250 103.5 22 7.6474 = 1.8 98
Otolith width
170-190 58.2 4 4.9916 = 1.5 92
191-210 75.9 14 49851 + 1.7 96
211-230 93.8 10 4.9786 * 1.5 88
231-250 119.9 22 49702 = 1.4 97

at the moment to upkeep such result as the correlation between varied
environmental pollution and the morphology of the fish species in
question is not accessible. Nonetheless, based on previous surveys in
this field, it is likely to achieve that there is a clear-cut relationship
between environmental influence due to pollution and asymmetry in
these species. These environmental impacts are present in the marine
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waters of Iraq (DouAbul et al., 2009; Abdulnabi, 2016; AL-Khion et al.,
2016). Otherwise, the small asymmetry value exhibited by the otolith
length feature might be elucidated on the basis that this characteristic is
less susceptible to environmental effect. Jawad (2003, 2004) advocated
that the lower bilateral asymmetry level attained for otolith length may
be designated on the basis that the developmental period of this trait
may not coincide with the presence of contrasting environmental
events. Noticeably, minor variations during the growth of the fish can
depart from normal developmental characters (Palmer and Strobeck,
1992). These indiscretions may be due to the state and quantity of food,
extreme temperatures, parasites, disease and behavioral burden im-
posed by interactions with the related species living in the same en-
vironment (Markov, 1995).

On the basis that fish under poor environmental conditions have
high levels of asymmetry, evaluation of whether a value of the fluctu-
ating asymmetry is high or low (Valentine et al. (1973), requires
comparison with samples of fishes collected from a known polluted
area,.. The other option is to compare the results of the fluctuating
asymmetry of a species with those obtained from other localities for the
same species. However no such comparative data exists for this species.
Nevertheless, the present results will be a base line for further studies
on fluctuating asymmetry in fishes in the Arabian Gulf area.

To assess the values of the fluctuating asymmetry obtained for both
length and width of otolith of the three sparid species, a comparison
was made between the present study and the values of the fluctuating
asymmetry of otolith sizes of some fish species collected from the same
area (Arabian Gulf), from a neighbouring areas (Sea of Oman, Red Sea)
and other areas (Black Sea) (Table 5). Fluctuating asymmetry values of
the otolith length in the compared species ranges between 2.1 in Sar-
dinella sindensis Jawad et al. (2012) collected from the Arabian Gulf and
88.71 in Rastrelliger kanagurta collected from the Omani coasts of Sea of
Oman Al-Mamry et al., 2011. On the other hand, fluctuating asymmetry
in the otolith width varies between 4.59 in Sargocentron spiniferum from
the Egyptian coasts of the Red Sea (El-Mahdy et al., 2019) and 117.60
in Rhynchorhamphus georgi collected from the Omani coasts of Sea of
Oman (Al-Rasady et al., 2010). For the otolith length, the values of the
fluctuating asymmetry of the sparid species range between 41.87 and
45.74. This is close to the mid-point of the maximum value of 88.71
obtained for Rastrelliger kanagurta collected from the Omani coasts of
Sea of Oman (Al-Mamry et al. (2011). For the otolith width, the values
of the fluctuating asymmetry ranges between 85.57 and 88.65 near the
top value of fluctuating asymmetry (117.60) obtained for

Table 5

Comparison of the Coefficient of asymmetry (CV?) of otolith sizes of the three
sparid species examined in the present study with those of other fish species
collected from neighbouring localities.

Species Coefficient of asymmetry  Reference

(cvd)

OL ow
Acanthopagrus bifasciatus 45.74 85.57 Present study
Acanthopagrus latus 44.98 88.65 Present study
Beryx splendens 41.87 87.30
Carangoides caeruleopinnatus 28.43 54.05 Jawad et al. (2012c¢)
Chlorurus sordidus 14.05 10.44 El-Regal et al. (2016)
Hipposcarus harid 15.19 11.90 El-Regal et al. (2016)
Liza Klugingeri 4.23 14.06 Sadighzadeh et al.

(2011)

Lutjanus bengalensis 5.06 10.29 Jawad et al. (2012a)
Merlangius merlangus 4.710 4.772 Kontas et al. (2018)
Rastrelliger kanagurta 88.71 41.75 Al-Mamry et al. (2011)
Rhynchorhamphus georgi 66.70 117.60 Al-Rasady et al. (2010)
Sargocentron spiniferum 2.34 4.59 El-Mahdy et al. (2019)
Sardinella sindensis 2.10 9.00 Jawad et al. (2012b)
Sillago sihama 2.9 21.6 Jawad et al. (2011b)
Sparidentex hasta 41.87 87.30 Present study
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Rhynchorhamphus georgi collected from the Omani coasts of Sea of
Oman. The result of such comparison indicates that the level of asym-
metry in both length and width of the otolith of the three sparid fishes
examined in the present study are high and that of the otolith width is
particularly high. Although the species of fish taken from different areas
used in this comparison are not the same, but they show the degree of
influence of the environment of the otolith characteristics, i.e., char-
acters of the otolith either they vulnerable or resistance to the un-
favorable conditions of the environment (Fey and Hare, 2008).

The effect of measurement error in determining the degree of fluc-
tuating asymmetry t has been considered in the last few decades
(Palmer and Strobeck, 1986). Since variation in values of bilateral traits
are usually small in relation to the total variation in a given trait
(Palmer, 1996) and are by definition random, fluctuating asymmetry
values are likely to be especially liable to measurement error.

The generation asymmetry in fish otoliths can be ascribed to genetic
and environmental factors. The relationship between genetic factors
and the asymmetry in these two traits has yet to be explored due to the
lack of genetic data on the marine ichthyofauna of Iraq. The other
feasible reason is sub lethal environmental impacts which gives rise to
an increased degree of asymmetry (Bengtsson and Hindberg, 1985).

Pollution of sea water and sediments by hydrocarbons, heavy me-
tals, pesticides and organic matter are deliberated the chief causes of
environmental pressures in marine ecosystems The marine environ-
ments of Iraq have been impacted by a range of pollutants for at least in
the last twenty years (Al-Imarah et al., 2007; Zuhkair et al., 2007; Al-
Jaberi and Al-Dabbas, 2014).

Other environmental stressors could be natural events that reduced
food availability as well as disease (Bengtsson and Hindberg, 1985.

Some authors have shown a relationship between the coefficient of
asymmetry and fish length (Al-Hassan et al.,, 1990; Al-Hassan and
Hassan, 1994; Al-Mamry et al., 2011; Al-Hassan and Shwafi, 1997;
Jawad, 2001) and in particular that there is a rise in the asymmetry
values with the increase in fish length. As documented in previous
studies (Al-Mamry et al., 2011a, 2011b; Jawad et al., 2012a, 2012b,
2012¢, 2012d, 2012e, 2012f; Mabrouk et al., 2014), our study has
shown that large size specimens of three sparid fish species had higher
bilateral asymmetry estimates than smaller young specimens
(P < .001). It was clear that the degrees of fluctuating bilateral
asymmetry of the length and width of the otolith increased with fish
size (Tables 2). This link is possibly the result of missing fish growth;
trait means are continually be the lowest in smaller size classes
(Valentine et al., 1973). Similar results were obtained by Valentine
et al. (1973) in chosen fish species collected from California, U.S.A.
They suggested that the ontogenetic variations linked to an increase in
bilateral asymmetry with size (age). Elsewhere, Thiam (2004) com-
mented that an increase in bilateral asymmetry levels with fish size
could be due to the fact that the large size individuals had longer
periods of contact with unsuitable environmental conditions and
therefore should greater degree of asymmetry than younger fish.

Quick management intervention is required to restore a healthy
environment in the marine waters of Iraq. Numerous aquatic organisms
within this water body have formerly been reported (Saeed et al., 1999;
Zukhair et al., 2008).
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