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ABSTRACT
Fish specimens (n = 75) of Acanthopagrus arabicus were collected from the marine waters of Iraq at Khor al-Zubair.
Collection was conducted in the period February–September 2019 at depth of 10–25 m. Relationships between fish
length and otolith length, width and weight were calculated for the Arabian yellowfin seabream, A. arabicus using
linear models. This study represents the first data available on the relationship of fish size and otolith size and
weight for A. arabicus in the Arabian Gulf area. The various relationships between fish length otolith length, width
and weight were calculated: Y = −1E − 0.06X2 + 0.0106X + 5.2628, Y = 4E − 06X2 + 0.0077X + 2.1834, and
Y = 9E − 07X2 + 0.0013X − 0.191 respectively.
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INTRODUCTION

The Arabian yellowfin seabream, Acanthopagrus ara-
bicus (Iwatsuki, 2013) is a marine species inhabiting
pelagic-neritic at depth ranging from the surface of the
sea down to 50 meters [Randall 1995]. This species is dis-
tributed in the Western Indian Ocean region from south-
ern coasts of Oman at the Arabian Sea and north to the
Arabian Gulf at the coasts of Qatar, Kuwait and Iraq
[Iwatsuki 2013, Ali and Khamees 2018]. Its distribu-
tion continues eastward to include Trivandrum, south-
western India. The maximum total length reported for
this species is 345 mm, with common total length of 300
mm [Iwatsuki 2013]. Individuals of this species feeds
mainly on echinoderms, worms, crustaceans and mol-
lusks. Mainly exploited by artisanal fisheries [Bauchot
and Smith 1984].

Relationships between fish size and otolith size
was used in predation investigations, and have broader
purposes to conclude changes in growth of fishes
[Templeman and Squires 1956]. The size of a fish can be
inferred from otolith measurements since somatic growth
has a noteworthy impact and is positively linked with
otolith mass [Munk 2012]. In the event that the prey
items in the fish diets are complete to identify adequately
to the genus or species level, rebuilding prey size and
biomass from otoliths gained from stomach contents of
fish is conceivable if correlations between detailed mor-
phological features of the prey (e.g. otolith length and
weight) and actual prey size, and weight-length rela-
tionships (WLRs) of prey species are known [Battaglia
et al. 2010, Granadeiro and Silva 2000, Jawad and Al-
Mamry 2012, Jawad et al. 2011, 2011a, 2011b]. In ad-
dition, otolith length and width parameters, and their as-
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sociations are generally used in keys and identification
guides on fish otolith morphology therefore presenting
them consistent taxonomic tools [Lombarte et al. 2006].

Relationships between fish size and otolith size have
been done in several fish species globally [e.g. Battaglia
et al. 2010, Jawad et al. 2011, 2011a, 2011b, Jawad
and Al-Mamry 2012, Jawad et al. 2017, Oliveira et al.
2019]. In Iraqi marine waters, however, this informa-
tion has not been well investigated [Qasim et al. 2019].
Based on these considerations, this paper aims at giving
data on morphometric parameters by means of analysing
body size and otolith size and weight data relationships
in A. arabicus, a marine pelagic-neritic species in the
north-western part of the Arabian Gulf. Such informa-
tion could be valuable for future researchers investigat-
ing archaeology and food behaviours of piscivores to
conclude the size of fishes from the length of regained
otoliths. Several piscivorous fish species were reported in
the marine waters of Iraq [Al-Faisal and Mutlak 2018]
that can prey on A. arabicus such as the eel Muraenesox
cinereus (Forsskål, 1775), the catfish Plicofollis dus-
sumieri (Valenciennes, 1840), the scombrid Rastrelliger
kanagurta (Cuvier, 1816), the barracuda Sphyraena ob-
tusata Cuvier, 1829 and many others [Ali et al. 1993,
Coad 2015]. Correspondingly, the first-hand data accu-

mulated by the present study will present original ideas
on the population dynamics of the sparid species in-
spected and signify the first step in congregating informa-
tion and parameters helpful for the scheme and applica-
tion of assessment means for the valuation of the standing
of those stocks.

MATERIAL AND METHODS

Description of sampling area

Khor al-Zubair is one of the four marine coastal areas of
Iraq, which include the estuary of the Shatt Al-Arab River
at the city of Fao, the Khor Abdulla, and Um Qasar re-
gions (Fig. 1). Iraqi marine biodiversity has been changed
by the region’s geological history, position in the north-
west Arabian Gulf and its physiographical intricacy. The
Tigris and Euphrates 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 ele-
vation of 3 m above sea level [Kukal and Saadallah 1973,
Jobling and Breiby 1986]. Until 1983, when the Shatt
al-Basra canal was opened and linked the greater marsh
areas in southern Mesopotamia, the fluctuating course

Fig 1. Collection area of Acanthopagrus arabicus from the marine waters of Iraq
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of the Euphrates made Khor al-Zubair a north-west ma-
rine extension of the Arabian Gulf [Al-Mussawy 1991].
Salinity values of this lagoon range between 30 and 35%
[Bashitialshaaer et al. 2011] and it is subjected to a semi-
diurnal tidal cycle with 2–3 m spring tides, similar to the
northern part of the gulf.

Fish sample collection

Fish samples (n = 75) of A. arabicus were collected dur-
ing the ichthyological exploration in the marine waters
of Iraq by means of small trawler (21 m length × 3.5 m
width) furnished with net of mesh size of 2.5 cm, func-
tioning at Khor al-Zubair, north extent of the marine wa-
ters of Iraq. Collection was made available in the period
February–September 2019 at depth of 10–25 m. Total
length (TL) was measured to the nearest 1 mm from the
tip of the snout to the posterior edge of the caudal fin.
Otoliths (sagittae) were extracted by a cut in the cranium
to uncover them and then cleaned and stored dry in glass
vials. Sagittae from both sides of the fish head were re-
moved out from the sacculus part of the fish inner ear.
Sagittae were obtained from different fish length groups
to guarantee that the gotten sample is more characterized
and the evaluated factors are more forceful. Each otolith
was positioned with the sulcus acusticus oriented through
the observer and its length was measured using hand-
held Vernier callipers on the axis between the rostrum
and post-rostrum axis to the nearest millimetre. Otolith
weight was obtained to the nearest 0.001 g. The measure-
ments used following Jawad et al. [2017].

Statistical analysis

The relationship between otolith size (length, width) and
weight, and fish size (TL) were determined using least
squares linear regression for the following parameters:
otolith length (OL) – fish length (TL), otolith width (OW)
– fish length (TL) and otolith weight (OWE) – fish length
(TL). The regression coefficients were compared and
when significant differences (P < 0.05) were not found,
the H0 hypothesis was accepted. When the equations did
not differ statistically, a single linear regression was re-
ported for each parameter (OL; OW; OWE). The data
analysis was carried out using the R statistical package
[R Core Team 2015].

RESULTS

The range of the total length of the specimens used in
this study is 195–365 mm, with a mean of 282 mm and
±0.0543 SD. The sizes of fish specimens used in the
present study are those available at the commercial land-
ing, but the extreme small and large sizes were under
sampled. The ranges and means (±standard deviation)
of otolith length, width and weight were respectively:

7.30–11.60 mm and 9.46 ±2.1 mm; 4.32–6.70 mm and
5.1 ±3.3 mm; 0.034–0.160 g and 0.079 ±1.18 g.

The various relationships between fish length otolith
length, width and weight were calculated: Y = −1E −
0.06X2 + 0.011X + 5.2628, Y = 4E− 06X2 + 0.0077X +
2.1834, and Y = 9E − 07X2 + 0.0013X − 0.191 res-
pectively (Fig. 2). Single linear regression was plotted
for each parameter. Statistics fitted well to the regres-
sion model for three parameters to TL as demonstrated
by the high values of the coefficient of determination.
(R2 = 0.9901, 0.9690 and 0.9958 for otolith length, width
and weight respectively).

DISCUSSION

Otoliths are considered a detailed taxonomic resources in
fish species identification due to their inter-specific dis-
crepancy [Battaglia et al. 2010]. Therefore, several in-
vestigators have examined the morphology of otoliths
[Smale et al. 1995, Campana 2004, Lombarte et al. 2006,
Sadigzadeh and Tuset 2012, Jawad 2018, Jawad et al.
2018]. Additional to taxonomic objectives, otolith sizes
and features such as the length, width and weight are also
imperative to evaluate the size and mass of the fish be-
ing preyed upon, as often in studies on feeding ecology
the only item enduring in the stomach of a predator is the
otolith [Jawad et al. 2011, 2011a, 2011b]. This require-
ment was focused in the present study and expressed the
Total length – Otolith length, Total length – Otolith width
and Total length – Otolith weight for otolith of A. arabi-
cus. The data can be considered in the back-calculation
analysis to gain fish size from regained otoliths exist in
the stomachs of predator fish. Nonetheless the vital com-
mercial part of the Arabian yellowfin seabream A. ara-
bicus in the marine environment, its biology and ecol-
ogy have not been well studied in the Iraqi waters [Taher
2010]. The relationship of fish size-otolith measurements
of A. arabicus were studied for the first time in the Iraqi
marine waters. This research accordingly complements
information for this species and for the region, which will
be valuable in gaining the marine trophodynamics in the
area [Zan et al. 2015].

The absence of statistical differences between left and
right sagitta indicates that otoliths on either body side
are indistinguishable to be used for fish-size estimations
[Battaglia et al. 2010, Yilmaz et al. 2015, Mehanna et al.
2016, Park et al. 2017]. It is more appropriate to calculate
more than two equations since there is the opportunity of
breaking the tip or the dorsal edge of the otolith. Harvey
et al. [2000] and Waessel et al. [Waessle et al. 2003] es-
tablished a remarkable difference in size of the left and
right sagittae. Their results are in not in accordance to
the results in the present study, which are in concurrence
with those of Battaglia et al. [2010], Jawad et al. [2011,
2011a, 2011b] and Qasim et al. [2019]. Certain authors
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Fig 2. The  relationship  between  fish  total  length  and  (A) otolith  length,  (B) otolith  width  and  (C)  otolith weight  of
Acanthopagrus arabicus from the marine waters of Iraq

have involved larvae to those of the adult fish in their
investigations. Consequently, they showed two different
fish size-otolith measurements, one for the small-sized
fish and another for adult fish [Nishimura and Yamada
1988, Linkowski 1991]. In the present study, only adult
specimens were used for the otolith analysis.

There are certain restrictions for the usage of fish
weight reinstatement from otolith sizes. These limitations
act from the difference in the growth of individuals be-
longing to the same species but of different stocks or that
live in different areas [Campana and Casselman 1993,
Reichenbacher et al. 2009] or variations between sexes
[Echeveria 1987]. Encountering chemicals and mechan-
ical aberrations might anguish the shape of the otolith,
which markedly would reduce the usefulness for size re-
building [Jobling and Breiby 1986, Granadeiro and Silva
2000]. Nevertheless, notwithstanding the robust biomet-
ric relationships resulting from our data, our assessed pa-
rameters should be applied with carefulness, as our small
sample sizes and a discriminating effect of the mesh size

used by trawlers may have produced the size distributions
in our samples to be understated.

The high correlation coefficients of the mathematical
relationships obtained between otolith measurements and
weight on one side and fish size of A. arabicus on the
other indicate that length of fish can be reliably estimated
from otoliths found in stomach contents of predators.

Various relationship formulae could be attained for
the fish size and otolith size and weight of fish specimens
of A. arabicus collected from the neighbouring areas to
the Iraqi marine waters. Such changes may disclose spa-
tial variation owing to the influence of water physical and
chemical characteristics (e.g., environmental variables,
such as salinity or variation in pollutants) or food acces-
sibility on fish growth [Mommsen 1998, Adandédjan et
al. 2011, Adandédjan et al. 2012]. However, a compre-
hensive sampling program is required to apply for the
whole months of the year in order to collect data and
related biological parameters to environmental and an-
thropogenic factors. Certainly, seasonal variations in rel-
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ative growth and condition are identified in several fish
species [Safran 1992, Richter et al. 2000, Bolognini et
al. 2013]. Therefore, further data and information on the
structure of the populations of A. arabicus are required to
be achieved in the Iraqi marine waters. It is maybe to be
predictable that the results of the present report will offer
a preliminary contribution to further population dynam-
ics and stock assessment studies in such an impacted area
with pollution as the Iraqi marine waters.

This study will aid towards future stock assessment
investigations, and can be beneficial for supportable ap-
plication and management of fishery and management of
A. arabicus resources in the region.

CONCLUSIONS

Both otolith length and width showed a strong link with
the fish length and can be used to retrieve the fish length.
This is became clear as the coefficients of for the math-
ematical relationships obtained between otolith dimen-
sions and fish size of A. arabicus is quite high. Further
researches are required along the geographical distribu-
tion of the species in order to study firmly the stock as-
sessment of this species and come out with more useful
recommendations.
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ZWIĄZEK MIĘDZY DŁUGOŚCIĄ CAŁKOWITĄ A WIELKOŚCIĄ I MASĄ OTOLITU U ACANTHOPAGRUS
ARABICUS, IWATSUKI 2013, (SPARIDAE) ZŁOWIONEGO W IRACKICH WODACH MORSKICH

STRESZCZENIE
Ryby Acanthopagrus arabicus w liczbie n = 75 zostały złowione w wodach morskich Iraku, w Khor al-Zubair.
Połowy prowadzono od lutego do września 2019 roku na głębokości 10–25 m. Zależności między całkowitą długoś-
cią ryby a długością, szerokością i masą otolitu obliczono dla A. arabicus przy użyciu modeli liniowych. Niniejszy
artykuł przedstawia pierwsze dostępne dane dotyczące zależności między wielkością ryby a wielkością i masą
otolitu dla A. arabicus w rejonie Zatoki Arabskiej. Obliczono różne zależności pomiędzy długością, szerokością
i masą otolitu ryb, odpowiednio: Y = −1E − 0, 06X2 + 0, 0106X + 5, 2628, Y = 4E − 06X2 + 0, 0077X + 2, 1834,
and Y = 9E − 07X2 + 0, 0013X − 0, 191.

Słowa kluczowe: wielkość ciała ryby, Basra, zależność, Sparidae, otolit, Acanthopagrus arabicus
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