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ABSTRACT---- In 2018, a serious changes in the salinity of the Shatt Al-Arab river, as salinity intrusion progressed
further to upper reaches of the river due to sharply decline in river flow. Therefore, the fish assemblage structure in the
middle of the river, from Sindbad and Abu Al-Khasibs was assessed during the period from January to December 2018.
Fish were sampled by gill nets, cast net and electro-fishing from both sites. Salinity fluctuated from 2.0%o0 (January) in
both sites to 16.2 and 25.0% during August in both sites, respectively. 35 and 44 fish species were collected from both
sites, respectively, these included 18 marine species in first site and 28 marine species in second site. Poecilia latipinna,
Tenualosa ilisha and Oreochromis aureus were the dominant species in first site, whereas O. aureus, Carassius auratus
and P. latipinna in second site. The index of species richness, diversity and evenness each showed a consistent seasonal
pattern in both sites. The highest value of Bray-Curtis similarity index of fish species between both sites was noted
during the period of low salinity. Findings indicate that the salinity values and the percentages of marine and occasional
species were considerably higher than that documented in the previous studies on this part of the river.
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1. INTRODUCTION

Saltwater intrusion is the flow of seawater into freshwater coastal rivers due to natural processes or human activities.
It is one of the most significant global challenges for coastal water resource managers, industries, and agriculture.The
distance of the salinity intrusion is controlled by river flow, sea level change, tidal range, geomorphological features of the
estuary, changes in the drainage basin, water intakes for urban water supply and others [1, 2]. Salinity intrusion is a natural
phenomenon subject to many factors such as the flow of the river which is the key to controlling the incursion of salt [3].

Saltwater intrusion is a major concern commonly found in estuaries around the world, therefore, several authors have
been discussed the environmental impacts of saltwater intrusion in different estuaries, Such as [4-9] or on fish assemblages
that inhabit coastal rivers, Such as [10-13].

Like many other parts of the world, Iraq has also suffered from the impacts of water shortages due to the decline in the
discharge of water from its neighboring countries, as a result of several hydrological projects constructed on the Tigris and
the Euphrates rivers in these countries [14]. Therefore, Shatt Al-Arab river has suffered during the past years from massive
regression in water quality and quantitative related to the decline in rates of discharge from these rivers [15] as well as
Iran's conversion of the Karun River to its territory [16]. This serious reduction in freshwater inflows to Shatt Al-Arab river
permitted the saltwater to intrude upstream of the river and this has been discussed by several authors [17-19, 3, 20]. Also,
several studies have focused on fish assemblage structure in different parts of the Shatt Al-Arab River under these
circumstances [21, 22, 23, 24].

In 2018, a serious changes in the salinity of the Shatt Al-Arab river, as salinity intrusion progressed further to upper
reaches of the river that had never been reached before and salinity level continued rising substantially for the most of the
months, which affected extremely the water supply and all uses in the province of Basrah during this year. Therefore, the
primary aim of this study is to evaluate the fish assemblage in the middle of the Shatt Al-Arab river under this circumstance.
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2. MATERIALS AND METHOD

The Tigris and Euphrates rivers originate in Turkey and form the Shatt Al-Arab river at their confluence near the city
of Qurna, southern Irag. The other two tributaries, Karkheh and Karun, originate in Iran. The Karkheh is connected with
the Shatt al Arab river through a system of marshes, while the Karun discharges into the Shatt al Arab river at approximately
87 km from the mouth. The southern part of the river constitutes the border between Iran and Iraq until it discharges into
the Arabian Gulf (Fig. 1), with a total length of 204 km, and varies in width from 250 m at Al-Qurna to more than 1,500
m at the estuary. Its depth fluctuates from 9m at Al-Dair, 10m in Abu Al-Khasib to 11m in Fao [25]. Formerly, several
tributaries join the Shatt Al-Arab river during its course, most importantly the Karkheh and the Karun rivers. Nowadays,
the flow of Shatt Al-Arab is much smaller than before because of massive dam projects in Turkey [26].
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Fig. 1. Map of Shatt Al-Arab with locations of study sites.

The study was conducted on the middle part of the river and the observations were done monthly at two sites in this
part (Fig. 1) from January to December 2018. Sindbad site (Sindbad) is located north Sindbad Island (30° 58’ 16" N, 47°
77' 11" E), whereas Abu Al-Khasib site (Al-Khasib) is sited south of Abu Al-Khasib district (30° 46’ 37" N, 47° 77" 11" E)
and this site clearly affected by the tidal current of the Arabian Gulf. The predominant vegetation on the banks of both sites
were Phragmites australis, Vallisneria spiralis, Typha domingensis and Ceratophyllum demersum. Both sites are suitable
for fishing operations and therefore many fishermen practice fishing here using different fishing gears.

Both sites had been sampled using gill nets (200-500 m length with 25x25 mm mesh size), cast net (8 m diameter with
15x15 mm mesh size) and electro-fishing by generator engine (provides 500V and 10A). Fish were counted and classified
to species following [27-30].

In addition, water temperature (°C) and salinity (%o) in each site were measured using Y SI portable instrument model
556 MPS. The monthly rate of discharge in the upstream of the Shatt Al-Arab River during 2018 was obtained from Water
Resources Directorate in Basrah. Information on structure of fish assemblage was extracted by using different univariate
indices.

The relative abundance was calculated from the equation n;/Nx100 [31] , where n; is the number of individuals of ‘it™
species and N= Xni. Shannon’s diversity index (H’) was obtained by the following equation H’= -2p; Inp;i [32], where Pi=
ni/N; n; is the number of individuals of ‘ith’ species and N= Zn;. Margalef’s index (D) was used as a simple measure of
species richness [33] using the equation D= (S-1)/In N, where S is the number of species, N is the total number of
individuals. For calculating the evenness of species, the Pielou’s Evenness Index (J) was used [34] as J= H/InS, where H’
is Shannon—Weaver diversity index and S is total number of species in the sample. The Bray-Curtis similarity index of fish
species between both sites was calculated according to equation of Bray-Curtis [35]. Fish species divided into categories
according to their occurrence in the monthly samples following Tyler [36]. Data were statistically analysed by using
Microsoft Office Excel 2010.
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3. RESULTS

For each study site, the monthly changes in the values of water temperatures and salinity are presented in Figure 2.
Water temperature in Sindbad varied from 16°C in January to 33°C in August, while in Abu Al-Khasib ranged from 16°C
in December to 35°C in August. Water temperature was not significantly different among sites (t= 0.035, p <0.05). Salinity
in Sindbad fluctuated from 2.0%. in January to 16.2%o. in August, whereas in Abu Al-Khasib changed from 2.0%. in January
to 25.0%o in August. Despite the difference between two sites was not statistically significant (t=1.311, p <0.05), Sindbad
has lower salinity than Abu Al-Khasib, and the salinity exhibited unexpectedly increasing from August to October in both
sites.
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Figure 2: Monthly variations in water temperature and salinity in both sites

As many as 35 species of bony fish belonging to 15 families were recorded during the present investigation in Sindbad
and 44 species belonging to 22 families in Abu Al-Khasib (Table 1). These included eight species from each of native and
exotic species which recorded in each site, whereas 18 marine species were caught in Sindbad and 28 species in Abu Al-
Khasib. The best represented family in both site was Cyprinidae with seven species, followed by Mugilidae (4 species).
Engraulidae, Sillaginidae, Cichlidae and Soleidae have three species each. Other families each representing by two or
single species. Sciaenidae, Ariidae, Belonidae, Soleidae, Triacanthidae, and Cynoglossidae were appeared at Abu Al-
Khasib only.

Monthly fluctuations in the number and individuals of the species in both sites are shown in Figure 3. The number of
species in Sindbad ranged from 7 in January to 22 in May, while in Abu Al-Khasib from 5 in February to 33 in December.
Generally, the number of species started to increase from February to May. The highest proportion of individuals in Sindbad
was 15.6% of the total individuals showed in June and the lowest proportion was 5.3% caught in February, while in Abu
Al-Khasib, the highest one was 16.9% of the total individuals in May and the lowest one was 3.0% found in February.
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Table 1: Fish species caught from both sites from the Shatt Al-Arab (N= Native, M= Marine, E= Exotic)

Family Species Site Family Species te
Cyprinidae Carassius auratus (E) 1&2 Belonidae Strongylura strongylura (M) 2
= Leuciscus vorax (N) 1&2 Cichlidae Oreochromis aureus (E) 1&2
= Carasobarbus luteus (N) 1&2 = Oreochromis niloticus (E) 1&2
= Hemiculter leucisculus (E) 1&2 = Coptodon zillii (E) 1&2
= Alburnus mossulensis (N) 1&2 Gobiidae Boleophthalmus dussumieri (M) 1&?2
= Acanthobrama marmid (N) 1&2 = Bathygobius fuscus (M) 1&2
= Cyprinus carpio (E) 1&2 Soleidae Solea 580longate (M) 2
Sciaenidae Otolithes ruber (M) 2 = Solea stanalandi (M) 2
Mugilidae Planiliza abu (N) 1&2 = Brachirus orientalis (M) 1&2
= Planiliza subviridis (M) 1&2 Platycephalidae Platycephalus indicus (M) 2
= Planiliza carinata (M) 1&2 Poeciliidae Poecilia latipinna (E) 1&2
= Planiliza klunzingeri (M) 1&2 Triacanthidae Triacanthus biaculeatus (M) 2
Sparidae Acanthopagrus arabicus (M) 1&2  Cynoglossidae Cynoglossus arel (M) 2
Engraulidae  Thryssa whiteheadi (M) 1&2 = Cynoglossus kopsii (M) 2
= Thryssa vitrirostris (M) 1&2 Leiognathidae Photopectoralis bindus (M) 1&2
= Thryssa dussumieri (M) 1&2 Scatophagidae Scatophagus argus (M) 1&2
Sillaginidae  Sillago arabica (M) 1&2 Hemiramphidae Hyporhamphus limbatus (M) 1&2
= Sillago sihama (M) 1&2  Siluridae Silurus triostegus (N) 1&2
= Sillago attenuata (M) 1&2 Bagridae Mystus pelusius (N) 1&2
Ariidae Plicofollis dussumieri (M) 2 Cyprinodontidae Aphanius dispar (N) 1&2
= Plicofollis layavdi (M) 2 = Gambusia holbrooki (E) 1&2
Clupeidae Tenualosa ilisha (M) 1&2
Nematalosa nasus (M) 1&2
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Figure 3: Monthly variations in the number of species and individuals in both sites

The number of native species in Sindbad varied from one species in January, September and October to 5 species in
May and July (Fig. 4), and constituted 23.5% of the total number of species, whereas the marine species consisted 52.9%
and fluctuated from two species in January to 11 species in April. The exotic species in this site formed 23.5% and changed
from three species in August to eight species in June. There was more marine species represented in Abu Al-Khasib
constituted 63.6% of the total number of species and ranged from one species in January and February to 14 species in
October and December, while the native species formed 18.2% and varied from one species in March, June, July and
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September to four species in May (Fig. 4). The exotic species in this site comprised 18.2% and fluctuated from four species
in February, September and October to seven species in March and May.
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Figure 4: Monthly variations in the number of native, marine and exotic species in both sites

The relative abundances of fish individuals species which constituted more than 1.0% of the catch were considered to
be importance in both sites of the river are presented in Table 2. The fish assemblage in Sindbad was dominated by P.
latipinna composed of 13.8% of the total and varied from 3.3% in August to 27.4% February. T .ilisha was constituted
11.8% and the relative abundance ranged from 5.2% in December to 19.2% in February. O. aureus comprised 11.7% of
the total, it fluctuated from 5.1% in November to 31.1% in January. O. aureus dominated the fish assemblage in Abu Al-
Khasib comprised 12.5% of the total, it ranged from 1.5% in November to 34.8% in May. C. auratus instituted 12.3% and
varied from 1.0% in November to 56.0% in February, followed by P. latipinna which constituted 12.1% of the total and
ranged from 0.4% in October to 33.8% June.

Shannon-Wiener diversity (H), Margalef richness (D) and Pielou’s evenness (J) indices fluctuated between months
(Fig. 5).The diversity index varied from 1.51 in January to 2.90 in September, with overall value 2.37 in Sindbad, while
the richness index changed from 1.39 in January to 4.16 in May, with overall value 2.95, whereas the evenness index
varied from 0.78 in January to 1.10 in September, with overall value 0.88. In the other hand, the minimum value of diversity
index in Abu Al-Khasib was 1.50 recorded in July and maximum value was recorded 2.20 recorded in October and
November, with overall value 1.96, while the richness index fluctuated from 2.40 in January to 3.73 in May, with overall
value 2.94, and evenness index had its highest value in September (0.90) and the lowest in May (0.65), with overall value
0.72. In general, the values of ecological indices were higher during spring months than other months.

The resident species in Sindbad formed 32.4% of the total number of species, included P. latipinna, T. ilisha, O.
aureus, T.whiteheadi, C. zillii, T. vitriastris, B. fuscus, H. limbatus, A. mossulensis, P. bindus and H. leucisculus. The
seasonal species in this site comprised 17.6% of the total number of species involved P. subviridis, P. abu, O. niloticus, A.
marmid, P. klunzingeri and C. auratus. The rest of the species in Sindbad which formed 50.0% of the total number of
species, were considered as occasional species.Whereas, the resident species in Abu Al-Kasib site formed 18.2% of the
total number of species, included O. aureus, C. auratus, P. latipinna, T. whiteheadi, O. niloticus, C. zillii, P. subviridis
and T. ilisha. The seasonal species in this site comprised 6.8% of the total number of species involved P. bindus, T.
vitriastris and B. fuscus. The rest of the species in Abu Al-Khasib which formed 75.0% of the total number of species,
were considered as occasional species.
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Table 2: Monthly variations in relative abundance fish species which represented more than 1.0% of the catch
from both sites

Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Sindbad

P. latipinna 176 274 232 87 181 144 109 33 109 69 89 164 138
T. ilisha 6.8 192 128 119 52 106 174 163 125 137 114 55 118
O. aureus 31.1 9.6 64 135 84 88 159 141 78 176 51 110 117
T. whiteheadi - - 56 103 84 28 123 163 172 157 139 219 99
C. zillii 365 137 40 71 65 88 51 76 63 69 51 - 8.2
T. vitriastris - 88 103 52 51 44 109 148 98 139 137 79
C. auratus 2.7 69 112 95 123 111 - - - - 114 82 6.6
B. fuscus 2.7 55 48 52 83 51 54 64 29 51 14 48
H. limbatus - - 24 64 65 56 29 44 55 51 27 3.9
A. mossulensis 2.7 1.4 56 08 07 42 58 - - 20 51 82 3.0
P. subviridis - 1.4 - 7.1 - - 22 98 63 108 - - 3.0
P. abu - 1.4 - - 52 46 73 33 16 - 25 55 29
P. bindus - 2.7 - 0.8 14 29 65 55 98 38 14 27
O. niloticus - 2.7 72 08 3.2 - - - 1.0 38 1.7
H. leucisculus - 2.7 24 08 26 14 22 - - 10 25 41 15
C. carpio - 2.7 - - 45 37 - - - - - - 1.2
A. marmid - - 16 24 194 22 22 - - 2.5 - 11
Abu Al-Khasib

O. aureus 5.8 37 166 283 348 15 46 30 171 86 20 33 125
C. auratus 373 560 166 103 64 338 15 3.0 10 22 123
P. latipinna 1341 266 184 166 83 338 9.1 149 114 04 153 55 121
T. whiteheadi - - 31 35 03 - 6.1 6.0 114 377 240 183 113
P. bindus - - - - 0.3 - 15 - 14 94 263 427 104
O. niloticus 14.5 09 209 6.2 215 - 15 15 214 33 43 66 102
C. zillii 254 12 14 116 - 545 448 57 37 13 15 948
P. subviridis - - 55 193 50 15 91 104 114 111 03 22 518
T. vitriastris - - 0.6 03 15 - - 86 74 117 84 397
T. ilisha 1.8 128 98 48 30 169 61 75 08 17 04 378
B. fuscus - - - - 0.3 - 15 30 29 57 54 04 173

The values of Bray-Curtis similarity index of fish species between the two sites were high during the period of low
salinity in both sites (Fig. 6), reaching to maximum value (97.14%) in May. While, the lowest value of similarity index
(55.17%) was recorded in July, corresponding with the increase in the salinity in both sites.
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Figure 5: Monthly variations in the ecological indices values in both sites
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Figure 6: Monthly variations in the values of Bray-Crurtis index and salinity in both sites

4. DISCUSSION

One of the main finding of this study is the high level of salinity in the Shatt al-Arab river compared to previous years,
due to the salinity intrusion caused by the reduction in water discharge to the river at the beginning of 2018, beside the
diversion of the Karun River across Iranian territory, which was an important source of fresh water entering the Shatt Al-
Arab, has reduced the ability of the river to act as natural barrier to the intrusion of the salt wedge from the Arabian Gulf.
[37] mentioned that the Shatt Al-Arab river exposed to the salinity intrusion from the Arabian Gulf by molecular diffusion,
where the salinity intermission the distance about 100km for a period between three to four months, this condition is due
to the decreasing of the water discharge from the upstream of the river. [38] stated that for rivers that flow directly into the
sea, lower freshwater inflow results in saltwater intrusion that may extend several kilometres upstream into non-tidal
reaches.

The time series analysis of freshwater discharges to the Shatt Al-Arab river from 2014 to 2018 showed that the first
months of 2018 showed a clear decline in freshwater flow into the river as compared to previous years (Fig. 7), thereby
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allowing the saltwater wedge to move further and further upstream in the following months, and salinity level persisted
rising substantially despite the large amount of the freshwater flow from upstream later, and this may be due to this inflows
are not sufficient enough to push accumulated salt wedge toward south, as a result of low slope of the river towards the
Gulf and the rise of the Arabian Gulf water level due to natural causes [18, 3] and this took time to reduce the salinity
intrusion in the river, makes the river water unfit for human consumption and unacceptable for irrigation practices.
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Figure 7: Monthly rate of discharge in the upstream of the Shatt Al-Arab River from 2014 to 2018

However, these salinity values were considerably higher than previous records. For instance, [40] mentioned that the
salinity of the river at Sindbad was 1.5-2.7%o during 1992-1993, whereas the salinity ranged from 0.96 to 5.00%o at the
same site during 2007-2008 [41]. [42] stated that the salinity of Shatt Al-Arab River at Abu Al-Khasib ranged from 0.7 to
1.4%o during 1997-1998. The salinity of the river at Abu Al-Khasib was 1.4-3.8%. during 2010-2011[21]. [43] found that
the salinity values of the river at Sindbad and Abu Al-Khasib were 1.5-8.1%o and 1.0-16.7%o, respectively during 2009-
2010. [22] stated that the salinity of Shatt Al-Arab river at Sindbad and Abu Al-Khasib ranged from 1.09 to 2.27%o and 1.4
to 6.19%o, respectively during 2011-2012. However, the values of 1.6-4.6%o were recorded at Abu-Khasib site during 2015-
2016 [44]. However, [7] reported that the main factors affecting salinity intrusion in the Valapattanam River, India are
river topography, the sea level variation, decrease in upstream runoff, increase in temperature, decrease in precipitation.
The impact of low water discharge in the Shatt Al-Arab River and the saltwater intrusion further upstream is well
documented by several authors [17, 43, 3, 20].

Other main findings of present study are the high percentage of marine species and the equally in the proportions of
native and exatic species in each of studied sites, this is a new happening compared to previous studies on this part of the
Shatt Al-Arab river. The marine, native and exotic species in Sindbad constituted 52.9, 23.5 and 23.5%, respectively, and
in Abu Al-Khasib were 63.6, 18.2 and 18.2%, respectively. [40] stated that the ratios of marine, native and exotic species
in Sindbad were 28.6, 61.9 and 9.5%, respectively during 1992-1993, whereas the proportions of these species in Abu Al-
Khasib during 2010-2011 were 52.2, 30.4 and 17.4%, respectively [21]. [22] mentioned that the percentage of the marine,
native and exotic species in Sindbad were 40.0, 37.1 and 22.9%, respectively, and in Abu Al-Khasib were 60.4, 24.5 and
15.1%, respectively during 2011-2012. [44] found that the ratios of these species Abu-Khasib site during 2015-2016 were
56.9, 21.6 and 21.6%, respectively. These variations in the ratios of the species may be due to increase in the salinity of
the river, as environmental conditions change, some fish species migrate in response to variation in salinity and moving up
and down the estuary [45, 46].

The most abundant species in Sindbad were P. latipinna, T .ilisha and O. aureus, whereas O. aureus, C. auratus and
P. latipinna in Abu Al-Khasib. It is clear that the exotic species dominated the fish community in the middle part of the
river, except in Sindbad, where the migratory species, T .ilisha occupied the second position, because this species exploit
this site for spawning every year [42, 47]. These results were contrasted with the findings reported earlier about the fish
assemblage in this part of the river. [40] stated that the most abundant species in Sindbad were A. marmid (51.8%), A.
dispar (18.8%) and P. abu (9.5%) during 1992-1993, whereas C. auratus (25.9%), L. klunzingeri (22%) and C. zilli (11%)
during 2011-2012 [22]. [21] Mohamed, et al. (2012a) found that the dominated species in Abu Al-Khasib were C. auratus
(37.3%), T. ilisha (19.4%) and P. subviridis (7.7%) during 2010-2011, while [22] revealed that C. auratus, T. ilisha and P.
klunzingeri were dominated the fish assemblage in this site during 2011-2012, constituted 46.1, 21.6 and 5.4%,
respectively. [44] found that the most abundant species in Abu Al-Khasib were C. auratus (19.7%), O. aureus (19.3%) and
C. zilli (12.4%) during 2015-2016.
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Further, during the present study fish diversity indices i.e. diversity, richness and evenness revealed that values were
2.37, 2.95and 0.88, respectively in Sindbad, and 1.96, 2.94 and 0.72, respectively in Abu Al-Khasib. Present findings are
in line with other workers who also observed seasonal changes in the fish diversity indices in this part of Shatt Al-Arab
river [47, 22, 44]. The richness index has a general tendency to show high values during spring months and reached to
highest values during May in both sites which could be attributed largely to the penetration of marine migratory species,
such as T. ilisha, T. whiteheadi, T. vitriastris P. Subviridis and P. bindus to reproduction or nursery or feeding, or migration
route corresponding with increased in salinity. This result is supported by the high percentage of the occasional species
which constituted 50% of the total number of species in Sindbad and 75% of species in Abu Al-Khasib. The effects of
decreasing river flow and salinity intrusion on the fish assemblages have been observed by different authors around the
world [11, 48, 49, 38, 50].

Finally, the findings of the present study indicate that the salinity values and the percentages of marine and occasional
species were considerably higher than that documented in the previous studies on this part of the river.
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