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Abstract

The present study aimed at the community of macrobenthic invertebrates in three stations of the Shatt Al-Arab River,
including Al-Muftia, Sendibad, and Al-Mohammadiat, and samples were collected for a period of six months, from July
2018 to December 2018, during which some environmental factors were measured. The macrobenthic invertebrate
samples collected in three monthly replicates for each station were isolated and identified, and the densities, relative
abundance, and ecological indices such as diversity, richness, and evenness were calculated. The results showed that
the ranges of environmental factors measured for the water of the study stations, in general, were as follows: air
temperature (26-39 °C), water temperature (20-32 °C), pH (7.1-8.1), electrical conductivity (5.1-10.7 mS/cm), dissolved
oxygen (6.6-9.8 mg/L), and calcium between (80.2-160.3 mg/L). During the study, 12 species of invertebrates were
recorded, two of which belonged to the phylum Annelida, five to the phylum Arthropods, and five to the phylum
Mollusca. The highest density of registered species was recorded (944 ind/m?) during December at the Mohammadiat
station for the species Melanoides tuberculata of Mollusca, and the highest relative abundance of registered groups was
for the Mollusca group and amounted to 95%.As for the diversity indices, the highest value of diversity was 1.42 in
Mohammadiat station during September, the highest value of richness was 1.61 in Sendibad station during November,
and the highest value of evenness was 0.82 in Mohammadiat station during October.
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1. Introduction

Rivers, streams, wetlands, and lakes are habitats for many small organisms known as macroinvertebrates. These
organisms include insects, crustaceans, Annelida, mollusks, and spiders, which are commonly used to describe animals
that lack spines and can be observed with the naked eye [1].

Macroinvertebrates are mostly slow-moving animals that form relatively stable communities in sediments that do not
change over long periods of time and are affected by sediment properties and the upper layer of water [2]. They can
also be collected and counted [3].

Macroinvertebrates play an important and essential role in the ecosystem of which they are a part, as they represent
food for fish, amphibians, and waterfowl they contain high amounts of elements and proteins and are easily digestible,
thus forming the main source of fish food [4].They break down organic matter and nutrients when aquatic plants die or
are eaten by herbivores, resulting in non-living organic matter (litter), which becomes available to atrophic
microorganisms as a source of energy, and break down or decompose these organic materials to release the remaining
energy, materials, and elements, which are later used by aquatic plants and algae. That is, it accelerates the process of
breaking down organic matter into simple inorganic substances such as nitrates and phosphates [5], and thus is the link
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between primary producers and secondary consumers [6]. Many also live in water for over a year; some have long stays
[7], and some have a short larval stage and are used as guides for acute and chronic stimulants [8].

Some studies have been conducted on macrobenthic invertebrates in the Shatt al-Arab River, including the study by [9]
on the potential of some snails as bioindicators of trace metal levels in the East Hammar marsh near the Shatt Al-Arab
River [10], which showed the possibility of using functional analysis of the composition of the macroinvertebrate
community as an alternative to the characteristics of the ecosystem. [11] studied the seasonal variation of aquatic
Annelida and some macrobenthic invertebrates from northern Basrah City, and [12] studied the community of
macrobenthic invertebrates in three different aquatic habitats in southern Iraqg, one of which was Shatt al-Arab. There
are local studies that dealt with macroinvertebrate groups individually, including the study of [13] on the diversity of
Mollusca in the southern part of the Euphrates River, and [14] recorded a type of Mollusca for the first time in the Shatt
Al-Arab River. The current study aimed to investigate the community of macrobenthic invertebrates at three stations in
the Shatt Al-Arab region and to apply ecological indices to them.

2. Material and methods

2.1. Description of study area

Three study stations were chosen, all located in Shatt Al-Arab (Fig.1). The Al-Muftia station (the first) was characterized
as being close to the Iraqi ports and the presence of wrecks of some ships and many fishing boats, as well as the presence
of some plants represented by Bacopa monnieri and reeds Phragmites australis.

The AL-Sendibad Station (the second) was 2.5 km from the first station. It is characterized by the speed of its water flow
and plant types represented by papyrus Typha domingensis, P. australis, Ceratophyllum demersum, and Vallisneria
spiralis. Al-Mohammadiat station (the third) was also characterized by the speed of the water currents and the presence
of aquatic plants represented by T. domingensis, P.australis, C. demersum, and V. spiralis.it was5.75 km away from the
first station. Station locations were determined using a Geographical Positioning System (Table 1). The aquatic plants
were classified according to [15] and [16].
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Figure 1 Map of study stations
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Table 1 Coordinates of Study Stations

Station Coordinates

Al-Muftia (St.1) "No:30 34 993 E:47 46 443"
Al-Sendibad (St.2) "No: 30 33 881 E:47 47 496"
Al-Mohammadiat (St.3) | "No: 30 32 522 E:47 49 593"

2.2. Physical and Chemical Factors

During the study period, physical and chemical factors, including air and water temperature, electrical conductivity,
potential hydrogen (pH), and dissolved oxygen, were measured using the Winkler method and calcium.

2.3. Sample collection

The monthly samples were collected using the quadrate method, as a metal square with a side length of 30 cm was used,
and the samples were collected for a period of six months and by three replicates from each station during daylight
hours for the period from July 2018 to December 2018, during the lower tide period, and the three replicates were
distributed over the intertidal zone As the first replicate was chosen from the upper area from which the tidal water
recedes first, the second replicate from the middle region, and the third replicate was taken from the lower area at the
lowest flow, The samples were then fixed in the field using 4% formalin and transferred to the laboratory for isolation
and identification

2.4. Identification
Several different taxonomic keys were used to identify macrobenthic invertebrates for the group of annelids used [17],

arthropods by [18], [19], and [20], and mollusks by [21] and [22].

2.5. The structure of the community

2.5.1. Qualitative structure

The qualitative structure of macrobenthic invertebrates was clarified according to the taxonomic keys mentioned
earlier, as the macrobenthic invertebrates whose presence was recorded at the study stations were identified as the
lowest classification taxa.

2.5.2. Quantitative structure

e Density
The density (ind/m?2) of the classification taxa recorded during the study was done according to the method of [23]
using quadrat as the equation:

Benthos No/m? = ------- x 1000 A.S

Whereas:

N = Number of organisms collected per sample,
A = Area of collecting tool (30*30 cm)

S = Replicates were performed.

e Relative abundance (Ra)

Relative abundance is calculated according to the equation given in [24]:
Ra(%) =(N/Ns)* 100
Whereas:

Ra (%) = relative abundance
N = number of individuals of one species in the sample and Ns = total number of individuals.
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e Ecological indices

Ecological indices (diversity, richness, and evenness) were calculated using this program.
PAST, Version 1.34 (Paleontological Statistics)
e Diversity index (H)
The diversity index value, according to [25] and [26] was calculated using the following equation:
H=-Y PilnPi
Whereas:

H = Diversity Index
Pi = Ratio of the number of members of each species to the total number.

e Richness index (D)

The evidence of richness was deduced from the equation developed by [27] as follows:
D =S-1/InN
S = number of species and N = total number of individuals in the sample.

e Index (]) Evenness

The equitability index [28] is obtained using the following equation:
J=H/InS as
] = Index of Equivalence,

H = Index of Diversity,
S=the number of species.

3. Results

3.1. Physical and Chemical Factors

3.1.1. Air temperature

The highest air temperature was 39 °C and was recorded at the second and third stations in July; the lowest was 26 °C
and was recorded at the third station in December (Fig. 2).
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Figure 2 Monthly changes in air temperature (°C) recorded at the study stations during the sample collection period
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3.1.2. Water temperature

The highest water temperature was 32 °C, recorded at the second station in July, the lowest at 20 °C, and the third station
in December (Fig. 3).
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Figure 3 Monthly changes in water temperature (€) recorded at the study stations during the sample collection
period
3.1.3. pH

The highest pH value 8.1 was recorded at the third station in August, and the lowest 7.1 was recorded at the second
station in October (Fig. 4).
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Figure 4 Monthly changes in pH recorded at the study stations during the sample collection period

3.1.4. Electrical conductivity

The highest electrical conductivity was 9.2 mS/cm, recorded at the third station in December and the lowest 5.1 mS /
cm at the first station in July (Fig. 5).
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Figure 5 Monthly changes in electrical conductivity recorded at study stations during the sample collection period
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3.1.5. Dissolved oxygen

The highest dissolved oxygen value recorded in December at the third station was 9.8 mg/], while the lowest was 6.6
mg/1 during July at the first station (Fig. 6).
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Figure 6 Monthly changes in dissolved oxygen values recorded at study stations during the sample collection period
3.1.6. Calcium
The highest value of calcium ion was recorded in the second station during September and October amounted to 160.3

mg/1, while the lowest value was recorded during July at the first and third stations and amounted to 80.2 mg/l. (Fig.
7).
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Figure 7 Monthly changes in calcium levels recorded at study stations during the sample collection period
3.2. Community structure

3.2.1. Qualitative structure

The macrobenthic invertebrates recorded during the current study belonged to three phyla: annelida, arthropods, and
mollusks. The total number of species recorded during the study period was 12. Two belonged to the phylum Annelida,
five species of arthropods, and the other five molluscs. Seven species were recorded at Al-Muftia station (St.1),11 at
Sendibad station (St.2), and nine species were recorded at Al-Mohammadiat station (St.3) (Table 2).
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Table 2 Composition of macrobenthic invertebrate communities recorded at the study stations.

Taxa Stations

Phylum1: Annelida St.1 St.2 St.3
Dendronereides heteropoda | + + +
Limnodrilus hoffmeisteri + + -
Phylum2: Arthropoda

Parhyale basrensis - + +
Sphaeroma a annandalei + + +
Metapeneaus affinis + + +
Seasarma boulengeri - + +
Amphibalanus amphitrite - + +
Phylum3: Mollusca

Melanoides tuberculata + + +
Melanopsis nodosa + + +
Melanopsis costata - - +
Neritina violacea - + -
Corbicula fluminalis + + -

+ exists and - does not exist.
3.2.2. Quantitative structure

Monthly density of species

Table 3 Monthly changes in density (ind/m?) of macrobenthic invertebrates recorded at the First station during the
study period.

Taxa Density (ind/m2)

Phylum1: Annelida July | August | September | October | November December
Dendronereides heteropoda 4 0 7 7 4 0
Limnodrilus hoffmeisteri 0 7 7 19 0 0
Phylum2:Arthropoda

Sphaeroma a annandalei 4 7 15 0 19 44
Metapeneaus affinis 0 4 4 0 37 0
Phylum3: Mollusca

Melanoides tuberculata 148 | 56 96 59 296 274
Melanopsis nodosa 0 0 4 0 22 0
Corbicula fluminalis 0 4 0 0 0 11

The highest density of D. heteropoda of annelida was recorded in October and November in the third station, amounting
to 11 individual /m? and for L.hoffmeisteri in the first and second stations, it reached (74 and 19) individual/ m2 during
December and October, respectively. S. annandalei reached (163 and 333) individuals/m2, respectively, and M. affinis
in the third station and reached 44 individuals / m? during December. Still, within the mollusk group, it reached the
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highest density (944, 888, and 296) individual / m? for the species M. tuberculata during December in the second and
third stations, respectively. During November at the first station, the lowest density was 0 individual/m2. It was
recorded during the months of the study for some species belonging to groups of annelida, arthropods, and mollusk at
the study stations (Tables 3,4 and5).

Table 4 Monthly changes in density (ind/m2) of macrobenthic invertebrates recorded at the second station during the
study period

Taxa Density (ind/m2)

Phylum1: Annelida July | August | September October | November December
Dendronereides heteropoda | 0 0 7 11 26 7
Limnodrilus hoffmeisteri 37 | 44 56 67 30 74
Phylum2: Arthropoda

Parhyale basrensis 0 11 15 7 44 0
Sphaeroma a annandalei 7 7 26 0 333 41
Metapeneaus affinis 0 0 0 0 11 41
Seasarma boulengeri 4 0 7 0 4 7
Amphibalanus amphitrite 7 4 11 15 7 15
Phylum3: Mollusca

Melanoides tuberculata 366 | 374 426 207 518 888
Melanopsis nodosa 0 0 11 15 4 11
Neritina violacea 0 4 4 11 4 7
Corbicula fluminalis 0 0 0 0 0 7

study period.
Taxa Density (ind/m2)
Phylum1: Annelida July | August | September October | November December
Dendronereides heteropoda | 0 4 7 11 11 0
Phylum2: Arthropoda
Parhyale basrensis 15 | 56 48 0 41 19
Sphaeroma a annandalei 0 0 52 0 163 56
Metapeneaus affinis 0 0 0 0 7 44
Seasarma boulengeri 0 0 4 0 0 4
Amphibalanus amphitrite 7 0 4 4 7 4
Phylum3: Mollusca
Melanoides tuberculata 274 | 185 152 22 352 944
Melanopsis nodosa 4 7 11 0 0 7
Melanopsis costata 7 0 15 0 0 7

Table 5 Monthly changes in density (ind/m?) of macrobenthic invertebrates recorded at the third station during the
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Monthly Relative Abundance of Species for Study Stations

The relative abundance of each species within the main group and at each study station was studied. M. tuberculatahad
the highest monthly relative abundance in all study stations (95, 86.9 and 89) %, respectively, in the three study stations
during July. The lowest relative abundance was 0 %, recorded for some species during the study months and at all
stations (Fig. 8,9 and 10).
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Figure 8 Monthly changes in the relative abundance (%) of marine invertebrate species at the First Station
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Figure 10 Monthly changes in relative abundance (%) of macrobenthic invertebrate species at the Third Station
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Monthly relative abundance of main groups for each station during the study

The monthly relative abundance of the main groups of macrobenthic invertebrates was calculated at all study stations,
and the Mollusca group occupied the highest relative abundance of all stations, amounting to (95,87 and 93) % during
July at the three study stations, respectively (Table.6).

Table 6 Monthly changes in the relative abundance of the main groups of macrobenthic invertebrates recorded during
the study period.

Taxa Relative abundance (%)

Phylum Stations July | August | September October November December
Annelida St.1 25 |10 11 30 1 0
Arthropods St.1 25 | 14 14 0 15 13.5
Mollusca St.1 95 |76 75 70 84 86.5
Annelida St. 2 9 10 11 23 6 7
Arthropods St. 2 4 5 11 7 41 14
Mollusca St. 2 87 | 85 78 70 53 79
Annelida St.3 0 2 3 30 2 0
Arthropods St.3 7 22 37 10 38 12
Mollusca St.3 93 |76 60 60 60 88

3.3. Ecological indices

3.3.1. Al -Muftia(St.1)

Diversity index values for macrobenthic invertebrates ranged from 0.22-0.99, with the lowest in July and the highest in
September. Regarding the richness index, the lowest value was 0.45 in December, with the highest being 1. 39 were
recorded in September. The evenness index values ranged from 0.21-0. 73, with the lowest recorded in July and the
highest in October (Fig.11).

M Shannon H ™ Margalef Evenness

Indices value

Months

Figure 11 Monthly changes in ecological indices values for benthic invertebrates at the first station

3.3.2. Al-Sendibad(St.2)

The lowest value of the diversity index for macrobenthic invertebrates was recorded in July (0.52), with the highest
value of 1. 21, and was recorded in October. The richness index values ranged from 0.85.1. The 61 lowest was recorded
in July and the highest in November. The evenness index values ranged from 0.32-0. The 62 lowest was recorded in July
and the highest in October (Fig.12).
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Figure 12 Monthly changes in ecological indices values for benthic invertebrates at the second station

3.3.3. AL-Mohammadiat(St.3)

Diversity index values for macrobenthic invertebrates ranged from 0.48- 1.42, with the lowest recorded during July and
the highest during September. Richness index values ranged from 0.71-1.61. The lowest was recorded in August and
the highest in September. Evenness index values ranged from 0.28-0. The 82 lowest recorded during December and the
highest recorded during October (Fig.13).

®Shannon H ™ Margalef Evenness
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Figure 13 Monthly changes in ecological indices values for benthic invertebrates at the Third Station.

4. Discussion

The current study showed that the density and abundance of macrobenthic invertebrate aggregates are not
heterogeneous between study stations, and such data can be used to analyze the seasonal variations in benthic
invertebrates and their diversity, as well as the seasonal variations in water quality variables.

One of the most important reasons for these groups of macroinvertebrates in Shatt al-Arab is the presence of vegetation.
One of the characteristics and advantages of the water body is the presence of vegetation, as aquatic plants prepare a
surface for macrobenthos to live in, as they balance water flow, light, and heat transmittance.

Salinity is an important environmental factor, and macroinvertebrate communities have different tolerances to salinity;
in general, crustaceans are more able to withstand increased salinity than insects.

The diversity of large invertebrates at different freshwater sites varies depending on the season, life cycle, runoff, water
quality, and habitat. The Mollusca group recorded a high abundance for the rest of the groups and came in second place
group arthropods, perhaps due to the success factors characterized by the phylum of arthropods [29] found that the
arthropods could adapt to diverse environmental habitats; owing to the multiplicity of feeding patterns and

18



GSC Advanced Research and Reviews, 2023, 15(03), 008-021

physiological behavior. The high abundance of the Mollusca group is due to the species M.Tuberculata as this species, is
characterized by its abundance and dominance in most freshwater and brackish water environments, and this is
identical to the study of [30], as it recorded the highest abundance in the Euphrates River.

The group Annelida has occupied the least abundance for the rest of the groups due to environmental instability. [31]
explained that the presence of worms in the tidal zone is strongly associated with the change of seasons and the bottom
quality.

This fluctuation in benthic density and abundance is due to multiple factors, including longevity, migration, the growth
rate of the organism, and decimation, as well as a direct correlation between the velocity of currents and the density of
macrobenthic invertebrates [32]. This fluctuation in the density and abundance of the main benthic invertebrates
during the different seasons was considered normal [33]. Species abundance and diversity are influenced by changes in
a habitat's physical, chemical, and biological characteristics [34].

The Mollusca group recorded the highest density and abundance in the current study, which may be because gastropods
prefer running water saturated with oxygen more than water with little ventilation [35].This group is also characterized
by a high ability to reproduce and spread; therefore, it builds an integrated population wherever appropriate conditions
are available [36].The responses of different classes vary according to environmental factors [37].

In terms of diversity, the highest diversity was recorded at Sendibad station during October, as well as a value close to
that at Al-Mohammadiat station during September, reflecting macroinvertebrates' preference for environmental
conditions during these months [38]. The regions characterized by clear thermal seasonal changes become highly
diverse and abundant, and the study of [39] showed a preference for macrobenthic invertebrates to low and temperate
water temperatures, which was recorded in the current study.

As for the evenness index, which is used as an environmental indicator of the presence of disturbance or imbalance in
the habitats of the environment [40], the lowest value was recorded in December at Muhammadiat station because of
the dominance of one species of Mollusca over the rest of the species, while the highest value was recorded during
October for the same station because of the spread of species in an almost integrated manner.

5. Conclusion

The community of macrobenthic invertebrates was observed and documented at three stations in the middle section of
the Shatt al-Arab River. The presence of certain aquatic plants characterizes these stations. Macrobenthic invertebrates
included species from the annelida, arthropod, mollusk gastropod, and bivalve communities. Throughout the study
period, the mollusk community exhibited the highest relative abundance. The station at Mohammadiat had the greatest
diversity of benthic invertebrate communities, whereas the station at Sendibad had the highest species richness.
Additionally, Mohammadiat demonstrated the highest evenness among the recorded communities.
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