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Abstract - Fish assemblage composition in the Euphrates River southern
Thi-Qar province was assessed from January to December 2018. Various
fishing methods were used to collect the samples. A total of 3010 specimens
of bony fishes were caught represented 17 species, 17 genera, ten families
and six orders. The species included ten native fish species and seven exotic
fish species. The Abu mullet Planiliza abu was the most abundant species
formed 26.21% of the total caught, blue tilapia Oreochromis aureus 19.30%,
Prussian carp Carassius gibelio 17.48% and Redbelly tilapia Coptidon zillii
13. 29% of the total number of species. The dominance index (D3) value of
the highest abundance represented by three fish species that preside the
study area forming 62.99%, there are P. abu, O. aureus and C. gibelio. The
occurrence of fish species contained seven fish species formed 92.03% of
the total species caught. Seasonal fish species comprised of three fish
species included 6.51% and occasional fish species contained seven species
represented 1.46% of the total number of species. The diversity index values
appear as poor ranged from 1.59 in December to 2.07 in April. Richness
index values pointed to disturbing status, varied from 1.21 in September to
2.00 in May. Evenness index tends to be balanced, fluctuated from 0.79 in
June to 0.91 in February and July. The present study verified the prevalence
of the small-sized tolerance fish species represented by one native and three
exotic species, with rarely or absence of the keystone native fish species of
fish communities predominating the south of Iraq.
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Introduction

The Euphrates River is one of the longest rivers in Southwest Asia, passes during its path in
many different habitats. Several dams were constructed along the section of the river, starting
from its source to the place that confluence the Tigris River at Qurna town. The fragmentations
of habitats cause the loss of spawning ground and migration routes of native local fish species
and generally modify species composition (Benejam et al., 2014). After the absence or rarity of
some endemic species which substantially represent the historical core of fish assemblage like
cyprinid species in the area (Mohamed and Abood, 2017).

Overexploitation is a common problem for fish communities around the world due to the use
of effective fishing methods that cause a decrease in fish stocks (Priyanka and Dwivedi, 2015),
in addition urbanization as a result of human activities represented by mineralogy and
industrialization and reducing forest areas increased loss of biodiversity (Mgbemene et al.,
2016), also there are evidence indications revealed that extinction of species prejudicial to the
stability and sustainability of the Earth's biosphere (Cardinale et al., 2012; MacDougall et al.,
2013).

Fish populations composition are used as environmental indicators of response to habitat
degradation, natural conditions, environmental pollution and ecosystem productivity, therefore
freshwater fauna is one of the most vertebral groups vulnerable to extinction rates, of five times
higher than terrestrial fauna and three times compared to marine mammals (Cooke et al., 2005;
Burkhead, 2012). However fish assemblages have a dynamic structure according to the nature
of the interaction with biotic factors particularly competition, predation and aggressive behavior
(Siqueira-Souza and Freitas, 2004). Moreover, abiotic variables have considerable effect on
water criteria which directly related to the biodiversity in the river (Mondal et al., 2010).

Li et al. (2010) pointed out that ecological indices are very important to measure the effect
of contaminations on the biology of populations and their role to determine the efficiency in the
monitoring of species abundance and temporal and spatial of hydrological variation on the
assemblages of fishes in the rivers' ecosystems.

Several studies were carried out on Euphrates River southern Thi-Qar city evaluating fish
community structure, Al-Noor et al. (2009), collected 23 fish species from the lower the
Euphrates River, eight of them belonging to marine species. Abdullah (2017) collected 23 fish
species, 23 genera belonging to 11 families, the diversity index ranged from 1.11 to 1.92 from
the Euphrates River. Al-Helli ez al. (2019), studied the fish assemblages in the Euphrates River
at Al-Samawa City, Southern Iraq and recoded 24 fish species affiliated to ten families, 17
species of them were native species, whereas seven were alien fish species.

Abdullah et al. (2017) studied the fish community structure in the lower parts of the
Euphrates River, in Thi-Qar southern province, collected 16 fish species. Abdullah (2019)
investigated fish assemblage and impact of oscillation between drowning and drought on Fish
size-spectrum in the Al-Chibyaish marsh and caught 15 fish species belonging to 15 genera and
six families.

The objective of the present study is to evaluate the assemblage of fish with a highlight on
some ecological factors on the Euphrates River southern Thi-Qar province.
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Materials and Methods

The Euphrates River is the longest in Western Asia, its length extends to 2786 km, the river
originates from southeastern Turkey and run to the south of Syria, then enters in Iraq, and join
the Tigris River in southern Iraq at Qurna town (Al-Nasari ef al., 2018).

The study was conducted on the Euphrates River southeast Al-Nasiriya City in the area
extending about 25 km, from west Al-Fuhud about Skm at the point of meeting of two branches
of the river (N 30° 56" 24", E 46° 43 48") to Al-Chibayish town (N 30°57 36", E 46° 58 12").
The study area was determined by GPS. The samples were monthly collected from the area in
the period from January to December 2018. Many types of nets were used in sampling, like
seine nets (60 to 80 m length, 3 to 5 m height 22 to 44mm mesh size), drift gill nets (40 to 50m
length mesh size 24 to 50mm), fixed gill nets (40 to 60m length mesh size 24 to 50mm) and
cast nets (24mm mesh size) (Fig. 1).

Some environmental factors were measured at the same time of the sampling. These are:
Water temperature, salinity (PSU), and Hydrogen ion (pH) concentration.

it

Figure 1. Map the study area of the Euphrates River from Al-Chibyaish to Al-Fuhud.

Fish Populations’ Analysis:

Relative abundance was expressed according to Odum (1970), dominance (D3) as in Kwak
and Peterson (2007) and occurrence as in Tyler (1971). Fish diversity was calculated according
to Shanon and Weaver (1949), richness as in Margalef (1968), and evenness as in Pielou (1977),
and K-dominance is due to Lambshead (1983). Identification of fish was done according to
Froese and Pauly (2020).

Statistical Analysis:

In order to identifying the statistical relationships the analysis of variance (ANOVA) used
among the number of species and individuals (P<0.05) in each month. A Statistical Package for
Social Science-ver.20 program (SPSS) was used. The study period was divided into four-month
groups according to temperature averages converge, the first group includes December, January
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and February, the second group March, April, May the third group June, July and August and

September, October and November. The correlations among temperature, salinity and

Hydrogen-ion with the number of species and individuals were done by the same program.
Canonical Correspondences Analyses program (CCA) was used to measure the relationships

between the number of species and individuals and some of the environmental variables (Ter
Braak, 1999).

Results
Ecological Factors:

The monthly variations in the values of water temperature, salinity and hydrogen-ion
concentration in the Euphrates River south of Thi-Qar province were expressed in Figure (2).
Water temperature ranged from 11°C in January to 34°C in July. Salinity varied from 1.38 PSU
in March and 3.54 PSU in August, while the pH values fluctuated from 7.12 in August and 8.43
in December.
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Figure 2. Monthly changes in some ecological variables in the Euphrates River southern Thi-
Qar province.

Fish composition and some ecological variables:

Canonical correspondences Analysis (CCA) diagram highlights the correlation relationships
as coefficient value (r) among the number of species, individuals, water temperature, salinity
and pH (Fig. 3). Weak positive correlation relationship (0.277), (0.441) was found between
temperature and the number of species and individuals respectively. Negative relationship (-
0.297) was obtained between salinity and the number of species, while weak positive correlation
(0.455) was detected between salinity and the number of individuals. Positive relationship
(0.874) was shown between hydrogen-ion (pH) and the number of species, whereas a weak
negative correlation (0.122) was recorded between hydrogen-ion and the number of individuals.
A Strong significant correlation appeared between salinity and temperature (0.771"), whereas
a significant negative relationship (-0.840") was obtained between temperature and hydrogen-
ion concentrations. A strong negative significant correlation (-0.777"") was found between
salinity and hydrogen-ion concentration.
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Figure 3. Canonical correspondences Analysis (CCA) expressing the relationships between
temperature, salinity, pH and the number of species and individuals in the lower reaches of the
Euphrates River. No. Sp.: Number of species, No. In.: Number of individuals, Wt.:
Temperature, Sa.: Salinity, pH: Hydrogen ion.

Fish Species Composition:
Species Number:

Fish fauna collected through the period of the study comprised 17 species, 17 genera, ten
families and six orders all of them were bony fishes collected from the Euphrates River south
of Thi-Qar province (Table 1). The native species represented ten fish species and seven were
exotic species. The number of species in the study area was varied from seven fish species in
December (composing 41.18%) and 12 species in May (forming 70.59%) of the total species
caught (Fig. 4). Significant differences (P< 0.05) were found among the number of species
among the study months.

Number of Individuals:

Various differences in the number of individuals were found in the study area. A total of
3010 individuals of fish were caught from the river, the lowest number of individuals in
December (97 fish) comprising 3.22% of the total, whereas the highest (607 specimens) was
recorded in October (20.17% of the total number of fishes) (Fig. 4).

A Weak positive correlation (0. 153) was detected between the number of species and
individuals. The variance analysis showed significant differences (P< 0.05) between December,
January and February group and September, October and November group.
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Figure 4. Monthly variations in the number of species and individuals in the Euphrates River
southern Thi-Qar province.
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Relative Abundance:

Four species presided the numerical relative abundance in the study area forming 76.28% of
the total number of species during January to December 2018. Planiliza abu formed 26.21% of
the total number of species, Oreochromis aureus 19.30%, Carassius gibelio 17.48% and
Coptidon zillii 13. 29%. Cichlidae the most abundant family formed 32.59% and contained two
species followed by Mugilidae of one species (P. abu) composing 26.21% and Cyprinidae
comprised of five species and constituted 21.88% (Table 1).

Table 1. The relative abundance of species and their Families and Orders in the Euphrates
River southern Thi-Qar province from January to December 2018.

Family % species % Order
Carassius gibelio* 17.48
Carasobarbus luteus” 3.26
- Cyprinus carpio® 1.06
Cyprinidae 21.88 Luciobarbus xanthopterus” | 0.07
Mesopotamichthys .
sharpeyi 0.03 | Cypriniformes
Xenocyprididae | 0.4 | Hemiculter leucisculus® 0.40
Acanthobrama marmid 2.19
Leuciscidae 14.45| Alburnus mossulensis 9.70
Leuciscus vorax " 2.56
Siluridae 3.49 | Silurus triostegus” 3.49 Siluriformes
Heteropneustidae| 0.30 | Heteropneustes fossilis” 0.30
Mastacembelidae| 0.47 Mastacembelus 0.47 | Synbranchiformes
mastacembelus N
S Coptodon zillii 13.29 R
Cichlidae 32.59 Oreochromis aurous 1930 Cichliformes
Aphaniidae 0.07 | Aphanius dispar ¥ 0.07 . .
Poeciliidae 0.13 | Gambusia holbrooki £ 0.13 Cyprinodontiformes
Mugilidae 26.21| Planiliza abu N 26.21| Mugiliformes

N: Native E: Exotic

The dominance index (D3) of the three fish species that preside the study area formed 62.99%
of the total are: P. abu, O. aureus and C. gibelio, whereas the rest of species constitute of
37.01% of the total (Fig. 5 & 6).
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Figure 5. K-dominance to showing the cumulative abundance frequency in the study period.
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Figure 6. Dominance index (D3) of the three dominant species in the study area.

Occurrence of Species:

The monthly fish assemblage occurrence represented three groups. The common fish
contained seven species (formed 92.03% of the total), three species of which appeared in 12
months (C. gibelio, P. abu and O. aureus), one species was present in 11 months (S. triostegus)
two species (C. zillii and L. vorax) were caught in ten months and A. mossulensis was caught in
nine months. On seasonal basis, the fish species comprised of three fish species forming 6.51%
of the total species and occasional fish species contained seven species (1.46% of the total), C.
luteus, and A. marmid appeared in seven months and C. carpio was collected in six months.

Occasional fish species included seven species forming 1.46% of the total, H. leucisculus,
M. mastacembelus were collected in four months, H. fossilis in three months, and L.
xanthopterus, A. dispar, G. holbrooki and M. sharpeyi occurred in one month (Table 2).
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Table 2. The occurrence of fish species by groups and their monthly appearance in the
Euphrates River southern Thi-Qar province.

Species Occurrence
Group Months %
C. gibelio 12
P. abu 12
O. aureus 12
S. triostegus common fish 11 92.03
C. zillii species 10
L. vorax 10
A. mossulensis 9
C. luteus 7
A. marmid Seasone'll fish 7 6.51
C. carpio speetes 6
H. leucisculus 4
M. mastacembelus 4
H. fossilis . 3
L. ){anthopterus Occa51oqa1 fish 1 1.46
A. dispar specles 1
G. holbrooki 1
M. sharpeyi 1

Ecological Indices:

The ecological indices exhibited remarkable monthly changes. The diversity index values
ranged from 1.59 in December to 2.07 in April. Richness index values varied from 1.21 in
September to 2.00 in May, while the evenness index fluctuated from 0.79 in June to 0.91 in

February and July (Fig. 7).
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Figure 7. Monthly variations in the ecological indices in the Euphrates River, southern Thi-

Qar province.
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Discussion

The present results showed that the temperature commonly has an excessive range during
cold and hot months, with this range the species P. abu still occupies the highest rank (26.21%)
of the total species richness in the region due to it has high resistance to environmental
conditions as well as the availability of its food components (organic detritus, diatoms, algae,
and plants), in addition of having a small size, making it adapted to live under various difficult
circumstances. The cichlid species: O. aureus and C. zillii have wide range of tolerance and can
influenced on the local fish composition by predation, competition beside its impact on the
carrying capacity of the habitat, aggressive behavior and rapid reproduction with that it can
consume an extended range of food elements. Carassius gibelio had high abundance due to its
possessing of high resistance to temperature, salinity and consumes a wide range of food items.
However, most recent studies declare that habitat deterioration basically expedite mechanism
displacement of local endemic species (Parks et al., 2014).

The present study reported a negative correlation between the number of species and salinity,
a weak relationship with temperature due to the absence or rarity of some native species that
represented the keystone in the structure building of fish community, therefore increased
temperature and salinity rates forced the sensitive fish species to disappear or leave the site.
These results correspond with most studies that executed in southern Iraq (Mohamed et al.,
2015; Abdullah, 2017; Abdullah et al., 2018), which corroborate the absence or rarity of some
of the native species in this region such as Arabibarbus grypus, Luciobarbus xanthopterus and
Mesopotamichthys sharpeyi, whereas the positive correlation between salinity and number of
individuals is due to increasing the number of individuals of tolerant native (P. abu) and alien
species represented by O. aureus , C. zillii , O. niloticus and C. gibelio, these correlations
confirm the validity of the present results, that representing the present situation of the
deteriorating aquatic ecosystems in southern Iraq (Mohamed & Abood, 2017; Abdullah, 2019).

Increased temperature and salinity may alter fish assemblage structure; this may lead to an
impact on all feeding levels of fish that feeding on phytoplankton and small fishes (Beaugrand,
2009). The variations in these parameters (temperature and salinity) will have strongly impact
on small-sized fish communities which reinforce connective position in food webs (Souza et
al., 2018). The results revealed a noticeable rise in the concentrations of salinity from May to
October due to low water levels, as well as higher temperatures which lead to increase
evaporation rates (Abdullah et al., 2017). The results showed that the pH values in the study
area are within the basic direction and consonant with the criteria that recorded in the Iraqi
inland waters, it tends to be with species tolerance (Hussain ez al., 2008; Abdullah ef al., 2017).

However a significant shifting in fish community structure was noticed in the last few years
due to the entry of many exotic species, in addition to the absence or scarcity of some sensitive
endemic fish species because of habitat degradation (Dudgeon et al., 2006; Mohamed and
Abood, 2017) (Table 3).

The native fish species formed the keystone species of fish populations in the inland waters,
and despite of their low abundance rank, they become rare in southern Iraq. Generally,
continued entry of exotic species, caused increase the numbers of their individuals over time,
generated more stress on native fish species' and altered the composition of fish communities
(Rahim et al., 2013).
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Table 3. Comparison of the composition of fish populations' in Euphrates River with those of
adjacent regions.

No. of | Native | Exotic | Marine | Sample
. Reference
Species sp. sp. sp. Date
Mohamed et al.

22 10 5 7 2005 (2006)

21 10 4 7 2005 | Al-Noor et al. (2009)

23 10 8 5 2016 | Abdullah (2017)

16 10 7 - 2016 | Abdullah et al. (2017)

17 10 7 - 2018 | The present study

The number of individuals is remarkably differed during the season, depending on the
temperature, when it is moderate, the organisms exert their vital activities such as nutrition,
reproduction, and migration, and therefore it is easy to catch. The recruitment is always the
most important agent influencing the fish movement, so the difference in size and composition
of fish affect the possibility of catch (Allen and Pine, 2000).

The present results revealed that the highest tolerant fish species were the highest abundant
species such as P. abu, O. aureus, C. zillii and C. gibelio, these considerably correspond with
the present result and the majority of recent studies that had been done in southern Iraq
(Mohamed et al, 2015; Abdullah, 2017; Abdullah ef al., 2018).

The present results verify the decline in numbers of some native species in southern Iraq,
which represented the core of historical fish assemblage constituents that may results the
deterioration of the ecosystem and increase the proportion of exotic species coincides with high
number of individuals (Hughes et al., 2005; Smith et al., 2014).

Species distribution and occurrence as a result of species functions and specification such as
size, resistance to difficult conditions, length of the breeding season, food availability and own
high tolerance to anthropogenic and hydrological variations (Hoagstrom et al. 2011). These
factors may explain the presence of C. gibelio, P. abu and O. aureus through the year. The
present work trends concur with most recent investigations implemented in the southern regions
which affirm the prevalence and occurrence of extremely tolerant species in the habitats.
Warwick et al. (2008) pointed out that the plot of k-dominance visually depicts species richness
and evenness, the species richness reflects the number of divers species represented in a short
curve in the chart as July, September, December, but the steep gradient of the curve refer to low
species evenness as shown in May, October and December.

Overall, diversity and richness indices values were low, due to the decrease in numbers of
fish species in the river section, with slightly fluctuated among seasons, but there is a tendency
of reduction in the values of diversity and richness indices from November to February these
are probably to the migration of some species to deep areas when water temperature decline as
the temperature is strongly correlated with the number of species and the total number of
individuals (Hussain, et al., 2009). However, the dominance of a few numbers of fish species
caused shafting in the values of diversity and richness to be poor and disturbed, this finding is
consistent with the general trend of the habitat in southern Iraq (Hussain et al., 2012; Abdullah
et al.,2017). The evenness index ranged between 0.79 to 0.91 these results could be due to high
relative abundance of five species (P. abu, O. aureus, C. gibelio, C. zillii and A. mossulensis)
over the year which increase population stability and ultimately increase range value of
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evenness index (Hussain ef al., 2009). Ecological indices values in the present study correspond
with the trends of previous studies conducted in the south of Iraq (Table 4).

Table 4. Comparison of diversity, evenness and richness indices with the previous studies.

Reference Study Region D%Vers1ty R%chness E\{enness
index index index
Hussain et al.
(2008) Suq Al-Shuyukh 1.2-2.05 | 1.2-2.20 | 0.52-0.86
Hussein et  al| The southern sector of
(2015) the Euphrates River | 407171] 1:25-174] 0.67-0.86
The lower of the
é%‘i‘;l)lah el Euphrates 1.46-2.04| 1.25-2.34| 0.65-0.86
River, Thi-Qar city
Abdullah (2019) Al-Chibyaish marsh | 1.38-1960.96-1.96] 0.68-0.85
Present Study Southern Thi-Qar | | 55 5 1711 512,00/ 0.79-0.91
province

Conclusion
The study confirmed the prevalence of small and tolerant exotic fish species with the absence
or scarcity of the main species representing the nucleus of the historical fish community.

Acknowledgements

The author thanks the Department of Marine Vertebrate, Marine Science Center, University
of Basrah, and all fishermen of southern Al-Nasiriya City for helping in the collection of fish
samples.

References

Abdullah, A.H.J, Abdullah, S.A. and Al-Robayii, O.A.A. 2018. Spatial and temporal pattern of
sympatric fish assemblage in the Al-Sweib River South of Iraq. J. Kerbala for Agric. Sci.,
5(5): 1-17. http://journals.uokerbala.edu.ig/index.php/Agriculture/article/view/139/230

Abdullah, A.H.J. 2017. Diversity, abundance and community structure of fishes in the lower
part of the Euphrates River Southern Iraq. Mesop. J. Marine Sci., 32(2): 64-77.
https://doi.org/10.58629/mjms.v32i2.62

Abdullah, A.H.J. 2019. Fish assemblage and impact of oscillation between drowning and
draught on fish size-spectrum in the Al-Chibyaish Marsh, Southern Iraq. Iraqi J. Sci., 60(1):
18-28. https://www.iasj.net/iasj/pdf/c027b39f3afbe2a5

Abdullah, S.A., Ouda, Y.W. and Zeidan, A.M. 2017. Fish community in the lower of the
Euphrates River, Thi-Qar city, Iraq. Diyala J. Agricultural Sci., 9(Special issue): 37-50.
https://journal.djas.uodiyala.edu.ig/index.php/dasj/article/view/3513/2922

Al-Ansari, N., Adamo, N., Sissakian, V.K., Knutsson, S. and Laue, J. 2018. Water resources of
the Euphrates River catchment. J. Ear. Sci. and Geotech. Engin., 8(3): 1-20.
https://orcid.org/0000-0002-6790-2653

Al-Helli, A.M.S., Resen, A.K. and Ali, A.H. 2019. Fish assemblage in the Euphrates River at
Al-Samawa  City, Southern Iraq. Basrah J. Agric. Sci., 32: 33-46.
https://doi.org/10.37077/25200860.2019.138

Allen, M.S. and Pine, W.E. 2000. Detecting fish population responses to a minimum length
limit: Effects of variable recruitment and duration of evaluation. North American J. Fisher.

93



Mesopot. J. Mar. Sci., 2020, 35(2):83-96

Manag., 20: 672-682. https://doi.org/10.1577/1548-
8675(2000)020%3C0672:DFPRTA%3E2.3.CO:2

Al-Noor, S.S., Mohamed, A.R.M. and Faris, R.A.K. 2009. Structure of the fishery of the lower
Euphrates River, Qurna, Iraq. Iraqi J. Agric., 14(8): 157-169 (Special Issue) (In Arabic).
https://www.iasj.net/iasj/pdf/0c5¢a606b1943d71

Beaugrand, G. 2009. Decadal changes in climate and ecosystems in the North Atlantic Ocean
and adjacent seas. Deep-Sea Res. II Top. Stud. Oceanogr., 56: 656-673.
https://doi.org/10.1016/1.dsr2.2008.12.022

Benejam, L., Saura-Mas, S., Bardina, M., Sola, C., Munne, A. and Garcia-Berthou, E. 2014.
Ecological impacts of small hydropower plants on headwater stream fish: from individual
to community effects. Ecol. Freshwat. Fish, 25: 295-306. https://doi.org/10.1111/eff. 12210

Burkhead, N.M. 2012. Extinction Rates in North American Freshwater fishes, 1900-2010.
BioScience, 62(9): 798-808. https://doi.org/10.1525/bi0.2012.62.9.5

Cardinale, B.J., Duffy, J.E., Gonzalez, A., Hooper, D.U., Perrings, C., Venail, P., Narwani, A.,
Mace, G.M., Tilman, D., Wardle, A., Kinzig, A.P., Daily, G.C., Loreau, M., Grace, J.B.,
Larigauderie, A., Srivastava, D.S. and Naecem, S. 2012. Biodiversity loss and its impact on
humanity. Nature, 489: 59-67. https://doi.org/10.1038/nature11148

Cooke, S.J., Bunt, C.M. and Hamilton, S.J. 2005. Threats, conservation strategies, and
prognosis for suckers (Catostomidae) in North America: Insights from regional case studies
of a diverse family of non-game species. Biolog. Conser., 121: 317-331.
https://doi.org/10.1016/j.biocon.2004.05.015

Dudgeon, D., Arthington, A.H., Gessner, M.O., Kawabata, Z.1., Knowler, D.J., Leveque, C.,
Naiman, R.J., Prieur-Richard, A.H., Soto, D., Stiassny, M.L.J. and Sullivan, C.A. 2006.
Freshwater biodiversity: Importance, threats, status and conservation challenges. Biol. Rev.
Camb. Philos. Soci., 81(2): 163-182. https://doi.org/10.1017/S1464793105006950

Dwivedi, A.C., Mishra, A.S., Mayank, P. and Tiwari, A. 2016. Persistence and structure of the
fish assemblage from the Ganga River (Kanpur to Varanasi section), India. J. Geogr. and
Natur. Disas., 6(1):1-8. https://doi.org/10.4172/2167-0587.1000159

Froese, R. and Pauly, D. editors. 2020. FishBase. World Wide Web electronic
publication.www.fishbase.org, version (02/2020).

Hoagstrom, C.W., Brooks, J.E. and Davenport, S.R. 2011. A large-scale conservation
perspective considering endemic fishes of North American plains. Biol. Conserv., 114: 21-
34, https://doi.org/10.1016/j.biocon.2010.07.015

Hughes, R.M., Thomas, R. and Whittier, T.R. 2005. Biological condition index development
for the lower Truckee River and Eastern Sierra Nevada Rivers: Fish Assemblage",
Department of fisheries and wildlife, Oregon state University, Corvallis, Oregon, USA,
80p. http://truckeeriverinfo.org/files/truckee/TruckeeRiver Fish IBI FINAL 2006.pdf

Hussain, N.A., Mohamed, A.R.M., Al-Noor, S.S., Mutlak, F.M., Abed, M.I.M. and Coad, B.W.
2009. Structure and ecological indices of fish assemblage of the recently restored Al-
Hammar Marsh, Southern Iraq. BioRisk., 3: 173-186.
https://biorisk.pensoft.net/article/1838/download/pdf/

Hussain, N.A., Saoud, H.A. and Al-Shami, E.J. 2008. Species composition and ecological
indices of Southern fishes in the restored marshes of Southern Mesopotamia. Marsh Bull.,
3(1): 17-31. https://www.iasj.net/iasj/pdf/6a788edelcbaf78f

Hussain, N.A., Younis, K.H. and Yousif, U.H. 1997. The composition of small fish assemblage
in the river Shatt Al-Arab near Basrah, Iraq. Acta Hydrobiol., 39: 29-37.
https://agro.icm.edu.pl/agro/element/bwmetal.element.agro-article-e0175323-7ec2-4cSa-
8ea5-370bl2celde2

Kwak, T.J. and Peterson, J.T. 2007. Community indices, parameters, and comparisons. In
Analysis and interpretation of freshwater fisheries data, Edited by: Guy, C.S. and Brown,

94



Mesopot. J. Mar. Sci., 2020, 35(2):83-96

M.L.,  pp: 677-763.  Bethesda, @~ MD:  American  Fisheries  Society.
https://fisheries.org/docs/books/55049C/15.pdf

Lambshead, P.J.D., Platt, H.M. and Shaw, K.M. 1983. The detection of differences among
assemblages of marine benthic species based on an assessment of dominance and diversity.
J. Nat. Hist., 17: 859-874. https://doi.org/10.1080/00222938300770671

Li, L., Zheng, B. and Liu, L. 2010. Biomonitoring and bioindicators used for river ecosystems:
Definitions, approaches and trends. Procedia Environmental Sciences, 2: 1510-1524.
https://doi.org/10.1016/j.proenv.2010.10.164

MacDougall, A.S., McCann, K.S., Gellner, G. and Turkington, R. 2013. Diversity loss with
persistent human disturbance increases vulnerability to ecosystem collapse. Nature, 494:
86-89. https://doi.org/10.1038/nature11869

Margalefe, R. 1968. Perspectives in ecology. Chicago University, Chicago Press, 111p.

Mayank, P. and Dwivedi, A.C. 2015. Biology of Cirrhinus mrigala and Oreochromis niloticus.
LAP LAMBERT Academic Publishing, Germany, 188p. https://www.lap-
publishing.com/catalog/details/store/gb/book/978-3-659-77755-4/biology-of-cirrhinus-
mrigala-and-oreochromis-niloticus

Mgbemene, C.A., Nnaji, C.C. and Nwozor, C. 2016. Industrialization and its Backlash: Focus
on Climate Change and its Consequences. J. Envir. Sci. and Techn., 9: 301-316.
https://www.cabdirect.org/cabdirect/abstract/20163290084

Mohamed, A.R.M. and Abood, A.N. 2017. Compositional change in fish assemblage structure
in the Shatt Al-Arab River, Iraq. Asian J. Appl. Sci., 5(5): 944-958.
https://www.ajouronline.com/index.php/AJAS/article/view/4983/2632

Mohamed, A.R.M., Al-Noor, S.S. and Faris, R.A.K. 2005. Analytical study of the fisheries in
the lower reaches of the Tigris River, North Qurna, Basrah, Iraq. Iraqi J. Aquac., 2(2): 47-
66. (In Arabic). http://ijaqua.uobasrah.edu.ig/index.php/jaqua/article/view/314/214

Mondal, D.K., Kaviraj, A. and Saha, S. 2010. Water quality parameters and fish biodiversity
indices as measures of ecological degradation: A case study in two floodplain lakes of
India. J. Water Res. and Prot., 2: 85-92. http://dx.doi.org/10.4236/jwarp.2010.21010

Odum, W.A. 1970. Insidious alternation of the estuarine environment Trans. Amer. Fish. Soc.,
99: 836-847. https://doi.org/10.1577/1548-8659(1970)99%3C836:1AOTEE%3E2.0.CO:2

Parks, T.P., Quist, M.C. and Pierce, C.L. 2014. Historical changes in fish assemblage
structure in Midwestern Nonwadeable Rivers. Ameri. Midl. Natur., 171: 27-53.
https://doi.org/10.1674/0003-0031-171.1.27

Pielou, E.C. 1977. Mathematical ecology. John Wiely, New York, 385p.
https://books.google.com/books/about/Mathematical Ecology.html?id=uEhRAAAAMA
Al

Rahim, K.A.A., Esa, Y. and Arshad, A. 2013. The influence of alien fish species on native fish
community structure in Malaysian waters. Kuroshio Sci., 7(1): 81-93.
https://www.academia.edu/download/48430298/The_Influence of Alien Fish Species
on_N20160830-9535-19r20um.pdf .

Shannon, C.E. and Weaver, W. 1949. The mathematical theory of communication, Univ.
Ilion’s. Press Urbane, 117p.
https://books.google.com/books/about/The_Mathematical Theory of Communication.ht
ml?id=dkOn_eGegsUC

Siqueira-Souza, F.K. and Freitas, C.E. 2004. Fish diversity of floodplain lakes on the lower
stretch of the Solimoes River. Braz. J. Biol., 64: 501-510. https://doi.org/10.1590/S1519-
69842004000300013

95



Mesopot. J. Mar. Sci., 2020, 35(2):83-96

Smith, C.D., Fisher, J.R. and Quist, M.C. 2014. Historical changes in Nebraska’s lotic fish
assemblages: Implications of anthropogenic alterations. The American Midland Naturalist,
172(1): 160-184. https://doi.org/10.1674/0003-0031-172.1.160

Souza, A.T., llarri, M.1., Timoteo, S., Marques, J.C. and Martins, I. 2018. Assessing the effects
of temperature and salinity oscillations on a key mesopredator fish from European coastal
systems. Sci. of the Total Environ., 640-641: 1332-1345.
https://doi.org/10.1016/j.scitotenv.2018.05.348

Ter Braak, C.J.F. 1995. Ordination. In: R.H.G. Jongman, C.J.F. Ter Braak, O.F.R. Van
Torgeren (eds), Data Analysis in community and Landscape Ecology. Cambridge
University Press, pp: 91-173. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://edepot.wur.nl/410376

Warwick, R.M., Clarke, K.R. and Somerfield, P.J. 2008. K-Dominance curves. In: Sven Erik
Jorgensen and Brian D. Fath (Eds.), Encyclopedia of Ecology, Elsevier, Oxford, UK, pp:
2055-5057.
https://books.google.com/books?hl=ar&lr=&id=x1h7DwAAQBAJ&oi=fnd&pg=PA441
&dg=Warwick,tR.M.,+Clarke,+K.R.+and+Somerfield,+P.J.+2008.+K-
Dominance+curves.+In:+SventErik+Jorgensent+and+Brian+D.+Fath+(Eds.),+Encyclope
diat+oftEcology,+Elsevier,+Oxford,+UK,+pp:+2055-
5057&ots=cr13EHz6Mg&sig=BLZxBCKrqYHZbqllIG7W4cvB7gKs

96



