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Abstract: The study was the first trial to evaluate the effect of the Hindiya 

Dam on the Euphrates copepods diversity during January to December 2019. 

The copepod density average was decreased clearly at downstream the dam 

compared with dam site. Nauplii showed the highest percentages relative 

abundance while Macrocyclops albidus albidus was the lowest. Thirty-eight 

taxa were recorded, including 9, 4, 2, 1 and 22 taxa of Calanoida, 

Harpacticoida, parasitic cyclops, nauplii, and Cyclopoda, respectively. The 

average values of species richness index declined from 0.83 at site 1 to 0.62 at 

dam downstream. Copepods were considered as a distributed richness. Site 4 

with 5 had the lowest similarity (49.99%), whereas the highest Jaccard index 

percentage (92.5%) was between sites 1 and 4. The average values of Shannon-

Weiner index ranged from 0.788- 0.96 bit/ind at up and downstream dam, 

respectively. The dam is considered as moderate to unbalance according to 

uniformity index. Constant taxa decreased from 6 on upstream to 4 

downstream dam. It was concluded that the change in hydrological conditions 

from current water in site 1 to limnetic basins in site 2, then back to current 

water at sites 3, 4 and 5 downstream dam had a significant impact on the 

spatial composition of the copepod community. 
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Introduction 

Rivers and lakes are important to global biodiversity and highly sensitive to 

environmental stresses (Vorosmarty et al., 2010). Biodiversity is maintained 

globally by the habitats of freshwater (Poff et al., 2007). Dams significantly 

changed aquatic ecosystems such as rivers more than other human activities (Lees 

et al., 2016), therefore induce alterations in sediment regimes, river flow regimes, 

geomorphology and wetland morphology (Donohue & Molinos, 2009).  

Zooplankton communities (Rotifera, Cladocera and Copepoda) are impacted by 

abiotic factors (e.g. light, precipitation, hydrology and turbidity) in addition to 

biotic factors (e.g. parasitism, competition, predation and diseases (Dejen et al., 

2004). The importance of these factors to zooplankton communities differs 

according to seasons and species (Jones et al., 2015). So, it is increasingly used in 

aquatic environments as bioindicators (Okorafor et al., 2013) as well as having high
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sensitivity and reaction to environmental variation (Shah & Pandit, 2013). 

Therefore, several local studies are dealing with a zooplankton group as indicative 

of environmental stress, such as those of Al-Lami et al. (2004), Radi et al. (2005), 

Nashaat (2010), Nashaat et al. (2013), Hassan et al. (2014), Ala Allah et al. (2015), 

Nashaat et al. (2015, 2016), Rasheed et al. (2016), Merhoon et al. (2017), Abbas et 

al. (2017), Abed & Nashaat (2018), Al-Bahathy & Nashaat (2021) and Nashaat et 

al. (2021). The present study is considered as the first trial to evaluate the effect of 

Hindiya Dam on the Euphrates copepod community, in Babylon Province, which 

can be considered as the main objectives by investigating these impacts on 

Euphrates copepod diversity. 

 

Material and Methods 

Study Area Description 

Hindiya Dam is situated on the Euphrates River in the south of Musayyib City in 

the north of Babylon Province, Iraq. The dam length is 250 m and has 36 dams’ 

spillways, 5 m width of each one (Mutin, 2003). It was designed for treating 

sediment matter of the one of the two major branches of the Euphrates River in this 

area called Hilla River. 

 

Sampling Sites   
     Five sites for collection of study samples on the Euphrates River near Hindiya 

Dam were chosen (Map 1). 

Site 1: This site is located before the Babylon Cement Factory, south of the 

Musayyib City, about 1 km upstream the Hindiya Dam at 44̊ 16' 05"N, 32̊ 44' 

18"E and Euphrates River was 328 m wide. 

Site 2: It represents the Hindiya Dam site which is wider than other sites, it is about 

366 m wide at 44̊ 16' 07" N, 32̊ 43̕' 42"E. 

Site 3: It is located at about 400 m down Hindiya Dam with 235 m wide at 44̊ 16'  

06"N, 32̊ 43' 29"E. 

Site 4: It is located at about 5 km down Hindiya Dam at 44̊ 15' 16"N, 32̊ 41' 24"E, 

and has 293 m wide.    

Site 5: It is located at about 10 km downstream site 4, and about 15 km downstream 

the Hindiya Dam at 44̊ 13' 12"N, 32̊  35' 50"E, and has 231 m wide. 
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     Map 1: The study area with sites of samples collected. (Source: Ministry of Water 

Resources, Baghdad, 2017 personal communication). 

 

Copepod Collection and Identification 

  Samples were collected monthly from January to December 2019 at a depth of 

0.5 m. Forty liters of water were filtered through net with mesh size of 55 µm by 

using a graduated bucket (10 l). A copepod sample was transferred from the net 

collector to a 500 ml vial. After that, the sample was concentrated to 10 ml for 

counting by using the same size mesh (Tranter et al., 1981). The specimens were 

preserved in 4% formalin (Edmondson, 1959). The samples were examined under a 

compound microscope and the species were identified according to the diagnostic 

keys: Edmondson (1959) and Smith (2001). The results were expressed for 

individual/m3. 
 

Ecological Indexes 

The following ecological indices were counted: Relative Abundance Index (Ra) 

was calculated depending on the formula used by Odum (1971). The Species 

Richness Index (D) was calculated monthly according to Margalef (1968). Jaccard 

Presence-Community was calculated according to Jaccard (1908). Shannon-Weiner 

Diversity Index (H) of copepod communities was calculated monthly by using the 

formula of Shannon & Weiner (1949). The Species Uniformity Index (E) was 

measured as stated in Neves et al. (2003). Uniformity is in appearance if the value 
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of the index is higher than 0.5 according to Pielou (1977). Constancy Index (S) was 

calculated according to Serafim et al. (2003). 

 

Results and Discussion 

Copepoda Density 

The density values of Copepoda ranged from 450 ind/m3 to 10175.5 ind/m3 at 

site 1 (upstream the dam) during February and November (Figure 1). 

On the other hand, the values of the dam site were raised so, they ranged from 

666.64 ind/m3 to 10766.4 ind/m3. The lowest values were in January, whereas the 

higher values were in November. The copepod density at site 3 decreased in relation 

to the dam site, then increased in sites 4 and 5, ranging from 226 ind/m3 to 24199.86 

ind/m3, respectively. The lower value was recorded in February at site 3, while the 

higher value was recorded in December at site 5. 

As for spatial variations, density values reduced on site 3 (below the dam) 

compared with the site 2 because copepod species which have large size, made it 

exposed to damage when passing the dam and exposure to predation risk in site 3, 

downstream the dam (Grabowska et al., 2013). 

Hindiya Dam site 2 had a high density of a copepods. This may be related to 

open water zones, longer water retention time and lower current velocity 

(Czerniawski & Sługocki, 2017). 

          For the same reasons, one can attributed the higher density values of copepods 

in site 5 compared with other sites. This could be either owing to the occurrence of 

copepods in the river with suitable features, such as, longer water retention time in 

open water zones, current velocity of less than 0.1 m/s, and to intense of 

macrophytes (Czerniawski & Sługocki, 2017), and all these conditions which were 

presented in site 5.   

As for temporal variations, copepods density values showed that two peaks were 

detected at the end of spring and autumn, which coincided with suitable water 

temperature for egg hatching and development as well as phytoplankton growth 

increment (Vadstein et al., 2004; Haberman & Haldna, 2017), or due to an increase 

in nutrients and the absence of vertebrate and invertebrate predators that may be 

selective for large sizes (Ibrahim, 2005; Al-Keriawy, 2014). The lower copepod 

densities in winter and the beginning of spring could be due to high turbidity in 

winter, which reduced feeding rates of copepods (Zhao et al., 2017), or owing to its 

predation by both fish larvae and macroinvertebrates at the beginning of spring 

(Gayosso-Morales et al., 2019). 

The result of the current study agrees with some local and international studies 

such as Al-Nimrawee (2002), Zhou et al. (2008), Havel et al. (2009), Sharma et al. 

(2010), Grabowska et al. (2013), Salman (2015) and Portinho et al. (2016). 

Conversely, the findings of this study disagreed with other studies which have 

detected lower density values of copepods in the dam site compared with 

downstream the dam such as Sabri et al. (1993) when discussed effect of Samarra 

Dam on zooplankton of the Tigris River as well as Al-Shamy (2016) who carried 

out a number of investigations on Al-Kut Dam's impacts on zooplankton. 
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The disagreed studies recorded values of copepod density in downstream the 

dam higher than the dam site. This could be either due to the high discharge from 

the impoundment, which may increase the populations in the river site downstream 

the dam by flushing the small backwaters in which copepods were abundant (Sabri 

et al., 1993), or owing to dam reservoir which was exposed to environmental stress 

such as predation or sewage effluents (Gayosso-Morales et al., 2017).  

The present results agreed with those obtained by some studies such as Ibrahim 

(2005) and Al-Keriawy (2014), who observed that increment in the copepods 

density was in autumn, which was associated with an increase in nutrients and the 

absence of vertebrate and invertebrate predators that they may be selective for large 

sizes. Similarly, Salman (2015), recorded the highest density during the spring in 

Gharaf River in Wasit Province. The present findings agreed with the Sharma et al. 

(2010) who recorded the highest density of copepods during spring in the Narmada 

River in India.  

In contrast, the findings of this study disagreed with Kushawaha & Agrahari 

(2014) when they examined zooplankton in the Rapti River in India who recorded 

the highest density of copepods (499.8 ind/l) during the summer season, while the 

lowest was 75 ind/l during the rainy season.  

Finally, it was shown that the dam had an effect on copepod densities, 

particularly on site 3 (downstream the dam), which was lower than the dam site, 

based on the results of this study and some previous studies. This may be due to the 

copepods' large size, which exposed them to damage while going through the dam, 

or predation in site 3 (downstream the dam) as explained by Grabowska et al. 

(2013). 

 

 
 Figure 1: Monthly variations of copepod densities (ind/m3) at five sites of the Euphrates 

River, north of Babylon Province during January to December 2019. 

 

Ecological Indexes 

Figure 2 and Table 1 represent values of relative abundance index of  copepod 

taxa which showed that nauplii had the highest percentages ratio followed by 
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immature cyclops, Cyclops (♂), Cyclops sp., Paracyclops fimbriatus (Fischer, 

1853), immature calanoids, Halicyclops sp. and Paracyclops affinis (Sars, 1863), 

respectively at all sites of the study area. 

 

 

 
 

Figure 2: Dominant copepod species at five sites of the Euphrates River, north of Babylon  

                Province during January to December 2019.  
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Table 1: List of the copepod taxa with Copepod's relative abundance and constancy index 

in the five studied sites. 
               

Taxa 

Relative abundance* Constancy** 

Sites Sites 

1 2 3 4 5 1 2 3 4 5 

                              Calanoida           

1 Diaptomus amatitlanensis Wilson M.S., 

1941 

R   R R A   A A 

2 Diaptomus arapahoensis Dodds, 1915    R  R   A  A 

3 Diaptomus floridanus Marsh, 1926   R R     A   

4 Diaptomus gracilis Sars, 1863  R    R A    A 

5 Diaptomus novemdecimus Wilson, 1953   R   R  A   A 

6 Diaptomus sarsi Rylov, 1923  R    R A    A 

7 Diaptomus sp. R R    A A    

8 Hesperodiaptomus franciscanus 

(Lilljeborg, 1889) 

R   R  A   A  

9 Immature Calanoida R R R R R A Ac Ac Ac A

c 

                             Cyclopoida 

10 Cyclops capillatus Sars G.O., 1863  R     A    

11 Cyclops exilis Coker, 1934 R  R R R Ac  Ac A A 

12 Cyclops jeanneli Chappuis 1929 R R R  R A A A  A 

13 Cyclops venustoides Coker, 1934   R     A   

14 Cyclops vernalis Fisher, 1853 R   R  A   A  

15 Ectocyclops phaleratus (Koch, 1838) R R   R A A   A

c 

16 Ectocyclops sp. R R R R R Ac C Ac Ac A 

17 Eucyclops agilis Koch, 1838 R R R R  Ac A A Ac  

18 Eucyclops macrurus (Sars, 1863)  R    R A    A 

19 Halicyclops sp. R R R R R C C Ac Ac A 

20 Macrocyclops albidus albidus (Jurine, 

1820) 

R   R R A   A C 

21 Mesocyclops albicanus (Smith G. W., 

1909) 

R     A     

22 Mesocyclops hylalinus (Rehberg, 1880) R R R R R A A A A A 

23 Mesocyclops leuckarti (Claus, 1857) R  R   A  A   

24 Paracyclops affinis (Sars, 1863)  R R R R  Ac Ac Ac A  

25 Paracyclops fimbriatus (Fischer, 1853)  R R R R R Ac C C Ac A 

26 Paracyclops poppei (Rehberg, 1880) R     A     

27 Pesceus reggiae (Wilson M. S., 1958)     R     A 

28 Tropocyclops prasinus (Fischer, 1860)  R R  R  A A  Ac 

29 Cyclops (♂) R R R R  C C C C  

30 Cyclops sp. R R R R R Ac Ac C Ac C 

31 Immature cyclops R R R R R C C Ac C C 

                             Harpacticoida 

32  Nitokra lacustris (Schmankevitch, 1875)  R R  R  Ac Ac  A  

33 Nitokra spinipes Boeck, 1865      R     A 

34 Nitokra sp.     R     A 

35 Immature Harpacticoida R R  R R Ac Ac Ac A A 
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36 Nauplii of Copepoda D D D D D C C C C C 

 Parasitic cyclops        A   

37 Ergasilus von Nordmann, 1832 R  R R  A A A A  

38 Lernaea Linnaeus, 1758  R     A   A 

*Relative abundance: > 70%: Dominant species (D), 40%-70%: Abundant species (A), 10%-40%: 

Less abundant species (La). < 10%: Rare species (R).  

**Constancy index: Frequencies calculated from % occurrence in samples. Accidental species (A) 

zooplankton occur in 1%-25%, Accessory species (Ac) occur in 25%-50% of samples and constant 

species (C) occur in more than 50%.  

 

Site 1 (upstream the dam) showed more abundant copepod species, nauplii, 

immature cyclops, Paracyclops fimbriatus, Cyclops (♂) and Halicyclops sp. which 

recorded percentages of 75%, 9%, 3%, 2% and 2%, respectively.  

Hindiya Dam (site 2) showed that nauplii, Cyclops (♂), immature calanoids and 

Paracyclops affinis had recorded percentages of 91%, 3%, 1% and 1%, respectively. 

Site 3 (downstream the dam) showed that nauplii, immature cyclops, 

Halicyclops sp., Cyclops sp. and Paracyclops fimbriatus recorded percentages of 

75%, 8%, 3%, 2% and 2%, respectively. 

In site 4, nauplii, immature cyclops, Paracyclops fimbriatus, Cyclops sp. (♂) and 

Ectocyclops sp. recorded percentages of 78%, 7%, 3%, 2% and 2%, respectively.  

In site 5, nauplii, immature cyclops, Eucyclops macrurus, Cyclops sp. and 

Macrocyclops albidus albidus recorded percentages of 82%, 5%, 4%, 3% and 2%, 

respectively. 

In the Euphrates River, the dominance of nauplii had greater densities compared 

with adult copepods, which could be due to their similarity to the rotifers which can 

drift passively farther than adult copepods for the small size and weight of nauplii, 

or due to having the tolerance to wide environmental conditions (Thorp & Rogers, 

2014), or because of predation intensity which was higher to adult forms, especially 

in reservoir water as a result of lack of macrophytes (Czerniawski et al., 2017) 

which caused a higher relative abundance in the Hindiya Dam site compared with 

other sites. 

     In view of all that has been mentioned so far, the present observations, as well as 

with previously known studies, it has been shown that the dam has an effect on the 

relative abundance of copepod species. This could be due to the reservoirs, even 

with short water retention times, led to higher densities of nauplii followed by 

immature copepods compared with adult copepods because predation intensity was 

higher to adult forms, especially in water of Hindiya reservoir as a result of lack of 

macrophytes (Czerniawski  et al., 2017).        
Figure 3 showed the temporal and spatial variations of copepod richness values 

during the study period, site 1 (upstream the dam) values were ranged from 0.391 to 

1.474, during August and March, respectively. 

On the other hand, the recorded values at Hindiya Dam (site 2) ranged from 

0.391 to 1.103 during January and October, respectively. The values of this index of 

copepods were declined at sites downstream of the dam (sites 3 and 4)   compared 
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with the dam site that ranged from zero to 1.14. The lower values were at site 4 in 

December, whereas the higher value was at site 3 in November. 

 

 
 

 Figure 3: Temporal and spatial variations of the richness index of copepods during the 

study period. 

 

As for spatial variations, in site 4 the lowest values in richness were recorded. 

This may be due to its location faraway from the dam reservoir, which was the 

river's main source of cladocerans and copepods (Havel et al., 2009). 

As for temporal variations, copepod richness was higher in spring and autumn. 

Its richness increment may be due to suitable water temperature (Haberman & 

Haldna, 2017), or due to increment of phytoplankton growth, which are considered 

as major food to grazers of zooplankton (Wu et al., 2014) in spring and autumn 

months as well as due to, the high organic matter as a food source for zooplankton 

(Dražina et al., 2017). In addition, zooplankton richness had high values, which 

might be due to its coincidence with high water discharge in June and July (Branco 

et al., 2018). All mentioned reasons (suitable water temperature, phytoplankton 

growth, organic matter and high water discharge) are considered as important causes 

for zooplankton richness increment in spring, summer and autumn. If richness value 

was ≥ 5, it would be classified as perfect. If it was from 3 to 5, then classified as 

moderate and if the index value was ≤ 2, then they classified as distributed (Hussain, 

2014). Euphrates River copepods were considered as of distributed richness during 

2019 in the study area according to Hussain (2014). In addition, the decline of total 

zooplankton richness values in the sites below the dam compared with the dam site 

agrees with some other studies such as those of Sabri et al. (1993), Czerniawski & 

Domagala (2014), Czerniawski et al. (2017) and Zhao et al. (2017).     

Czerniawski & Sługocki (2017) observed an increment of richness values with a 

higher current velocity (˃0.1 m/s). This is consistent with downstream the dam site 
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in the current study, while richness values are reduced with a less water current 

velocity (˂0.1 m/s) which are consistent with the dam site in the current study. 

Conversely, these findings disagreed with some local and global studies that 

found that zooplankton richness raised in the site below the dam compared with the 

dam site, such as Zhou et al. (2008), Grabowska et al. (2013) and Al-Shamy (2016). 

The current study recorded the highest richness of copepods in spring and 

autumn, which is in agreement with some local and global studies such as Ajeel et 

al. (2005), Ali (2010), Rabee (2010), Nashaat (2010), Akbar (2013), Mwagona et al. 

(2018) and Pinto (2018).  

The disagreed studies with the spatial variations findings recorded values of 

zooplankton richness in downstream the dam, which were higher than the dam site. 

This could be either owing to the slower water current in reservoirs, which provides 

a less number of zooplankton taxa compared with the streams and rivers 

(Czerniawski & Sługocki, 2017), or their study site downstream the dam was further 

than this study downstream the dam site, which made it far from the negative dam 

effect on the density and richness of zooplankton. 

In view of all that has been mentioned so far from the present findings and the 

previous agreed studies, it was proved that the dam affected zooplankton richness, 

especially on site 3 (downstream the dam), which was lower compared with the 

dam. This might be related to the effect of current velocity on chlorophyll a content 

and physicochemical conditions. The zooplankton densities and richness are clearly 

correlated with the concentration of chlorophyll a, which is associated with better 

nutritional conditions for filter-feeding zooplanktons. This is more frequently 

occurred in lentic waters (Lévesque et al., 2010). 

Thirty-eight taxa of copepod species were recorded during the study period, 

including nine taxa of Calanoida, four taxa of Harpacticoida, two taxa of parasitic 

cyclops, one taxa of Nauplii and 22 taxa of Cyclopoda (Table 1). 

      The present findings showed that copepods included cyclops which occurred 

with eight taxa, while Diaptomus with seven taxa. Mesocyclops, Nitocra and 

Paracyclops included three taxa each. Ectocyclops and Eucyclops included two taxa 

each. The rest of the genera have one taxa each (Table 1). In comparison with some 

local studies, Nashaat (2010), through a study of Tigris River near Al-Durah Power 

Plant in Baghdad, showed that richness range was 1.23-6.17 and recorded 147 

taxonomic taxa belonging to zooplankton, including 44 taxa of copepods: genera 

Diaptomus and Leptodiaptomus with four species each and also the genera 

Onychodiaptomus, Cyclops and Skistodiaptomus with three species each. Abdul-

Wahab & Rabee (2015) recorded richness range from 1.05-12, and recorded 106 

taxonomic units of zooplankton, including 25 taxa of copepods. Al-Shamy (2016) 

observed through study of Al-Kut Dam that richness range was 0.37-4.35, with 79 

taxa of zooplankton that included 17 taxa of copepods. Copepods included the 

genus Cyclops which occurred with species as well as Ectocyclops and Paracyclops 

which occurred with two species each. 
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In comparison with some global studies, Sleem & Hassan (2010) reported 

species richness range from 1.8-2.4 through study of zooplankton in Nile River. 

Long et al. (2014) recorded, in Bakun in Malaysia, richness range from 0.23-0.24. 

As for similarity index, site 3 had low copepods similarity values (Table 2, 

Figure 4). This could be due to the poor water quality and more polluted site 

compared with other sites which affected by Hindiya Dam.    

 
                    Table 2: Jaccard presence coefficient matrix between sites for copepods. 

1 4 7.49165 92.50835 1 4 

2 3 13.79156 86.20844 1 2 

3 2 14.51889 85.48111 1 3 

4 1 37.78501 62.21499 1 5 

Similarity Matrix     

 S  1 S  2 S  3 S  4 S  5 

S  1 * 86.2084 85.4811 92.5083 54.1563 

S  2 * * 77.5225 81.3452 62.215 

S  3 * * * 84.9216 50.4989 

S  4 * * * * 49.9904 

S  5 * * * * * 

 

 

               Figure 4: Dendrogram of Jaccards index percentages of copepods. 

     

These local and global studies found that less similarity index value in site below 

the dam compared with other sites. For example, Al-Shamy (2016) on the effect of 

Al-Kut Dam on zooplankton. Similarly, Zhou et al. (2008) on zooplankton in a 

small dam on Xiangxi River in China, as well as Czerniawski et al. (2013) on 

zooplankton communities of River Oder in Poland. 

Conversely, findings of the present study disagreed with Grabowska et al. (2013) 

in the Narew River in Poland which recorded less similarity index values in the last 

downstream site which was a riverine site further distance from the dam. 

In view of all that has been so far mentioned from the present findings and the 

previous similar studies, it was proved that the dam was affected by decrease 
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similarity value on site 3 which became more polluted site compared with other 

sites. 

Figure 5 showed that Shannon Weiner diversity values of copepods in the study 

area ranged at site 1 (upstream the dam), from 0.59 to 1.6 bit/ind in November and 

March, respectively, while the values of the Hindiya Dam site (site 2) were 

decreased, ranged from 0.18 to 1.33 bit/ind in October and December, respectively. 

However, such values increased at site 3 compared to site 2, then decreased in sites 

4 and 5 which ranged from zero to 1.84 bit/ind. The lowest value was at site 4 in 

December, whereas the higher value was at site 3 in February. 

Euphrates River copepods were considered as poorly diversified because this 

index value ranged from 0.5 to 1 bit/ind in all study sites during the study period 

(Hussain, 2014). 

 

 

 
 

Figure 5: Variation of Shannon Weiner Diversity Index for copepods in the Euphrates 

River. 

 

The spatial variation in Shannon values of copepods showed higher values in the 

Hindiya Dam site 2 compared with other sites. This might be due to the fact that 

crustaceans prefer lentic water bodies such as reservoirs or lakes because they have 

longer life cycles, and they are larger in size than rotifers (Błędzki & Rybak, 2016). 

Also, Shannon values of copepods declined gradually as the distance from the dam 

reservoir increased in site 3, 4 and 5 (Figure 5) as the reservoir provides optimal 

conditions for their growth (Havel et al., 2009). 

Temporal variations of copepods showed that increment of Shannon index 

values coincided with suitable water temperature (Haberman & Haldna, 2017) and 

increment of phytoplankton growth at spring, which is considered as a major food 

for zooplankton grazers (Sharma et al., 2010). Also, Shannon index values' peak 

coincided with high water discharge during summer (Branco et al., 2018). 

The current study agrees with some local and global studies that outlined the 

higher diversity values of copepods in the dam reservoir compared with the site 

(below the dam) such as indicated by Al-Nimrawee (2002), Zhou et al. (2008), 

Havel et al. (2009) and Portinho et al. (2016). In contrast, other local and global 



                     Impact of Hindiya Dam on Copepoda diversity in Euphrates River, Iraq                    133                                                

 

studies disagreed with this findings such as Sabri et al. (1993) and Al-Shamy 

(2016). 

      The disagreed studies were recorded less diversity values of crustaceans in the 

dame site compared with site (below the dam). This could be either due to the high 

discharge from the impoundment may flush the small backwaters in which 

crustaceans were abundant, thus increasing species of the populations in the river 

site below the dam (Sabri et al., 1993), or due to dam reservoir exposed to 

environmental stress (e.g. predation, sewage effluents) which made it of less 

suitability to crustacean growth compared with the site below the dam (Gayosso-

Morales et al., 2017).  

In view of all that has been mentioned so far from the present findings and the 

previous agreed studies it has been proven that the dam affected on Shannon index 

values of crustaceans especially on Hindiya Dam site which were higher diversity 

values compared with site 3 (below the dam). This might be due to crustaceans 

prefer lentic water bodies such reservoirs or lakes because crustaceans have a 

longer life cycles, and they are of larger size than rotifers (Błędzki & Rybak, 2016), 

or owing to the reservoir provide optimal conditions for its growth and it was the 

major source of the river crustaceans (Havel, 2015). 

Figure 6 showed that uniformity index values of copepods at site 1 (upstream the 

dam) ranged from 0.28 to 0.70 in November and July, respectively. The values of 

the Hindiya Dam site 2 declined from 0.07 to 0.62 during October and January, 

respectively. The values of this index of copepods at sites (downstream the dam) 

were increased compared with the dam site which ranged from zero to 0.96. The 

lower value was at site 4 in December, whereas the higher value was at site 3 in 

January. 

 

  

 Figure 6: Uniformity Index values of copepods in the Euphrates River during the study 

period. 
 

The spatial variation for copepods of Hindiya Dam site had high uniformity 

index values of crustaceans in this site compared with site 1 and other sites. This 
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could be due to crustaceans prefer lentic water bodies such lakes or reservoirs 

because of it have a longer development cycle. Also, they are heavier and larger in 

size than rotifers (Błędzki & Rybak, 2016), whereas, uniformity index values of 

crustaceans gradually declined as the distance from the dam reservoir increased at 

site 3, 4 and 5 as showed in Figure 6 owing due to the reservoir provide optimal 

conditions for its growth which was the major source of the crustaceans of the river 

sites (Havel et al., 2009). 

As for temporal variations of Uniformity Index values, increment on copepods 

coincided with increment of phytoplankton growth at spring and autumn, which are 

considered as major food to grazers of crustaceans (Sharma et al., 2010). Also, other 

increment of uniformity index values coincided with high water discharge at 

summer (Branco et al., 2018). 

If uniformity index value is 0.8- ≥0.9, it would be classified as highly balanced. 

If it is from 0.6 to 0.7, then it is classified as moderate balanced and if this index ≤ 

 5, then it is classified as unbalanced (Hussain, 2014). So, copepods of Euphrates 

River are generally considered from moderate to unbalance during 2019 in this 

study area. 

Local and global studies highlighted that uniformity index values of crustaceans 

were higher in the dam reservoir compared with the site (below the dam). Such as 

the study of Al-Nimrawi (2002) on the impact of the Qadisiyah Dam on the 

Euphrates River. Similarly, Zhou et al. (2008) discussed impacts of Small Dam in 

Xiangxi River in China. Also, Havel et al. (2009) carried similar study to 

demonstrate the effect of main-stem dams on zooplankton communities of the 

Missouri River in USA. Portinho et al. (2016) found that crustacean uniformity 

values were higher in Itaipu Reservoir on the Paraná River in Brazil compared with 

site below the dam. 

In contrast, Sabri et al. (1993) and Al-Shamy (2016) recorded less uniformity 

values of crustaceans in the dam site, compared with the site below the dam during 

the higher river discharge months in Samarra Dam on the Tigris River and in Al-Kut 

Dam, respectively.  

The disagreed studies recorded lower uniformity values of crustaceans in the 

dame site. This could be due to the fact that dam reservoir was more exposed to 

environmental stresses (e.g. predation, sewage effluents) which made it less suitable 

to crustaceans growth compared with the site below the dam (Gayosso-Morales et 

al., 2019).  

Finally, according to present findings and some previous studies, it was proved 

that the dam affected on uniformity values of crustaceans in Hindiya Dam site 

which had higher values compared with other sites. This might be due to the fact 

that crustaceans prefer lentic water bodies such reservoirs or lakes as they have 

longer life cycles, and they are of larger size than rotifers (Błędzki & Rybak, 2016). 

Table 1 showed that nauplii, immature cyclops, Cyclops (♂), Cyclops sp., 

Paracyclops fimbriatus and Halicyclops sp. recorded the highest occurrence of 

copepods species at most or all sites which occurred in more than 50% of samples 

collected from Euphrates River in Hindiya Dam area during the study period.  
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The constant species of copepods were six at the dam site, while, they decreased 

to four constant species at site of downstream the dam 

Simões et al. (2015) studied the impact of reservoirs on constancy of species and 

compared them with natural lakes in Brazil. They found that constant species 

occurred in lakes more than in reservoirs and only rotifer species were notable in the 

reservoirs, while rotifers and crustaceans were recorded in natural lakes. This result 

could be related to the contribution of littoral zone and sediment with the pelagic 

zone of lakes. Accessory species were expected to be more influenced to 

environmental changes. In contrast, the constant species were more resistant to 

environmental changes in the dam. 

Zhou et al. (2008) referred to the increment of occurrence and abundance of 

some zooplankton species positively in reservoir with number of constructed dams 

on the river. The existence of small reservoirs, even with a short water retention 

times, leads to more presence of pelagic zooplankton in rivers and lead to drift them 

 from the upstream impoundments which agreed with the present results, especially 

with existence of several upstream reservoirs as Haditha Dam, Ramadi Barrage and 

Fallujah Barrage) that would influence abundance of pelagic zooplankton in 

Hindiya Dam sites.  

It was found that all of nauplii, immature cyclops, Cyclops (♂), Paracyclops 

fimbriatus and Halicyclops sp. were more frequent and formed constant taxonomic 

units during the study period. 

Thorp & Rogers (2014) observed that the dominance of nauplii (Figure 7) in 

rivers with greater densities frequently compared with adult copepod forms owing 

to its similarity to the rotifers which can drift passively farther than copepod adults 

for the small size and weight of nauplii, or may be due to its tolerance to a wide 

range of environmental conditions. 

 

 
 

Figure 7: Densities of nauplii during the study period. 

 

about:blank
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Czerniawski & Domagała (2014) observed that nauplii, followed by immature 

copepods (Figure 8), have greater occurrence compared with adult copepod forms as 

a result of the predation intensity which was higher to adult forms. This is in 

agreement with their higher occurrence in sites of the present study area. 

 

 
Figure 8: Densities of immature cyclops at the study sites. 

 

Brandl & Prazakova (2002) found that most cyclopoid species, such as cyclops, 

prefer to live in brackish water as they feed on all common species of rotifers, as 

well as nauplii and immature cladocerans (Figure 9). 

 

 
 

Figure 9: Densities of Cyclops (♂) during the study period. 

 

Błędzki & Rybak (2016) referred that Paracyclops fimbriatus (Figure 10) 

occurred frequently in the study area because it has a cosmopolitan distribution and 
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thrive in total dissolved solids (TDS) rich water for river and lakes which agreed 

with water nature of the present study area. 

 

 

 
 

Figure 10: Densities of Paracyclops fimbriatus during the study period. 

 

Fuentes-Reinés et al. (2013) reported that the frequent occurrence of Halicyclops 

sp. (Figure 11) which occurred frequently in study area may be due to its 

cosmopolitan distribution and its favor to brackish waters in rivers, ponds and lakes. 

 

 
 

Figure 11: Densities of Halicyclops sp. during the study period. 

 

In view of all that has been so far mentioned from the present investigation and 

the previous concerned studies, it is clear that the dam has affected on occurrence 

and constancy of most zooplankton species. This could be due to the reservoirs, 
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even with short water retention times, which led to high presence of pelagic 

zooplanktons. Also, reservoirs provide a place for drifting pelagic zooplanktons and 

to proliferate in sites downstream the dam (Czerniawski & Kowalska-Góralska, 

2018).

It was concluded that the changes in hydrological conditions from the current 

water in site 1 to limnetic basins in site 2 (the dam reservoir), then back to current 

water at sites 3, 4 and 5 downstream dam, had a significant impact on the spatial 

composition of the copepod community. 
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