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Abstract 

     This study is based on samples taken from one of the main branches of Tigris 

River; Gharaf River, at Kut Barrage in Wasit Governorate, Iraq. It  aimes to study 

the quantity and quality of the mollusca Invertebrates; furthermore. The study 

evaluates the molluscan biodiversity of the rivers by using appropriate biodiversity 

indexes. Thus, the first of its kind study in the evaluation of the diversity of mollusc 

in Gharaf River assemblage.  Monthly samples were collected randomly from the 

river mud, for 12 months, from January till December 2016. During the collection 

process; 5 stations on the river were chosen for sampling with 10(±1) Km distance 

between each of the stations, including Wasit Governorate. The study showed the 

presence of 20 Molluscs species were recorded for the first time in Gharaf River. In 

terms of population density, the annual average for Molluscs was 686.34 Ind./m
2
 . 

Relative Abundance Index (Ra) showed that Melanoid  tuberculate, Physa  acuta 

and  Lymnaea  auricularia was less abundant species in Gharaf River.  According to 

the Constancy Index (S) Corbicula fluminalis, M. tuberculata, M. nodosa, 

Theodoxus jordani, L. auricularia and Physa acuta considered as constancy species 

in Gharaf’s environment. The highest recorded values of the Species Richness index 

were 0.0303, while the lowest values were a complete absence (zero). Regarding 

Jaccard Presence-Community, the results demonstrated that the highest similarity 

percentage between mollusca communities in Gharraf River was between stations 3 

and 5, recorded at 66.66%. In the case of the Shannon-Weiner Diversity Index (H), 

the diversity values in Gharaf peaked at 7.819 bit/Ind. and a complete absence (zero) 

at its lowest point.  However, the Species Uniformity Index (E) results revealed the 

highest uniformity values was 1, while, the lowest values were complete absence 

(zero). 
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كػ بينهما  10(±1)، تػ خلالها اختيار خمدة محطات عمى كل نهر تؽزعت عمى مدافة 2016كانؽن الأول 
نؽع مؼ النؽاعػ لأول مرة في نهر الغراف. اما الكثافة  00أظهرت الدراسة تدجيل  وضمؼ محافعة واسط.

. بينت نتائج مؤشر الؽفرة الندبية ان الانؽاع 2فرد/م 686.34ؽي لها الدكانية لمنؽاعػ فقد كان المعدل الدن
Melanoid tuberculata وPhysa acuta وLymnaea auricularia ووفقاً . قميمة الؽفرة في نهر الغراف
 Theodoxus jordaniو M. nodosaو M. tuberculata و C. flumineaلدليل الثباتية فان الانؽاع 

نهر هي الاكثر تكراراً وظهؽراً وهي بذلغ تعد انؽاع ثابتة في بيئة نهر  Physa acutaو L. auriculariaو
في حيؼ تمثمت القيػ الادنى  0.0454في بيئة نهر الغراف وكانت  الأنؽاعقيػ لغزارة  أعمىالغراف. سجمت 

وبندبة  5و 3لمحطتيؼ بعدم العهؽر. اما نتائج دليل جاكارد لمتذابه فقد بينت ان اقؽى ندبة تذابه كانت بيؼ ا
بت/فرد في حيؼ   7.819بخرؽص دليل شانؽن وينر فقد سجل اعمى قيمة لهذا الدليل بمغ  .%66.66

في  1تمثمت ادنى القيػ بعدم العهؽر. في حيؼ اشار دليل تجانس ظهؽر الانؽاع الى ان اعمى قيمة له بمغت 
 حيؼ تمثمت ادنى قيمة بعدم العهؽر.

 

Introduction  

     Mollusca is one of the most widely distributed and variable phylum's in the animal kingdom and 

considered a second most important invertebrate behind arthropods. There are around 110,000 species 

of mollusca, most of them are marine creatures, although some types do live in freshwater as well as 

in terrestrial environment [1]. These organisms tend to show heterogeneity in size and shape, some 

have shells, or doesn’t, tend to free living and move slowly, they could be found epilithic to rocks or 

even sometimes they dig tunnels into these rocks [2]. 

     Mollusca is characterized by its large size and limited mobility as well as being dominant in many 

freshwater environments and it’s relatively easy to collect and identified [3]. Mollusca is divided into 

six classes; only two of them live in freshwater, Gastropoda and Pelecopoda (or Bivalves).  

     Number of studies has been done on mollusca groups in Iraq, including Ahmed [4] in Shatt Al-

Arab and Arabian Gulf, Al-Dabbagh & Daoud [5] whom identified the Mollusca in Shatt Al-Arab, 

Murtatha et al.  [6] when they study occurrence and abundance of the invasive snail (Pomacea 

canaliculata) with six native gastropod snails were recorded at Shatt Al-Arab, whereas Aatty [7] study 

these organisms in southern Iraq, While Abdulsahib [8] studied  two species Corbicula fluminea and 

Corbicula fluminalis in Shatt Al-Arab, nevertheless Aaqrawey [9]investigate Unio, Corbicula, 

Lymnaea, Melanopsis, Melanoids and Bellamya in the Mesopotamian Marshes. Therewith several 

local studies are dealing with Mollusca as a group within benthic invertebrates, such as [10- 21]. 

While this study considered as the first of its kind due to it included the study of the moullsca 

assemblage on one of the main branches of the Tigris River called Gharaf River, in Wasit 

Governorate. Which we can include it’s the main objectives by investigating the biodiversity and 

identification mollusca of the Gharaf River in Wasit Governorate, southern Iraq. 

Material and Methods 

Study area 

     Gharaf River branches from theTigris River at Al-Kut Barrage, therefore, it obtains its 

characteristics from theTigris River.  The length of Gharaf River is 230 Km from the point of its 

branching in Al-Kut Governorate to its estuary in Nasiriyah marshes, while the water depth in the river 

varies from 13 m at its branching point from the Tigris River to 7 m at the point of its meeting with 

Euphrates river in the marshes area near Thi- Qar Governorate [22]. The river is located in the 

southeastern part of Iraq from latitudes 31 2- 32 27  N  and from longitudes 45 45- 46 43 E. The 

river cuts the distance 90 Km in Al-Kut Governorate then enters Thi- Qar Governorate from its north 

side.  

Study Station Description 

     Five stations were chosen from which samples were collected, as shown in Figure-1. 

Station 1: It was located 500 m after Al-Kut Barrage near the first Barrage regulator, at the under lies 

between the longitudes 48 and 45 E; latitudes 28 and 32 N. 

Station 2: It was located 10 Km away from the first station in Bisroghiah area, at the under lies 

between longitudes 54 and 45 E; latitudes 23 and 32 N. 



Mirza and Nashaat                                       Iraqi Journal of Science, 2019, Vol. 60, No.3, pp: 469-485                     

471 

Station 3: It was located in Al-Moafaqya area - Al-Badrya region, 10 Km away from the second 

station, at under lies between longitudes 57 and 45 E;  latitudes 14 and 32 N. 

Station 4: It was located about 10 Km away from the third station, at underlies between longitudes 00 

and 46 E; latitudes 11 and 32 N. 

Station 5: This station was located at the underlies between longitudes 1 and 46 E;  latitudes 6 and 

32  N, in about 10 Km away from the fourth station. 

As for the sediment texture, Hydrometer method ( ASTM58 D421 – D422 ) described by Lambe and 

Robert [23] and Hayward [24] was used to analyses the particle size of the sediment particles in the 

mud samples. The results were expressed in size scales, Sand >0.2 mm, Silt 0.02-0.002 mm, clay 

<0.002 mm, and percentage. 

     Four replicates samples were collections monthly by using Ekman Dredge, and were preserved in 

4% Formalin after washing it with the river water through a 0.5mm laboratory sieve, and then the 

samples were sorted by using stereo microscope and identified and counted by using a compound 

microscope. The sorted individual was identified to the lowest practical taxonomic level according to 

the following classification keys: [4, 25- 27] while the results were expressed by Ind. /m
2
. 

 

 
Figure 1- A map showing the studied stations on Gharaf River 

 

     The following Ecological Indices were account: 

Relative Abundance Index (Ra): The calculated by (Ra) was depending on the formula contained in 

Omori and Ikeda[28]. Constancy Index (S): By the presence and frequency of each species, calculated 

according to the formula contained in Serafim et al.[29]. The Species Richness Index (D): This 

indicator is calculated monthly according to the formula contained in Sklar [30]. Shannon - Weiner 

Diversity Index (H): Values of this indicator were calculated monthly for all groups of invertebrates 
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by using the equation of Shannon and Weiner according to in the Floder and Sommer [31]. And the 

result expressed as the unit bit/ Ind. as a bit equal one piece of information. Values less than 1 bit/Ind. 

is a little diversified while the values more than 3bit/Ind. is most highly diversified [32]. The Species 

Uniformity Index (E): The species uniformity index measured according to the formula contained in 

the Neves et al. [33]. Considered values greater than 0.5 as equal or uniformity in appearance 

Results and Discussion 

     The results of the soil texture and the percentage of its sand, silt and mud content in the five 

stations of the study (Table-1), showed a significant contrast in its sediment between loam-clay-silt 

soil at stations 1, 2, 4 and, 5 and clay-silt soil at station 3, during the different seasons. 

 

Table 1- The percentage of each Gharaf River sediment content during period study 

Soil content 

Stations 
Sand % Silt % Clay % 

Soil Texture 

 

1 11.56 54.55 34 Silt clay Sand 

2 17 46 37 Silt clay Sand 

3 8.82 58.98 32.2 Silt clay 

4 25.6 41.4 33 Silt clay Sand 

5 12 53 35 Silt clay Sand 

     However, the organic material content in Gharaf River sediment was between 2.3% at its lowest at 

station 4 during the summer and, 6.9% as the highest recorded at station 1 during the winter. 3.9% was 

the annual average during the study period. (Figure-2). Although, the seasonal averages were 2.3% for 

summer and autumn and 6.9% during winter. 

 

 
Figure 2- Seasonal variations in the organic materials percentage in Gharaf River during period study. 

 

     Moving to mollusca density, it ranged between a complete absence (zero) at station 1 during March 

2016 and 7345 Ind./m
2
 at its peak in station 5 during January 2016, however, the average of the five 

stations during the study period was 686.34 Ind./m³ (Figure-3). 
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Figure 3- Seasonal variations of a total mollusca density (Ind./m

2
) in Gharaf River during period 

study. 

 

     The statistical analysis results showed in Table-2 indicated the presence of minor differences 

between the stations and the seasons at p≤ 0.05.  

 

Table 2- Seasonal averages and standard error of the total density values of mollusca in Gharaf River 

during period study. 

Season 

Stations 
Win. Spr. Sum. Aut. 

1 
M. 

SE 

1825.33 

 50.7 b 

170 

 8.6 b 

344 

 17.0 b 

1414.33 

 70.1 b 

2  
59 

 3.0 e 

85 

 3.1 c 

118.33 

 5.4 c 

196.33 

 9.3 e 

3  
1065 

 45.9 c 

403.33 

 20.4 a 

481.33 

 24.3 a 

1366.33 

 68.6 c 

4  
329.33 

 16.5 d 

192.33 

 9.6 b 

503.66 

 25.2 a 

1599.66 

 74.0 a 

5  
2551.67 

 29.8 a 

62.33 

 3.3 c 

70.33 

 3.1 d 

888.33 

 40.2 d 

Total 
Mean 

SE 

1166.19 

 46.3 

182.6 

 60.4 

303.53 

 44.3 

1092.0 

 25.3 

  P0.05 P0.05 P0.05 P0.05 

• Similar small letters indicate no significant differences P≤ 0.05between stations and seasons. 

Table-3 shows that the highest densities of Mollusca appeared at stations 1 and 5 and the lowest were 

at stations 2, 3 and 4, respectively.  

 

Table 3- The annual total density of mollusca (Ind./m
2
) during period study. 

5 4 3 2 1 Stations 

10.718 7875 9950 1376 11.261 Total Density of Mollusca 

     It was showed an increase in the total densities of mollusca during winter and autumn seasons, 

while it was showed a decrease during summer and spring seasons (Table-3), the reason for that could 

be the stability and suitability of the environmental conditions for it to grow and settle, the temperature 

could be suitable for its eggs to hatch; also, the richness of Aquatic plants at the river bank provides an 
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appropriate environment for it to live and a source of nutrition. However, other reasons could be: 

benthic stability, low water levels, current water and the low river depth of Gharaf during autumn 

specially during November [34]. Also, the moderate temperature increases the activity of 

microorganisms which increases decomposition that leads to an increase in nutrition's [35]. 

     As for spatial variation, station 1 record the lowest by recorded a complete absence (zero), while 

the high density was at station 5 by 7345 Ind./m
2
. It is noted from the results of Table-3 that the 

highest total densities appeared in station 1 and 5, while the lowest was at stations 2, 3 and, 4. The 

reason for that could be all stations above were close to the highly populated and agricultural area that 

puts them under levels of human and agricultural pollutants [36]. Another study Setaita and Montaser 

[37] showed the same effect on the Nile River, the total densities of mollusca were affected by the 

presence of pollutants near populated and agricultural areas, as the riverbed works as a basin for 

collecting pollutants [38]. 

     Our results did not match with densities sometimes and with season that recording of higher or 

lower densities with the results of other local researches such as Sabtie [39] , Al-Fannahrawi [40] , Al-

Saadi[41], Agha [42] and Obaid [43] to the fact that the composition of the mollusca community in 

any waterbodies is affected by many factors, including: the nature of the benthic, presence of algae, 

temperature and, water current, as Martel et al. [34] indicated. 

Figure-4 and Table-4 indicate  the results of Relative Abundance Index (Ra) showed that Melanoides 

tuberculata is the less abundant species, it makes 50% of station 1 population, followed by Physa 

acuta 26%, Pisidium dubium 10% ,  Melanopsis nodosa 6%, Lymnaea auricularia 4% and others 4%. 

While at station 2, Physa acuta scored the highest percentage by 43% followed by Melanoides 

tuberculata 20%, Pisidium dubium 13%, Melanopsis nodosa 9%, Gyraulus intermixtus 6%, and 9% 

for other species. 

     As for the station 3, Physa acuta, Melanoides tuberculata and Lymnaea auricularia were the less 

abundant species by 38%, 35% and 17% respectively; meanwhile, 5% was recorded for each of 

Corbicula fluminalis and Melanopsis nodosa. 

Station 4 results were as follows, 57% Melanoides tuberculata, 19% Physa acuta, 14% Corbicula 

fluminalis and 5% for both of Lymnaea auricularia and Melanopsis nodosa.  

Station 5, species Melanoides tuberculata, Corbicula fluminalis, Melanopsis nodosa, Physa acuta, 

Pisidium dubium, were 74%, 12%, 5%, 6% and 3%, respectively. 

    Akbar [44] recorded in her study on Gharaf River at the Dhi-Qar Governorate that the higher 

abundance of the species M. tuberculata, C. fluminalis, M. nodosa and  P.acuta while to Al-Abbad 

and Al-Karoni [45] has been recorded two species, Bellam. bengalensis and M. tuberculata by 0.5% 

and 0.2% respectively in his study for variety and density of invertebrates at tide zone in Al-Garma 

River. But Khalaf [46] has shown the results of her study abundance species  M. tuberculata by 69% 

and 83% and for  P. acuta by 0.1% and  0.1%  of the two stations and by 92% and 98% of the  species 

M. tuberculata  and by 0.3% and 0.1% of the species   C. fluminalis and P. acuta  respectively  in tidal 

marsh, while recorded  L. auricularia and  M. tuberculata by 0.3% , 0.1%  and  C. fluminalis and L. 

auricularia and  M. tuberculata and B. bengalensis by 69%, 80% and  2% respectively in non tidal 

marsh stations in her study of benthic invertebrate communities in three different aquatic 

environments south Iraq . 

     While Obaid [43] study showed for benthic invertebrate communities in the middle part of 

Euphrates river the species  Viviparus bengalensis and M. tuberculata and M. nodosa and M. costata 

of Gastropoda and the species Dreissena polymorpha and C. fluminalis and C. flumineaea and U. 

tigridis and Pseudodontopsis euphraticus of bivalves are recorded relative abundance by 25% , 22%, 

8%, 34%, 11%, 84%, 5%, 6%, and 2% respectively.   

     The increase and decrease of the density of mollusca, its diversity in the number of taxa and 

number of individuals in each taxa are all may be due to hydrologic change of water. Studies showed 

that mollusca prefer moderate water current with a high content of organic materials [47]. 
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Table 4- Relative abundant and constancy index frequencies at the study area. 

Station                                                

Taxa 

Ra% S 

1 2 3 4 5 1 2 3 4 5 

Phylum: Mollusca 
     

     

Class1: Bivalvia 
     

     

Family:Corbiculidae 
     

     

Corbicula fluminea - - - R R - - - A A 

Corbicula fluminalis R R R R R A A C C C 

Family: Unionidae 
     

     

Unio tigridis - - R - R - - A - A 

Family: Sphaeriidae 
     

     

Pisidium dubium R R R - R Ac A A - Ac 

Family: Dreisseniidae - - - - -      

Dreissena polymorpha 

(Pallas,1771) 
R - - R - A - - A - 

Class2: Gastropoda 
     

     

Family: Bulimidae 
     

     

Amnicola limosa - R - - R - A - - A 

Family: Thiaridae 
     

     

Melanoides tuberculata La La La La A C Ac C C Ac 

Family: Melanopsidae 
     

     

Melanopsis nodosa R R R R R C Ac C Ac Ac 

Family: Vivaparidae 
     

     

Bellamya bengalensis - R R - - - A A - - 

Viviparus intertextus R - - R - A - - A - 

Family: Ampullariidae 
     

     

Family: Naticidae 
     

     

Polynices ampla - - - R - - - - A - 

Family: Neritidae 
     

     

Neritina schlaeflii R - - R - A - - A - 

Theodoxus jordani R - R R R C - A Ac A 

Family: Lymnaeidae 
     

     

Lymnaea abrussa R - R - - A - A - - 

Lymnaea auricularia R R La R R A A C Ac Ac 

Lymnaea palustris - R - - - - A - - - 

Family: Physidae 
     

     

Physa acuta La La La La R C A C C C 

Family: Planorbidae 
     

     

Gyraulus convexiusculus R - R - R A - A - A 

Gyraulus intermixtus R R R - R A A A - A 

Family: Pyramidellidae 
     

     

Odostomia laevis - - - - R - - - - A 

*calculated from% occurrence in samples. Rare (R) are mollusca  occurring in less than 10%, Less  

abundant species (La) invertebrates occurin 10% -40% of samples, Abundant species (A) occurin 

40%-70% of samples and Dominant species (D)  occurin more than 70%. While as for constancy 

index(S) are mollusca  Accidental species (A) invertebrates occur in 1%-25%, Accessory species (Ac) 

occur in 25%-50% of samples and constant species (C) occur in more than 50% . 



Mirza and Nashaat                                       Iraqi Journal of Science, 2019, Vol. 60, No.3, pp: 469-485                     

476 

     The percentage of mollusca at all studied stations is shown in Figure-4 and it was 21% at station 1, 

19% at station 2, 18% at station 3, 19% at station 4 and 23% at station 5. Figure-5 shows the 

percentage of mollusca at all studied stations and it was 73%. 

 

 

 

 
 

 
Figure 4- Relative abundance of Gharaf River Mollusca during period study. 
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Figure 5- The percentage of mollusca in Gharaf River during the period study. 

 

     According to the Constancy Index (S), Melanopsis nodosa, Theodoxus jordani, Lymnea 

auricularia, Physa acuta and Corbicula fluminalis were the most frequent and appeared the most and 

considered to be constant in Gharaf environment. 

     As for spatial variation, station 1 showed that Pisidium dubium was the accidental species, while 

Melanoides tuberculata،Melanopsis nodosa، Theodoxus jordani, Physa acuta were the constant 

species. Meanwhile at station 2, Melanoides tuberculata, Melanopsis nodosa were the accidental 

species and the station showed no constant species. 

     While station 3 had all of Corbicula fluminalis, Melanoides tuberculata, Melanopsis nodosa, 

Lymnea auricularia and Physa acuta as constant species and with no accidental species. 

     Melanopsis nodosa, Theodoxus jordani and Lymnea auricularia were the constant species at 

station 4, while Corbicula fluminalis, M. tuberculata and Physa acuta were the accidental species. 

     Moving to station 5, Corbicula fluminalis and Physa acuta were constant, and Pisidium dubium, M. 

tuberculata, M. nodosa and L. auricularia were the accidental species. 

     The results also showed that station 3 had most of the constant species, and the least was in station 

5. Meanwhile, station 4 had the most of the accidental species. However, stations 2 and 3 had the least. 

That could be caused by the physical, chemical and biological factors of these stations which provide a 

suitable living environment for these species [48]. 

     These species were also recorded in other local Iraqi researches, including Nashaat et al. [12], Al-

Lami et al. [13], Radhi et al. [15], Radhi et al. [18], Al-Lami et al.[16] , Al-Kinani [49] , Akbar [44] , 

Al-Abbad and Al-Karoni[45] , Obaid [43] , Al-Khafaji et al.[50]and Khalaf [46]. 

     The appearance of few species with high frequencies does not match what described as a clean 

environment which is characterized by various species in high frequencies, especially species that 

cannot live under the pressure of such highly polluted environment [32]. 

     Twenty species of mollusca were first recorded in Gharaf River during the current study, and it was 

distributed as 13, 10, 12, 11 and 13 species at station 1, 2, 3, 4 and 5 respectively.  

The Species Richness Index for Mollusca recorded with a range of complete absence (zero) at stations 

1, 2 and 5 during March, January and September, February, March, and April, respectively. And the 

highest value was 0.0454 at stations 1 and 2 during February and December, respectively (Figure-6). 

Benthic Invertebrates richness is affected by a number of factors, including temperature, Oxygen 

concentration, organic materials [51], water depth, nutrition, plant quantity, predation and competition 

[52]. 

     The recording the highest richness index values in the spring, January and August might be due to 

the effect of temperature, productivity, the presence of a vegetation cover and nutrition. These are all 

factors of a convenient environment for the development and success of certain species [53]. 
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     All these results match with another study Khalaf [46], their study also found that the highest 

values of the richness index for benthic invertebrates were during winter and spring, this reflects its 

favors on the environmental conditions during these months, which was also confirmed by Geraci et 

al. [54] who indicated the changes in the number of benthic invertebrates during the different seasons. 

However, Gray [55] emphasized the importance of water levels on the benthic invertebrate's richness 

by the reduction of the total area, aquatic plants, and algae. 

 

Figure 6- Variation of mollusca richness in Gharaf River during the period study. 

 

     As for spatial variation, station 1 recorded high mollusca richness index values and that could be 

due to the sediment texture and the levels of pollution [56]. As far as Brinkhurst [57] concerned, the 

up of the river has more diversity of benthic invertebrates than down to the river, however, Plazait and 

Younis [58] pointed out that mollusca prefer rich vegetation areas more than areas with slow water 

flow, that is high quantities of aquatic plants provides nutrition and protection from predators for 

benthos fauna [59]. 

      By comparing the number of taxonomic units which founded in this study with other local Iraqi 

studies, Al-Lami et al.[13] found four molluscan species from a total 26 benthic invertebrate species 

they identified in their study on Tharthar Arm and Tigris River, whereas, Al-Lami et al. [14] identified 

13 mollusca species out of a total of 45 species of benthic invertebrates observed in their study on 

Habbaniyah Lake. As for Ali [60], six molluscan species were recorded out of 32 total benthic 

invertebrate species. Another study about this was Nashaat [61], it was done on Tigris River, south of 

Baghdad, near Al-Dorah power plant where eight mollusca species were identified from a total of 24 

benthic invertebrate species found. Al-Khafaji et al. [50] found that 17 Mollusca species live in the 

tidal area of Shatt Al-Arab out of 40 benthic invertebrate species existing in the area. The differences 

in the number of taxonomic units of the present study compared with the previous studies are may be 

due to several reasons, including the distribution of Aquatic plants, changes in productivity, collecting 

strategies and the differences in the taxonomic aspects which related with diagnosis [62, 63]. 

     By comparing the results of the species richness index in the current study with other Iraqi studies, 

it   was recorded the value of this index ranged from 0.31-1.25 during autumn and spring as mentioned 

in Al-Abbad and Al-Karoni [45] study of invertebrates in the tidal area of Al-Karamah River, whereas, 

Obaid [43] study recorded from 4.72-8.64 during January and February on benthic invertebrates of 

Euphrates . Meanwhile, Al-Khafaji et al. [50] have recorded value of 1.66-4.04 for the species 

richness index during March and September in the tidal area of Shatt Al-Arab. As for Khalaf [46], he 

showed that the highest values of the richness index were during winter and spring ( October, January, 

February and March) and it was from 1.78-3.04 for the invertebrate communities in three different 

water bodies in southern Iraq. All these results are higher than the current study, the reason for that 

was these studies calculated the richness index according to the total invertebrate densities studied, 

while our study it was done with respect to only mollusca groups of benthic invertebrates of Garaf 

River. 
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Moving to Jaccard - Presence community coefficient Table-5 and Figure-7 was showed that the 

highest connection was between station 3 and 5 scoring 66.66%, then it started decreasing until it hit 

its lowest at 33.17% with station 4. 

     Jaccard Index indicated the presence of differences similarities between all studied stations, and 

since benthic invertebrates have an important role in the decomposition and recycling of nutrition's 

and organic materials through direct consumption, therefore, the differences between stations appear 

[64]. Or, it could be due to differences in the waste discharge between the stations, it generates 

different environmental conditions in each station, therefore, different communities appear depending 

to its ability to adapt to the different conditions [65]. 

 

Table 5- Jaccard coefficient matrix for the similarities of Mollusca communities during period study. 

5 4 3 2 Stations 

42.11 25 44.44 41.18 1 

50 31.25 57.14  2 

66.66 35.29   3 

41.17    4 

 

 
Figure 7- Dendrogram showing similarity percentages of mollusca communities between all the 

stations in Gharaf River during period study. 

 

     By comparing the results of this study to other local Iraqi studies, we found that Ibrahim [66] has 

recorded 58.6-85.1% between Al-Diwaniah River and Al-Dgharah River. However, Nashaat [61] has 

recorded the highest value by 92% in Tigris River. Meanwhile, it was only from 52.83-56.96% for 

Obaid [43] in the Euphrates River. While Radhi [67] recorded only 34.21% as the highest and 16.6% 

at its lowest. Some international studies related include: Suckling [68] recorded from 10-95% in 

Manawatu River in New Zealand. While Arazu and Ogbeibu [69] a study in Nigeria on the Niger 

River recorded 0.94-0.97%. The variation in this value points the variations in the physical and 

chemical characteristics, therefore, the presence of some species and its relationship with other 

species, or could point to the variation in the nature of the areas that river pass by, the areas around the 

river, the agricultural and industrial activities, and the density of aquatic plants [70]. 

     Regarding Shannon-Weiner Diversity Index, results for molluscan diversity hit its peak at 7.819 

bit/Ind. at station 3 during September, however, it did not appear at stations 1,2 and 5 during 

September, also at station 1 in March, station 2 in January and September and station 5 in February, 

March and April (Figure-8). 
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Figure 8- Variation of Shannone-Weiner values for Mollusca in Gharaf River during period study. 

 

     The highest values for species diversity were recorded at stations 3 and 5 may be due to the effect 

of the Kut barrage, as well as the different environmental conditions, Petts [71] pointed to the effect of 

dams on the diversity of benthic invertebrates in his study and found a positive effect on it. As for the 

recorded absent of mollusca at all stations, it indicates the organic pollution as a result of the impact of 

human and agricultural waste from the areas near the study stations, which works to reduce 

biodiversity with encourages to the domination of a few species [33]. 

     It was revealed that from Shannon-Weiner Index results that Gharraf River is under environmental 

pressure due to the levels of pollution it has, that reduces biodiversity and decreases the consistency 

and stability of the biological community. Goel [72] explained the results of Shannon-Weiner Index as 

follows, 0-5 bit/Ind. is the average range of the results, >3 bit/Ind. indicates high biodiversity and 

clean, stable environment, <1 bit/Ind. indicates pressured, a highly polluted environment that causes 

death or migration of sensitive species. 

     The aforementioned Index is also used to evaluate the quality of water, clean water has a score of 

more than 3 bit/Ind., while a score between 1-3 bit/Ind. indicates that the water is moderately polluted, 

however, if it is below 1 bit/Ind. that means the water is heavily polluted, So and according to the 

represent the majority of the results of Gharaf River which makes the river from moderately to heavily 

polluted depending on the location and the season. 

     By comparing our results from this study to other Iraqi local ones, we found that Sabtie [39] has 

recorded values from 0.4-1.05 bit/Ind. when he his study the marshes in southern Iraq, also, Al-Kinani 

[49] has recorded 3.31 as the lowest value at the Tigris River and a peak of 18.6 bit/Ind. at Dialah 

River in her study about the effect of some environmental factors on benthic invertebrate communities 

in Tigris and Dialah Rivers, southern Iraq.  Moving to Obaid [43], her study of the middle part of 

Euphrates River showed diversity values ranging from 0.3-2.86 bit/Ind. during January and 

November, meanwhile, Al-Khafaji et al.[50] recorded 2.98, 2.85, 2.61, and 2.57 bit/Ind. at station 

2,3,1 and 4, respectively, in his study about the diversity, abundance and distribution of benthic 

invertebrates in the tidal area of Shatt Al-Arab. In another study, on the benthic invertebrate 

communities in three different water bodies southern Iraq, Khalaf [46] found that the highest diversity 

values at tidal river locations were 1.98 and 1.74 bit/Ind. during February and October, and the lowest 

were 0.79 and 0.46 bit/Ind. during March and November, all respectively. However, at the tidal 

marshes, the highest were 1.40 and 1.14 bit/Ind. during March and April, while the lowest were 0 and 

0.39 bit/Ind. during August and February, respectively. The third location was at the non-tidal 

marshes, where the highest was 1.33, 1.78, 1.80 and, 1.69 bit/Ind. during March, June, August and 

January, respectively. Although, the lowest were 0, 0.4, 1.07, and 0.33 bit/Ind. during September, 

November and April, respectively 
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     Al-Maliki [73] and Abbas [74], pointed to the presence of specific factors that affect the values of 

the diversity index, either increases or decreases, correlated with the absence of the required climate 

for the growth of some species that invertebrates feed on, in addition to physical and chemical factors, 

all these causes combined explains the differences between the studies. 

     As for international studies on this topic, Cai et al. [75] study showed values of 1.79, 1.43 and 1.33 

bit/Ind. at his station in Taihu Lake in China, he referred these differences to the effect of nutritional 

richness caused by human pollutants, an increase of nutrition's both water and sediments and the weak 

ability of the lake to refine itself. Meanwhile, Arazu and Ogbeibu [69] in their study of Niger River in 

Nigeria have recorded values from 3.24-3.59 bit/Ind. 

     Moving to the Species Uniformity Index, station 1,2 and 5 have shown the lowest values for 

mollusca, which were complete absence (zero) during different random months, while the highest 

values, which were 1, which were recorded at station 2,3 and 4 during December, February and 

March, respectively (Figure-9). 

 

Figure 9- Variation of Species Uniformity Index for Mollusca during period study. 

 

     Species Uniformity Index indicates to the individual distribution pattern between the different 

species, the closer individuals are to each other density wise, the closer the value to 1 [76]. Therefore, 

if the value does not exceed 0.5, it indicates that the species are under environmental pressure in 

different locations. It is noted from the Uniformity Index results that these species are under high 

environmental pressure, as the values did not exceed 0.5 in most of the locations during different 

months. Thus, these species are considered non-uniform in its appearance and its distribution across 

the species [77]. Low Uniformity Index values demonstrate the dominance of few species and in high 

densities due to the environmental pressure as Green [78] suggested. 

     However, the results of this study were similar to the results of other Iraqi local studies, as Al-

Jubouri [79] also recorded values less than 0.5 on the Tigris River, and Obaid [43] records were from 

0.1-0.9 at the Euphrates River. However, both of their studies affirmed the presence of high 

environmental pressure on these species at different locations. Meanwhile, Al-Serai [80] recorded 0.7-

1 at their locations in Damlaj marsh at Diwaniyah, Iraq. 

The changes in the benthic invertebrate communities are related to changes in the water pattern and 

the physical, chemical and biological characteristics of it, the shape of the banks changed, the nature 

and composition of the benthic, and the distribution of the aquatic plants [71]. 

     Some of the international studies showed higher Uniformity, Thadeus and Lekinson [81] recorded 

0.990-0.993 in Nigeria, and Ojutiku et al. [82] study Kaduna River also in Nigeria recorded 0.78. 

 

 

 

 



Mirza and Nashaat                                       Iraqi Journal of Science, 2019, Vol. 60, No.3, pp: 469-485                     

482 

References  

1. Mader, S.S. 1998. "Biology". McGraw- Hill Company, Inc. USA. 

2. McComb, C., Varshney, N.i and Lukowaik, K. 2005. "Juvenile Lymnaea ventilate, Learn and 

Remember Differently than do Adult Lymnaea". The Journal of Experimental Biology, 208: 1459-

1467. 

3. Jamil, K. 2001. "Bioindicator and Biomarker of Environmental pollution and Risk Assessment". 

Science Publisher, Inc. Enfied (NH), USA Printed in India.   

4. Ahmed, M. M. 1975. "A systematic study on mollusca from Arbian Gulf and Shatt Al-Arab , 

Iraq". Center for Arab Gulf Studies, Univ. Basrah, Iraq.                                                                  

5. Al-Dabbagh, K.Y. and Daoud, Y.T. 1985. "The ecology of three gastropod mollusks from Shatt 

Al-Arab". J. Boil. Sci. Res., 16: 155-186. 

6. Al-Abbad, M. Y.; Hamza, H. A. and Raghad Z. Khalaf, R. Z. 2015. "First record of the invasive 

apple snail Pomacea canaliculata (Lamarck, 1822) (Gastropoda:Ampullariidae) in Shatt Al-Arab 

River, Southern Iraq with some ecological aspects".Marsh Bulletin, 10(2): 92-101.  

7. Atee, R.A. 2008. "The diversity of Mollusca in four water systems in southern Iraq". Basrah 

Research Journal, 3(34): 28- 34. 

8. Abdul Saheb,I. M. 1989. "The history of life and productivity of two types of freshwater molluscs 

Corbicula fluminea and Corbicula fluminalis in Shat-Al- Arab". MSc. Thesis, Marine Research 

Center, Al- Basrah University. 

9. Akrawi, A. 1992. "The southern marshes of Mesopotamia plains, Geological view, marsher of 

Iraq". Environmental studies, Publication of Marine Research Center, 297(18): 19- 31 

10. Kassim, T.I., Jaweir, H.J., Muften, F.S., AL-Maliky S.K. and Nashaat,  

M. R. 1997. "Benthic fauna in Tigris River, Iraq". J Coll. Educ. for Women, Univ. Baghdad, 8(2): 

167-170. 

11. Al-Lami, A. A., Jaweir, H. J. and Nashaat, M. R. 1998. "Benthic invertebrates community of the 

river Euphrates upstream and downstream sector of Al-Qadisia dam,Iraq". Reg. Riv., 14(4): 383-

390. 

12. Nashaat, M. R., Al-Lami, A. A. and Jaweir, H. J. 2000. "Benthic fauna of Qadisia lake, north- 

west Iraq". J. Diala, 8(1): 74-83 

13. Al-Lami- A. A., Muften, F. S. and Nashaat, M. R. 2002. "Benthic Invertebrates in Tharthar Arm 

and Tigris River". Ibn – Al Haitham J. for Pure & Appl. Sci., 14(3): 87 – 98. (in Arabic). 

14. Al- Lami, A.A., Nashaat, M. R. and Radhi, A. G. 2002. "Zoo-Benthos Diversity in Habbaniya 

lake– Iraq". Iraq. J. of Biol., 2(2): 316- 324. (In Arabic). 

15. Radhi, A. G., AL-Lami, A. A. and Nashaat, M. R. 2004. "Ecology and diversity of Benthic 

invertebrate at AL-Radwania Draingg Canal". Basrah J.Agric. Sci., 17(2): 255-264. (In Arabic). 

16. Al-Lami, A. A; Nashaat, M. R. and Radhi, A.G. 2006. "Ecology and Macro Benthic Invertebrates 

at Abu-Graib Drainage Canal". Iraqi Journal of Science and Technology (IJST), 3(1): 71-79. 

17. Abdullah S. A. H.; Radhi, A.G.; AbdulJabbar, R. A.; Al-Lami, A. A and Nashaat, M. R.. 2006. 

"Environmental effects of Lower Zab Tributary on benthic invertebrates Species diversity in 

Tigris River". IBN AL-Haitham J. for Pure & Appl. Sci., 19(2): 17-28. 

18. Radi, A. G., Al-Lami, A. A. and Nashaat, M. R. 2006. "Spatial and temporal changes of the 

benthic invertebrates composition in the North part of the Main drainage channel". Marina 

Mesopotamica, 21(1): 113-129.  

19. Nashaat, M. R., Radhi, A. G., Al -Lami, A. A. 2006. "Bio–diversity of benthic invertebrates 

community in Al-Yosifea Drang Canal – Iraq". 3
ed

 Scientific Conference of the College of 

Science, University of Baghdad, for the period from 24-26 / March / 2009: 1189-1198.  

20. Nashaat
 
, M. R., Radhi, A. G., Mohammad,  A. A., Reassn, K. H. 2017.  "Impact of Al-Rasheed 

Power Plant Effluents on Biodiversity of Benthic Fauna in Tigris River, Southern Baghdad". Ibn 

Al-Haitham J. for Pure & Appl. Sci., 30(1): 315-324. 

21. Rhadi, M. M., Nashaat
 
, M. R. and Dauod, H. A. 2017. "Assessment of the wastewater effect on 

Presence and the density of the Tigris River benthic fauna by using biodiversity index in AL-Kut 

City". Journal of University of Kerbala, 16(1): 127-136. 

22. Jawad, L. A., Hussein, S. A. and Fahad, K. K. 2009. "Glyptothorax kurdistanicus (Berg,1931) 

(Pisces, Siluriformes, Sisoridae) in the lower reaches of the Tigris river". Iraq. J. Appl. Ichthyol., 

25: 779-781. 



Mirza and Nashaat                                       Iraqi Journal of Science, 2019, Vol. 60, No.3, pp: 469-485                     

483 

23. Lambe, T.W. and Robert, V. W. 1969. "Soil mechanics". John Wiley and Sons, Inc., pp.553. 

24. Hayward, H. E. 1953. "Diagnosis and improvement of saline and alkali soils", Agriculture 

handbook N0. 60. Riverside, Calif., 160pp. 

25. Clench, W. J. 1976. "Mollusca". (In:) Freshwater Biology, Edmondson, W. T. (Eds.), 2
nd

 Edition, 

United States of America, 1117-1160. 

26. Frandsen, F. 1983. "A field guide to freshwater snails in countries of the WHO eastern 

Mediterranean region". Danish Bilharziasis Laboratory,: 45pp 

27. Baloch, W. A., Memon, U. N., Burdi, G. H., Soomro, A. N., Tunio, G. R. and  Khatian, A. A. 

2012. "Invasion of channeled apple snail Pomacea canaliculata, Lamarck (Gastropoda: 

Ampullariidae) in Haleji Lake, Pakistan". Sindh Univ. Res. Jour. (Sci. Ser.), 44 (2): 263-266.         

28. Omori, M. and Ikeda, T. 1984. "Methods in marine   zooplankton ecology". Wiley and Sons, New 

York. 

29. Serafim, M., Lansac-Toha, F. A, Paggi, J. C., Velho, F. M. and Robertson, B. 2003. "Cladocera 

Fauna composition in a river floodplain, with a new record for Brazil". Brazil J. Biol., 63(2): 349- 

356. 

30. Sklar, F. H. 1985. "Seasonality and community structure of the Back swamp invertebrates in 

Alonisiana Tupelo wetlands". Wetlands J., 5: 69 – 86. 
31. Floder, S. and Sommer, U. (1999). "Diversity in planktonic communities: An Experimental test of 

the intermediate disturbance hypothesis". Limnol. Oceanogr. , 44(4): 1114-119. 

32. Proto- Neto, V. F. 2003. "Zooplankton as bioindicator of environmental quality in the Tamandane 

Reff system (Pernambuco- Brazil). Anthropogenic influences and interaction with mangroves". 

Ph. D. Thesis, Univer. Breman, Brazil. 

33. Neves, I. F., Rocha, D., Roche, K. F. and Pinto, A. A. 2003. "Zooplankton community structure of 

two marginal lake of River (Cuiaba) (Mato, Grosso, Brazil) with analysis of rotifer and cladocera 

diversity". Braz. J. Biol., 63(2): 329- 343. 

34. Martel, A. L., Lauriault, J. and Madill, J. 2011. "Mollusca (Bivalves and Gastropods) as part of a 

biodiversity inventory of the Frenchman River, Southwest Sakatchewan". Canadian Museum of 

Nature, life Science.  

35. Amar, Y., Djahedl. B., Lebid, S., Anani, M., Moueddene, K. and Mathieu, C. 2012. "Impact of 

Industrial pollution on the zooplankton population density of the Hammam Boughrara Dam". J. of 

Enviro. Sci. Engin., A1: 527- 532. 

36. Ramadan, S. E., Fishar, M. R., Hassan, S. H., Ebeid, A. A. and Gawad, S. S. A. 2002. "Benthic 

community in the River Nile, Egypt III- Meiofauna at Helwan region". Egypt J. Aquat. Biol. and 

Fish, 6(1): 95- 113. 

37. Setaita, H. Sleem and Montaser, M. H. 2011. "Impact of pollution on Invertebrates Biodiversity in 

the River Nile Associated with Dahab and El- Warrak Islands, Egypt". Int. J. of Envi. Sci. and 

Engi. (IJESE), 1: 15- 25. 

38. Hassan, M. M. 2008. "Ecological studies on the zooplankton and macrobenthos of lake Edku, 

Egypt". Ph. D. Thesis Ain Shams Univ., Faculty of Science, Zoology Dep., Cairo, Egypt. 

39. Sabtie, H. A. 2009. "An ecological study of the benthic macroinvertebrates community in the 

southern marshes of Iraq". Ph. D. Thesis. College of Science for Women, Baghdad Univ., 

Baghdad, Iraq. 

40. Al- Fannahrawi, A. A. A. 2010. "Distribution and Diversity of macrobenthic invertebrates in the 

sediments of the Shat- Al- Hillah- Iraq". MSc. Thesis, College of Science, University of Babylon. 

41. Al- Saadi, A. J. N. 2013. "The Biodiversity of Mollusca and some environmental factors effects in 

Euphrates river- Iraq". MSc. Thesis, College of Science, University of Babylon. 

42. Agha, Rana F.A. 2014. "Environmental management of some activities in Tigris River and their 

Effects on the water quality and the benthic invertebrates community within Baghdad city". MSc. 

Thesis, College of Science for Women, University of Baghdad,: 144pp. 

43. Obaid, Zahraa H. 2014. "The environment and Diversity of Benthic Invertebrates community in 

the Middle sector of Euphrates River- Iraq". MSc. Thesis, College of Science for Women, 

University of Baghdad. 

44. Akbar, Manal M. 2013. "Ecological survey of Al- Gharaf at Thi Qar Province, Iraq". Marsh 

Bulletin, 8(1): 1- 17. 



Mirza and Nashaat                                       Iraqi Journal of Science, 2019, Vol. 60, No.3, pp: 469-485                     

484 

45. Al- Abbad, M. Y. and Al- Karoni, E. H. 2013. "Study of the diversity and density of some 

Invertebrates of the tributaries of the tidal region in the Garma river in Basrah governorate". J. of 

University of Babylon, Environmental Researches Center. 

46. Khalaf, Raghad Z. 2016. "Synecology of Macrobenthic Invertebrates communities of three 

different aquatic habitat of Southern Iraq". College of Science, University of Basrah. Ph. D. 

Thesis, pp. 252. 

47. Al- Lami, Ali. A., Kassim T. I., Muften, F.S. and Al- Dylymei, A. 1998. "An Ecological study on 

Habbaniya Reservoir". J. Coll. Educ. for Women, Univ. of Baghdad, 9(2): 209- 215. 

48. Salve, S. J., Goswami, D. B., Ahire, P.P.  and Shinde, H. P. 2013. "Diversity of freshwater 

zooplanktons at Gangapur dam Nashik: M.S. (India)". Int. J. of Advanced Life Sci., 6(3): 255-257. 

49. Al-Kinani, Dahlia M. A.H. 2010. "Effects of some Environmental variables on Benthic 

Invertebrates community of two locations in Tigris and Diyala Rivers south of Baghdad".  MSc. 

Thesis, College of Science for Women, University of Baghdad., pp. 158. 

50. Al- Khafaji, K. K. S., Al-Essa, S. A. K. and Hashem, A. A. 2015. "The Diversity, Abundance and 

Distribution of Macroinvertebrates Community in the intertidal zone of the Shatt- Al- Arab, 

South- Iraq". Thi- Quar J. of Science, 5(2): 54- 64. 

51. Zabbey, N. and Hart; A. Z. 2006. "Influence of some physicochemical parameters on the 

composition and distribution of benthic fauna in Woji Greek Niger Delta, Nigeria". Global J. Pure 

Applied Sci., 12: 1- 5. 

52. Cottenie, K. and Meester, L. 2003. "Connectivity and cladoceran species richness in a meta 

community of shallow lakes". Freshwater Bio., 48: 823- 832. 

53. Badsi, H., Ali, H. O., Loudiki, M., ElHafa, M., Chakli, R. and Aamiri, A. 2010. "Ecological 

factors affecting the distribution of zooplankton community in the Massa Lagoon (southern 

Morocco)". Afr. J. Environ. Sci. Technol., 4(11): 751- 762. 

54. Geraci, G. J., Zhou, X. and Al- Saffer, M. A. 2011. "Barcoding Iraq: aquatic insects of the Tigris/ 

Euphrates river basin useful or biosurveillance". 4
th
 Inter. Barcoding life confe. Adelaida, 

Austealia. 

55. Gray, L. J. 2012. "Macroinvertebrates of the Willard spur Wetlands". Literature Review and 

Results of sampling in.   

56. Yap, C. K., Ismail, A.R., Ismail, A. and Tan, S. G. 2003. "Species Diversity of Macrobenthic 

Invertebrates in the Semenyih river, Selangor, Peninsular Malaysia". Petranic J. Trop. Agric. Sci., 

26(2): 139- 146.  

57. Brinkhurst, R.O. 1967. "The Distribution of aquatic Oligochaetes in Saginaw Bay, Lake Huron". 

Limnol. Oceanogr., 12: 137- 143. 

58. Plaziat, J. C. and Younis,W. R. 2005."The modern environment of Mollusca in southern 

Mesopotamia,Iraq: A guide to paleogegraphical reconstruction of Quantenary fluvial and marine 

deposits". Carrets de Geologie/ Notebooks on Geology-2005/ Article-1 (CG2005_ADI): 1-18. 

59. Lana, P. and Guiss, C. 1991. "Influence of Spartina alterniflora on structure and temporal 

variability of macrobenthic associations in a tidal flat of Paranagua Bay (Southern Brazil)". Mar. 

Ecol. Prog. Ser., 73: 231-244 

60. Ali, L.A. 2006. "A study of macroinvertebrates community in the middle sector of Greater Zab 

river- Iraqi". Ph. D. Thesis, College of Science for Women, Baghdad Univ., pp. 46.   

61. Nashaat, M. R. 2010. "Impact of Al-Durah power plant effluents on physical, chemical and 

invertebrates biodiversity in Tigris River, Southern Baghdad". Ph. D. Thesis Coll. of Sci., Univ. of 

Baghdad, Iraq: 183 pp. 

62. Williams, R. N.; Ellis, M. S. and Fickle, D.S. 1998. "Insects in the killbuck marsh wildlife Area, 

Ohio". 1994 survey. Ohio J. of Sci., 96: 34- 40. 

63. Amri, N., Jamili, S. and Abdolbaghian, S. 2014. "Diversity of macrobenthos communities and 

their Relationships with Environmental factors in Jajroud River". Iran Resources and 

Environment., 4(2): 95- 103 

64. Penha- Lopes, G., Xavier, S., Okondo, J., Cannicci, C., Fondo, E., Ferreira, S., Macamo, C., 

Macia, A., Mwangi, S. and Paula, J. 2010. "Effects of urban wastewater loading on Macro-Meio 

in fauna Assemblages in subtropical and Equatorial East African Mangroves". Western Indian 

Ocean J. Mar. Sci., 9(2): 195- 212. 



Mirza and Nashaat                                       Iraqi Journal of Science, 2019, Vol. 60, No.3, pp: 469-485                     

485 

65. Apaydin, Y. M. 2013. "Seasonal zooplankton community variation in Karatas lake, Turkey".  

Iranian J. of Fish Sci., 12(2): 265- 276. 

66. Ibrahim, S. S. 2005. "Biodiversity of Invertebrates in Dhagarah and Diwania rivers Iraq". Ph. D. 

Thesis, Collage of Education, Al- Quadisia University, 177 pp 

67. Rhadi, M. M. 2018. "Effects of Al- Kut Dam in Benthic Biodiversity Invertebrates of Tigris 

River". Ph. D. Thesis, College of Education for Pure Sciences, Ibn- Al- Haitham, University of 

Baghdad.  

68. Suckling, D. M. 1982. "Organic wastewater effects on benthic invertebrates in the Manawatu 

River". New Zealand Journal of Marine and Freshwater Research, 16: 263-270. 

69. Arazu, V. N. and Ogheibu, A. E. 2017. "The composition abundance and distribution of 

zooplankton of river Niger at on Itsla streteh, Nigeria". Animal Res. Int., 4(1): 2629- 2643.  

70. Al- Hamdawi, A. A. S. 2009. "Primary productivity and environmental factors affecting it in the 

Daghara river- Diwania- Iraq". MSc. Thesis, Collage of Education, Al- Quadisia University. 

71. Petts, G.E. 1984. "Imponded Rivers: Perspective for ecological management". Johan- Wiley and 

Sons, Chichester: 326 pp. 

72. Goel, P.K. 2008. "Water pollution causes, Effects and Control ".2
nd

 Ed., Reprint New Age 

International (P) limited. Publishers, New Delhi. 

73. Al- Maliki, N. S. H. 2002. "An environmental survey of the Hamdan river channel, one of the 

main branches of the Shatt Al-Arab River". MSc. Thesis, Collage of Agriculture, Basrah 

University. 

74. Abbas, M. F. 2010. "Abundance of Copepoda and some zooplankton and their diversity in the 

northern part of the Shatt Al-Arab". MSc. Thesis, Collage of Education, Basrah University. 

75. Cai. Y., Gong, Z: and Qin, B. 2011. "Influences of habitat type an environmental variables on 

benthic macroinvertebrates communities in a large shallow subtropical lake (Lake Taihu, China)". 

Ann. Limnol. Int. J. Lim., 47: 85- 95.  

76. Ricotta, C. and Avena, G. 2002. "On the information theoretical meaning of Hill, S parametric 

Evennes". Acta Biotheoretica, 30: 63- 71. 

77. Smith, M. D. and Knap, A. K. 2003. "Dominate species maintain Ecosystem function with non- 

random species loss". Ecol. Lett., 6: 509- 517. 

78. Green, J. 1993. "Diversity and Dominance in planktonic rotifers". Hydrobiol., 255: 345- 352 

79. Al-Jubouri, A. M. A. 2012. Diagnostic study of sub-family species Tubificinae: Oligochaeta; 

Naididae in different aquatic systems in Baghdad Iraq". MSc. Thesis, College of Education for 

Women, Baghdad University. 

80. Al- Serai, Maysoon H. M. 2015. "An Ecological study of the Benthic Invertebrates in Al-

Dalmage Marsh- Middle of Iraq". Ph. D. Thesis, College of Science for Women, University of 

Baghdad.  

81. Thadeus, I.T.O. and lekinson, A.M. 2012. "Zooplankton based assessment of the trophic state of a 

tropical forest river". Int. J. Fish Aquic, 2(2): 64- 70. 

82. Ojutiku, R. A., Habibu, S. and Kolo, R.J. 2017. "Zooplankton abundance and diversity of river 

Kadona and College of Agriculture and Animal Science Dam (CAAS) Kadona, Nigeria". Nig. J. 

Fish Aqua, 5(2): 1- 10. 

 

 


