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INTRODUCTION 

  

Monitoring water quality is an important part of managing vital water resources 

and ecosystems. The quality of the environment can only be described by measuring 

physical and chemical factors at a specific time (temporary). Biological indicators can be 

observed in real time, providing simple directions for tracking pollution. Plankton is 

remarkably one of the biological factors that can be used as an indicator of environmental 

conditions (Fichot et al., 2016; Yanuhar et al., 2019). 

Zooplankton are crucial in the ecosystem in monitoring water quality, pollution, 

and the state of eutrophication (Eddy et al., 2021; Magouz et al., 2021; Peng et al., 
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Zooplankton is an important bio-indicator of ecosystem integrity. The present 

study aimed to evaluate zooplankton community and measure some physical 

and chemical characteristics of the water, during the period from September 

2020 to August 2021. Samples were collected from 15 sites located in the River 

Nile and its tributaries (26°9'18.22"N and 32°42'57.64"E) at Qena Governorate. 

Eleven representatives of water samples were collected to measure physico-

chemical parameters, including temperature, pH, total dissolved solids, 

conductivity, turbidity, dissolved oxygen and some heavy metals (manganese, 

copper, zinc, chrome and cobalt). Investigation of the physio-chemical 

parameters showed that pH, turbidity, dissolved oxygen, total dissolved solids, 

and conductivity recorded maximum values in winter. Heavy metals such as 

cobalt (Co) recorded the highest concentration in winter and the lowest in 

autumn. Chromium (Cr) recorded the highest concentration in autumn and the 

lowest in spring. Manganese (Mn) recorded the highest concentration in spring 

and the lowest in autumn. Copper (Cu) and zinc (Zn) concentrations reached 

their highest in summer and lowest in autumn. On the other hand, Cladocera 

and Copepoda were the most dominant populations, which were negatively 

correlated with water temperature (r=-0.474) and (r=-0.118), 

respectively.While, they were positively correlated with total dissolved solids, 

conductivity, turbidity and cobalt. 
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2021). They are particularly susceptible to environmental changes due to their small size 

and short life cycle, and they have a wide distribution in aquatic environments (Whitman 

et al., 2004; Garca-Comas et al., 2014; Chiba et al., 2018). These organisms react 

quickly to a variety of environmental changes, including water temperature, pH, 

conductivity and nutrients (Yakubu et al., 2000). Environmental changes and ecological 

processes shape zooplankton communities in terms of taxonomic composition (Buttay et 

al., 2015; Cruz-Rosado et al., 2020), as well as spatial and temporal abundance (Färber 

Lorda et al., 2019; Shropshire et al., 2020). This may lead to zooplankton biodiversity 

loss (Gazonato Neto et al., 2014; Parmar et al., 2016) which can affect ecosystem 

services and result in economic consequences (Johnston et al., 2015; Bucklin et al., 

2016; Everaert et al., 2018). 

Heavy metals are high-atomic-weight elements that are poisonous to a wide range 

of life forms, even at extremely low quantities. They are originated from natural and 

artificial sources. Heavy metals persist in the environment and do not breakdown into 

harmless end products; heavy metals' bioaccumulation and biomagnification capabilities 

affect aquatic ecosystems (Putshaka et al., 2015; Ranasinghe et al., 2016; Trevizani et 

al., 2018). Significant amounts of heavy metals may be adsorbed onto cell surfaces or 

actively accumulate in the bodies of these microscopic organisms, which have a large 

surface area (surface/volume ratio) (Severini et al., 2009; Achary et al., 2020).  

To the best of the present authors` knowledge, there are little or sparse 

information on the assessment of zooplankton in relation to physico-chemical parameters 

of water at Qena Governorate. Therefore, the present investigation was undertaken to 

characterize zooplankton communities and determine their distribution in relation to 

physico-chemical parameters.  

 

MATERIALS AND METHODS  

 

1. Study area 

The study was carried out in Qena Governorate. Water samples were monthly 

collected during September 2020 to August 2021. Forty five (45) samples were collected 

from 15 sites representing different environmental habitats (7 sites along the Nile's main 

flow and 8 sites along its tributaries). Data on the sampling sites with their latitude and 

longitude are presented in Fig. (1). 



27                          Assessment of water quality and zooplankton structure in the River Nile in Qena 

______________________________________________________________________________________ 

 

 

 

                 Fig. 1. A map showing the locations of the studied sites   

2. Measurements of the physico-chemical parameters  

Six physical parameters were evaluated including, water temperature, pH, total 

dissolved solids (TDS), conductivity, turbidity and dissolved oxygen (DO). Water 

temperature was measured using a mercury thermometer. The hydrogen ion (pH) was 

determined by pH meter model HANNA. TDS and conductivity were measured by the 

Cole–Parmer model Check-mate 90 (CORNING). Turbidity was measured by turbidity 

meter model TU-2016 NTU. Dissolved oxygen (DO) was measured applying the titration 

method.  

The concentrations of five heavy metals {manganese (Mn), copper (Cu), zinc 

(Zn), chromium (Cr) and cobalt (Co)} in water were monthly measured and recorded 

during the study period, and their seasonal variations at the studied sites were 

investigated. These heavy metals were measured by atomic absorption spectrometer 

according to standard methods. 

3. Zooplankton sampling 

The samples were collected using plankton net, which is a cone-shaped net. 

Samples were gathered from three different depths by vertical net hauls. The zooplankton 

organisms retained in the net were placed carefully into suitable jars, labeled and 

immediately fixed with 95% ethanol. The identification process was conducted by using 

different keys (Wilson & Yeatman, 1959; Obuid-Allah, 2001; Elfeky & Sayed, 2014).  

4. Statistical analysis 

The seasonal mean variations of zooplankton groups and environmental factors of 

the studied sites were analyzed using one-way analysis of variance (ANOVA). The 

correlation coefficients between zooplankton groups and physico-chemical parameters 

were calculated by linear Pearson correlation. Cluster analysis was used to measure the 

similarity between all studied sites in terms of physico-chemical paeameters (Origin pro 
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2021). The effects of physico-chemical parameters on zooplankton taxa were studied by 

drawing heat maps using Origin pro (2021). Principal component analysis (PCA) was 

performed by using Origin pro (2021) to show the distribution of physico-chemical 

parameters during the period of study in all investigated sites.  

 

RESULTS  

 

The present investigation was carried out at the governorate of Qena on 15 sites 

situated at the Nile River and its tributaries. Some physico-chemical parameters, such as 

water temperature, pH, total dissolved solids, conductivity, turbidity, dissolved oxygen 

and some heavy metals (Mn, Cu, Zn, Cr, Co) were measured to study their effects on the 

distribution of zooplankton. 

The results revealed that the highest value of water temperature was recorded at 

site 12 (28.45±5.13ºC) and the lowest value was (22.97±3.84ºC) at site 3. The highest 

value of pH was recorded at site 7 (8.36±0.49), while the lowest  was registered at site 12 

(7.70±0.34). The maximum values of total dissolved solids and conductivity were 

recorded at site 10 and reached (206.68±147.85) mg/l, (413.47±294.76) µS/cm, 

respectively; while, the lowest values were recorded at site 1 reaching (147.81±13.45) 

mg/l, (294.72±27.45) µS/cm, respectively. Turbidity (NTU) recorded the highest value at 

site 6 (46.91±49.49 NTU); whereas, the lowest value (15.21±14.17NTU) was recorded at 

site 1. Dissolved oxygen recorded the maximum value (4.35±1.47) mg/l at site 13 and the 

minimum at site12 (3.84±1.37) mg/l (Fig. 2). 

The highest concentration of manganese was recorded at site 10, while it recorded 

the lowest concentration at site 2. Copper recorded the maximum concentration at site 11 

while the minimum was at site 2. Zinc showed the maximum concentration at site 13, 

while it recorded (0) value at most of the Nile River sites (1, 2, 3, 4, 6 and 7). Chromium 

recorded the maximum concentration at site 9 and the minimum was at site 5. Cobalt 

recorded the maximum concentration at site 9, while the minimum concentration was at 

site 4 (Fig. 3). 
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Fig. 2. The mean of physico-chemical parameters at the investigated sites during the 

study period  

 
Fig. 3. The mean of heavy metals at the investigated sites during the period of study 
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Seasonal fluctuations in physico-chemical parameters and heavy metal 

concentrations 

According to the annual average values, surface water temperature recorded the 

minimum value (26.44±2.72ºC) in winter and the maximum value (30.42± 2.20ºC) was in 

summer. The hydrogen ion concentration (pH) recorded the highest value in autumn 

(8.45±0.38) and the lowest value in spring (7.69±0.41). The seasonal mean value of total 

dissolved solids ranged from a low value (142.81±9.89 mg/l) in summer in summer to a 

high value (184.11±78.88 mg/l) in winter. The seasonal mean value of conductivity 

ranged from (286.66±20.08 μs/cm) in summer to (366.72±157.58 μs/cm) in winter. The 

seasonal mean value of turbidity ranged from (10.31±7.80 NTU) in summer to 

(61.35±50.91 NTU) in autumn. The seasonal mean value of dissolved oxygen ranged 

from (3.35±0.67 mg/l) in summer to (5.75±0.98 mg/l) in autumn (Fig. 4).  

Manganese (Mn) recorded the highest concentration in spring (0.0286 ±0.0236) 

and the lowest concentration in autumn (0.0205±0.0226). Copper (Cu) recorded the 

highest concentration in summer (0.0952±0.0448) and recorded 0 value in autumn. Zinc 

(Zn) recorded the highest concentration in summer (0.0054±0.0109) and the lowest in 

autumn (0.0007±0.0043). Chromium (Cr) recorded the highest concentration in autumn 

(0.1173± 0.1550) and the lowest in spring (0.0513±0.0411). The highest concentration of 

cobalt (0.0304±0.0341) was recorded in winter and the lowest (0.0254±0.0323) was in 

autumn (Fig. 4) 
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Fig. 4. Seasonal mean of both physico-chemical parameters and  heavy metals 

concentrations during the period of study 

Statistical analysis 

By applying the correlation analysis of the collected data between the measured 

physico-chemical parameters, it was concluded that water temperature was positively 

correlated with Mn (r = 0.245), Cu (r = 0.388), and Zn (r = 0.264), while negatively 

correlated with TDS (r = 0-.218), conductivity (r = -0.211), turbidity (r = -0.121) and 

dissolved oxygen (r = -0.098). The pH was positively correlated with turbidity (r = 0.413) 

and dissolved oxygen (r = 0.319), while negatively correlated with Mn (r = -0.159) and 

Cu (-0.456). TDS was positively correlated with conductivity (r = 0.998), Mn (r = 0.202), 

Cr (r = 0.114)and Co (r = 0.130) while negatively correlated with Cu (r= -0.181). 

Conductivity was positively correlated with turbidity (r = 0.087), Mn (r = 0.206), Cr and 

negatively with Cu (r = -0.178). Turbidity was positively correlated with dissolved 

oxygen (r = 0.340), while correlated negatively with Mn (r = -0.085), Cu (r = -0.336) and 

Zn (r = -0.103). Dissolved oxygen was correlated positively with Cr (r = 0.296) and 

negatively with Mn (r = -0.201), Cu (r = -0.502) and Zn (r = -0.197). Mn was positively 

correlated with Cu (r = 0.206), Zn (r = 0.317), Cr (r = 0.119) and Co (r = 0.200). Cu was 

positively correlated with Zn (r = 0.236) and negatively with Cr (r = -0.109). Cr was 

positively correlated with Co (r =0.278) (Table 1). 

During the sampling period, 48 different zooplankton taxa (PLATE I) were 

identified and classified into four groups. Cladocera comprising the most species (23), 

followed by Copepoda (12 species with additionally copepodite stage and Nauplius 

stage). Rotifera was the third abundant group (8 species), while Ostracoda (3 species) was 

the least abundant one. Taxa collected were assigned in 33 genera and 46 species that fall 
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in 15 families, in addition to copepodite stage and Nauplius stage. The identified families 

included the followings: seven families belonging to Cladocera: Bosminidae, Daphniidae, 

Ilyocryptidae, Macrothricidae, Chydoridae, Sididae and Moinidae. Three families 

belonging to Copepoda: Diaptomidae, Cyclopidae, Miraciidae. Four families belonging 

to Rotifera: Notommatidae, Lecanidae, Brachionidae and Trichocercidae. One family 

(Cyprididae) belonging to Ostracoda.  

Cladocera showed maximum density in winter and the lowest density in summer. 

It showed significant positive correlation with TDS (r = 0.119), conductivity (r = 0.117), 

turbidity (r = 0.100), Co (r = 0.092) and negative with water temperature (r = -0.474), Cu 

(r = -0.202), Zn (r = -0.093). The highest density of Copepoda was noticed in autumn, 

while the lowest density was recorded in summer. It exhibited positive correlation with 

TDS (r = 0.133), conductivity (r = 0.134), turbidity (r = 0.187), Cladocera (r =0.287) and 

negative with water temperature (r = -0.118), Cu (r = -0.186). In winter, Rotifera showed 

the maximum density and the lowest was recorded in summer. It showed significant 

positive correlation with Copepoda (r = 0.170). Autumn and spring showed the highest 

density of Ostracoda, while the lowest density was recorded in summer. Ostracoda 

exhibited positive correlation with Cladocera (r = 0.113). (Table 1 and Fig. 5). 

 

Fig. (5): Seasonal mean of zooplankton groups in all investigated sites



 

 

 

Table (1): Correlation between physico-chemical parameters and zooplankton groups  
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Temp.               

pH -.063              

TDS -.218-
**

 -.014             

Cond. -.211-
**

 -.005 .998
**

            

Turb. -.121-
**

 .413
**

 .076 .087
*

           

Do -.098-
*

 .319
**

 -.043 -.043 .340
**

          

Mn .245
**

 -.159-
**

 .202
**

 .206
**

 -.085-
*
 -.201-

**
         

Cu .388
**

 -.456-
**

 -.181-
**

 -.178-
**

 -.336-
**

 -.502-
**

 .206
**

        

Zn .264
**

 -.001 -.029 -.030 -.103-
*
 -.197-

**
 .317

**
 .236

**
       

Cr .036 .001 .114
**

 .114
**

 -.017 .296
**

 .119
**

 -.109-
*
 .001      

Co .084 .025 .130
**

 .133
**

 .011 -.033 .200
**

 .006 .042 .278
**

     

Cladocera -.474-
**

 .083 .119
**

 .117
**

 .100
*
 -.001 .013 -.202-

**
 -.093-

*
 -.054 .092

*
    

Copepoda -.118-
**

 .070 .133
**

 .134
**

 .187
**

 .082 -.003 -.186-
**

 -.036 .043 .068 .287
**

   

Rotifera -.027 -.070 .058 .056 -.002 .000 -.051 -.051 -.031 .052 -.016 -.001 .170
**

  

Ostracoda -.052 .001 .002 .004 .046 .023 .006 -.014 -.012 .001 .015 .113
**

 .042 -.015 

Temp: Water temperature; TDS: Total dissolved solids; Cond.: Conductivity; Turb.: Turbidity; Do:Dissolved oxygen; Mn: Manganese; Cu: Copper;  Zn: 

Zinc, Cr: Chrome; Co: Cobalt



 

 

 

 

Cluster analysis: 

The similarity between the fifteen (15) studied sites in physico-chemical 

parameters was analyzed by cluster analysis. The dendrogram showed that sites 1,7,9,11 

formed separate cluster with similarity 90%. Sites 2,4,8 formed separate clusters with 

similarity 95%. Moreover, sites 3,12,13 clustered together separately with 90%, sites 5, 6 

with 96% and sites 14, 15 with 97%; site 10 formed as outlier with 0% similarity (Fig. 6) 

 

Fig. (6): Dendrogram for ecological factors and heavy metals in all investigated sites 
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PLATE I: 

1- Bosmina longirostris, 2-Simocephalus expinosus,3-Simocephalus vetulus, 4-Ceriodaphnia 

reticulata, 5-Daphnia longispina, 6-Ilyocryptus sordidus, 7-Macrothrix laticornis, 8-Alona 

bukobensis(a), 9-Alona bukobensis(b), 10-Alona bukobensis(c), 11-Alona rectangular, 12-

Alona sp. 13-Euryalona sp. 14-Camptocercus australis,15-Leydigia quadrangularis,16-

Chydorus sphaericus,17-Chydorus sp. 18 Disparalona rostrata 19- Pleuroxus straminius,20-

Pleuroxus aduncus,21-Dunhevedia crassa,22-Diaphanosom birgei 23- Moina micrura 24 - 

Thermodiaptomus galebi , 25-Mesocyclops ogunnus 26-Thermocyclops consimilis 27-

Thermocyclops neglectus 28-Tropocyclops confinis 29-Macrocyclops albidus 30-Microcylops 

varicans 31-Microcylops linjanticus 32-Paracyclops fimbriatus 33-Afrocyclops gibsoni 34-

Eucyclops serrulatus 35- Shizopera nilotica 36- Copepodite stage 37- Nauplius stage 38-

Cephalodella gibba 39- Lecane lune 40-Brachionus rubens 41-Brachionus qudridentatus 42- 

Brachionus zahniseri 43-Brachionus sp. 44-Brachionus urceolaris 45- Trichocerca porcellus. 

46-Cypridopsis vidua 47- Potamocypris variegate 48- candona sp. M=Male, F=Female 

 

Correlation between zooplankton species and physico-chemical parameters: 

Based on the heatmap of the correlation coefficient of zooplankton species 

and physicochemical parameters. Bosmina longirostris correlated negatively with 

water temperature, turbidity and Cu.  Simocephalus expinosus correlated negatively 

with water temperature and positively with turbidity. Simocephalus vetulus 

correlated negatively with water temperature and positively with turbidity and Co. 

Ceriodaphnia reticulata correlated negatively with water temperature, Cu, Zn and 

positively with pH, TDS, conductivity, turbidity and dissolved oxygen. Daphnia 

longispina correlated positively with Cobalt. Ilyocryptus sordidus correlated 

negatively with water temperature and pH. Macrothrix laticornis correlated 

negatively with Cu Alona bukobensis (b) correlated positively with pH, turbidity 

and dissolved oxygen; and negatively with Cu Camptocercus australis correlated 

positively with Zn. Leydigia quadrangularis correlated positively with pH. 

Chydorus sphaericus correlated positively with TDS, conductivity, Co and 

negatively with water temperature, Cu. Disparalona rostrata correlated negatively 

with water temperature, Cu. Pleuroxus aduncus correlated positively with dissolved 

oxygen. Dunhevedia crassa correlated positively with turbidity. Thermodiaptomus 

galebi correlated positively with pH, dissolved oxygen and negatively with water 

temperature, Mn, Cu. Mesocyclops ogunnus correlated positively with pH, TDS, 

conductivity, turbidity, dissolved oxygen, Co and negatively with Cu. 

Thermocyclops consimilis correlated positively with pH, TDS, conductivity, 

turbidity, Mn and Co and negatively with water temperature, Cu. Thermocyclops 

neglectus correlated positively with pH, dissolved oxygen, Zn and negatively with 

Cu. Tropocyclops confinis correlated positively with turbidity and Cr. Microcylops 

varicans correlated positively with pH and negatively with Cu. Microcylops 

linjanticus correlated positively with pH, turbidity, dissolved oxygen, Mn, Co and 

negatively with Cu. Afrocyclops gibsoni and Shizopera nilotica correlated 
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negatively with pH. Copepodite stage correlated positively with TDS, conductivity, 

dissolved oxygen, Mn and Co and negatively with Cu. Brachionus qudridentatus 

correlated positively with Mn. Brachionus zahniseri and Brachionus sp. correlated 

positively with dissolved oxygen. Brachionus urceolaris correlated positively with 

dissolved oxygen and Cr. Potamocypris variegata correlated positively with Zn. 

Candona  sp. correlated positively with Co (Fig. 7). 

 

Fig. (7): Heatmap of the  correlation coefficient of zooplankton species and 

physico-chemical parameters in all investigated sites. 

Principal component analysis (PCA): 

Principal component analysis was conducted to show the similarity between 

the investigated sites and physic-chemical parameters. PCA 1 axes 1 and 2 

represent 65.58% of the total variation of physic-chemical parameters. Pc 1 

representing the major axis of variation with a (50.48%) variance explained positive 

relation with TDS, conductivity, water temp., Cr, Co, Zn, Cu, Mn in sites 8, 9, 10, 

11, 12, 13, 14 and 15. Pc 2 representing a (15.10%) variance explained positive 

relation with pH, DO and turbidity in sites 1, 2, 3, 4, 5, 6 and 7 (Fig. 8). 
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Fig. (8): PCA ordination graph showing the distribution of ecological factors 

during the period of study in all investigated sites. 

 

DISCUSSION 

 

Water quality monitoring is the initial step toward management and conservation 

of aquatic ecosystems. Chemical and physical parameters such as temperature, pH, 

salinity, dissolved oxygen, biological oxygen demand, chemical oxygen demand, 

nutrients, reactive phosphate, heavy metal pollution, and others are regarded the main 

limiting elements affecting aquatic species' survival and growth (Ashour & Kamel 2017; 

Ashour et al., 2020 and Abbas et al., 2020). Temperature influences not only the 

survival and distribution of aquatic organisms, but also their growth, activity, 

development, the activation of reproduction processes, and disease susceptibility 

(Moustafa et al., 2010  ( The decrease or increase in water temperature is primarily 

influenced by climatic conditions, sampling times, and hours of sunlight, but it is also 

influenced by specific aquatic environmental factors such as turbidity, wind force, plant 

cover, and humidity (Khalifa & Sabae, 2012). As expectantly, the present study showed 

the surface water temperature reached the highest value in summer and the lowest value 

was in winter, this agrees with (Obuid-Allah et al., 2020; Hegab et al., 2021 and Alprol 

et al., 2021).  

The biological activities of microbial metabolites can be influenced by pH levels 

that can further influence utilization of succeeding metabolic products (Alprol et al., 

2021). The present study showed a tendency of pH values towards alkaline side this 

agrees with (Ali et al., 2014). Conductivity and Total dissolved salts (TDS) recorded the 

highest values in winter and the lowest values were in summer. According to Kobbia et 

al. (1995) and Fathi & Al-Kahtani (2009), highest value of electrical conductivity could 
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be related to high pollution levels in water caused by high nutrient loads in water. Saad et 

al. (2011) estimated that the lowest readings of EC in River Nile during hot seasons can 

be linked to an increase in water level during flood periods and phytoplankton 

consumption of dissolved salts. 

Dissolved oxygen (DO) is one of the most essential elements affecting the biota in 

the aquatic ecosystem (Abo-Taleb et al., 2020). This study recorded the lowest seasonal 

value of dissolved oxygen was in summer while, the highest value was in autumn. This 

result is in accordance with concerned with ( Saravanakumar et al., 2021 and Alnagaawy 

et al., 2018) who explained that the amount of DO in water may be determined by its 

salinity and temperature, since cold liquid can contain more DO than warmish liquid. The 

maximum average turbidity value was recorded in the autumn, this agrees with (Obuid-

Allah et al., 2020).   

 Heavy metals are one of the most serious contaminants in the aquatic ecosystem, 

attracting worldwide attention due to their toxicity, persistence, and bioaccumulation 

problems, which can have negative consequences for living organisms and the entire 

aquatic ecosystem (Xu et al., 2018). Heavy metals typically reach the aquatic 

environment through geological matrix erosion or through anthropogenic activities such 

as industrial effluents, home sewage, and mining wastes (Bahnasawy et al., 2011). Cu, 

Co and Zn are important trace metals for living organisms, but in higher concentrations, 

they become toxic (Igiri et al., 2018). The present study revealed that concentrations of 

measured heavy metals were relatively low. This may be attribute to the increase of the 

alkalinity of water which determines the concentration of these metals in unpolluted 

natural water. 

Manganese (Mn) is a metal that is required for metabolic processes (Boselli et al., 

2021). The dissolution of minerals from soil by rain, surface, and waste water filtering 

increases manganese in groundwater sources (Ghosh et al., 2008). Manganese can be 

found in the environment as well as in human activities such as mining and landfill 

leaching (Rahmani et al., 2004). In the present study Mn recorded the maximum value in 

spring and the minimum in autumn, this agrees with (Al-Afify & Abdel-Satar, 2020). 

Zn
2+

 and Cu
2+

 are more biologically essential as natural constituents of aquatic 

ecosystems and generally, only become toxic at very high concentrations (Bahnasawy et 

al., 2011). In the present study, it was notified that Copper and Zinc recorded the highest 

value during hot season (summer) and the lowest value was in autumn. The highest 

concentration of zinc and copper in hot seasons may be attributed to heavy metals being 

released from sediments into the overlying water as a result of high temperature, this 

result agrees with (Li et al., 2013 and Achary et al., 2020). The decrease of both zinc and 

copper in autumn may be due to heavy metal precipitation from the water column into the 

sediments at somewhat higher pH levels.  
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In the aquatic environment, chromium is one of the biochemically active 

transition metals. The seasonal average values of chromium concentration were higher in 

autumn and winter than the concentration in spring and summer. This result is in 

accordance with Masoud et al. (2005) who explained that the chromium consumption by 

phytoplankton is higher in spring and summer than in the autumn and winter. Abolude et 

al. (2009) stated that Cr was significantly higher in the rainy season than the dry season. 

The present study revealed a negative correlation between water temperature and 

dissolved oxygen, this result is in accordance with Hussain et al. (2010) and 

Walczyńska & Sobczyk (2017) who illustrated an opposite relationship between water 

temperature and dissolved oxygen. Moreover, water temperature was negatively 

correlated with TDS and conductivity. This coincided with Obuid-Allah et al. (2020). 

Contrarily, Poisson (1980) explained that the temperature of water affects the 

conductivity of ions, when the water is heated, ions flow faster. As a result, when the 

water temperature rises, the apparent conductivity rises as well. Water temperature was 

positively correlated with heavy metals such as Mn, Cu, Zn, this agrees with Li et al. 

(2013) who stated that, the release rates of metals at higher temperature were increased 

more rapidly than at low temperature. Furthermore, there was a positive correlation 

between total dissolved solids and conductivity. This result agrees with Ngabirano et al. 

(2016) and Rusydi (2018) who stated that these two parameters are correlated and 

usually expressed by a simple equation: TDS = k EC (in 25 °C). Mn was negatively 

correlated with pH, this result agrees with (Prasada & Danso-Amoako, 2014). 

The maximum density of Cladocera was recorded in winter and the minimum in 

summer and this agrees with Annalakshmi & Amsath (2012) who illustrated that winter 

is the most suitable time for zooplankton species to grow and multiply. The result showed 

a negative correlation between Cladocera and water temperature, this is in accordance 

with Sommer et al. (2012) and Strecker et al. (2014). They explained the negatively 

effect of warmer temperature on zooplankton in unproductive ecosystems; this could be 

owing to the influence of significant synergetic interactions between thermal stress and 

food limitation on Cladocera development and reproduction. Otherwise the positive 

correlation between Cladocera with total dissolved solids (TDS) and conductivity. This 

result agreed with Obuid-Allah et al. (2020) and disagreed with Abdulwahab & Rabee 

(2015) and Hegab et al. (2021) who indicated that Cladocera showed negative correlation 

with TDS and conductivity. The maximum density of Copepoda was noticed in autumn, 

while the lowest was noticed in summer. Copepoda showed positive correlation with 

TDS, this result agreed with Tian et al. (2017). Moreover, Copepoda exhibited negative 

correlation with water temperature. Contrarily, Tian et al. (2017) observed a positive 

correlation with water temperature. The strong significant correlation between Copepoda 

and Cladocera might indicate a predation effect by copepods on adult cladocerans or their 

eggs. This result is in accordance with Forneman et al. (2002) and Gaudy et al. (2004).  
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CONCLUSION 

 

In conclusion, physico-chemical parameters are important factors influencing 

zooplankton composition, distribution and abundance. Cladocera and Copepoda were the 

most dominant populations during the period of study. Water temperature correlated 

negatively with Cladocera and Copepoda. Total dissolved solids, conductivity, turbidity 

and cobalt correlated positively with Cladocera and Copepoda. pH, turbidity, dissolved 

oxygen, total dissolved solids, conductivity, chromium and cobalt all reached their 

highest values during the rainy seasons. While, water temperature, manganese, copper 

and zinc reached their highest values during hot seasons. 
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