
 

 

 

 

Egyptian Journal of Aquatic Biology & Fisheries  

Zoology Department, Faculty of Science, 

Ain Shams University, Cairo, Egypt. 

ISSN 1110 – 6131 

Vol. 25(1): 795 – 819 (2021) 

www.ejabf.journals.ekb.eg 

 

  
Ecological, Hematological and Parasitological Studies on Oreochromis niloticus 

Linnaeus 1757 in the Nile Delta Region, Egypt 

 
Rana H. Omar

 
; Ahmed A. Hagras; Ahmed M. El-Naggar and Mohamed I. Mashaly* 

Zoology Department, Faculty of Science, Mansoura University, Egypt. 

*
Corresponding Author: Dr.moh_mashaly@mans.edu.eg 

____________________________________________________________________________ 

INTRODUCTION  

 

Water pollution occurs when unwanted substances enter the water and affect 

water quality (Alrumman et al., 2016) that harm the environment and human health 

(Briggs, 2003). Such phenomenon is due to domestic and industrial wastewater leaping 

from water tank leaks, the ocean dumping of radioactive wastes and atmospheric 

deposition (Khan et al., 2013). 

In Egypt, 20% of the white animal protein production depends on fish. The most 

common farmed fish species is Oreochromis niloticus (Elgohary et al., 2020), among 
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A total of 36 water samples and 600 specimens of the cichlid 

fish, Oreochromis niloticus Linnaeus 1757; were seasonally collected from 

three water habitats in the Nile Delta region throughout winter 2016 till 

autumn 2017. An investigation was conducted to determine the relationship 

between water analysis and the hematological and parasitological data of 

studied fish. Thus, the effect of water quality was estimated by using parasites 

as bioindicators and hematological analysis as biomonitors in the aquatic 

ecosystem. According to physical and chemical water analysis, a very high 

significant difference of EC, DO2, BOD5, K
+
, Na

+
, Ca

+2
, Cl

-
, HCO3

-
, TDS and 

SO4
+2

 was reported between different study sites (p ≤ 0.001). Moreover, 

 hematological studies of fish samples revealed a very high significant 

difference of G.S.H. and Testosterone in males and G.S.H., MDA and 

Progesterone in females (p ≤ 0.001), and a highly significant difference of 

MDA in males (p ≤ 0.01). In addition, a significant difference of CAT of 

males (p ≤ 0.01) was also detected between different study sites. 

Parasitologically, there was a significant difference in prevalence, mean 

intensity, and abundance of C. halli in O. niloticus in different study sites (p ≤ 

0.05). Each factor was morphometrically analyzed, and variations were hence 

discussed. The difference in environmental characteristics, despite the 

stability of the geographical location, led to variations in both fish blood 

analysis and parasitic infestation level in the study sites. Therefore, fish and 

parasites are evidently used as biological biomarkers to assess their 

environment.  
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which is Tilapia, that constitutes about 43.5% of farmed fish production and 24% of the 

total fisheries production (GAFRD, 2007), and recently, it has been used as a model for 

toxicology in bioremediation studies (Sayed et al., 2020). Parasitic diseases account for 

80% of fish diseases (Tayel et al., 2020). Monogenic parasites are recognized as useful 

biomarkers of environmental quality due to their expected numerical response to 

chemical contamination (Khan & Thulin, 1991; MacKenzie, 1999). Monogenic 

organisms are often exposed to a number of pollutants of low and medium 

concentrations, but they disappear at high concentrations (Marcogliese et al., 1998; 

Moles & Wade, 2001; Khan & Payne, 2004). Ectoparasitic monogeneans are  

successful bioindicators or biomonitors of human interference and disturbance 

(Marcogliese, 2005). 

Fish blood parameters can be used as efficient and sensitive indicators to detect 

the health of the fish. The haematological profile in fish farms may indicate physiological 

status and fish health, so that alternative standard blood diagnostic methods are used to 

establish and assess stress and / or the influencing performance of the disease state 

(Tavares-Dias & Moraes, 2004; Barbieri et al., 2017; Bosisio et al., 2017; Fazio, 

2019). Additionally, these changes in blood parameters depend on several factors, such as 

species, temperature, age, light, nutrition, sexual maturity, cyclical changes in health, 

water quality, dissolved oxygen, gender, static water slopes and handling, stress, 

transportation, size, feeding and breeding density as well as microbial infections and 

parasitic infections (Ranzani-Paiva et al., 2003; Tavares-Dias and Moraes, 2004; Val 

et al., 2016; Fazio, 2019). The present study was conducted to investigate the 

relationship of ecological studies with hematological and parasitological responses of 

Oreochromis niloticus in different habitats at a specific geographical area of the Nile 

Delta region in Egypt. 
 

MATERIALS AND METHODS  

 

1. The fish host and the Study area: 

A total of 36 water samples and 600 specimens of the cichlid fish, constricted on 

the common distributed species; Oreochromis niloticus Linnaeus 1757; were collected 

seasonally intervals from three study sites throughout winter 2016 to autumn 2017. The 

hosts were identified morphologically according to Trewavas (1983). The three study 

sites were located at Dakahlyia Governorate, Sherbin, Kafr El-Dabosy village namely, 

Damietta branch of the River Nile, Drain no.1 (Parallel to Damietta branch of the River 

Nile at this area) and Pumping Station (Connecting canal with pumping station between 

the other two study sites), and  selected for the water and host collection samples (Figure 

1). 

 

1.1. The River Nile’s locality   

The River Nile (RN) was selected as a reference site in the present study selected. 

It is located in Kafr El-Dabosy, Sherbin city, Dakahlia Governorate, 165 Km north of 

Cairo, North Egypt, with the following coordinates: 31°10'55.4412" N 31°30'22.7952" 

E.  
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Figure (1). Google map showing the location of the investigated sites at Kafr El-Dabosy 

village and comprised three localities namely, Damietta. 

 

1.2. Drain  No. 1 

Drain no.1 (D1) is located near Sherbin city, 50 km north El-Mansoura city, 

Dakahlia Governorate; Egypt. It has the following coordinates: 31°10'55.4412" N 

31°30'22.7952" E. Drain No.1 receives urban sewage, large amounts of the domestic 

discharge from agriculture drainage, in addition to some industrial discharges from small 

factories and illegal workshops  established in the vicinity of the drain during the last few 

decades. 

 

1.3. Pumping station  

A pumping station (PS) is located in the connecting canal between the River Nile 

and Drain No. 1, pumping the excess water of the Drain No. 1 to the River Nile. But, the 

canal has been closed for about ten years; a status that results in the exsistance of stagnant 

water on the two sides of the pumping station facing the River Nile from one side and the 

Drain No. 1 from the other. This area contains heavy water grasses which may affect the 

nature of fish behavior.  

2. Sampling of the host fish 

Seasonally, about 150 fish samples were collected from all site (about 50 from 

each). Alive fish were brought to the lab for blood samples’ withdrawal that were  

meanwhile dissected with clean stainless-steel instruments. To make three sub-samples, 

the collected tissues from five fish individuals of identical species were pooled. Muscle 

organs were isolated and kept frozen in the same day of collection for further analysis. 

Then, the living captured fish were preserved by immediate immersion in 10% formalin 

and transported to the laboratory to be ready for examination of monogenean parasites. 

The hosts were identified morphologically according to Trewavas (1983).   
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3. Determination of the host biological parameters  

 Fish weight, length and sex were recorded.  

4. Blood collection and hematological examination 

Examination of blood sample for hematological analysis is achieved through the 

technique of puncturing the red blood vessels, caudal peduncle and ventral caudate, and 

the dermis of non-double size is removed from the end of the base direction of the anal 

fin. The inner central layout, from about 1 cm in length to the sterile anal needle at an 

angle of 45°, is fixedly tapered heparinized disposable syringes, in the direction of 

craniodorsal fish. The described method is fully recommended.  

4.1. Determination of the parameters of the blood picture 

Stabilization of Blood samples was performed according to Dacie and lewis 

(1977). 

4.1.1. Haemoglobin (Hb) 

Cyanohemiglobin method is used to investigate hemoglobin in fish blood.The 

principle of this method depends on the release of hemoglobin from red blood cells by 

metamorphosis. The hemoglobin content was assessed according to Drabkin (1946). 

4.1.2. Red blood cells count (RBCs) 

The red blood cell counts in fish blood were examined in heparin treated with 

Hayem solution at a ratio of 1: 200 according to Hesser (1960). 

4.1.3. Hematocrit value (Ht) 

The hematocrit content measures the corpuscular volume in relation to the total 

volume of blood; namely, packed cell volume. Hematocrit value was determined 

according to Snieszko (1960). 

4.1.4. White blood cells count (WBCs) 

Determined of the white blood cells count in fish was applied in heparinized 

blood, which was diluted with a solution at a ratio of 1:200. For the determination of 

WBCs, fresh (newly prepared) solution cannot be used; it should be left for about two 

weeks, it must be filtered prior to use. White blood cell count after 24 hours still 

heparinized blood stored at temperatures of up to 4 ℃ (Shaw, 1930). 

4.2. Measurement of enzyme activity, antioxidant and oxidative stress marker 

Following gentle blood withdrawal from the caudal vein, each sample of blood 

was allowed to coagulate for 15–20 min. Then, the settled blood sample was subjected to 

centrifugation (3000 rpm, 10 min) to isolate serum. Next, the isolated serum was kept at -

20°C for later enzyme activity and hormones analysis. 

4.2.1. Determination of catalase (CAT) enzyme activity 

It was determined by enzymatic chromatography using ready-made kits provided 

by Alpha, USA according to Cohen et al. (1970). 
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4.2.2. Determination of glutathione (GSH) anitoxidant 

Determination of GSH calorimetry prepared by Bio-diagnostic kit, Egypt 

according to Beutler et al. (1963). 

4.2.3. Determination of malondialdehyde (MDA) oxidative stress marker: 

It was determined by enzymatic colorimetric method using ready-made diagnostic 

kits provided by Bio-Diagnostic, Egypt according to Satoh (1978). 

4.3. Hormones analysis 

4.3.1. Testosterone 

Testosterone hormone is diagnosed by using the IMMULITE and IMMULITE 

1000 Analyzer quantitative measurement of serum testosterone according to Matthiessen 

(2003). 

4.3.2. Progesterone 

Progesterone hormone was diagnosed using the IMMULITE Analyzer and 

IMMULITE 1000 to quantify progesterone in blood according to Bergquist et al. (1983). 

5. Identification of the monogenean parasites 

The identification of the monogenean gill parasite; Cichlidogyrus halli was 

according to Paperna (1960) and Yamaguti (1963). 

8. Statistical analysis and treatment of data 

The individuals of each parasite species were counted seasonally per each fish. 

The prevalence (%), mean intensity and abundance were calculated. The terms; 

prevalence, mean intensity and abundance were used in accordance with the 

recommendations of Margolis et al. (1982) who defined the prevalence as the percentage 

of infestation per all examined fish, and mean intensity as the mean number of parasites 

recorded per a single infected fish. 

Differences in the distribution of the hematological analysis, TOC and infestation 

of monogenean species between males and females of O. niloticus fishes were tested 

statistically using the Student’s t-Test on SPSS package (version: IBM Spss Statistics 

25). On the other hand, differences in the hematological analysis, TOC and infestation 

levels of monogenean parasites, between different study sites as well as among the four 

gill arches, were tested using the same statistical software;namely, One-Way ANOVA 

Test. 

Two trends of multivariate analysis are commonly followed: classification and 

ordination. Both trends are merited in helping to understand the significance of 

differences in prevalence, mean intensity and abundant values in the study sites at 

different seasons and environmental (water) parameters. A wide variety of techniques, 

following each of these trends, has been developed. These techniques were reviewed in 

detail by Crovello (1970). On the other hand, the ordination technique applied here is 

Canonical Correspondence Analysis (CCA-biplot) using CANOCO (ter-Braak, 1986, 

1988), in which the relationships between the prevalence values of monogenean parasites 

and water parameters can be indicated on the  ordination diagram; where points represent 



Omar et al., 2021 800 

the study sites at different seasons, and arrows represent physical and chemical water 

variables. 

RESULTS  

 

1. Physical analyses of water samples  

Table 1 shows the seasonal variations of the physical factors of water samples 

collected from the Damietta branch of the River Nile (RN), Drain no.1 (D1) and Pumping 

Station (PS) during winter 2016 to autumn 2017. As shown in Table 1, there was a 

remarkable increase in EC during winter in D1 (1.38 dS/m), with a noticed high value 

(0.99 dS/m) of mean EC in D1, compared to corresponding values in RN and PS (0.39 

and 0.30 dS/m, respectively). A remarkable increase in DO2 and BOD5 during winter in 

RN (9.05 and 5.56 mg/L, respectively) with a remarkable increase in mean DO2 (6.65 

mg/L) in the RN was observed. On the other hand,  there was a remarkable decrease in 

temperature during winter (18.00 
o
C) and DO2 during autumn (3.53 mg/L) and BOD5 

during summer (2.05 mg/L) in D1, with a remarkable decrease in mean values of DO2 

and BOD5 (4.36 and 2.67 mg/L, respectively) in D1. 

Table (1): Seasonal fluctuations of the physical parameters in subsurface water from 

River Nile, Drain No.1 and Pumping Station. 

Season 

Physical water analyses 

T 

(oC) 
pH 

EC 

(dS/m) 
DO2 

(mg/L) 
BOD5 

(mg/L) 

RN D1 PS RN D1 PS RN D1 PS RN D1 PS RN D1 PS 

Winter 20.50 18.00 19.90 7.85 7.90 7.84 0.67 1.38 0.27 9.05 5.50 6.55 5.65 3.25 4.95 

Spring 29.97 30.27 29.53 8.14 8.18 8.23 0.28 0.95 0.28 6.73 3.80 6.07 4.37 2.57 5.00 

Summer 30.50 30.40 30.50 8.14 8.38 8.20 0.26 0.75 0.27 5.85 4.60 4.45 4.15 2.05 3.60 

Autumn 25.30 25.27 25.17 8.18 8.29 8.25 0.35 0.88 0.36 4.97 3.53 4.93 4.97 2.80 4.87 

Mean 26.57 25.98 26.28 8.08 8.19 8.13 0.39 0.99 0.30 6.65 4.36 5.50 4.78 2.67 4.60 

SD± 4.67 5.83 4.84 0.16 0.21 0.20 0.19 0.27 0.04 1.76 0.89 0.97 0.67 0.50 0.67 

 

Statistically, The one-way ANOVA test revealed that there was no significant 

difference in temperature and pH between different study sites (p > 0.05). On the other 

hand, the one-way ANOVA test revealed that there was a very high significant difference 

of EC, DO2 and BOD5 between different study sites (p ≤ 0.001). Multiple range 

comparisons (PostHoc tests: Tukey HSD) detected very high significant differences 

between RN and D1 and between D1 and PS (p ≤ 0.001) in EC and BOD5 and highly 

significant differences between RN and D1 (p ≤ 0.01) in DO2.  

2. Chemical analyses of water samples  

Table 2 shows the seasonal variations of the chemical factors of water samples, 

collected from the Damietta branch of the River Nile, Drain no.1 and Pumping Station 

during winter 2016 to autumn 2017. Table 2 shows the exsistance of a remarkable 

increase in mean K
+
 in PS (5.81 mg/L) with noticed high values (169.83, 6.51, 27.73, 
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87.13, 52.92, 611.04, 303.52 mg/L) of mean Na
+
, Mg

+2
, Ca

+2
, Cl

-
, HCO3

-
, TDS and SO4

-2
 

respectively, in D1, compared to corresponding values in PS and RN. On the other hand,  

there was a remarkable decrease in the mean of Na
+
, Cl

-
, TDS, SO4

-2
 and N in PS (43.09, 

23.09, 188.25, 85.05 and 6.76 mg/L, respectively) with a remarkable decrease in Mg
+2

 

(1.08 mg/L)  during winter in RN.  

 

Table (2): Seasonal fluctuations of some chemical parameters (mg/L) in subsurface water 

from River Nile, Drain No.1 and Pumping Station. 

Season 

Chemical water analyses 

K+ Na+ Mg+2 Ca+2 Cl− 

RN D1 PS RN D1 PS RN D1 PS RN D1 PS RN D1 PS 

Winter 4.50 5.67 5.67 112.89 212.72 28.83 1.08 14.56 2.14 23.23 42.57 21.06 53.72 180.46 25.61 

Spring 6.00 4.50 5.90 50.57 164.27 46.31 3.43 3.11 2.51 9.07 25.00 9.90 20.18 62.46 17.60 

Summer 5.25 4.50 6.00 40.06 138.87 38.48 3.17 3.90 3.77 8.80 19.90 11.00 20.86 49.99 22.46 

Autumn 4.33 4.83 5.67 56.35 163.45 58.76 3.71 4.48 2.96 11.73 23.47 13.20 26.70 55.62 26.70 

Mean 5.02 4.88 5.81 64.96 169.83 43.09 2.85 6.51 2.85 13.21 27.73 13.79 30.36 87.13 23.09 

SD± 0.76 0.55 0.17 32.65 30.93 12.66 1.20 5.39 0.70 6.81 10.12 5.04 15.85 62.43 4.08 

Season 

HCO3
- TDS SO4

+2 N P 

RN D1 PS RN D1 PS RN D1 PS RN D1 PS RN D1 PS 

Winter 34.97 53.28 27.40 342.81 819.50 165.19 184.91 343.75 69.84 7.27 9.48 7.44 0.12 0.15 0.13 

Spring 27.39 51.25 27.26 184.58 585.90 184.69 89.11 319.36 93.89 8.92 9.14 5.97 0.12 0.14 0.12 

Summer 29.87 52.99 28.87 165.16 477.05 172.29 75.49 247.52 74.96 8.51 7.56 6.30 0.12 0.13 0.12 

Autumn 40.63 54.17 45.14 221.23 561.71 230.83 97.86 303.46 101.51 7.35 6.93 7.35 0.13 0.13 0.13 

Mean 33.21 52.92 32.17 228.45 611.04 188.25 111.84 303.52 85.05 8.01 8.28 6.76 0.12 0.14 0.13 

SD± 5.86 1.22 8.68 79.71 146.60 29.51 49.58 40.84 15.08 0.83 1.23 0.74 0.00 0.01 0.01 

 

Statistically, the one-way ANOVA test revealed that there was a very high 

significant difference of K
+
, Na

+
, Ca

+2
, Cl

-
, HCO3

-
, TDS and SO4

-2
 between different 

study sites (p ≤ 0.001). Multiple range comparisons (PostHoc tests: Tukey HSD) detected 

very high significant differences between RN and D1 and between D1 and PS (p ≤ 0.001) 

in Na
+
, Ca

+2
, Cl

-
, HCO3

-
, TDS and SO4

-2
 and very highly significant differences between 

RN and PS and between D1 and PS (p ≤ 0.001) in K
+
. On the other hand, the one-way 

ANOVA test revealed that there was highly significant difference of Mg
+2

, N and P 

between different study sites (p ≤ 0.01). Multiple range comparisons (PostHoc tests: 

Tukey HSD) detected very high significant differences between RN and D1 and between 

D1 and PS (p ≤ 0.001) in Mg
+2

 and P and highly significant differences between D1 and 

PS (p ≤ 0.01) in N. 
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3. Hematological analyses of fish samples 

Table 3 shows the seasonal variations of the blood picture of fish samples 

collected from the Damietta branch of the River Nile, Drain no.1 and Pumping Station 

during the investigation period. Table (3) reveals that there is a remarkable increase in 

mean RBCs in male fish in D1 (3.77 ×10
6
/μL). Statistically, the one-way ANOVA test 

illustrated that there was no significant difference of all blood picture parameters of male 

and female O. niloticus between different study sites (p > 0.05). 

 

Table (3): Seasonal variations of hematological analysis of the Oreochromis niloticus in 

the study sites. 

Sex Season 

Blood Pictures 

Hemoglobin 

)g/dl( 

R.B.C.s. 

(×106/μL) 

Hematocrit 

)%( 

WBCs 

(x103 cells/cm) 

RN D1 PS RN D1 PS RN D1 PS RN D1 PS 

M
a

le
 

Winter 7.10 8.80 8.23 2.55 3.81 2.93 21.30 25.65 24.70 12.75 17.25 15.50 

Spring 7.90 9.86 7.35 3.13 4.74 2.63 24.77 30.30 22.25 17.90 16.83 13.90 

Summer 8.93 9.20 8.05 3.17 3.26 2.89 26.70 27.60 24.23 14.98 18.25 15.78 

Autumn 10.75 9.30 10.80 3.75 3.28 3.77 32.25 27.90 32.80 15.45 12.83 15.40 

Mean 8.67 9.29 8.61 3.15 3.77 3.05 26.26 27.86 25.99 15.27 16.29 15.14 

SD± 1.21 0.44 1.51 0.30 0.70 3.08 3.28 1.91 4.66 1.35 2.38 0.84 

F
em

a
le

 

Winter 6.85 7.30 7.40 2.45 2.60 2.85 20.55 21.90 24.60 12.85 13.40 16.70 

Spring 8.28 8.63 9.28 3.38 3.01 3.84 25.60 26.03 28.05 20.23 15.26 15.48 

Summer 9.88 8.73 8.83 3.49 3.12 3.12 29.63 26.30 26.48 14.78 15.57 16.45 

Autumn 11.28 9.27 11.16 3.95 3.27 3.89 33.84 27.80 33.48 15.78 15.97 16.12 

Mean 9.07 8.48 9.17 3.32 3.00 3.43 27.40 25.51 28.15 15.91 15.05 16.19 

SD± 1.92 0.84 1.55 0.63 0.29 3.57 5.67 2.53 3.82 3.12 1.14 0.53 

 

Table 4 shows the seasonal variations of the serum parameters (blood enzymes 

and hormones) of fish samples collected from the Damietta branch of the River Nile, 

Drain no.1 and Pumping Station during the investigation period. As shown in Table 4, 

there was a remarkable increase in mean G.S.H. and testosterone of males in RN (6.56 

mmol/ml and 9.90 ng/ml, respectively) with a remarkable high value (18.56 ng/ml) in 

progesterone of females in RN, compared to the corresponding values in D1 and PS. On 

the other hand, a remarkable decrease was spotted in mean G.S.H., CAT, testosterone in 

males and progesterone of females in D1 (2.42 mmol/ml, 1.61 U/ml, 4.06  and 12.43 

ng/ml, respectively) with a remarkable decrease in mean MDA (49.36 nmol/ml) of 

females in RN.  
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Table (4): Seasonal variations in the serum parameters of the Oreochromis niloticus in 

the study sites. 

Sex Season 

Blood Enzymes Blood Hormones 

GSH 

(mmol/ml) 
CAT 

(U/ml) 
MDA 

(nmol/ml) 

Testosterone (Males) 

Progesterone (Females) 

(ng/ml) 

RN D1 PS RN D1 PS RN D1 PS RN D1 PS 

M
a

le
 

Winter 7.80 4.17 2.45 1.67 1.81 1.73 45.2 53.69 52.60 9.38 2.81 6.47 

Spring 6.53 2.68 4.02 3.13 1.30 1.70 52.75 80.79 63.99 9.69 4.76 7.18 

Summer 5.99 2.45 3.05 2.94 1.64 2.06 50.01 78.47 61.31 9.78 4.33 6.87 

Autumn 5.94 3.17 4.62 2.78 1.68 2.56 54.51 78.00 57.83 10.76 4.35 8.26 

Mean 6.56 3.12 3.54 2.63 1.61 2.01 50.62 72.74 58.93 .9.9 6994 09.9 

SD± 0.86 0.76 0.97 0.66 0.22 0.40 4.06 12.76 4.92 9949 99.4 9900 

F
em

a
le

 

Winter 5.54 2.31 2.65 1.85 1.62 1.50 46.6 73.44 60.6 16.26 10.71 12.63 

Spring 6.42 2.62 5.01 2.88 1.88 2.56 50.93 82.13 64.11 19.13 12.71 15.96 

Summer 5.45 2.03 4.00 2.84 1.84 2.52 51.34 71.61 63.78 18.71 13.32 15.83 

Autumn 5.77 2.71 5.03 2.89 1.95 2.58 48.56 77.22 63.19 20.15 12.97 16.51 

Mean 5.80 2.42 4.17 2.62 1.82 2.29 49.36 76.10 62.92 6.984 6.961 689.1 

SD± 0.44 0.31 1.12 0.51 0.14 0.53 2.21 4.65 1.59 6948 6960 6904 

 

Statistically, the one-way ANOVA test revealed that there was a very high 

significant difference of G.S.H. and testosterone in males and G.S.H., MDA and 

progesterone of females between different study sites (p ≤ 0.001), and a high significant 

difference of MDA of males between different study sites (p ≤ 0.01), in addition to a 

significant difference of CAT of males between different study sites (p ≤ 0.01), but there 

was no significant difference of CAT of females O. niloticus between different study sites 

(p > 0.05). Multiple range comparisons (PostHoc tests: Tukey HSD) detected very high 

significant differences between RN and D1 (p ≤ 0.001) in G.S.H. and testosterone in 

males and G.S.H., MDA and progesterone of females, and very high significant 

differences between RN and PS (p ≤ 0.001) in testosterone in males and MDA of 

females. On the other hand, Multiple range comparisons (PostHoc tests: Tukey HSD) 

detected highly significant differences of G.S.H. and testosterone in males and G.S.H of 

females between RN and PS and in MDA of males between RN and D1 and in 

testosterone in males between RN and PS (p ≤ 0.01) and significant difference between 

RN and PS (p ≤ 0.05) in G.S.H. and Progesterone of females and between RN and D1 in 

CAT of males. Independent samples t-test indicated a non-significant difference of all 

hematological parameters between males and females O. niloticus except for blood 

hormones (Testosterone for males and Progesterone for females (p ˃ 0.05). 

4. Seasonal changes of monogenean ectoparasite, Cichlidogyrus halli 

The seasonal changes in the prevalence, mean intensity and abundance of 

Cichlidogyrus halli in gills of Oreochromis niloticus are shown in Table 5. 
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Table (5). Seasonal changes in the prevalence (%), mean intensity and abundance of gill 

ectoparasite, Cichlidogyrus halli of Oreochromis niloticus 

Season 
Prevalence values (%) Mean intensity values Abundance values 

RN D1 PS RN D1 PS RN D1 PS 

Winter 80.0 92.0 96.0 3.7 5.0 4.0 2.9 4.6 3.9 

Spring 96.0 92.0 88.0 3.3 5.0 2.6 3.2 4.6 2.3 

Summer 100.0 100.0 96.0 2.6 9.9 6.7 2.6 9.9 6.4 

Autumn 80.0 92.0 76.0 3.1 5.1 3.7 2.4 4.7 2.8 

Mean ..999 .6999 ..999 196. 49.8 69.8 .90. 89.8 19.8 

SD± 6998. 6999 .968 9964 .961 6906 0.35 .941 69.1 

  

The monogenean, C. halli attained its highest prevalence (100 %) in RN and D1 

during the same season (summer); however, its lowest prevalence (76 %) was detected 

during autumn in PS. Additionally, the monogenean,  C. halli  showed its highest mean 

intensity (9.9) in D1 during summer and its lowest mean intensity (2.6) during summer in 

RN and spring in PS. Finally, C. halli, exhibited its highest abundance (9.9) in D1 during 

summer, however, its lowest abundance (2.3) was detected during spring in PS as shown 

in Table 5. 

Statistically, the one-way ANOVA test revealed that there was a significant 

difference in prevalence, mean intensity and abundance of C. halli in O. niloticus 

between different study sites (p ≤ 0.05). Multiple range comparisons (PostHoc tests: 

Tukey HSD) detected significant differences of prevalence, mean intensity and 

abundance between RN and PS and in MDA of males between RN and D1, and between 

RN and PS (p ≤ 0.05).  

According to infestation levels in male and female of O. niloticus, Figure 3 

exhibited the distribution of the mean prevalence of infection between the two sexes of O. 

niloticus. Concerning the sex of O. niloticus, the parasites recorded slightly higher mean 

prevalences in males that recorded 55.2% than in females that recorded 44.8%. 

Statistically, the t-test revealed that there was a significant difference in prevalence 

between males and females of O. niloticus (p ≤ 0.05).  

The present study revealed the mean number of the monogenean Cichlidogyrus 

halli on different gills infesting O. niloticus. As shown in Figure 3, the mean number of 

the monogenean C. halli was the highest on the first right gill as well as on the first left 

gill of O. niloticus. The right gills generally recorded a higher infestation level of 

parasites than the left one. The highest mean number of the monogenean C. halli was 

recorded in the 1
st
 right gill, with mean number 1.87 parasites all over the investigation 

period, contrary to the 4
th

 right and left gills that  recorded the lowest infestation level of 

parasites with a mean number 1.00 parasite during the investigation period. 

 



Ecological, Hematological and Parasitological Studies on Oreochromis niloticus  

 

805 

 

Figure (2). Mean prevalence of the 

parasites infesting different sex 

of Oreochromis niloticus. 

 

Figure (3). Mean number of the 

monogenean Cichlidogyrus halli on 

different gills infesting  O. niloticus. 

5. Cluster and canonical corresponding analysis of the revealed data 

The cluster analysis program analyzes the input data of fish variables (condition 

factor, blood picture, hormones, enzymes, organic carbon and infestation level) of 

different study sites during the investigation period, then grouped them in a way where 

the high similarity index in water variables between each site type appears within the 

same group, while differential index variables separate them in two groups (A and B). 

The application of cluster analysis based on the similarity in water variables 

(physical, chemical variables, condition factor, hematological analyses and infestation 

levels of C. halli of O. niloticus) of different study sites during the investigation period (3 

variables) led to the recognition of two groups (Figures 4, 5, 6 and 7, respectively). 

 

 
Figure (4). Cluster analysis of different 

study sites at different seasons according 

to physical and chemical water variables 

values of different study sites during the 

investigation period. 

 
Figure (5). Cluster analysis of different 

study sites at different seasons according 

to condition factor variables values of O. 

niloticus during the investigation period. 

 



Omar et al., 2021 806 

 
Figure (6). Cluster analysis of different 

study sites at different seasons 

according to blood analysis and variable 

values of O. niloticus during the 

investigation period. 

 

 
Figure (7). Cluster analysis of different 

study sites at different seasons 

according to infestation levels of 

monogenean parasite, Cichlidogyrus 

halli on different gills infesting O. 

niloticus during the investigation 

period. 

 

According to water variables (physical and chemical variables), condition factor 

and hematological analysis of O. niloticus fish; Group A comprises two sites; RN and PS 

study sites. Group B comprises one site; D1. 

This indicated that the similarity between RN and PS study sites in water 

variables (physical and chemical variables), condition factor and hematological analyses 

from D1 that showed in a separate group. Moreover, pumping station showed to be more 

similar to RN than D1 in water analyses, condition factor and hematological analyses of 

O. niloticus. 

On the other hand, the application of cluster analysis based on the similarity in 

fish infestation levels of parasites led to the recognition of two groups (Figure 7). Group 

A comprises one site; RN study site. Group B comprises two sites; D1 and PS. 

This indicated the similarity between D1 and PS study sites in fish infestation 

levels of parasites from RN that showed in a separate group. In addition, D1 showed to be 

more similar than PS to RN in fish infestation levels of parasites.  

The Canonical Correspondence Analysis (CCA) program analyzes the input data 

of all water variables (physical and chemical parameters) for each site monthly, then 

detects the degree of different correlation between each blood analysis variable with the 

prevalence of parasites. The arrow length of each parameter represents the effective 

degree of this parameter. The correlation between water variables and infestation level of 

parasites (prevalence) in fish on the ordination diagram produced by Canonical 

Correspondence Analysis (CCA) is shown in Figure 8. 
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Figure (8). Canonical Corresponding Analysis (CCA) ordination diagram of the 

prevalence of parasites in Oreochromis niloticus according to the gradient of water 

physical and chemical parameters (arrows) during the investigation period in the 

study sites. 

 

According to the prevalence of parasites, all physical and chemical water 

parameters showed a high significant effect on the prevalence of parasites in fish under 

investigation at the first and second axes. In addition, temperature appeared more 

effective in spring and summer seasons, while HCO3 in autumn and Cl, EC, SO4, Na, K, 

Ca, Mg and DO2 showed to be more effective in the winter season. Furthermore, the 

appearance of all three study sites near the center indicated that these results were similar 

for the three study sites as shown in Figure 8. 

In addition, the correlation between fish blood analyses (blood picture, enzymes 

and hormones) with infestation level of parasites (prevalence) in fish on the ordination 

diagram produced by Canonical Correspondence Analysis (CCA) is shown in Figure 9. It 

was found that all blood variables except for GSH hormone that showed a high 

significant effect on the prevalence of parasites in fish under investigation at the first and 

second axes. In addition, WBCs showed to be more effective in the spring and summer 

seasons and MCV, MCHC, MCH and GSH hormone showed to be more effective in the 

autumn season. Also, the appearance of all three study sites near the center indicated that 

these results were similar for the three study sites as shown in Figure 9. 
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Figure (9). Canonical Corresponding Analysis (CCA) ordination diagram of the 

prevalence of parasites according to the gradient of blood analyses of Oreochromis 

niloticus (arrows) during the investigation period in the study sites. 

 

 

DISCUSSION 

 

Water is an important natural resource that is used for drinking and other 

developmental purposes in our life. Contamination of the aquatic environment, with a 

wide range of pollutants, has become a major concern over the past few decades (Bibi et 

al., 2016). According to the World Health Organization (WHO, 1993), 80% of diseases 

are waterborn. Drinking water in different countries does not meet WHO standards 

(Khan et al., 2013). About 3.1% of deaths are caused by unsanitary water quality 

(Pawari & Gawande, 2015). In the present study, all physical and chemical 

environmental parameters of the three different water bodies, as well as all parameters of 

blood analysis except for GSH hormone, showed a significant relationship with the 

prevalence of monogenean C. halli in the cichlid host fish O. niloticus according to 

Canonical Correspondence Analysis.  

Hydrogen ion concentration is a highly important physicochemical parameter in 

defining the nature of water, Crane (2006) reported that highly acidic water with a pH of 

less than 5.5 limits fish growth and reproduction, noting that the ideal pH range for 

freshwater aquaculture should be between 6.5 and 7.0, although the pH range from 6.1 to 

8.0 is also considered satisfactory for survival and reproduction of fishes. 

Higher levels of dissolved oxygen (DO) were recorded in the River Nile (RN), 

however, Pumping Station (PS) and Drain No.1 (D1) was oxygen-poor. This agrees with 

the findings of Mashaly (2014) and El-Amier et al. (2015). Ross (2002) reported that the 

optimal growth of the tilapia DO is above 5 mg/L. However, other researchers have 

demonstrated, tilapia can tolerate up to a high-oxygen supersaturated conditions to 40 
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mg/L (Tsadik and Kutty, 1987). Upper and lower limits, Ross (2002) pointed out that 

the DO concentration of 3 mg/L should be the minimum for optimal growth of tilapia. 

Feeding strategies that do not consider oxygen levels in the water can result in large 

amounts of uneaten forage with negative consequences for both the environment and the 

profitability of aquaculture production (Obirikorang et al., 2020). 

Biochemical oxygen demand (BOD) represents the amount of oxygen that 

bacteria and other microorganisms consume during their decomposition of organic matter 

under aerobic conditions (oxygen is present) at a specified temperature. The present study 

indicated that there was an increase in BOD from the permissible limits (6 mg/L) of 

WHO (1993) and the value of Egyptian law (48/1982), which reached 6.3 mg/L in RN 

and 6.4 mg/L in the PS. According to Al-Afify (2010) efficiently treated sewage would 

have a BOD value of about 20 mg/L. 

Difference in values of prevalence, mean intensity and abundance of ectoparasites 

between RN, D1 and PS in the present investigation may be related to the different  

response to different salinities at the sites under study that agreed with Nie and Kennedy 

(1991) and Shawket et al. (2018) who suggested that salinity influences the prevalence 

and intensity of adult monogeneans. 

Hematology research is a tool that investigate physiological changes caused by 

environmental pollution (Zaghloul, 2001; Zaghloul et al., 2005). Hematological 

parameters, such as the number of hematocrit, hemoglobin, WBC and RBC are an 

application for wide potential toxicity index for toxicity studies and environmental 

monitoring in aquatic animals (Sancho et al., 2000; Barcellos et al., 2003). Knowledge 

of the characteristics of blood can be used as an effective and sensitive index monitoring 

fish physiological and pathological changes (Kim & Kang, 2017). An important tool for 

diagnosing health, with varying degrees of blood response of fish and according to 

different stress factors, is stimulation and treatment of parasitic or infectious diseases 

(Rehulka, 2002; Chen et al., 2004; Martins et al., 2004; Silveira-Coffigny et al., 

2004). 

Hematological parameters are indicator of water balance, nutritional status and 

general health of fish (Chang & Hur, 1999; Denson et al., 2003). Therefore, 

hematological variables have been used as indicators of the health status of fish in a 

number of fish species to detect physiological changes due to stress, such as exposure to 

pollutants, hypoxia, transport, anesthesia and acclimatization (Akinrotimi, 2009). 

In the present study, there was no significant difference in hemoglobin of male or 

female O. niloticus between different study sites. Essam et al. (2002) reported the 

average of hemoglobin of a catfish blood sample is 14.7 to 1.2 g / dl. On the other hand, 

the results obtained agreed with those of the average reported by Mohammed (1999) 

who stated that hemoglobin concentration is in the range of 5.27- to 9.7 gm / 100 ml of 

blood fish samples collected from different locations in Egypt. Singh et al. (2008) 

suggested that different water pollutants are the possible radical source of the 

physiological disorders of fish. 

https://www.sciencedirect.com/science/article/pii/S2090989615000284#b0050
https://www.sciencedirect.com/science/article/pii/S2090989615000284#b0065
https://www.sciencedirect.com/science/article/pii/S2090989615000284#b0020
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In the current study, the one-way ANOVA test revealed that there was no 

significant difference in all blood picture parameters (Hemoglobin, RBCs, HCT and 

WBCs) of male and female O. niloticus between different study sites. Vinodhini and 

Narayanan (2009) reported that there was a significant reduction in RBCs of freshwater 

fish exposed to heavy metals, which disagreed with the present study. According to 

Martins et al. (2008), low red blood cells and hematocrit counts indicated that red blood 

cells are affected or destroyed by infection. The present results showed that hematocrit 

ranged from 21% to 34% which agreed with Ayandiran et al. (2010) who said normal 

hematocrit values typically fall in the range of 20-35% and are rarely more than 50% of 

fish. 

Parasites are important components of societies and make up a large part of the 

biodiversity found in ecosystems, providing valuable information about their hosts and 

the environment in which they live. Most parasite species rarely cause problems in the 

natural environment but in aquaculture, parasites often cause serious outbreaks of disease 

(Roberts, 2012). They play an important role in determining the productivity, 

sustainability and economic viability of aquaculture. Parasite infections cause serious 

socio-economic, ecological and welfare consequences in global finfish aquaculture 

(Menezes et al., 1990; Barber, 2007; Shinn et al., 2015).  They are common in fish gills 

and skin. However, some monogenean species invade the rectal cavity, the ureter, the 

body cavity, nose, intestine, stomach and even vascular system (Rohde et al., 1992; 

Pariselle & Euzet, 1998; Whittington et al., 2000). Monogenic parasites are 

ectoparasites that often present high host specificity (Goater et al., 2014). Fishes are the 

main hosts for most monogenean organisms and a few of the aquatic invertebrates 

(Whittington, 1998; Lerssutthichawal & Lim, 2005; Peggy et al., 2012). Furthermore, 

the parasite is free to move around the surface of the body of the fish, mucus and 

epithelial cells of gill feeding; however, some adult monogenean will remain permanently 

attached to a single site on the host (Peggy et al., 2012). The environmental factors such 

as water temperature, play a significant role in the change of seasons. Temperature is the 

most important abiotic factors possible to affect population dynamics of monogeneans 

(Lambert, 1990; Xenopoulos et al., 2005). Monogenic organisms feed on the host 

material that can be absorbed and used to produce eggs or larvae (Kurt & Lindenstrøm, 

2002). Association with certain parasitic infections may provide improvement in fish 

productivity; as the presence of different parasite species depends on many factors such 

as the life stages of the parasite, the current number of host species, age, water 

temperature and other environmental conditions (El-Naggar, 1999). 

El-Naggar (1999) revealed that the monogenean Cichlidogyrus halli is highly 

specific to the cichlid host fish Oreochromis niloticus, and was considered a satellite 

species on the gills of O. niloticus. In the investigated study, a survey has been done and 

a detailed account has been given of the seasonal changes in the prevalence, mean 

intensity and abundance of the monogenean gill parasites of cichlid host fish 

Oreochromis niloticus in three study sites: RN, D1 and PS.  

It was found that the prevalence of Cichlidogyrus halli exhibited maximum 

values in O. niloticus in RN and D1 during summer. On the other hand, its lowest 

prevalence was detected during autumn in the PS. Moreover, the mean intensity of C. 

halli showed maximum values in O. niloticus in D1 during summer. On the other hand, 

its minimum values were detected during the summer in RN and spring in PS. 

https://www.sciencedirect.com/science/article/pii/S2314853517302755#b0275
https://www.sciencedirect.com/science/article/pii/S2314853517302755#b0155
https://www.sciencedirect.com/science/article/pii/S2314853517302755#b0220
https://www.sciencedirect.com/science/article/pii/S2314853517302755#b0150
https://www.sciencedirect.com/science/article/pii/S2314853517302755#b0285
https://www.sciencedirect.com/science/article/pii/S2314853517302755#b0140
https://www.sciencedirect.com/science/article/pii/S2314853517302755#b0140
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Additionally, an abundance of C. halli, exhibited its highest abundance that was detected 

in D1 during summer, however, its lowest abundance was detected during spring in PS. 

The present results were concordant with El-Naggar (1999) who indicated that many 

monogeneans of O. niloticus exhibited their highest prevalence, mean intensity and 

abundance in summer. Additionally, results were in agreement with Koyun and Altunel 

(2011) who stated that the prevalence and mean intensity levels of monogeneans 

(Dactylogyrus anchoratus and Gyrodactylus katharineri) infesting Carassius carassius 

were higher during spring and summer. Edward et al. (1965) found that fish can produce 

an immune response at temperatures from 5 to 8
o
C. Godoy et al. (2011) stated that the 

host immunity may lead parasites to migrate for escaping from localized immune 

responses induced by infection. If the water temperature is too high, the immune response 

may be decreased and the fish is more susceptible to parasites (Meyer, 1970). 

In the present study, the comparison between males and females showed 

significant differences as males were more parasitized than females, yet the levels of 

parasitism among males were lower than females in general which coincided with 

(Rohde, 1984). The difference in infection between the sexes of the host species is less 

common (Mashaly, 2014).  

The results showed that the percentage of occurrence of the monogenean C. halli 

was highest on the first right gill as well as on the first left gill of O. niloticus. Whereas 

the percentage of occurrence showed mainly a gradual decrease in the second and third 

right and left gills, showing the lowest percentage of occurrence on the fourth right and 

left gills of the fish. The present results agreed with El-Naggar (1999) who indicated that 

the distribution of cichlidogyrid monogeneans on the gills of O. niloticus and T. zilli was 

non-random. Most of these monogeneans showed a gradual decline in their percentage 

distribution from the first to the fourth gill arch with a higher preference for the first two 

gill arches. Similarly, Agos (2013), Madanire-Moyo et al. (2011) and Tombi et al. 

(2014) also reported that there was no significant difference in the preferences of 

monogeneans on both branchial sides of Oreochromis spp.. According to Rohde (1993), 

the parasite's preferences for a specific location of the host may be related to the body 

symmetry of the parasites. Lim et al. (2016) found that the first and other three gills were 

predominantly affected by all types of monogenean in gills, except for the monogeneans 

in the wild O. niloticus which were randomly distributed among the four pairs of gill 

arches. Some researchers suggested that the higher preferences of parasites over the 

second and third intermediate arches are due to two main factors: respiratory water 

currents and the surface area of the gills (Paling, 1968; Gutiérrez & Martorelli, 1999). 

Fryer and Iles (1972) found a difference in the morphology between the first gill and 

other gills of the same cichlid host, and this has led El-Naggar and Khidr (1986) to 

suggest that the distribution of cichlidogyrids on cichlid fish hosts is affected by the 

morphological differences between the gills. 

CONCLUSION 

 

According to physical and chemical analyses, River Nile and Pumping Station showed a 

significant similarity in the physical and chemical water variables. Whereas, 

hematological analyses revealed that the River Nile and Pumping Station showed a 

significant similarity in the hematological analysis of Oreochromis niloticus. Moreover, 

https://www.sciencedirect.com/science/article/pii/S2314853517302755#b0245
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5028347/#CR1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5028347/#CR24
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5028347/#CR48
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=27652182
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5028347/#CR31
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5028347/#CR18
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parasitological analysis concluded that the River Nile and Drain No.1 showed a 

significant similarity in the parasitological infestation levels in O. niloticus. 

In conclusion, the difference in environmental characteristics, despite the stability of the 

geographical location, led to the emergence of differences in blood analysis of fish and 

infestation level of parasites in the study sites, which confirms the evidence of using fish 

and parasites as biological biomarkers to assess their environment. 
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