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Abstract: The diet composition and trophic relationships of the blue tilapia, 

Oreochromis aureus and redbelly tilapia, Coptodon zillii were investigated in 

the Shatt Al-Arab river from November 2015 to October 2016. Fishes were 

collected by gill nets, cast net and electro-fishing. The index of relative 

importance (IRI%) of food items was determined by combining the frequency 

of occurrence and points methods. There were monthly variations in feeding 

activity and intensity of both species, which decreased in the colder months. 

Both species were classified as herbivores. The main food items of O. aureus 

were macrophytes (44.3%), algae (31.4%), diatoms (9.3%), aquatic insects 

(6.6%) and detritus (6.3%). The diet of C. zillii is composed mainly of 

macrophytes (60.8%), algae (23.0%), detritus (8.6%) and diatoms (6.4). The 

trophic niche breadth values varied between 0.217 for C. zillii and 0.360 for O. 

aureus. The results demonstrated a high degree of dietary overlap between O. 

aureus and C. zillii, as both species fed on the same food sources. 

 
Keywords: Cichlid fishes, Diet composition, Feeding overlaps, Shatt Al-Arab 

river, Iraq 

 

Introduction   

Cichlidae is one of the largest fish families in the world and its member species 

are generally known as tilapia (Cichlid). Tilapia is the generic name of a group of 

cichlids endemic to Africa, inhabits a variety of tropical and subtropical freshwater 

habitats, however, several species of the family are euryhaline and can disperse 

along brackish coastlines between rivers (Nelson, 2006). This family is represented 

of 2275 available species and 1720 valid species (Froese & Pauly, 2019). Tilapia 

consists of three important genera, namely Oreochromis, Sarotherodon and 

Coptodon (Tilapia), each includes many species, such as Nile tilapia Oreochromis 

niloticus, blue tilapia O. aureus, Galilean tilapia (Sarotherodon galilaeus) and 

redbelly tilapia Coptodon zillii (McAndrew, 2000). Cichlids have been widely 

introduced, either deliberately for aquaculture or accidentally through the aquarium 

trade and become the second most important fishes in aquaculture after carp, the
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worldwide production exceeded 5,972,000 metric tons during 2016 and increases 

annually (FAO, 2018). However, in Iraq, the three tilapian species, O. aureus, C. 

zillii and O. niloticus are invaded species since 2007 (Al-Sa’adi, 2007; Saleh, 2007; 

Mutlak & Al-Faisal, 2009; Al-Faisal & Mutlak, 2014) and now well established in 

the freshwater system of Iraq and inhabit different water bodies (Coad, 2010). 

Mohamed & Abood (2017) found that the three tilapian species dominated the fish 

assemblage in the Shatt Al-Arab river, comprising 21.3% of the total catch during 

2015-2016. Abdullah et al. (2018) found that tilapia species formed 21.9% of fish 

structure in the Al-Sweib river, a tributary of the Shatt Al-Arab river during 2013-

2015. Moreover, the tilapia species formed 32.3% of fish assemblage in the Shatt 

Al-Arab river at Abu Al-Khasib district (Mohamed & Hameed, 2019).  

Knowledge on the food, feeding habits and trophic interrelationships of fishes is 

essential to understand the life history of fishes including growth, behaviour, 

reproduction, migration and other vital activities of fishes, and also help to 

understand the predicted changes on the ecosystem due to natural or anthropogenic 

interventions (Priyadharsini et al., 2012; Sajeevan & Kurup, 2013). 

     Various authors have studied the food and feeding habits of O. aureus and C. 

zillii in different water bodies (Fryer & Iles, 1972; Khallaf & Alne-na-ei, 1987; El-

Sayed, 2006; Agbabiaka, 2012; Onyeche et al., 2013; Badamasi, 2014; Dadebo et 

al., 2014; Jihulya, 2014; Abari et al., 2015; Abdulhakim et al., 2015; Adams, 2016; 

Iyabo, 2016). All of them reported that both species fed on different types of food 

based on the environment in which they live.  

Some studies were conducted on the food and feeding habits of O. aureus and 

C. zillii in Iraqi waters. Al-Lamy et al. (2012) found that C. zillii consumed mostly 

macrophytes, algae and fish eggs, and reported a low dietary overlaps between C. 

zilli and both species, Carasobarbus luteus and Carassius auratus in East Hammar 

marsh. Wahab (2013) stated that C. zillii fed mainly on algae, macrophytes and 

detritus in Tigris river at Samarra (misspelled as Samaraa). Abdullah (2015) 

mentioned that C. zillii and O. aureus fed primarily on macrophytes, algae and 

detritus in the north part of the Shatt Al-Arab river. Khalifa (2017) studied the food 

habit of O. aureus in Tigris river, south Baghdad, and emphasized the importance 

of detritus, algae and macrophytes as important food categories. Al-Wan & 

Mohamed (2019) found that the diet of O. aureus comprised of detritus, diatoms, 

algae, macrophytes and crustaceans in the Garmat Ali river. Mohamed & Al-Wan 

(2020) stated that C. zillii fed mainly on detritus, algae, macrophytes and diatoms 

in the Garmat Ali river.    

Shatt Al-Arab river has been suffering from the deterioration of the water 

quality during the last years, due to series of anthropogenic activities such as 

agricultural runoff wastes and untreated wastewater, invasion of fish species and 

seawater intrusion as a result of drastical reduction in water quantity and quality 

related to the decline in rates of water discharges from the Tigris, Euphrates and 

Karun rivers (Al-Tawash et al., 2013; Brandimarte et al., 2015; Yaseen et al., 

2016). Therefore, the present work is designed to describe the food and trophic
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relationships of O. aureus and C. zillii in the Shatt Al-Arab river under this 

circumstance. 

 

Materials and Methods   

The Shatt Al-Arab river forms from the confluence of the Tigris and Euphrates 

rivers at Al-Qurna town, in the south of Iraq, and flows to a south eastern direction 

towards the Arabian Gulf (Figure 1). It is about 204 km and varies in width from 

250 m in the north to 1,500 m at the estuary. The river is affected by the tidal 

current of the Gulf. Fishes were sampled monthly between November 2015 and 

October 2016 from the three sites on the river. Site 1 (upstream) is located near Al-

Dair bridge, site 2 (midstream) is sited in Abu Al-Khasib district and site 3 

(downstream) is located north Al-Fao town (Figure 1). 

 

  
      Figure 1: Map of Shatt Al-Arab river with locations of study sites. 

  

The fishes were caught from each site using various devices including gill nets 

(lengths 200-500 m with 15 to 35 mm mesh size), cast nets (9 m diameter with 

15x15 mm mesh size) and electro-fishing (generator with voltage of 300-400V and 

10A). After capture, the fishes were preserved in ice in a cool box prior to 

dissection in the laboratory. Some relevant ecological factors were determined in 

situ namely, water temperatures and salinity. 

During laboratory analysis, the total length (TL, cm) of each fish was measured. 

The gut of the fish was removed by making a longitudinal incision along the mid 

ventral line. The stomach was cut off from the gut and the degree of fullness was 

scored and then opened in a Petri dish to examine food by a microscope. The 

stomach fullness scores were 0, 5, 10, 15 and 20 points according to Hynes (1950). 

The food items were identified with the aid of keys provided by Edmondson 

(1959), Hadi et al. (1984) and Wehr & Sheath (2003). The food items were
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grouped into diatoms, macrophytes, algae, detritus, aquatic insects, fish eggs and 

zooplankton.  

    The stomach content was analysed based on the percentage of points (P%) and 

frequency of occurrence (O%) methods following Hyslop (1980). Importance of 

each food items was determined by combining the two methods to calculate the 

index of relative importance (IRI%) of Stergion (1988) as follows: 

IRI= O% × P% and IRI %= IRI/ ΣIRI * 100 

Feeding intensity and feeding activity for each monthly sample were calculated 

after Dipper et al. (1977) and Gordon (1977), respectively. The feeding index was 

determined after Sarkar & Deepak (2009). The vacuity index was calculated as the 

number of empty stomachs divided by the number of stomachs analyzed (Maia et 

al., 2006). 

The trophic niche breadth for each species was calculated according to the 

formula proposed by Levins (1968): 

B= 1/Σ Pi^
2 

where B is Levins index of niche breadth and Pi is the proportion of food group (i) 

in the diet. To standardize niche breadth on a scale from 0 to 1, the modification 

suggested by Krebs (1989) was adopted as follows: 

BA= (B-1)/ (n-1) 

where BA is Levins standardized niche breadth, B is Levins index of niche breadth 

and n is number of food groups for each species. This index was used to evaluate 

the feeding specialization of each species. The highly specialized feeder species fall 

within the range of 0.0-0.25, while the low specialized feeders between 0.26-0.49 

and non-specialized (generalized) feeders are within the range of 0.50-1.0. 

The dietary overlap among diets of tilapia species was evaluated using cluster 

analyses for food items that comprised more than 10% relative importance were 

considered as major items in the diet of each species, according to the method 

described by Blackith & Reyment (1971). 

 

Results 

Stomachs of 1125 individuals from O. aureus and C. zillii from Shatt Al-Arab 

river were examined (O. aureus: TL= 54-250 mm, n= 580 and C. zillii: TL= 36-

240 mm, n= 545).  

 

Feeding Intensity and Feeding Activity   

Monthly variations in the feeding activity and intensity of the two species are 

given in Figure 2. It is clear that these species were active in feeding round the year 

and never cease feeding, but variations in feeding activity were notable. The 

feeding activity of O. aureus fluctuated from 84.2% in November to 100.0% in 

April, and the feeding intensity ranged from 8.5 point/fish in January to 13.3 

point/fish in May. The feeding activity of C. zillii varied from 87.5% in December 

to 100.0% in June, whereas, the feeding intensity fluctuated from 10.7 point/fish in 

February to 14.5 point/fish in March.  
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Figure 2: Monthly variations in feeding intensity and activity of O. aureus and C. zillii. 

 

Feeding and Vacuity Indices  
Figure 3 shows monthly fluctuations in the feeding and vacuity indices of O. 

aureus and C. zillii in the river. The feeding index of O. aureus ranged from 42.7% 

in January to 66.4% in May and of C. zillii varied from 53.6% in February to 

72.3% in March. The overall values were 55.1 and 63.2% for the two species, 

respectively. The vacuity index of O. aureus fluctuated from 0.0% in April to 

15.8% in November and C. zillii varied from 0.0% in June to 12.5% in December. 

The overall values of vacuity index for the two species were 8.8 and 5.3%, 

respectively. 

 

 
Figure 3: Monthly variations in the feeding and vacuity indices of O. aureus and C. zillii.
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Seasonal Variation in Diet Composition  

The monthly data of various food items of O. aureus and C. zillii were pooled to 

describe the seasonal variations in the diet of the species (Figure 4). It appeared 

that all species depend on four major food items. Macrophytes were the dominant 

item in the diet of O. aureus during the study period and the percentage 

contribution according to the index of relative importance (IRI) ranged from 22.2% 

in winter to 66.9% in summer. The second most important food item was algae 

constituting 16.9% in autumn and 48.5% in spring. Diatoms occupied the third 

position and ranged from 2.6% in summer to 14.6% in winter. The percentage 

contribution of aquatic insects varied from 4.7% in spring to 9.2% in winter. The 

contribution of detritus in the diet of the species fluctuated from 4.3% in autumn to 

8.4% in winter. The additional food items composed of fish eggs and zooplankton 

were mainly consumed in winter. Generally, this species is classified as 

herbivorous and fed mainly on macrophytes (44.3%), algae (31.4%), diatoms 

(9.3%), aquatic insects (6.6%), detritus (6.3%), fish eggs (1.7%) and zooplankton 

(0.4%). 

C. zillii fed mostly on macrophytes and their percentage varied from 46.6% in 

summer to 77.7% in summer. Algae occupied the second position and ranged from 

13.2% in autumn to 33.0% in spring. Detritus came in the third place and fluctuated 

from 6.4% in summer to 112.8% in winter. The lowest value of diatoms in the diet 

of C. zillii was 1.79% in summer and the highest value was 8.3% in spring. The 

other food items were aquatic insects, fish eggs and zooplankton fluctuated over 

seasons, but their highest values were observed in autumn for aquatic insects and 

zooplankton, and in winter for fish eggs. However, the overall food items of C. 

zillii indicated that this species is classified as herbivorous, fed on macrophytes 

(60.8%), algae (23.0%), detritus (8.6%), diatoms (6.4%), aquatic insects (0.7%), 

fish eggs (0.3%) and zooplankton (0.2%).  

 

Feeding Specialization 

The results of feeding specialization for the two species showed that the index of 

Levins standardized niche breadth for C. zillii was a high specialist feeder (Bi= 

0.217), while for O. aureus was considered as a low specialized feeder (Bi= 0.360). 

Similarity dendrogram among fish species based on their diet showed high 

significant overlaps (Cλ = 1.000) among O. aureus and C. zillii, the overall feeding 

patterns of the two species characterized by high intake of food items of 

macrophytes, algae, detritus and diatoms. 
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Figure 4: Seasonal changes in the relative importance index (IRI%) of food items in the  

diet of O. aureus and C. zillii. 

 

Discussion 

Water temperature is one of the most important environmental variables 

affecting the distribution and abundance of different species of fishes, and the 

feeding activity and food consumption are affected by temperature due to lower 

temperature than ideal limits (Chorbley, 2011). The result obtained in this study 

showed that O. aureus and C. zillii are continuous feeders and the higher values of 

feeding intensity and activity were recorded during warm periods of the year. This 

may be attributed to the effect of low temperature on the ability of fishes to feed in 

the cold season. Similar results were obtained by Khallaf & Alne-na-ei (1987) 

about C. zillii in a Nile canal, Egypt; Shalloof et al. (2009) about C. zillii in the 

Damietta branch of the river Nile, Egypt; Salah (2015) about O. aureus in 

Chybaish marsh, Iraq; Khalifa (2017) about O. aureus in Tigris river, Iraq and 

Mohamed & Al-Wan (2020) about C. zillii in the Garmat Ali river.     

In the present study, O. aureus was found to be herbivores and low specialist 

feeder, fed mainly on macrophytes (44.3%) and algae (31.4%). Food of minor 

importance were diatoms (9.4%), aquatic insects (6.6%), detritus (6.3%), fish eggs 

(1.7%) and zooplankton (0.4%). Dadebo et al. (2014) stated that O. aureus 

consumed mainly macrophytes (45.2%), detritus (29.4%) and phytoplankton 

(16.8%) in lake Ziway, Ethiopia. Abdullah (2015) also found that O. aureus 

ingested macrophytes (45.2%), algae (31.3%), detritus (14.4%) and diatoms (4.4%) 

in the north of Shatt Al-Arab river. Moreover, Salah (2015) mentioned that O. 

aureus individuals were a low specialization feeder, fed on macrophytes (49.6%), 
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algae (25.5%), diatoms (14.5%) and detritus (6.3%) in Chybaish marsh. Khalifa 

(2017) found that O. aureus consumed mainly detritus (46.3%), algae (11.8%) and 

macrophytes (9.3%) in the Tigris river. Mohamed & Al-Wan (2020) stated that O. 

aureus is an opportunistic feeder, its diet comprised of detritus (43.1%), diatoms 

(23.9%), algae (22.8%), macrophytes (7.1%) and crustaceans (6.0%) in the Garmat 

Ali river. El-Jamal (2006) stated that O. aureus is a herbivorous, feeding mainly on 

macrophytes, detritus and microorganisms, and can shift their feeding habits 

depending on the abundance and composition of food available in different aquatic 

environments. Mallin (1986) mentioned that the stomachs of Tilapia aureus (O. 

aureus) in the North Carolina reservoir contained mainly organic and inorganic 

detritus, large amounts of phytoplankton, while zooplankton and benthic 

invertebrates comprised only small percentages of the stomach contents in this 

reservoir. He concluded that this species is an opportunistic feeder that successfully 

utilize whatever food source is available.  

    The results revealed that C. zillii was a herbivorous and highly specialized 

feeder, fed largely on macrophytes (60.8%) and algae (23.0%). The contributions 

of detritus, diatoms, aquatic insects, fish eggs and zooplankton were relatively low. 

Al-Lamy et al. (2012) stated that this species was a low specialist feeder and 

consumed mostly macrophytes (67.3%), followed by algae (18.9%) and fish eggs 

(12.8%) in East Hammar marsh. Wahab (2013) found that C. zillii fed mostly on 

algae (57.8%), macrophytes (27.1%) and detritus (12.4%) in Tigris river, at 

Samarra (misspelled as Samaraa), Iraq. Moreover, Abdullah (2015) mentioned that 

C. zillii consumed mainly macrophytes (62.6%) followed by algae (25.5%) and 

detritus (6.9%) in the north of Shatt Al-Arab river. Plant components constituted 

75.6% of the diet of C. zillii in the Anwai stream, Niger (Onyeche et al., 2013). 

Dadebo et al. (2014) also stated that macrophytes, phytoplankton and detritus were 

the most important components of C. zillii food in Ziway lake, Ethiopia. Adams 

(2016) found that C. zillii fed mostly on macrophytes and algae, and considered the 

species as weed feeding fish species in the Tiga dam, Kano State, Nigeria. The 

overall food composition of C. zillii in the Garmat Ali river is comprised of 

detritus, algae, macrophytes and diatoms (Mohamed & Al-Wan, 2020). Tilapia 

preference for algae and vegetative matter may be attributed to its ability to secrete 

mucus from the gills that trap plankton; however, their ability to digest filamentous 

algae and aquatic macrophytes is through the mechanism of physical grinding of 

vegetative matter between the two pharyngeal plates of fine teeth and acidic nature 

(pH <2) of the stomach which ruptures the cell walls of algae and bacteria (Osho et 

al., 2006; Iyabo, 2016). However, Shep et al. (2013) considered C. zillii as an 

omnivorous and generalized feeder, fed mainly on macrophytes, insects, molluscs 

and zooplankton in Ayamé lake, Côte d’Ivoire. Iyabo (2016) mentioned that C. 

zillii in Ebonyi river, Nigeria are opportunistic feeders that are able to consume and 

digest quite a variety of food items available in the environment, switching from 

mainly zooplankton diets at the juvenile stage to aquatic macrophytes and 

invertebrates in adulthood. It is a widely accepted generalization that stream fishes
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are mostly opportunistic in their feeding habits because of the highly variable 

nature of habitat and resources (Johnson & Arunachalam, 2012).  

The results demonstrated a high degree of dietary overlap between O. aureus 

and C. zillii, which both fed on the same food sources. Similar result was obtained 

by Abdullah (2015) between the same species in the north part of Shatt Al-Arab 

river. However, da Silva et al. (2012) found that the high values of dietary overlaps 

between fish species in the Itiz river, Brazil referred to the food resource 

partitioning among fish species, and were associated with the abundance of these 

ingredients through the importance of vegetation, which is a source of conservation 

of the fish assemblage in the river. Shalloof et al. (2009) stated that cichlid fish 

species did not consume food at random, but have the ability to select and choose 

the preferred food stuff even during different seasons. These seasonal variations in 

preferred food make the intraspecific competition between these species very low. 

 

References   

Abari, M.A.; Usman, M. & Yusuf, K. (2015). Food and feeding habit of Nile tilapia 

(Oreochromis niloticus) in Doma dam, Nasarawa State, Nigeria. Prod. Agric. 

Technol. J., 11(1): 67-74. 

Abdulhakim, A.; Addo, S.; Lawan, Z.A. & Ebenezer, A. (2015). Feeding habits and 

condition factor of Oreochromis niloticus in lake Alau, Northeastern Nigeria. 

Int. J. Fish. Aquat. Stud., 3(1): 406-409. 

Abdullah, A.J. (2015). Fish biodiversity and some biological characteristics in the 

northern part of Shatt Al-Arab river and some of its reaches, Ph. D. Thesis, 
Coll. Agric., Univ. Basrah: 192 pp. (In Arabic). 

Abdullah, A.H.J.; Abdullah, S.A. & Al-Robayii, O.A. (2018). Spatial and temporal 

pattern of sympatric fish assemblage in the Al-Sweib river, south of Iraq. 

Proc. 3
rd

 Agric. Sci. Conf.: 5-6 March 2018. Univ. Kerbala: 1-17. 

Adams, A. (2016). Studies on the food and feeding habits, condition factors of 

Tilapia zilli in Tiga dam, Kano State, Nigeria, J. Biotechnol. Res., 1(2): 53-

63.  

Agbabiaka, L.A. (2012). Food and feeding habits of Tilapia zilli: (Pisces: 

Cichlidae) in river Otamiri South-eastern Nigeria. Biosci. Discov., 3(2): 146-

148. 

Al-Faisal, A.J. & Mutlak, F.M. (2014). First record of the Nile tilapia Oreochromis 

niloticus (Linnaeus, 1758), from the Shatt Al-Arab river, Southern Iraq. 

Mesopot. J. Mar. Sci., 29(1): 45-50. 

Al-Lamy, J.H.; Resen, A.K.; Taher, M.M. & Muhammed, S.J. (2012). 

Specialization and diet overlapped between two alien species (Carrasius 

auratus and Tilapia zillii) and native species (Barbus luteus) in east Hammar 

marsh, Southern Iraq. J. King Abdulaziz Univ., Mar. Sci., 23(2): 25-37. 

Al-Sa’adi, B.A. (2007). The parasitic fauna of fishes of Euphrates river: Applied 

study in Al-Musaib city. M. Tech. Thesis, Al-Musaib Tech. Coll., Found. 

Tech. Educ.: 102 pp. (In Arabic).  

 



83                                                         Mohamed & Abood 

Al-Tawash, B.; Al-Lafta, H.S. & Merkel, B. (2013). Preliminary assessment of 

Shatt Al-Arab riverine environment, Basra governorate, Southern Iraq. J. Nat. 

Sci. Res., 3: 120-136. 

Al-Wan, S.M. & Mohamed, A.R.M. (2019). Analysis of the biological features of 

the blue tilapia, Oreochromis aureus in the Garmat Ali river, Basrah, Iraq. 

Asian J. Appl. Sci., 7(6): 776-787. 

Badamasi, I. (2014). Distribution of stomach food content of fish species collected 

from industrial waste water effluents: A case study of Jakara dam, Kano, 

Nigeria. Int. J. Innov., Manag. Technol., 5(2): 124-129. 

Blackith, R.E. & Reyment, R.A. (1971). Multivariate morphometrics. Acad. Press, 

London: 412 pp. 

Brandimarte, L.; Popescu, I. & Neamah, N.K. (2015). Analysis of fresh-saline 

water interface at the Shatt Al-Arab estuary. Int. J. River Basin Manag., 13: 

17-25. DOI:10.1080/15715124.2014.945092. 

Chorbley, D. (2011). Fish feeding and temperature considerations in tropical 

environment. Aquat. Environ., 2(3): 188-202.  

Coad, B.W. (2010). Freshwater fishes of Iraq. Pensoft Publ., Moscow: 274 pp. + 16 

pls. www.briancoad.com. 

Dadebo, E.; Kebtineh, N.; Sorsa, S. & Balkew, K. (2014). Food and feeding habits 

of the red-belly tilapia (Tilapia zillii Gervais, 1848) (Pisces: Cichlidae) in 

lake Ziway, Ethiopia. Agric. For. Fish., 3(1): 17-23. DOI:10.11648/ 

j.aff.20140301.14. 

da Silva, J.C.; Delariva, R.L. & Bonato, K.O. (2012). Food-resource partitioning 

among fish species from a first-order stream in north-western Paraná, Brazil. 

Neotrop. Ichthyol., 10(2): 389-399. 

Dipper, E.; Bredges, C. & Menz, A. (1977). Age, growth and feeding in the ballon 

wrasse Leburs bergylta. J. Fish Biol., 11: 105-120. 

El-Jamal, A. (2006). Fish farming. Part III, Scientific Books for Publishing and 

Distribution, Cairo: 1151 pp. 

Edmondson, W.T. (1959). Freshwater biology. John Wiley and Sons Inc., New 

York: 1248 pp. 

El-Sayed, A.F.M. (2006). Tilapia culture. CABI Publ., Wallingford: 277 pp.  

FAO (2018). Fishery and aquaculture statistics http:/www.fao.org/ 

fishery.Publications/year book.en.  

Froese, R. & Pauly, D. (2019). FishBase. World Wide Web electronic publication, 

www.fishbase.org, version (12/2019). 

Fryer, G. & Iles, T.D. (1972). The cichlid fishes of Great Lakes of Africa: Their 

biology and evolution. Oliver and Boyd, Edinburgh: 641 pp.    

Gordon, J.D. (1977). The fish population in the store water of west coast Scotland: 

The food and feeding of whiting Merlanguis merlangiu. J. Fish Biol., 11(6): 

512-529. DOI:10.1111/j.1095-8649.1977.tb05709.x. 

Hadi, R.A.M.; Al-Saboonchi, A.A. & Haroon, A.K.Y. (1984). Diatoms of Shatt Al-

Arab river, Iraq. Nova Hedwigia, 39: 513-557. 

Hynes, H.B.N. (1950). The food of fresh-water sticklebacks (Gasterosteus



                  Trophic interactions between two cichlid species in Shatt Al-Arab river, Iraq             84 

aculeatus and Pygosteus pungitius), with a review of methods used in studies 

of the food of fishes. J. Anim. Ecol., 19(1): 36-58. DOI:10.2307/1570. 

Hyslop, E.J. (1980). Stomach contents analysis: A review of method and their 

application. J. Fish Biol., 17: 413-422. DOI:10.1111/j.1095-8649.1980. 

tb02775.x. 

Iyabo, U.B. (2016). Food and feeding habit and condition factor of tilapia species 

in Ebonyi river, South-eastern Nigeria. Am. Assoc. Sci. Technol., Commun., 

3(6): 248-253. 

Jihulya, N.J. (2014). Diet and feeding ecology of Nile tilapia, Oreochromis 

niloticus and Nile perch, Lates niloticus in protected and unprotected areas of 

lake Victoria, Tanzania. Int. J. Sci. Technol. Res., 3(11): 280-286. 

Johnson, J.A. & Arunachalam, M. (2012). Feeding habit and food partitioning in a 

stream fish community of Western Ghats, India. Environ. Biol. Fishes, 93(1): 

51-60. DOI:10.1007/s10641-011-9889-9. 

Khalifa, S.Z. (2017). Ecological and biological of Nile tilapia Oreochromis 

niloticus and blue tilapia Oreochromis aureus from Tigris river, Southern 

Baghdad. M. Sc. Thesis. Coll. Agric., Univ. Diyala: 122 pp. (In Arabic). 

Khallaf, E.A. & Alne-na-ei, A.A. (1987). Feeding ecology of Oreochromis 

niloticus (Linnaeus) and Tilapia zillii (Gervais) in a Nile canal. Hydrobiol., 

146: 57-62. 

Krebs, C.J. (1989). Ecological methodology. Harper Collins, New York: 654 pp. 

Levins, R. (1968). Evolution in changing environments. Princeton Univ. Press, 

New Jersey: 120 pp. 

Maia, A.; Queiroz, N.; Correia, J.P. & Cabral, H. (2006). Food habits of the 

shortfin mako, Isurus oxyrinchus, off the southwest coast of Portugal. 

Environ. Biol. Fish., 77: 157-167. DOI:10.1007/s10641-006-9067-7. 

Mallin, M.A. (1986). The feeding ecology of the blue tilapia (T. aurea) in a North 

Carolina reservoir. Lake Res. Manag., 2(1): 323-326. DOI:10.1080/ 

07438148609354651. 

McAndrew, B.J. (2000). Evolution, phylogenetic relationships and biogeography. 

In: Beveridge, M.C.M. & McAndrew, B.J. (eds.), Tilapias: Biology and 

exploitation. Fish Fish. Ser., 25: 32 pp., Springer, Dordrecht. 

DOI:10.1007/978-94-011-4008-9_1. 

Mohamed, A.R.M. & Abood, A.N. (2017). Compositional change in fish 

assemblage structure in the Shatt Al-Arab river, Iraq. Asian J. Appl. Sci., 

5(5): 944-958. 

Mohamed, A.R.M. & Al-Wan, S.M. (2020). Evaluation of biological characters of 

the invasive species, Coptodon zillii in the Garmat Ali river, Basrah, Iraq. Int. 

J. Fish. Aquat. Stud., 8(2): 176-185. DOI:10.9790/2380-1302011526. 

Mohamed, A.R.M. & Hameed, E.K. (2019). Impacts of saltwater intrusion on the 

fish assemblage in the middle part of Shatt Al-Arab river, Iraq. Asian J. 

Appl. Sci., 7(5): 577-586. DOI:10.24203/ajas.v7i5.5917. 

Mutlak, F.M. & Al-Faisal, A.J. (2009). A new record of two exotic cichlids fish 

Oreochromis aureus (Steindacher, 1864) and Tilapia zillii (Gervais, 1848) 



85                                                         Mohamed & Abood 

         from south of the main outfall drain in Basrah city. Mesopot. J. Mar. Sci., 

24(2): 160-170. (In Arabic).  

Nelson, J.S. (2006). Fishes of the World. John Wiley & Sons, Inc., New Jersey: xiv 

+ 601 pp.   

Onyeche, V.E.O.; Onyeche, L.E.; Akankali, J.A.; Enodiana, I.O. & Ebenuwa, P. 

(2013). Food and fish feeding habits in Anwai stream ichthyofauna, Niger-

Delta. Int. J. Fish. Aquacult., 5(11): 286-294. DOI:10.5897/IJFA2013.0387. 

Osho, J.A.; Ayodele, I.A. & Fagbuaro, O. (2006). Food and feeding habits of 

Oreochromis niloticus (L.) and Sarotherodon galilaeus (L.) in a tropical 

reservoir. World J. Zool., 1(2): 118-121.  
Priyadharsini, S.; Manoharan. J.; Varadharajan, D. & Subramaniyan, A. (2012). 

Interpretation of the food and feeding habits of Dascillus trimaculatus 

(Ruppell, 1829) from Gulf of Manner, South East Coast of India. Arch. Appl. 

Sci. Res., 4(4): 1758-1762. 

Sajeevan, M.K. & Kurup, B.M. (2013). Evaluation of feeding indices of cobia 

Rachycentron canadum (Linnaeus. 1766) from northwest coast of India. J. 

Mar. Biol. Assoc. India, 55(2): 16-21. 

Salah, A.A. (2015). The morphology of the alimentary canal and related to feeding 

habits of three fish species in Abu-Julan region, south Al-Chybaish marsh. 

M. Sc. Thesis, Coll. Agric., Univ. Basrah: 121 pp. (In Arabic). 

Saleh, K.I. (2007). First record of cichlid fish Tilapia zilli in the Euphrates river 

near Musaib city, Centre of Iraq (Abstract). 2
nd

 Fish. Conf., Basrah Univ., 

March 1-4, 2007. 

Sarkar, U.K. & Deepak, P.K. (2009). The diet of clown knife fish Chitala chitala 

(Hamilton-Buchanan) an endangered notopterid from different wild 

population (India). Electron. J. Ichthyol., 1: 11-20.     

Shalloof, K.A.Sh.; Authman, M.N. & El-Kasheif, M.A. (2009). Food and feeding 

habits of three cichlid species inhabiting Damietta branch of the river Nile, 

Egypt. Egypt. J. Aquat. Biol. Fish., 13(4): 49-66. DOI:10.21608/ 

ejabf.2009.2044. 

Shep, H.; Konan, KM.; Doumbia, L.; Ouattara, M.; Boussou, C.K.; Ouattara, A. & 

Gourene, G. (2013). Feeding relationships among Tilapia zillii (Gervais, 

1848), Tilapia guineensis (Bleeker, 1862) and their hybrid in Ayamé man-

made lake, Côte d’Ivoire. Pak. J.  Zool., 45(5): 1405-1414. 

Stergion, K.I. (1988). Feeding habits of the lessepsian migrant Siganus luridus in 

the Eastern Mediterranean, its new environment. J. Fish Biol., 33: 531-543. 

DOI:10.1111/j.1095-8649.1988.tb05497.x. 

Wahab, N.K. (2013). Food habits and diet overlaps for some freshwater fish in 

Tharthar Arm, Tigris, Iraq. Basrah J. Agric. Sci., 26(2): 182-197.  

Wehr, J.D. & Sheath, R.G. (2003). Freshwater algae of North America: Ecology 

and classification. Acad. Press, San Diego: 918 pp. 

Yaseen, B.R.; Al-Asaady, K.A.; Kazem, A.A. & Chaichan, M.T. (2016). 

Environmental impacts of salt tide in Shatt Al-Arab-Basra/Iraq. J. Environ. 

Sci., Toxicol. Food Technol., 10(1-2): 35-43. DOI:10.9790/2402-10123543. 


