
 

 

 

 

Egyptian Journal of Aquatic Biology & Fisheries  

Zoology Department, Faculty of Science, 

Ain Shams University, Cairo, Egypt. 

ISSN 1110 – 6131 

Vol. 29(3): 2041 – 2055 (2025) 

www.ejabf.journals.ekb.eg 

  
Behavioral Complexity of Oreochromis Species: A Review for Sustainable Fisheries 

and Aquaculture 

 
Milliam Nakawoombe1, 2*, Fanuel Kapute3, Jessy Lugya4 

1Fisheries and Aquatic Sciences Department, Mzuzu University, Private Bag 201, Luwinga, Mzuzu 2, 

Malawi 
2Regulation and Quality Assurance Department, Directorate of Fisheries Resources, Ministry of 

Agriculture, Animal Industry and Fisheries, Plot 16-18, Lugard Avenue, P.O. Box 102, Entebbe, Uganda  
3 Director of Research, Mzuzu University, Private Bag 201, Luwinga, Mzuzu 2, Malawi 
4Aquaculture Research and Development Center, Kajjansi, National Agricultural Research Organization 

(NARO), P.O. Box 530, Kampala, Uganda 
*Corresponding Author: millysekitto@gmail.com, milliam.nakawoombe@agriculture.go.ug 

 

INTRODUCTION  

Cichlids play a significant role in global aquaculture due to their extensive 

taxonomic, phenotypic, ecological, and behavioral diversity. This family of teleost fishes 

includes more than 1,300 species and exhibits remarkable biodiversity, particularly in the 

East African Great Lakes, which are considered major evolutionary hotspots 

(Salzburger, 2018). Among these cichlids are the non-haplochromine tilapia of the 

Oreochromis genus, native to Africa and the Middle East. These species have been 
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Climate change-mediated physicochemical conditions and environmental 

disturbances necessitate robust freshwater species, especially for African 

aquaculture. The Oreochromis genus is a commonly reared fish due to its 

remarkable behavioral and ecological adaptability through its unique social 

structures, reproductive strategies, environmental resilience, and foraging 

habits. These traits significantly determine the species’ capability for 

ecological distribution, dominance, and as aquaculture potential candidates. 

Despite the general characteristic traits, Oreochromis species are native to 

specific ecological zones, compelling an understanding of the behavior of 

each species. Therefore, this review synthesized research on the behavioral 

dynamics across most Oreochromis species, focusing on social interactions, 

feeding strategies, survival, and cognitive traits. The adaptive mechanisms 

that enhance growth, establishment, and resilience in diverse environments 

were also highlighted. Findings indicated that the Oreochromis species 

exhibit remarkable tolerance to extreme environmental conditions like high 

salinity, temperature fluctuations, and alkalinity stress. From the literature, 

the mentioned attributes contributed to the success of Oreochromis species 

in natural ecosystems and aquaculture conditions. Future research should 

explore genetic and environmental behavioral traits for unmapped 

Oreochromis species, accentuating the impact of climate change on 

behavioral adaptability for sustainable fisheries and aquaculture 

innovations. 
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widely introduced to other regions for aquaculture and fisheries development (Vajargah, 

2021). 

         Given their rapid production rates and economic significance, behavioral studies of 

Oreochromis species have attracted increasing attention in both aquaculture and 

evolutionary biology research (Day et al., 2019). Oreochromis species serve not only as a 

major food source but also as effective biocontrol agents for aquatic vegetation. Along 

with other cichlid groups, they are now recognized as a ‘model system’ for evolutionary 

and ecological studies (Li et al., 2017). 

Behavioral complexity 

         Behavioral strategies that contribute to the ecological adaptability and complexity 

of Oreochromis species are of particular interest. These fish exhibit unique social 

structures, reproductive behaviors, and resilience to challenging environments—traits that 

distinguish them from many other freshwater fish species (Abd El-Hack et al., 2022). 

Unlike many freshwater species confined to narrow ecological niches, Oreochromis are 

highly adaptable and can survive under extreme environmental conditions. For example, 

the Oreochromis amphimelas lineage is especially well-adapted to environments with 

high salinity, temperature, and alkalinity (Day et al., 2019). 

         Their advanced reproductive and social behaviors, such as parental care and 

hierarchical social systems, contribute to higher offspring survival rates and enhanced 

aquaculture productivity (Gonçalves-De-Freitas et al., 2019). However, traits like 

aggression, territoriality, and heightened stress responses can pose challenges to effective 

management in intensive aquaculture settings (Rodriguez-Barreto et al., 2019). 

Literature gap 

         Despite the wide distribution and importance of Oreochromis, there is a lack of 

comprehensive behavioral studies on lesser-known species such as Oreochromis 

karongae, Oreochromis shiranus, Oreochromis tanganicae, and Oreochromis andersonii. 

These species hold significant ecological and aquacultural value, particularly in their 

native habitats. Yet, behavioral data on them remain limited or outdated. 

There is a critical need for region- and species-specific behavioral research to 

inform localized aquaculture and fisheries management strategies. This review addresses 

these gaps and highlights the importance of behavioral diversity studies to support the 

development of resilient and diversified aquaculture systems that incorporate native and 

indigenous species within their respective ecosystems. 
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BEHAVIOR STRATEGIES IN OREOCHROMIS SPECIES 

 

1. Social behavior 

Fish utilize a range of visual, olfactory, and chemical cues in social interactions. 

These cues are influenced by environmental factors and group dynamics, such as 

composition and size. In Oreochromis species, social behavior plays a pivotal role in 

dominance, resource allocation, and reproduction. 

1.1 Hierarchy establishment 

         The stability of social hierarchies is essential, as prolonged instability can lead to 

elevated stress levels and increased injury rates among individuals (Gonçalves-De-

Freitas et al., 2019). Under aquaculture conditions, factors such as water renewal rate, 

stocking density, lighting conditions, and fish size influence the frequency and intensity 

of aggressive interactions (Chifamba & Mauru, 2017). 

1.1.1 Rate of water renewal (Chemical Cues) 

        Chemical communication is vital for social interaction. Changes in water quality can 

interfere with chemical signaling. For example, in Oreochromis mossambicus, urine 

contains specific chemical compounds that signal social rank, particularly dominance in 

males (Barata et al., 2007). Aggression is not only used to establish hierarchy but also to 

secure critical resources such as food, territory, and mates (Da Silva et al., 2021). 

1.1.2 Environmental lighting 

          Oreochromis niloticus possesses seven cone opsin genes, allowing perception 

across the full visible spectrum. This spectral sensitivity enables them to detect both 

shortwave and longwave colors. Environmental lighting influences several behavioral 

and physiological responses in this species, including aggression, stress, growth, feeding 

efficiency, and reproduction (Maia & Volpato, 2013). 

1.1.3 Stocking density, fish size, and group composition 

          Fish size, sex, and group structure are key predictors of aggression and dominance 

behaviors in culture systems (Rodriguez-Barreto et al., 2019). Larger individuals 

typically exhibit more aggressive behavior and dominate social interactions. In a study 

involving O. niloticus and O. mortimeri, aggression levels were influenced by relative 

size differences (Chifamba & Mauru, 2017). 
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         Fattah et al. (2020) found that high stocking densities of juvenile O. niloticus 

increased aggressive behaviors, likely due to competition for food and shelter. However, 

Rodriguez-Barreto et al. (2019) reported contrasting results: at high densities, 

aggression decreased, possibly due to stress-induced changes in gene expression—

particularly in hypothalamic stress-related genes like somatostatin (sst1)—leading fish to 

shift from hierarchical to shoaling behaviors. 

1.2 Territoriality 

         Male Oreochromis exhibit territorial behavior, especially during breeding, 

vigorously defending nest sites or "craters." Related males have been shown to tolerate 

each other more than unrelated males, promoting social stability under crowded 

conditions (Gonçalves-De-Freitas et al., 2019). 

        Oreochromis tanganicae, in particular, is highly territorial. Males show no tolerance 

to intrusions, especially during breeding, and are aggressive toward both conspecifics and 

other territorial species. These behaviors often result in prolonged and intense conflicts as 

males defend sandy or muddy breeding grounds (Kalima et al., 2020). 

1.3 Cooperative interactions 

         Despite their aggressive tendencies, Oreochromis also engage in cooperative 

behaviors. During territory establishment and reproduction, males coordinate with 

females to improve mating success and offspring survival (Gonçalves-De-Freitas et al., 

2019). 

        Oreochromis karongae demonstrates group foraging behavior, enhancing feeding 

efficiency and reducing predation risk. These species also exhibit a wide range of 

parental care strategies—both biparental and uniparental (Balshine & Sloman, 2011). 

        Social learning is another cooperative behavior observed in tilapia. In one study, 

both trained and untrained fish learned to forage more efficiently when in groups, 

demonstrating the ability to acquire and share information in a social setting (Mesquita et 

al., 2016). 

Fig. (1) presents a graphical summary of how environmental and social factors 

influence the social behavior of Oreochromis species. The data were compiled in Excel 

and visualized using R statistical software based on the literature discussed above. 
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Positive- The behavior encourages social interactions and cooperation 

Negative- The behavior reduces social behavior, increases aggression, and disrupts normal interactions 

 

Fig. 1. Summary of Oreochromis social behavior and its influence on social interactions 

from the articles reviewed 

  

2. Foraging and feeding behavior 

        Feeding behavior among Oreochromis species is highly diverse and closely tied to 

their habitat and the availability of dietary resources. These species exhibit various 

specialized adaptations that allow them to exploit a broad range of food sources, 

including algae, detritus, plankton, and small invertebrates (Beveridge & Baird, 2000) 

(Table 1). 

         In aquaculture, feeding strategies for tilapia typically rely on a combination of 

natural and supplemental food sources. According to El-Sayed (2020), tilapia fish obtain 

approximately 30–50% of their nutrition from natural food organisms, which play a vital 

role in supporting their growth. The remaining 50–70% is met through supplemental 

feeding, with the exact proportions depending on fish size, growth stage, and production 

system. 
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Table 1. Feeding habits and habitats of major African Oreochromis species 

 

 

 

Species 

 

Diet 
Feeding 

category 

 

Foraging behavior 

 

Feeding   

Habitant 

 

References 

 

Oreochromis 

tanganicae and 

Oreochromis 

karongae 

 

 

Algae, periphyton, 

detritus, small 

invertebrates or 

zooplankton, diatoms 

(Pinnularia and 

Navicula), sand grains, 

and small fish 

 

Opportunistic, 

primarily 

herbivorous 

Skimming the surface 

film in sheltered waters 

to access floating algae 

and microorganisms 

Benthic 

zones and 

open 

waters  

(Kapute et al. 

(2008); Saikia 

(2015); Kalima 

et al. (2020)) 

 

Oreochromis 

andersonii and 

Oreochromis 

macrochir 

Vegetative detritus 

(main diet; 90.88%), 

aquatic invertebrates, 

diatoms, and pelleted 

feed 

 

Opportunistic           

detritivores 

Sifts through sediment 

to extract food particles 

Lagoons, 

slow-

flowing or 

standing 

water 

bodies 

(Winemiller 

and Kelso, 

2003) 

Oreochromis 

shiranus, 

Oreochromis 

aureus and 

Oreochromis 

lidole 

 

Detritus, 

phytoplankton, and 

pelleted feed 

Microphagous 

detritivore  

Picks food from the 

water column, grazes on 

surfaces, and picks up 

detritus from substrates. 

 

Shallow 

waters, 

floodplain

s, and 

lagoons 

Saikia (2015) 

Oreochromis 

squamipinnis 

Phytoplankton, 

diatoms, and sand 

sediments 

Opportunistic   

herbivorous 

grazer 

Substrate feeder, picking 

up its food items and 

grazing on algae 

 

Semi-

pelagic, 

shallow, 

vegetated 

bays 

(Reinthal and 

Konings, 1991) 

Oreochromis 

niloticus and 

Oreochromis  

mossambicus 

Phytoplankton, 

Zooplankton, Detritus, 

Periphyton, and 

pelleted feed 

Omnivorous Grazes periphyton and 

phytoplankton on 

submerged surfaces, 

picks up detritus, and 

filters suspended food 

particles. 

Feeds both 

in shallow 

waters and 

in open 

water 

column 

 

El-Sayed 

(2020)    
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3. Reproductive behavior 

         Oreochromis species are renowned for their high reproductive capacity, which is 

largely unaffected by environmental extremes—whether favorable or harsh (Trewavas, 

2013). All members of the genus are maternal mouthbrooders, and they generally exhibit 

sexual dimorphism, with females acting as the choosy sex while males display 

pronounced sexual traits (Fig. 2). 

         Dominant males typically exhibit larger body size, brighter skin coloration, and 

higher levels of aggression—traits used to attract females. Some species develop 

secondary sexual features such as enlarged jaws (O. mossambicus), elongated soft dorsal 

and anal fins, and pronounced genital papillae (Turner et al., 2000). Polygamous mating 

systems are a hallmark of the genus, with males often mating with multiple females 

(Turner et al., 2000). 

          Spawning in Oreochromis is primarily influenced by environmental cues such as 

temperature and rainfall. For instance, Oreochromis niloticus in Lake Victoria breeds 

year-round, with spawning peaks typically observed during the rainy season (Santos et 

al., 2023). In contrast, O. karongae, O. squamipinnis, and O. lidole exhibit species-

specific seasonal spawning peaks in Lake Malawi (Turner et al., 2000). 

        A key reproductive strategy of Oreochromis species is mouthbrooding. After 

fertilization, the female collects the eggs in her mouth for incubation, offering protection 

from predators and environmental stressors (Fig. 2). Fry remain in the mother’s mouth 

until they are capable of independent swimming and feeding, which significantly 

increases their survival and adaptability. 

          Oreochromis niloticus is the most studied species within the genus, contributing to 

over 90% of the available reproductive research (Omweno et al., 2024; Refaey et al., 

2025). Sexual maturity is typically reached at a total length (L₅₀) of 14– 15cm in females 

and 15– 17cm in males (Shoko et al., 2015). Fecundity is more strongly correlated with 

total length and body weight than with gonadal development alone. However, in species 

such as O. macrochir and O. andersonii, a strong positive correlation exists between 

body length and the number of eggs produced (Kefi, 2011). 

          In terms of reproductive output, O. mossambicus demonstrates relatively high 

fecundity, averaging 921 ± 604.6 eggs per female and a relative fecundity of 8.36 ± 3.09 

eggs per gram of body weight. This exceeds the fecundity levels of O. niloticus under 

similar environmental conditions (Urbano et al., 2024). 
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Fig. 2. The reproductive behavior cycle diagram of Oreochromis species 

 

4. Survival behavior 

         Oreochromis species display a wide array of survival behaviors that include 

predator avoidance, environmental tolerance, flexible feeding strategies, and reproductive 

adaptations (Xu et al., 2006) (Fig. 3). 

a) Environmental tolerance and stress adaptation 

         Due to their ability to withstand harsh environmental conditions, Oreochromis 

species are widely used as research models for studying water quality tolerance and stress 

adaptation. They can survive in low-quality aquatic environments impacted by rainfall, 

flooding, drought, and fluctuating water levels. Their tolerance to temperature shifts, 

salinity changes, and resistance to many diseases and parasites makes them valuable in 

climate change adaptation and aquaculture resilience (Kunda et al., 2024). 

        Schofield (2007) assessed the survival of invasive Oreochromis niloticus in coastal 

Mississippi following Hurricane Katrina and found that the species survived for over a 

year in isolated ponds and drainage ditches post-flooding, demonstrating remarkable 

environmental resilience. 

b) Genetic adaptations for survival 

        In O. niloticus, genetic analysis has revealed specific genes associated with hypoxia 

tolerance. Li et al. (2017) identified GPR132 and ABCG4 as key genes involved in 
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hypoxia response, linked to processes such as liver development, signal transduction, and 

steroid hormone mediation—mechanisms that contribute to survival in low-oxygen 

environments. 

         O. mossambicus is another species with exceptional survival capabilities in extreme 

euryhaline conditions. This species can expand its osmoregulatory range from 335–360 

mOsmolal up to 550 mOsmolal. It also tolerates a wide thermal range of 15–37 °C, with 

some individuals demonstrating even broader tolerance, making it one of the most 

adaptable freshwater fishes (Moorman et al., 2015). 

c) Predator avoidance strategies 

         Predator evasion is another critical survival mechanism in Oreochromis species. O. 

niloticus engages in shoaling and schooling behaviors that reduce individual predation 

risk through the "confusion effect" and collective vigilance (Pitcher, 1986; Khalil & 

Emeash, 2018). 

         In addition, their ability to alter body coloration provides camouflage that aids in 

avoiding predators—a behavioral adaptation effective in various ecological scenarios 

(Fujii, 2000). Chen et al. (2013) demonstrated that erythrophores in O. niloticus respond 

to different wavelengths of light, enhancing camouflage and providing a chromatically 

tuned visual defense mechanism. 

d) Thermoregulation strategies 

          Skin color modulation also plays a role in thermoregulation. Changes in 

pigmentation help Oreochromis species adapt to thermal fluctuations in their 

environment. In O. niloticus, cone opsin gene expression was detected in the caudal fin, 

where photosensitive chromatophores reside. These opsins facilitate color changes and 

enable the fish to detect and respond to changes in ambient light and temperature (Chen 

et al., 2013; Kumar et al., 2022). This form of photoregulatory adaptation allows for 

efficient thermoregulation and enhances survival across varying environmental 

conditions. 
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Fig. 3. Summary of the different Oreochromis survival strategies 

 

5. Cognitive behavior 

        In fish, cognitive behavior is expressed through learning from past experiences and 

storing information related to predator recognition, food sources, and spatial navigation. 

These behaviors are often based on associating specific environmental cues with prior 

outcomes. In Oreochromis species, cognitive abilities are critical for survival, social 

organization, and ecological adaptability. 

         Oreochromis niloticus has been studied for its capacity to exhibit time–place 

learning, where the fish can associate specific times with food availability at particular 

locations (Delicio & Barreto, 2008). Such behavior demonstrates a level of spatial and 

temporal memory that aids in efficient foraging and avoidance of predators or 

unfavorable conditions. 

          Overall, cognitive behavior in Oreochromis species is vital for adaptability in 

dynamic environments. However, these cognitive functions are highly sensitive to 

environmental stressors, pollution, and social interactions. Stressful or degraded 

environments can impair learning, memory, and decision-making capabilities, ultimately 

affecting survival and productivity. 

To support cognitive performance and improve outcomes in fisheries and 

aquaculture, it is essential to minimize environmental pollutants and maintain optimal 

water quality and social conditions in rearing systems (Reda et al., 2025). 

FUTURE RESEARCH PROSPECTS 

 

This review provides valuable insights into the behavioral ecology of Oreochromis 

species, with approximately 40% of the existing literature focusing on Oreochromis 

niloticus, while nearly 60% of behavioral data on other Oreochromis species remains 

underexplored due to limited scientific research. To advance our understanding of the 
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genus, there is a critical need to focus on the behavioral complexities of lesser-studied 

species—particularly those endemics to the ecologically unique environments of Lakes 

Malawi and Tanganyika. 

Expanding research beyond O. niloticus and O. mossambicus is essential, especially 

in regions where these two species are considered invasive. Exploring the behavior of 

native Oreochromis species will not only enrich ecological and evolutionary knowledge 

but also offer practical benefits by identifying alternative species for aquaculture. This is 

particularly important in light of increasing global demand for animal protein and the 

stagnation of wild fish stocks. 

Furthermore, enhanced knowledge of underrepresented Oreochromis species will 

contribute to species diversification in aquaculture, improve conservation planning, and 

support the development of sustainable and region-specific aquaculture practices. These 

advancements will also provide critical data to inform future capture fisheries 

management and drive innovations that align with global food security goals. 
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