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ABSTRACT 

The fishing of Amazonian ornamental fish has been a source of income for traditional 

Amazonian peoples. Among the Amazonian species of fish, cichlids stand out for their diversity 

of body color patterns, territorial behavior, and good acclimatization to different breeding 

systems, which interest ornamental aquaculture. Within this group, the discus fish Symphysodon 

spp. stands out as a species of great interest. The manipulation of abiotic factors can favor the 

production of native species in an artificial system, making knowledge of the biological aspects 

of these species essential for the development of suitable management practice protocols. This 

study aimed to understand how manipulating factors such as conductivity and luminosity can 

affect the behavior of this species Symphysodon spp.. In addition, the hematological profile for 

the species S. discus was outlined. Based on the results observed, the reduction in acute 

conductivity can negatively influence the complexity of the behavioral repertoire of two discus 

species. However, high light intensity can favor the complexity of the social behavior of S. 

discus, which can favor hierarchical stability and, consequently, the choice of partners. Thus, 

the hematological profile of S. discus suggests that the species is sensitive to stress, which can 

be attributed to what occurs during capture. Therefore, this study contributes scientific 

information on the behavior and health of the species, which can be used for management 

protocols aimed at animal health and welfare. 

Keywords: Behavior, Abiotic factors, Welfare, Fish. 

  



 
 

 
 

RESUMO 

A pesca de peixes ornamentais amazônicos tem sido uma fonte de renda para povos tradicionais 

da Amazônia. Dentre as espécies de peixes amazônicos, os ciclídeos se destacam pela 

diversidade de padrões de coloração corporal, comportamento territorial e boa aclimatação a 

diferentes sistemas de criação, o que interessa à aquicultura ornamental. Dentro deste grupo, os 

peixes discos Symphysodon spp. se destacam como espécies de grande interesse. A manipulação 

de fatores abióticos pode favorecer a produção de espécies nativas em sistema artificial, 

tornando o conhecimento dos aspectos biológicos destas espécies essenciais para o 

desenvolvimento de protocolos de práticas de manejo adequados. Este estudo teve como 

objetivo entender como a manipulação de fatores como condutividade e luminosidade podem 

afetar o comportamento de Symphysodon spp.. Além disso, foi delineado o perfil hematológico 

para a espécie Symphysodon discus. Com base nos resultados observados, a redução da 

condutividade aguda pode influenciar negativamente na complexidade do repertório 

comportamental de duas espécies de discus. No entanto, a alta intensidade luminosa pode 

favorecer a complexidade do comportamento social de S. discus, o que pode favorecer a 

estabilidade hierárquica e, consequentemente, a escolha de parceiros. Dessa forma, o perfil 

hematológico de S. discus sugere que a espécie é sensível ao estresse, o que pode ser atribuído 

ao que ocorre durante a captura. Portanto, este estudo contribui com informações científicas 

sobre o comportamento e a saúde da espécie, que podem ser utilizadas para protocolos de 

manejo voltados à saúde e bem-estar animal. 

Palavras chaves: comportamento, fatores abióticos, bem-estar, peixe.   
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ORGANIZATION 

 

This thesis was developed between 2021 and 2025. It is structured in 5 chapters, 

and the first chapter is a literature review that was converted to a book chapter (in edition) that 

will be published soon. The second chapter is a narrative review of the species studied. It was 

submitted to the journal Acta Amazonica (under review) with an impact factor of 0.8. The third 

chapter deals with the hematological profile of the discus (Symphysodon discus). This article 

has already been published in the Brazilian Journal of Biology with an impact factor of 1.6.  

The fourth chapter contains an experiment in a controlled environment on the effect 

of reducing conductivity on the social behavior of two species of discus. This article is 

submitted to the journal Applied Animal Behavior Science (under review) with an impact factor 

2.2. Finally, we have the fifth chapter, an experiment in an artificial environment on the 

influence of light on the social behavior and territorial defense of the discus fish Symphysodon 

discus. This article will also be submitted to the Journal of Applied Animal Behavior Science, 

which has an impact factor of 2.2. 
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1 INTRODUCTION 

In the State of Amazonas, the exploration and sale of ornamental fish has been 

taking place for more than six decades, mainly along the middle River Negro basin, Amazonas, 

which has a great diversity of fish and constitutes the largest ornamental fishing area in Brazil 

(Prang et al., 2013; Ladislau et al., 2021). This activity plays an important economic, 

environmental, and social role, providing employment and income generation for riverside 

communities (Prang et al., 2013; Tribuzy-Neto et al., 2020; Ladislau et al., 2021).  

However, as it is an extractive and rustic activity for current times, the 

commercialization of Amazonian ornamental fish has lost competitiveness in the international 

market (Santos & Fujimoto, 2015; Tribuzy-Neto et al., 2020). Over the past 30 years, the 

Amazon has lost a substantial portion of its international ornamental fish market to Asian 

countries such as Singapore, Thailand, and Malaysia, as well as to breeders in the United States 

and Europe (Prang et al., 2013; Tribuzy-Neto et al., 2020). These countries have breeding 

technology and can supply the global market with some of the Amazonian species, with higher 

quality and lower prices (Santos & Fujimoto, 2015; Tribuzy-Neto et al., 2020). 

Because of this scenario, research focused on freshwater aquaculture and improving 

the efficiency of native species production is considered essential. In this sense, cultivating 

ornamental fish is regarded as one of the most profitable sectors of fish farming. This potential 

has stimulated and driven the sector, which has expanded rapidly due to the growing global and 

Brazilian demand (ABINPET, 2022). 

According to Tribuzy-Neto et al. (2020), between 2006 and 2015, 375 species were 

exported, most of which went to European and Asian countries, which are currently the largest 

consumers. With the new normative instruction No. 10 of April 17, 2020 (IBAMA, 2020), we 

have a new legal framework for ornamental fish, replacing the old list of 725 permitted species 

with a negative list of prohibited species. The states of Amazonas and Pará in Brazil stand out 

as the places of origin of most of the fish sold to the regional, national, and international markets 

(SECEX, 2017), and it can be said that the aquarium market is one of the most promising for 

aquaculture, combined with the national pet market (Evans, 2016; ABINPET, 2022). Among 

the Amazonian fish species, cichlids, which are characterized by a divided lateral line and spines 

on the dorsal and anal fins, stand out in the world trade of ornamental fish due to their beauty, 

diversity of body color patterns, and also due to their territorial behavior and good 

acclimatization to farming systems (Selvatici et al., 2017). These animals have trophic and 
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survival adaptations, inhabiting places with large amounts of decomposing plant material, 

rapids, areas of dense submerged vegetation, floodplain lakes, whitewater rivers (rich in 

nutrients and with neutral pH) and blackwater rivers (poor in nutrients and with acidic pH) 

(Lowe-McConell, 1999). 

Representatives of the Cichlidae family also present a social organization based on 

the hierarchy of dominance and territorial defense, which are defined through aggressive 

interactions (Baerends & Baerends-Van, 1950). These behavioral repertoires are exhibited in 

the natural environment and are directly related to reproduction, as they involve mate selection 

and competition for mating sites, spawning and/or parental care (Baerends & Baerends-Van, 

1950; Crampton, 2008; Mattos et al., 2016). However, aggressive behavior can be exacerbated 

by confinement, overcrowding and handling of individuals under conditions resulting from 

production systems and neutrophilia (Gauy et al., 2018; Solomon-Lane & Hofmonn, 2019). 

Some cichlid species are easily kept under confined conditions, being of great 

interest for ornamental fishing and presenting great potential for national aquaculture. 

Therefore, it is essential to know the biological aspects of species of commercial interest to 

develop suitable management practice protocols that can contribute to maintaining organic 

balance and, consequently, to animal welfare (Gauy et al., 2018; Solomon-Lane & Hofmonn, 

2019; Swain et al., 2020a; Swain et al., 2020b). 

Environmental stimuli are crucial in modulating the life cycle. Thus, changes 

related to the environment can affect animals' physiological and behavioral parameters 

(Wingfield, 2013; Brandão et al., 2018; Ribeiro et al., 2021). According to Ribeiro & Moreira 

(2012), abiotic factors can be decisive for reproductive success. Factors such as water quality, 

light intensity, hydrological cycles and temperature are crucial in maintaining the natural 

reproductive cycle of fish both in natural environments and in artificial systems (Maitra & 

Hasan, 2016; Navarro & Navarro, 2017; Brandão et al., 2018; Shahjahan et al., 2020; Ribeiro 

et al., 2021). 

Environmental factors are also essential in aquaculture practices, and it is common 

to manipulate these conditions to improve the production of species of commercial interest. 

However, these environmental modifications can influence growth, physiology, survival, 

behavior and reproduction, which are essential for production in artificial environments 

(Navarro & Navarro, 2017). Therefore, understanding how it is possible to improve 

management and reduce the stress caused by confinement, combined with good nutrition and 
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water quality, can be decisive for the reproductive success of animals kept in artificial 

environments (Navarro & Navarro, 2017). 

According to Schulz & Miura (2002) and Almeida (2013), teleosts depend on 

environmental stimuli to initiate gametogenesis, spawning and offspring development. Thus, 

ecological manipulation can be used to control the reproduction of animals both for maturation 

and to suppress spawning (Taranger et al., 2006). 

 It is important to emphasize that specific changes in environmental factors can 

interfere with biological rhythm synchronization (López-Olmeda et al., 2006; Bayarri et al., 

2009). The light-dark cycle plays a vital role in influencing the daily rhythms of fish's 

behavioral and physiological functions (Almeida et al., 2018). 

Given the above, it is considered that understanding environmental stimuli is 

essential for maintaining the reproductive cycle, as these factors can act as stimuli for the 

animal, signaling the appropriate time for reproduction (Nissling et al., 2006). According to 

Almeida (2013), it is essential to study how different fish species react to environmental stimuli 

and how the association of these other factors can contribute to understanding the physiology 

associated with reproduction. However, few studies evaluate the effect of the association of 

different factors on the reproductive success of fish. Thus, this thesis aims to evaluate the 

influence of light conductivity and intensity on the social behavior and hematological 

parameters of discus fish (Symphysodon spp.). 
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2 OBJECTIVES  

2.1 General Objective  

To evaluate the influence of light conductivity and intensity on the social behavior and 

hematological parameters of discus fish (Symphysodon spp.). 

      2.2 Specific Objective 

• Assess the hematological profile of discus fish Symphysodon spp.  

• Assess whether the reduction in water electrical conductivity modulates the display of 

agonistic behavior and territorial defense in discus fish.  

• Assess whether increased light intensity modulates the display of agonistic behavior and 

territorial defense in discus fish.  

• Assess whether conductivity and light intensity can influence the display of 

reproductive parameters (establishment of territory, choice of partner, and courtship) in 

discus fish.  

• Assess whether social behavior (territorial and reproductive) has a daily rhythm in 

discus fish.  

• To analyze whether environmental factors (conductivity and light intensity) modulate 

the daily rhythm of social behavior in discus fish.  
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1 LITERATURE REVIEW 

1.1 Social behavior and welfare of fish of interest to fish farming 

Environmental factors that modulate behavior, such as light, temperature, rainfall, 

and physical and chemical changes in the water, can influence the behavior of fish, especially 

those that depend on the hydrological cycle for reproduction (Anjos & Anjos, 2006; Crampton, 

2008; Bueno et al., 2008; Ramos et al., 2015). As the competition for resources and sexual 

partners increases, aggressive behavior can be exacerbated (Kua et al., 2020; Santos et al., 2020; 

Swain et al., 2020; Krishnakumar et al., 2020). 



21 
 

 
 

But how can behavior be quantified? Behavioral science is not limited to descriptive 

procedures for animal behavior (Yamamoto & Volpato, 2006; Brandão et al., 2021). We need a 

quantitative method: units of measurement for behavior. With a quantitative methodology, we 

can design experimental studies, test hypotheses, and conduct comparative and associative 

analyses on aspects of behavior. In this sense, the behavior ethogram can be this tool 

(Yamamoto & Volpato, 2006; Brandão et al., 2021). 

The ethogram can be understood as a list of behavioral units of a given species 

(Brandão et al., 2021). Each unit corresponds to a verb that indicates an action, such as capture 

(Brandão et al., 2021). It can also be described as a behavioral state, such as sleep or rest 

Brandão et al., 2021). Verbal compliments such as chase, flee, and attack can also be included 

(Brandão et al., 2021). After this structuring, each unit receives a detailed description 

(Yamamoto & Volpato, 2006; Brandão et al., 2021). 

Every description must be replicable, and the ethogram development phase is 

crucial. If behavioral units are described ambiguously, this can result in errors that compromise 

the quality of the information (Pinho-Neto et al., 2014; Brandão et al., 2018; Gauy et al., 2018; 

Brandão et al., 2021). An accurate and comprehensive ethogram is a reference for scientists 

studying the species for which the ethogram was developed (Yamamoto & Volpato, 2006; 

Brandão et al., 2018; Gauy et al., 2018; Brandão et al., 2021). 

Behavioral measures can be measured using latency, frequency, duration and 

intensity and are described as follows (Yamamoto & Volpato, 2006; Pinho-Neto et al., 2014; 

Brandão et al., 2021): 

• Latency: corresponds to the time it took to display a specific behavior. 

Analyzing animal behavior latency is essential to understanding the duration between a 

stimulus and an organism's behavioral response. This measure provides valuable 

insights into the speed or slowness of certain behaviors. 

• Frequency refers to the number of times a particular event occurred in a 

given unit of time. For example, the number of times an animal attacks another is 

quantified in attacks per minute. 

• Duration refers to the time the animal displays a specific behavioral unit. 

• Intensity: this is related to the strength of the behavior displayed. We can 

understand it in the following way: we can measure the intensity of the aggressiveness 

of several individuals. For example, an individual who presents with a higher frequency 
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of attacks will be considered the most aggressive and spend the most energy in the 

clashes.  

However, we currently have several species cultivated for production and 

ornamental purposes. Therefore, we need a representative sample of these populations for 

behavioral studies. To standardize, we have some methodologies for behavioral quantification. 

Brandão et al. (2021) suggest some examples below. 

• Ad libitum sampling: the observer records everything he can and 

observes, as well as what he finds relevant. However, the observer must be careful not 

to be distracted by more active individuals in the group. 

• Focal animal sampling: the observer randomly chooses a single 

individual from the group to observe, recording all the behaviors displayed by that 

individual. This method may be complicated in a natural environment because the 

observed animal may escape the observer's field of vision. 

• Scanning sampling: Several regular time intervals are determined within 

a period. At the end of each interval, the behavioral activities of all individuals in sight 

are instantly recorded. 

• Behavioral sampling: the observer seeks to record a specific behavior, 

providing all the details about the individuals involved. 

For social animals, the dominance hierarchy will dictate those who have priority 

access to resources and, consequently, reproductive success. Understanding which hierarchical 

position within the group is fundamental for hierarchical stability, and at this point, 

environmental and biological factors influence hormonal synthesis, which can increase or 

decrease activities and behavioral patterns. Due to this, dominant animals can reach sexual 

maturity (Huntingford & Tuner, 1987; Pinho-Neto et al., 2014; Brandão et al., 2018; Gauy et 

al., 2018; Brandão et al., 2021).  

Understanding this dynamic can be fundamental for the successful farming of farm 

animals confined to artificial environments with limited resources. One requirement for 

profitability in fish farming is the homogeneity of size and weight, so the breeder must 

understand that animals with a dominant hierarchy in their social organization will always have 

animals of different sizes and weights since the dominant animals will have priority access. 

Another factor that the breeder must take into account if the desired species can be 

kept in large groups is that the farming environment can be very stressful and can influence 
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animal welfare (Pinho-Neto et al., 2014; Brandão et al., 2018; Gauy et al., 2018; Brandão et al., 

2021). Therefore, it is essential to understand what welfare is. In its definition, welfare is the 

state of the individual facing or trying to face the difficulties in their environment, including 

their health and feelings. It must be understood that welfare is a characteristic of the individual, 

not the environment. In this way, the environment can provide this state to the animal or not.  

Another factor about animal welfare is that it is not an absolute state but can vary 

over time and can be understood on a scale from very bad to very good (Pinho-Neto et al., 2014; 

Gauy et al., 2018). To understand welfare problems, it is essential to understand animal 

behavior. Through daily observations, we can associate behavioral displays with this 

characteristic. For example, we can observe the following factors: accelerated or no ventilation 

(in the case of fish, the opercular beat), heart rate, and physiological analyses such as adrenal 

gland function, brain chemistry and immune activity (Pinho-Neto et al., 2014; Gauy et al., 

2018).  

Can associate well-being with stress, need, freedom, feeling, boredom, suffering 

and health (Brandão et al., 2021). These factors can be measured by observation, so studying 

behavior is essential to meet the need for quality of life and success in raising fish in captivity.  

Behavioral, physiological, immunological, and disease incidence assessments can 

guide the breeder in understanding whether a healthy and quality environment is provided to 

the raised animals and that an unbalanced farming environment can favor disturbances, 

recurring stress and low immune function (Brandão et al., 2021). 

Records such as these of the levels of certain steroids in the blood or feces are 

known to be associated with stress (since they are secreted in situations involving physical 

injuries or the need to deal with environmental challenges) (Brandão et al., 2018; Brandão et 

al., 2021). Stressful environmental stimuli can cause the animal to lose hemostasis, leading to 

a pathological condition of endocrine imbalance (Pinho-Neto et al., 2014; Brandão et al., 2018; 

Gauy et al., 2018).  

In a natural environment, the animal's equilibrium point can vary, providing a 

certain elasticity adapting to conditions that may be searching for or fleeing from predators 

(Makori et al., 2017; Gauy et al., 2018; Kua et al., 2020; Santos et al., 2020; Swain et al., 2020). 

In a captive environment, this change can subject it to constant stress, leading to the loss of the 

adaptive capacity found in nature and a process of biochemical, molecular, systemic, 

psychological and behavioral damage that can gradually undermine the organism's resistance. 



24 
 

 
 

Environmental enrichment's main objective is reducing stress in captive animals 

(Brandão et al., 2021). Stereotyped behaviors may indicate inadequate conditions. Observations 

of repetitive, lethargic or species-inappropriate behaviors may also be indicative. Therefore, 

observing the animals will help determine whether the strategy works.  

Therefore, it is essential to understand that the physical environment influences 

animal well-being and health. An environment that respects size and accommodation, including 

its microclimate, must be provided. One of the main errors in raising fish in an artificial 

environment is overpopulation, leading to increased water nitrogen compounds. Reducing 

space may lead to more frequent clashes over resources, a breakdown in hierarchical stability, 

stress, and a drop in immunity. 

Environmental enrichment can provide animal well-being. According to Carlstead 

et al. (1994), it is an animal management principle that seeks to improve the quality of care for 

captive animals by identifying and using the environmental stimuli necessary for their optimal 

psychological and physiological well-being. Covering specific techniques to keep captive 

animals constantly stimulated through stimuli from an enriched environment. 

In this way, environmental enrichment will allow captive animals to behave as 

closely as possible to what they would in nature. It is also a way of optimizing the use of the 

environment, providing the animal with the possibility of more significant interaction with it 

(Makori et al., 2017; Gauy et al., 2018; Santos et al., 2020; Swain et al., 2020).  

Another factor to be taken into account is the social environment. Social species 

need a social environment and company. Fish with gregarious behavior need large groups to 

feel safe and fed. Others, such as cichlids, need enriched environments that encourage the 

choice of territory mating sites or dens for protection (Teresa & Gonçalves-de-Freitas, 2009; 

Mattos et al., 2016; Brandão et al., 2018; Gauy et al., 2018; Brandão et al., 2021). Therefore, 

environmental enrichment can promote well-being. 

Combined with a good physical space, a good management routine can favor 

productive success (Brandão et al., 2021). A good management routine allows animals to be 

conditioned to the farming environment. Although many fish stocks farmed for cutting and 

ornamental purposes today were born in captivity, their ancestors came from nature (Brandão 

et al., 2021). Conditioning animals to feeding routines and reducing space is essential to provide 

well-being and quality of life for these animals. 
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Animal conditioning must follow schedules and days to get used to handling 

biometrics or water changes in tanks or aquariums, which can be stressful events and trigger 

diseases. Therefore, everyone who handles animals must understand that routine handling will 

condition the animals to the farming environment, improving the quality of life of these 

individuals. 

Therefore, the study of behavior and well-being must be understood and taught 

critically. We still lack behavioral studies aimed at well-being and how we can understand how 

well-being significantly influences the lives of animals, especially in a farming environment. 

2.1 Factors that modulate behavior in fish 

Hydrological cycles are essential for the reproductive maintenance of tropical 

species; these animals require environmental stimuli as a signal for spawning (Navarro & 

Navarro, 2017). During periods of frequent rain, hydrological systems change considerably, 

and water levels, conductivity, pH, turbidity, salinity and light intensity can be understood as 

stimuli for reproduction (Ribeiro & Moreira, 2012). 

Aggressive behavior highlights competition for resources (e.g., territory and 

reproductive partner), where dominant animals maintain hierarchical control and priority access 

to resources (Huntingford & Tuner, 1987). Thus, territorial defense and aggressive interaction 

are fundamental in the reproductive context (Alcazar et al., 2016). 

Light intensity can be considered an environmental signal to modulate social 

behavior and, consequently, fish reproduction (Ribeiro & Moreira, 2012; Carvalho et al., 2012; 

Carvalho et al., 2013). However, this regulation can be variable for different species. Light 

intensity can strongly affect the sexual maturation of individuals and the synthesis and secretion 

of sex hormones in fish. Thus, the timing, period and duration of light intensity maintain a 

seasonality in the reproductive activity of fish (Norberg et al., 2004; Zhu et al., 2014; Elisio et 

al., 2014a; Elisio et al., 2015b; Navarro & Navarro, 2017; Shahjahan et al., 2020). Korf (2006) 

observed that the pineal organ acts as a translator of changes in luminosity, assisting the 

functions of the retina and other sensory systems and regulating the circadian cycle as well as 

the hormone melatonin, which acts as a regulator in ovarian development (Falcon et al., 2003). 

Reproduction in tropical fish depends on the synchronization of several factors, 

such as water quality, since seasonality and the rainy season are fundamental for these animals 

(Kirschbaum & Schugardt, 2002; Anjos & Anjos, 2006; Crampton, 2008; Ribeiro & Moreira, 

2012; Orfão, 2013; Ramos et al., 2015). Furthermore, factors such as temperature, pH, dissolved 
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oxygen, turbidity and conductivity undergo considerable changes during these periods 

(Borghezan et al., 2020). They can directly affect the display of social behavior in fish (Makori 

et al., 2017; Gauy et al., 2018; Kua et al., 2020; Santos et al., 2020; Swain et al., 2020; 

Krishnakumar et al., 2020). In the Amazon environment, with rising water levels, conductivity 

is strongly affected by a reduction; this factor can be understood as the signaling agent for 

spawning and is favorable to offspring (Kirschbaum & Schugardt, 2002; Crampton, 2008). This 

response has been observed for several tropical species (Kirschbaum & Schugardt, 2002; Anjos 

& Anjos, 2006; Crampton, 2008; Bueno et al., 2008; Ramos et al., 2015), indicating that 

reduced conductivity can stimulate reproduction in fish. 

Amazonian rivers, especially blackwater rivers, have low ion concentrations, 

maintaining low electrical conductivity (Borghezan et al., 2020). Anjos (2006) conducted tests 

with artificial rainfall for cardinal tetra (Paracheirodon axelrodi), where he noted that reduced 

electrical conductivity and pH, associated with the level of the breeding tanks, stimulated 

spawning for the species. Crampton (2008) also observed the stimulation of spawning in the 

discus fish Symphysodon aequifasciatus, where the spawning of this species is synchronized 

with the reduction of electrical conductivity and the increase in water level in a natural 

environment. 

Thus, it is expected that the reduction in electrical conductivity of the water can be 

used as a stimulus to modulate the reproductive behavior of Symphysodon spp. Kept in an 

artificial system. These results, in turn, can be used in association with the variation of another 

environmental variable (luminosity) to enhance the display of social behavior in discus fish. 

2.2.  Symphysodon spp. acarás ornamentals 

Symphysodon spp. (Figure 1) is a genus of Neotropical cichlids characterized by a 

disc-shaped body; 12 to 20 cm in standard length and 25 cm in height in adulthood; smallmouth, 

feeding on small fish, live worms and microcrustacean nauplii; split spawning; biparental care; 

and inhabiting streams, lakes and riverbanks (Rossoni et al., 2014; Jesus et al., 2022) with water 

temperatures ranging from 26 to 30 ºC (Riehl & Baensch, 1991). According to Celik et al. 

(2008), Symphysodon needs to maintain stable water parameters since factors such as pH, 

conductivity and hardness are essential in the commercial breeding of discus fish. 
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Figure 1. Discus species. (A) Symphysodon discus and (B) Symphysodon aequifasciatus. 

(Source: www.fishbase.org). 

According to Chellappa et al. (2005), the species S. aequifasciatus and S. discus 

present a social organization based on a hierarchy of dominance and territoriality, involving 

competition for partners and spawning areas, in addition to elaborate courtship and mating 

behaviors. The social hierarchy is established through aggressive interactions, and these 

conflicts usually begin with low-intensity, energy-efficient behavioral units that are performed 

at a greater distance between the animals, such as displays, and costly behavioral units 

performed with more excellent proximity between the animals, such as threats (Maan et al., 

2001). Attacks and chases, on the other hand, are usually carried out in the final phases of 

conflicts and contribute to their resolution, which occurs after reaching high levels of escalation 

and when one of the opponents gives up the conflict (Teresa & Gonçalves-de-Freitas, 2009; 

Mattos et al., 2016). Female discus fish choose larger mates who defend better-quality 

territories (Mattos et al., 2016).  

During courtship and mating, females are observed to approach dominant males 

with territories that offer more resources (Mattos et al., 2016). Mattos et al. (2016) also describe 

the reproductive behavior of S. aequifasciatus in the following behavioral units: female 

permanence in the male's territory, cleaning the substrate before spawning, spawning, egg 

aeration, division of parental care, cleaning the substrate after hatching, and changes in body 

coloration of males and females. As the larvae develop, they swim erratically and may move 

away from the territory/substrate. At this stage, the couple displays darker coloration, which 

may be related to negative phototaxis behavior, that is, discus larvae are attracted to darker 

objects, and the coloration of adults may serve as guidance for the direction of the substrate. 

Parental care is performed by both parents and is characterized by the offspring's defense and 

the larvae's feeding with mucus produced by the couple's body (Chong et al., 2005).  

B A 

http://www.fishbase.org/
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This genus is widely used as an ornamental fish due to its body coloration pattern 

and behavioral characteristics (Tribuzy-Neto et al., 2021; Jesus et al., 2022) and, therefore, 

presents excellent interest for production and economic viability for ornamental aquaculture. 

Its price in the aquarium market can reach a high value in the foreign market, reaching a unit 

price of 50 to 170 dollars depending on its variant, being commercially classified by the 

consumer market as royal, non-royal or common (Anjos et al., 2009; Rossoni et al., 2014; 

Tribuzy-Neto et al., 2021; Jesus et al., 2022).  

Its importance has been observed by the numbers recorded between 2006 and 2015, 

with exports corresponding to 0.16% of all ornamental fish exports (Tribuzy-Neto et al., 2021). 

Due to its importance and beauty, some studies have been directed to the genus Symphysodon, 

for example, in studies focused on biology (Cramptom, 2008), cultivation (CeliK et al., 2008; 

Livengood et al., 2009; Zuanon et al., 2011; ElGhany et al., 2014; Tibile et al., 2016) nutrition 

(Chong, et al., 2000; Chong et al., 2005; Chong, et al. 2008; Zuanon et al., 2011), embryonic 

development (Swain et al., 2020; Swain et al., 2020), intestinal microbiota (Zheng, et al., 2021), 

physiological responses to stressors (Wen et al., 2017), environmental contamination 

(Lemgruber et al., 2013; Huang et al., 2022), reproductive behavior (Chellappa et al. 2005; 

Mattos, et al., 2016), hematological profile (Paixão, et al., 2017, Ribeiro, et al. 2024), 

diversification patterns (Farias & Hrbek, 2008), polymorphism (Silvano, 2009), genetic 

diversity and phylogeny (Koh et al., 1999; Hercos, et al., 2017), parasitism (Zuanon et al., 

2011), taxonomic studies (Ready et al., 2006; Bleher et al., 2007; Amado et al., 2011) and 

ethnobiological knowledge (Rossoni et al., 2014; Begossi et al., 2006; Mendonça & Camargo, 

2006; Silvano, 2004; Ladislau et al., 2021). 
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ABSTRACT 

The discus fish (Symphysodon spp.) is a species of Amazonian cichlid with great appeal in the 

ornamental fish market owing to its distinctive shape, coloration, and behavior. This study aims 

to conduct a narrative review on the discus fish. It is found in acidic waters and waters close to 

neutral in their natural environment, with low levels of nitrogenous compounds and considered 

warm waters. Thus, it is often regarded as a fish that demands high water quality. However, due 

to its genetic variability, it exhibits a wide range of adaptability, making it an excellent candidate 

for breeding systems. Despite being a well-known and beloved species in the aquarium hobby, 

large-scale breeding is still considered difficult and surrounded by myths regarding the species, 

discouraging professional breeders' interest.  

Keywords: Discus fish, ornamental fish, cichlid, aquarism. 
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INTRODUCTION 

In the state of Amazonas, the exploitation and sale of ornamental fish have been 

taking place for over six decades, mainly concentrated along the middle River Negro basin, 

which boasts a great diversity of fish and constitutes the largest ornamental fishery area in Brazil 

(Prang et al. 2013; Ladislau et al. 2021). This activity plays an important economic, 

environmental, and social role, providing employment and income generation for riverside 

communities (Prang et al. 2013; Tribuzy-Neto et al. 2020; Ladislau et al. 2021). According to 

Tribuzy-Neto et al. (2020), between 2006 and 2015, 375 species of ornamental fish were 

exported, with a significant portion going to European countries (Germany, United Kingdom, 

Portugal, Spain), Asian countries (China, Singapore, Indonesia), and the United States, which 

are currently the largest consumers. However, being an extractive and rustic activity by today's 

standards, the commercialization of Amazonian ornamental fish has been losing 

competitiveness in the international market (Santos and Fujimoto 2015; Tribuzy-Neto et al. 

2020). 

With the new Normative Instruction No. 10 of April 17, 2020, established by the 

Brazilian government (IBAMA 2020), there was a new legal framework for ornamental fish, 

replacing the old list of 725 permitted species with a negative list of prohibited species, 

facilitating the trade of ornamental fish and streamlining the process of selling and shipping 

fish for decorative purposes. The states of Amazonas and Pará stand out as the primary sources 

of fish traded in the regional, national, and international markets (SECEX 2017). Therefore, it 

is possible to affirm that the aquarium market is one of the most promising sectors for 

aquaculture, combined with the national pet market (ABINPET 2022). 

Among the species of Amazonian fish, cichlids, characterized by a divided lateral 

line and spines in the dorsal and anal fins, stand out in the global ornamental trade due to their 

beauty, diverse body coloration patterns, territorial behavior, and good adaptation to cultivation 

systems (Selvatici et al. 2017). These animals have trophic and survival adaptations, inhabiting 

areas with abundant decomposing plant material, rapids, dense submerged vegetation, 

floodplain lakes, whitewater rivers (nutrient-rich with neutral pH), and blackwater rivers 

(nutrient-poor with acidic pH) (Lowe-McConell 1999). 

Some species of cichlids are easily maintained under confinement conditions, 

making them of great interest for ornamental fishing and presenting significant potential for 

national aquaculture (Selvatici et al. 2017). Therefore, it is essential to understand the biological 
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aspects of commercially important species to develop protocols of good management practices 

that can contribute to maintaining organic balance and, consequently, animal welfare (Gauy et 

al. 2018; Solomon-Lane and Hofmann 2019). 

Among these commercially traded cichlid species is the discus fish Symphysodon 

spp. stands out. It is widely used as an ornamental fish due to its body coloration pattern and 

behavioral characteristics (Tribuzy-Neto et al. 2021; Jesus et al. 2022). Hence, it presents 

excellent interest for production and economic viability in ornamental aquaculture. Given the 

above, this study aims to conduct a narrative review on the discus fish Symphysodon spp. 

Diversity, behavior, and reproduction 

Symphysodon spp. is a genus of Neotropical cichlid characterized by a disc-shaped 

body, 12 to 20 cm in standard length and 25 cm in height in adulthood; small mouth, no sexual 

dimorphism, feeding on small fish, live worms, and microcrustacean nauplii; batch spawning; 

biparental care; and inhabiting streams, lakes, and riverbanks (Rossoni et al. 2014; Jesus et al. 

2022) with water temperature ranging between 26 to 30°C (Riehl and Baensch 1991). It is now 

understood that the Symphysodon genus comprises three distinct species: S. aequifasciatus, S. 

discus, and S. tarzoo, along with other subspecies (Bleher et al. 2007; Amado et al. 2011). 

In their natural environment, discus fish form large shoals near fallen trees and 

branches during the dry season and small shoals within flooded forests during the wet season 

(Crampton 2008). According to Celik et al. (2008), Symphysodon species require the 

maintenance of stable water parameters, as factors such as pH, conductivity, and hardness are 

essential in the commercial breeding of discus fish. 

Crampton (2008) suggests that discus fish are iteroparous, reaching sexual maturity 

within a year, with spawning starting at the beginning of the flood season, influenced by 

changes in water conductivity. This reproductive strategy indicates a concern for ensuring that 

offspring mature by the next dry season. In this sense, spawning is influenced by biotic 

parameters (such as high predation on eggs, larvae, and young adults) and local and regional 

environmental dynamics (such as sudden increases in river water levels, locally known as 

"repiques"). Thus, it can be affirmed that females spawn only one batch of eggs at a time, with 

the most developed ones being released, while the rest are held back in case of high predation 

on eggs, larvae, or fry (Rossoni et al. 2014). 

According to Chellappa et al. (2005), S. discus species exhibit social organization 

based on dominance hierarchy and territoriality, involving competitions for mates and spawning 



36 
 

 
 

areas and elaborate courtship and mating behaviors (Figure 1). The social hierarchy is 

established through aggressive interactions, with conflicts typically starting with low-intensity, 

energetically economical behavioral units performed at a greater distance between the animals, 

such as displays, and escalating to more costly behavioral units completed at closer proximity, 

such as threats (Maan et al. 2001). Attacks and chases usually occur in the final stages of 

conflicts and contribute to their resolution after reaching high escalation levels and when one 

of the opponents gives up the conflict (Teresa and Gonçalves-de-Freitas 2003; Mattos et al. 

2016). 

Female discus fish choose more significant partners and defend territories of better 

quality (Rossoni et al. 2014; Mattos et al. 2016). During courtship and mating, females approach 

dominant males with territories that offer more resources (Mattos et al. 2016). Mattos et al. 

(2016) also describe the reproductive behavior of S. aequifasciatus in the following behavioral 

units: female staying in the male's territory, substrate cleaning before spawning, spawning, egg 

aeration, parental care division, substrate cleaning after hatching, and changes in male and 

female body coloration. As the larvae develop, they swim erratically and may move away from 

the territory/substrate. In general, discus larvae exhibit characteristics similar to those of other 

cichlid species and are altricial, meaning that when the larvae start swimming, they already 

have all functional structures (Onal et al. 2009; Mattos et al. 2015; Satoh et al. 2016). 

During this parental care phase, the pair displays darker coloration, possibly 

related to negative phototaxis behavior. This means that discus larvae are attracted to darker 

objects, and the coloration of adults can serve as guidance toward the substrate. Parental care 

is carried out by both parents and is characterized by defending the offspring and feeding the 

larvae with mucus produced by the couple's bodies (Chong et al. 2005; Khong et al. 2009; Wen 

et al. 2020; Wei et al. 2021). 

Buckley et al. (2009) suggest that parental care occurs equally for males and 

females during this phase. As the offspring consume parental mucus and bites, the exchange 

between parents increases the frequency of parental care shifts, with no significant difference 

between males and females. The mucus provided at this stage presents interesting peculiarities; 

studies in this regard have observed that when parents are caring for the offspring, the mucus 

exhibits different protein concentrations and even differences between sexes, providing a source 

of immunity, nutrition, and hormones essential for the survival of the offspring in the acidic and 

ion-poor Amazon environment.  
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Figure 1. Social hierarchy is established through aggressive interactions. 

This peculiarity suggests that the discus fish exhibits similarities in parental care to 

that of mammals and birds, demonstrating a high level of complexity in its unique behavioral 

repertoire (Buckley et al. 2010). Understanding such peculiarities can guide professional 

breeders, as it is understood that offspring require adequate nutrition during this critical phase. 

Based on this requirement, artificial mucus with these properties can be provided, increasing 

the efficiency of artificial breeding. While natural mucus is essential for the survival and growth 
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of the offspring, it can also be a source of contaminants and parasites from the parents (Maunder 

et al. 2013; Sylvain and Derome 2017), making artificial mucus an alternative in captive 

production. 

Taxonomy 

Since its description, the genus Symphysodon has had a confusing taxonomic 

classification. Until 2006, it was understood that there were two species recognized in the 

scientific literature: Symphysodon discus Heckel, 1840, and Symphysodon aequifasciatus 

Pellegrin, 1904 (Kullander 1986, 1996), and four subspecies in popular literature: S. discus 

willischwartzi Burgess, 1981 (pineapple phenotype), S. discus tarzoo Lyons, 1959 (green 

phenotype), S. aequifasciatus haraldi Schultz, 1960 (blue phenotype), and S. aequifasciatus 

axelrodi Schultz, 1960 (brown phenotype), with the nominal subspecies S. discus Heckel, 1840 

(Heckel phenotype), and S. aequifasciatus aequifasciatus Pellegrin, 1904 (green phenotype), 

being restricted to just one central phenotype (Amado et al. 2011). 

Revisions in 2007 suggest the existence of three species in the genus Symphysodon: 

Symphysodon discus Heckel, 1840, Symphysodon aequifasciatus Pellegrin, 1904, and 

Symphysodon haraldi Schultz, 1960 (Bleher et al. 2007), with new revisions in 2011 

understanding Symphysodon to comprise five significant evolutionary units: S. discus (Heckel 

and pineapple phenotypes), S. aequifasciatus (brown phenotype), S. tarzoo (green phenotype), 

Symphysodon sp. 1 (blue phenotype), and Symphysodon sp. 2 (Xingu group) (Amado et al. 

2011). 

Morphological and molecular analyses suggest a phylogenetic relationship of 

Symphysodon with Uaru, Heros, Mesonauta, and Pterophyllum (Farias et al. 2000; Amado et 

al. 2008; Mesquita et al. 2008; Schneider et al. 2015). Analyses of discus fish diversification 

indicate that the species is undergoing diversification, with taxonomic classification remaining 

controversial (Farias and Hrbek 2008; Silva et al. 2008; Gross et al. 2010b; Li et al. 2015a; Li 

et al. 2015b; Yu et al. 2015) (Table 1). Such diversity helps us understand the requirements 

regarding habitat water parameters such as pH and conductivity. 

Another genetic peculiarity of this genus is that males and females express genes 

from their testes and ovaries differently. This difference can be very efficient in captive 

breeding, especially considering the species does not exhibit sexual dimorphism (Lin et al. 

2017; Fu et al. 2020). Genetic tools can also be highly effective in selecting breeding stock. 
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Gross et al. (2010) suggest that S. discus is the oldest species, which could have 

hybridized with an ancestral species of discus that may now be extinct. This helps us understand 

that crossings between species occur naturally in the natural environment. Understanding this 

supports the assertion that the discus fish is not a fragile species; on the contrary, due to its 

genetic diversity, it exhibits plasticity in responding to changes in the physicochemical 

properties of water, favoring its adaptation to artificial cultivation environments (Gross et al. 

2010). 

Table 1. Common names and taxonomic classification of discus fish modified from 

(Livengood et al. 2010). 

Common Name Scientific Name Region Author 

Common Disc Symphysodon spp. Amazon basin Farias and Hrbek 2008 

Heckel  Symphysodon discus Rio Negro basin and 

central-northern 

Amazon basin 

Shultz 1960; Burgess 

1981; Kullander 1996; 

Bleher et al. 2007; 

Amado et al. 2011 

Abacaxi Symphysodon discus 

willischwartzi 

(phenotypes Heckel e 

abacaxi) 

Central and southern 

Amazon basin 

Shultz 1960; Burgess 

1981, Amado et al. 2011 

 

Blue and Brown Symphysodon 

aequifasciatus 

Central and eastern 

Amazon basin 

Pellegrin 1904; Shultz 

1960; Burgess 1981; 

Kullander 1996, 2003; 

Bleher et al. 2007, 

Amado et al. 2011 

 

Blue (Green 

phenotype) 

Symphysodon 

aequifasciatus 

aequifasciatus 

Central Amazon 

basin 

Pellegrin 1904; Shultz 

1960; Burgess 1981; 

Amado et al. 2011 
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Brown (Blue 

phenotype) 

Symphysodon 

aequifasciatus axelrodi 

Eastern Amazon 

basin 

Shultz 1960; Burgess 

1981; Amado et al. 

2011 

 

Blue and Brown Symphysodon haraldi Central and eastern 

Amazon basin 

Bleher et al. 2007 

 

Green Symphysodon 

aequifasciatus haraldi 

Western Amazon 

basin 

Shultz 1960; Burgess 

1981; Bleher et al. 2007 

 

Tarzoo (Green 

phenotype) 

Symphysodon tarzoo Western Amazon 

basin 

Ready et al. 2006; 

Bleher et al. 2007; 

Amado et al., 2011 

 

Xingu Symphysodon sp. 1 (Blue 

phenotype) e 

Symphysodon sp. 2 

(Xingu group) 

Eastern Amazon 

(Xingu River) 

Farias and Hrbek 2008; 

Amado et al. 2011 

Physiology 

Similar to other Amazonian cichlids, the discus fish exhibits significant adaptability 

because the Amazonian environment undergoes constant changes due to its different seasonal 

periods. In this sense, the discus fish adapts to moderate hypoxia conditions, where the heart 

undergoes suppression of oxidative metabolism, followed by activation of anaerobic glycolysis, 

as observed by Chippari-Gomes et al. (2005) (Figure 2). They also suggest that such adaptation 

is related to its habitat preference, as it favors well-oxygenated areas.  

Studies focused on exposure to low pH have demonstrated that S. discus is more 

tolerant to acidic waters, being more efficient in maintaining ionic balance under acidic and 

ion-poor conditions (Duarte et al. 2013). This observation aligns with what breeders have 

empirically noted, which is that S. discus requires acidic water in its management. 

Another peculiarity of discus physiology is its resistance to temperature-related 

oxidative stress. Jin et al. (2021) observed a specific thermal resistance of the species. Their 
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experiments involving temperature reduction in two discus species (S. haraldi found in the 

central region of the Amazon basin - Manacapuru River, and S. aequifasciatus found in the 

western region of the Amazon basin - Tefé River) determined that S. haraldi exhibits more 

excellent resistance to temperature reduction than S. aequifasciatus. Depending on the 

geographical area and speciation, different discus species may show distinct responses and 

tolerance to thermal stress (Wen et al. 2018; Jin et al. 2021). In this regard, it is understood that 

a widely spread notion among discus breeders that discus fish must be kept at 28°C is 

inaccurate. Discus fish have a wide range of thermal tolerance, capable of modifying metabolic 

pathways for physiological regulation in response to cold stress or temperature changes (Wen 

et al. 2018). However, being a tropical cichlid, they prefer warm waters. 

 

Figure 3. Metabolic adaptability of discus fish under low oxygen conditions. 

The discus fish is also well-known for its striking coloration. There are various 

colors in both wild specimens and hybrids. Recent studies have observed that discus coloration 

is linked to metabolism. Yang et al. (2021) found that discus fish have specific chromophores 

in the skin associated with metabolic pathways. This is particularly interesting when related to 

behavioral displays observed in discus fish. A notable color change occurs when the fish is 

stressed or shows signs of illness. Such results aid in understanding the composition of body 

coloration and even discus behavior (Ng et al. 2023). 

Studies on blood parameters demonstrate that discus fish naturally have a low 

number of monocytes and neutrophils, indicating that discus fish have lower resistance to 
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pathogens than other cichlids (Paixão et al. 2017). This suggests that discus breeders face 

challenges, as these animals are prone to illness in captivity. However, it is not necessarily that 

the species is more fragile than others, but rather, it is more related to improper handling and 

prolonged stress during capture and management (Rossoni et al. 2014; Paixão et al. 2017). 

Diseases 

Among the ailments affecting discus fish, the most common are those caused by 

gill parasites, such as (Sciadicleithrum spp.) monogeneans, protozoa (Hexamita intestinalis) 

hole-in-the-head disease, (Ichthyophthirius multifiliis), and bacteria, mainly of the genus 

Aeromonas, as well as other intestinal parasites (Paull and Matthews 2001; Yanong et al. 2004; 

Moravec and Laoprasert 2008; Guz and Szczepaniak 2009;  Rahmati-Holasoo et al. 2010; Onal 

et al. 2011; Aquaro et al. 2012; Mohammadi et al. 2012; El-Ghany et al. 2014; Košuthova et al. 

2015; Roh et al. 2019; Amesberger-Freitag et al. 2019; Satora et al. 2022). 

Parasites, combined with improper management of feeding and water quality, favor 

the onset of diseases and productivity loss due to the discus fish's lower resistance to pathogens, 

leading to the loss of entire batches. Another issue for breeders is combating these pathogens, 

for which there is still no specific literature on treatment (Yanong et al. 2004; El-Ghany et al. 

2014). 

Trials conducted by El-Ghany and colleagues (2014) with two chemotherapeutic 

agents and physical management indicate the effectiveness of metronidazole against a mixed 

infection of flagellated protozoa. According to the study, when tested with 5 ppm of 

metronidazole for 12 hours, for 3 days, with 50% water changes before medication 

administration each day, the animals recovered from the infection within 2 weeks after 

treatment, with complete disappearance of clinical signs. For Group 2, treated with 

ciprofloxacin (5 ppm for 5 days and 50% water changes before medication administration), it 

was observed that they did not fully recover from the infection, and two weeks after treatment, 

the mortality rate was 50% of the fish. 

The treatment results indicated that the physical-chemical management with 

metronidazole and partial water changes effectively overcame parasitic and bacterial infections, 

with no morbidity and mortality after two weeks (El-Ghany et al. 2014). It is worth noting that 

it is not only the use of chemotherapeutic agents that will combat such diseases; the water is 

naturally inhabited by bacteria, fungi, and omnipresent parasites, and any stress factors can 

cause diseases in fish (El-Ghany et al. 2014; Paixão et al. 2017). 
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Studies on managing discus stocks raised in captivity demonstrate that sanitary 

control of stocks is fundamental. Aquaro et al. (2012) observed infestation of Dactylogyridae 

due to improper management, as young animals were kept with adults, which ended up infesting 

them, as the adults were asymptomatic about the parasite, leading to significant losses. 

Therefore, physical management and chemical treatment should be applied if the disease 

becomes established (El-Ghany et al. 2014). 

Nutrition 

In their natural environment, discus fish feed on small crustaceans, insect larvae, 

periphyton, and algae (Crampton 2008; Rossoni et al. 2014; Jesus et al. 2022) (Figure 3). 

Therefore, in a captive environment, a balanced and varied diet can promote good production 

and health of these animals. 

From their larval stage, discus fish require a diet rich in protein. Studies on the 

feeding of offspring indicate that parents, during the parental care phase, alter the protein 

composition of the mucus, indicating the need for diets with high protein concentrations (Khong 

et al. 2009; Buckley et al. 2010; Wen et al. 2020; Zhang et al. 2021). Studies involving the 

inclusion of probiotics in the diet of young individuals demonstrate enhanced fish immunity 

(Sanaya 2022), indicating the need for diets rich in proteins and amino acids, considering that 

discus fish are susceptible to low immunity under stress.  

In this regard, protein-rich diets can pose challenges for breeders as they increase 

production costs in captivity. However, plant-based diets consisting of soybean and wheat flour 

can be efficient for the nutrition of the animals (Chong et al. 2002, 2003). Along with an 

efficient protein diet, the addition of vitamins C and E, natural carotenoids (such as astaxanthin), 

and minerals can be adequate for growth, improved immunity, and coloration of discus fish (Liu 

et al. 2014, 2018; Song et al. 2016; Haque et al. 2020; Liu et al. 2021). Studies on protein 

requirements determine a crude protein diet ranging from 44.9% to 50.1% (beef heart). 

Therefore, a diet rich in animal protein should be included in the feeding of these animals, with 

both dry and moist feeds being effective for captive breeding (Chong et al. 2000; Sales and 

Janssens 2003; Wen et al. 2018a, 2018b; Santos et al. 2022). 
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Figure 4. Main foods of discus fish in their natural habitat. 

Water Quality 

Discus fish also require excellent water quality (Celik et al. 2008). In this regard, 

breeders worldwide invest in sophisticated filtration systems. Like other fish species, discus 

fish need good water and stable parameters (Celik et al. 2008). Therefore, the aquarist or breeder 

must understand how aquatic systems function. In Amazonian aquatic systems, soft water with 

low salt content is observed, high oxygenation, no nitrogenous compounds, and low-

temperature variation (Lowe-McConell 1999; Crampton 2008; Celik et al. 2008). Thus, discus 

fish require similarity in parameters in an artificial environment. 

Due to its presence in different Amazonian environments, discus fish exhibit a 

certain plasticity regarding parameters, with a pH tolerance range between 4.5 to 7 (Duarte et 

al. 2013), showing good adaptability in slightly acidic water (pH 6.8) in artificial environments 

(Celik et al. 2008). However, in static systems with low water renewal, pH levels close to neutral 

or even slightly alkaline can lead to the accumulation of nitrogenous compounds, potentially 
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causing stress and even mortality, as discus fish have a low tolerance to high concentrations of 

ammonia and nitrite in the water (Celik et al. 2008). 

In this sense, breeding systems for discus fish should be designed to provide a stable 

environment with minimal water quality variation and the least possible amount of nitrogenous 

compounds (Din et al. 2002; Livengood et al. 2010; Celik et al. 2008; Kristiany and Prabowo 

2022), which can be static recirculation systems, provided there are good water exchange 

regimes and proper management. 

Market and Production 

Discus fish are sought after by all aquarium enthusiasts due to their coloration, 

shape, peaceful behavior, and high value. However, their captive production is challenging (Din 

et al. 2002; Livengood et al. 2010; Kristiany and Prabowo 2022), as they are captured in 

different environments where the water is acidic, black, and clear with a pH of 5 or below, as 

well as poor in nutrients, and also in white waters with pH close to neutral. Thus, it can be very 

challenging for breeders to provide a favorable environment for reproduction (Riehl and 

Baensch 1991; Crampton 2008; Livengood et al. 2010; Farias and Hrbek 2008; Gross et al. 

2009; Rossoni et al. 2014). 

The larviculture of the species in captivity becomes another challenge in production 

because these animals exhibit parental care, with the larvae being dependent on the initial 

feeding provided by the parents (Rossoni et al. 2014; Mattos et al. 2016). Additionally, there 

are no significant differences between males and females, making choosing and selecting 

breeding stock difficult (Livengood et al. 2010). Despite these difficulties, Asian countries such 

as China, Singapore, Indonesia, and Thailand have excelled in producing this species (Din et 

al. 2002). 

In the quest for large-scale production, breeders have used different breeding 

systems, from closed systems to recirculation systems (in aquariums), considering the species' 

requirement for high water quality. Recirculation systems have proven to be efficient in 

breeding (Din et al. 2002; Livengood et al. 2010; Kristiany and Prabowo 2022). Different 

strategies to encourage spawning are employed by breeders, such as significant water changes, 

temperature increase, slight pH reduction, and use of deionized and reverse osmosis water 

(Livengood et al. 2010; Celik et al. 2008). However, there is still no definitive protocol for 

discus fish reproduction, so each producer uses their reproductive management, causing 

confusion and the creation of myths around discus fish production in captivity. 
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Regarding economic value, discus fish are among the top 10 species for the 

ornamental fish trade (Livengood et al. 2009). Their price in the aquarium market can reach a 

high value in the foreign market, ranging from $50 to $170 per unit depending on the variant, 

commercially classified by the consumer market as royal, semi-royal, or typical (Figure 4) 

(Livengood et al. 2010; Anjos et al. 2009; Rossoni et al. 2014; Tribuzy-Neto et al. 2021; Jesus 

et al. 2022). 

Figure 5. Classification commonly used by traders. (A) Royal; (B) Semi-royal; (C) Common. 

Its importance has been observed in the numbers recorded between 2006 and 2015, 

with exports accounting for 0.16% of all ornamental fish exports from Brazil (Tribuzy-Neto et 

al., 2021). Unlike other producing countries such as China, Thailand, Singapore, the USA, and 

Germany, Brazil only exports wild specimens because it does not have significant captive 

production, failing to meet domestic demand. 
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Perspectives 

When we observe national production, it is evident that we need to improve. We 

have not yet fully mastered the breeding and larviculture of the species, which means it does 

not attract the interest of professional breeders. This is due to a lack of scientific information. 

Although we have various studies on discus fish, these works remain confined to academia with 

low visibility. 

In recent years, the market for discus fish has grown within Brazil. The interest in 

good quality wild and hybrid specimens has attracted the attention of national breeders and 

hobbyists. With the growth of social media, groups, and forums dedicated to discus breeding 

have encouraged interest and stimulated the consumer market. Currently, Brazil has a Brazilian 

Discus Fish Confederation (CBRAD), which, in partnership with the Federal University of Rio 

Grande do Norte - UFRN, organizes exhibition contests for national breeders and hobbyists, 

facilitating outreach activities between academia and the production market. This has 

strengthened the hobby and fostered interest in the activity. 

However, we still lack information and educational materials for breeders and 

hobbyists. In this regard, universities and research institutes can provide scientifically based 

materials with language tailored to this audience. Through pamphlets, technical notes, and 

easily accessible booklets, the need for reliable information about this species, which arouses 

interest among hobbyists and breeders worldwide, can be met. 

Conclusion 

Among the Amazonian species with ornamental interest, the discus fish is an 

excellent candidate for large-scale production. However, its larviculture remains a bottleneck 

for most commercial breeders. With research focused on reproduction, nutrition, and health, 

developing an appropriate and replicable management protocol is possible. Due to the prices 

practiced in the ornamental fish market, investment in aquaculture technologies and systems is 

favorable for the commercial production of this species, considered the king of aquariums. 
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Abstract 

Symphysodon discus is known in the world of aquariums for its market value, beauty, and 

behavior. However, more substantial information about its physiology and biology must be 

available, which can hinder its development and maintenance in breeding systems. The study 

evaluated the blood biochemistry and erythrogram of 20 specimens of S. discus captured in the 

municipality of Barcelos, Amazonas, with an average weight of 89.80 ± 7.13 g and an average 

length of 13.48 ± 0.55 cm. The erythrogram evaluated variables such as hematocrit (Ht), 

hemoglobin (Hb), red blood cell count (RBC), mean corpuscular volume (MCV), mean 

corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC). 

Blood biochemistry was analyzed, including cholesterol levels, total proteins, triglycerides, 

glucose, urea, and chlorides. Intra-specific variations were observed between the surveyed 

individuals about the Hb, MCV, and MCH values. The values of triglycerides, cholesterol, and 
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chlorides were elevated compared to other cichlids. This study may be useful to serve as a 

parameter to indicate the normal health conditions of this Amazonian cichlid. It can be applied 

in studies for ornamental fish farming and actions for managing and conserving the species. 

Keywords: physiology; blood; wild specimens; cichlid. 

Introduction 

The main drivers of the ornamental fish trade are the aquarium consumers, who 

determine the species to be produced in aquacultures or caught in the wild (Din et al., 2002; 

Ribeiro et al., 2021). In general, characteristics such as striking colors, the rarity of the species, 

and behavioral peculiarities make the species attractive to aquarists (Jesus et al., 2020; Lemos 

et al., 2015; Santos et al., 2012).  

The Amazonian species that comprise the genus Symphysodon (S. aequefaciatus, 

S. discus, and S. tarzoo) attract aquarists worldwide due to their body coloration pattern and 

behavioral characteristics (Rossoni et al., 2014;  Yang et al., 2021). These cichlids have disk-

shaped bodies, and small mouths, inhabit igarapés, lakes, and riverbanks with water 

temperatures ranging between 26 and 30 ºC, and have good resistance to thermal variability 

(Rossoni et al., 2014). 

The discus fish Symphysodon discus is economically significant in the national and 

international ornamental fish market (Tribuzy-Neto et al., 2021). However, scientific 

information on its physiology, health, and adaptation in aquaculture is scarce. The high 

mortality when out of the natural environment, due to stress and low immunity, problematizes 

the production of S. discus (Tavares-Dias et al., 2004).  

Among the tools used to understand animal physiology and health, the analysis of 

the hematological profile, which includes erythrogram and blood biochemistry, stands out. 

Hematology allows practical and helpful identification of the stress level, enabling the 

correction in management and ensuring animal welfare (Magro et al., 2015; Oliveira et al., 

2021; Santos et al., 2024; Ranzani-Paiva et al., 2013). In addition to stress, factors such as life 

stage, type of environment, population genetics, and diet can influence the responses of 

hematological analyses (Tavares-Dias et al., 2004). The current study verified the hematology 

of wild specimens of discus fish S. discus captured in the natural environment in the 

municipality of Barcelos, Amazonas, Brazil. 
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Material and Methods 

Specimens of discus fish of S. discus (N= 20) were captured with "rapiché" (hand 

net) in flooded areas of the Daracuá community and Mariuá Archipelago, located in the 

municipality of Barcelos, Amazonas, Brazil (Figure 1). The experimental procedures adopted 

during these animals' capture and blood analysis were registered and approved by the Brazilian 

Institute of the Environment and Renewable Natural Resources-IBAMA under Process No. 

15116-1. The research was developed and approved by the Ethics Commission on the Use of 

Animals (ECUA) of the Federal University of Amazonas under Process No. 2015/010.02.0905. 

All experiments were conducted according to local and ARRIVE guidelines (Percie du et al., 

2020). 

 

Figure 6. Location of the study area Barcelos, Amazonas, Brazil. 

The collected fish were stocked in "curries" (pens) (wooden tanks) until they were 

transported in canoes with "caçapas" (plastic containers with about 20 L-1 of water) to the city 

of Barcelos, Amazonas. After that, the animals were anesthetized with eugenol (0.2 g.L-1) for 

blood collection by caudal puncture, using disposable syringes previously moistened with the 

anticoagulants heparin 2500 IU. After blood withdrawal, standard length (cm) and weight (g) 

were determined using tape and portable scales, respectively. 

The collected blood was divided into two aliquots: one for determining red blood 

parameters and the other for obtaining plasma and performing assays on biochemical 

constituents. Erythrocyte counts (RBC) were conducted in a Neubauer chamber after dilution 

in formalin-citrate solution; hematocrit (Ht) was determined using the microhematocrit method; 
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and the hemoglobin (Hb) concentration was found using the cyanmethemoglobin method. 

Through these data, the following red cell indexes were calculated: mean corpuscular volume 

(MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin 

concentration (MCHC) (Anselmo et al., 2021; Bussons et al., 2021; Oliveira et al., 2017; Aride 

et al., 2020). 

Plasma was obtained after centrifugation and frozen in liquid nitrogen (-86 oC) until 

the biochemical analyses. Glucose, triglycerides, total cholesterol, total protein, urea, and 

chloride (Cl-) concentrations were determined using enzyme-colorimetric methods, with 

quantification using commercial kits (Labtest®, Brazil) (Oliveira et al., 2016; Castro et al., 

2016). The data were tabulated, and descriptive statistics were used, using mean, standard 

deviation (SD), and maximum and minimum values. 

Results 

In the biometric variables of the fish analyzed, a little intra-specific alteration was 

observed in total length (TC) and body weight (BW), with TC varying between 12.40 and 14.00 

cm and BW varying between 77.00 and 104.00g (Table 1). 

The erythrogram of the acará disco (Table 2) showed wide variation in the values 

of Hb (Hemoglobin; minimum of 2.51 and a maximum of 21.11 g dL-1), MCV (Mean 

corpuscular volume; minimum of 101.82 and a maximum of 718.31 fL), and HCM (Mean 

Corpuscular Hemoglobin; minimum of 9.98 and maximum of 91.64 pg). The levels of 

cholesterol, total proteins, triglyceride, glucose urea and chloride are demonstrated in Table 3. 

Table 2. Biometric variables of specimens of Symphysodon discus captured in Barcelos, 

Amazonas, Brazil. 

Variables Mean Standard Deviation Minimum Maximum 

Standard length (cm) 13.48 0.55 12.40 14.00 

Weight (g) 89.80 7.13 77.00 104.00 

Table 3. Erythrogram of specimens of Symphysodon discus captured in Barcelos, Amazonas, 

Brazil. 

Variables Mean Standard Deviation Minimum Maximum 

Ht (%) 34.11 10.23 20.00 51.00 

Hb (g dL-1) 7.08 4.27 2.51 21.11 
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RBC (millions µL-1) 1.80 0.76 0.56 2.99 

VCM (fL) 245.37 164.9 101.82 718.31 

HCM (pg) 44.78 23.73 9.98 91.64 

CHCM (g dL-1) 21.45 11.59 9.80 49.10 

 

Table 4. Plasma metabolites of specimens of Symphysodon discus captured in Barcelos, 

Amazonas, Brazil. 

Variables Mean Standard Deviation Minimum Maximum 

Cholesterol (mg dL-1) 298.97 81.32 95.71 442.57 

Total Proteins (g dL-1) 2.08 1.14 0.63 4.51 

Triglyceride (mg dL-1) 119.28 44.82 33.33 213.07 

Glucose (mg dL-1) 53.98 34.80 11.74 140.41 

Urea (mg dL-1) 31.85 7.20 6.96 43.01 

Chloride (mEq L-1) 141.68 18.12 81.21 169.07 

Discussion 

According to Rossoni et al. (2014), the adult S. discus has a body measuring 

between 12.00 and 20.00 cm. Thus, the data in Table 1 (total length: 13.48 ± 0.55 cm) show 

that the S. discus captured for the current study is in the adult phase. The fishes analyzed 

presented high hematocrit (Ht: 34.11 ± 10.23 %) and mean corpuscular volume (MCV: 245.37 

± 164.9 fL) about the cichlids S. aequifasciatus (blue Discus; MCV: 121.80 ± 45.67 fL and Ht: 

17.11 %) and Geophagus brasiliensis (papa terra acará; MCV: 121.80 ± 45.67 fL and Ht: 5.68 

± 0.87 %) reared outside the natural environment and studied by Paixão et al. (2017) and Romão 

et al. (2006), respectively. However, when compared to the cichlids Cichla monoculus (yellow 

tucunaré), Cichla temensis (tucunaré açu), and Cichla vazzoleri, in the natural environment, 

verified by Castro et al. (2020) regarding Ht (between 40.37 ± 1.17 % and 40.40 ± 1.06 %) and 

VCM (between 222.94 ± 25.94 fL and 246.11 ± 20.46 fL), the data of the present study are 

shown to be lower. Lower hematological values show the animal has lentic behavior (Tavares-

Dias et al., 2004). At the same time, high values can be attributed to the constant movement of 

the animal for foraging or escape from predators. The comparison between the cichlids shows 
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the possible influence of the natural environment and the aquaculture production environment 

on the hematological parameters of S. discus.  

The mean corpuscular hemoglobin (44.78 pg) and the corpuscular mean 

hemoglobin concentration (21 45 g.dL-1) of S. discus (Table 2) showed lower values than those 

of tucunarés C. monoculus, C. temensis, and C. vazzoleri (Castro et al., 2020). Although both 

are cichlids in the natural environment, this difference can be attributed to factors that influence 

hematological parameters such as temperature, dissolved oxygen, seasonal cycle, stress, poor 

nutrition, and the sex of individuals (Castro et al., 2020).  

In the plasma biochemistry analysis, S. discus showed high values for triglycerides, 

cholesterol, and chlorides about other Amazonian cichlids, such as Cichla spp. (Castro et al., 

2020). Those above may be related to the type of feeding of S.discus in the natural environment, 

which is based on protein- and lipid-rich foods such as small fish, live worms, nauplii of 

microcrustaceans and periphyton, and the availability and nutritional composition of these 

foods in the localities where the fish were collected (Rossoni et al., 2014). 

The high glucose and urea levels (53.98 mg dL-1 and 31.85 mg dL-1, respectively; 

Table 3) suggest that the animals were stressed, which can be attributed to the traditional 

processes of capture, stocking in pens and pens, and transport to the distribution center in 

Manaus city (Erdal et al., 1991; Ranzani-Paiva et al., 1999). The stocking process can be long 

and without control over the ideal water quality levels (up to 48 hours without aeration in 

caçapas), which provides hypoxia and contributes to high values of plasma metabolites 

(Rossoni et al., 2014; Ramos et al., 2015; Ladislau et al., 2021).  

Conclusion 

In conclusion, the hematological responses obtained in this study with S. discus 

suggest that the species is sensitive to stress caused by environmental disturbances. 

Standardized hematological studies with S. discus in different environments are needed to 

confirm this. This understanding is fundamental to providing adequate acclimatization of 

animals under production, and maintaining animal welfare and health, since S. discus naturally 

presents low immunity, and stressful conditions can worsen this condition and lead to mortality. 

The current study profiles the hematological variables of S. discus under the described 

conditions and serves as a parameter for further physiological studies with the species. 
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Abstract 

Reduction in conductivity can signal the spawning period and favor offspring, as observed in 

studies on tropical fish. This phenomenon is particularly relevant for fish native to the Amazon, 

which depend on environmental stimuli, such as changes in conductivity, for reproduction. 

Reproduction in tropical fish is synchronized with seasonality and the rainy season, which alter 

water quality and several physical-chemical parameters. Changes in these conditions can affect 

the social and reproductive behavior of fish, such as temperature and dissolved oxygen. Despite 

its importance, there are few detailed behavioral studies on wild fish, such as the discus 

(Symphysodon spp.), a Neotropical cichlid valued in the aquarium hobby. The objective of the 
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study was to evaluate the effect of reduced conductivity on the aggressive behavior and 

territorial defense of the discus. The agonistic profile was evaluated in pairs of discus fish 

subjected to a gradual reduction in water conductivity (30 – 14 µS cm-1) and a control condition 

(30 µS.cm-1). For this, the individuals were measured, weighed and then isolated for 72 hours. 

After this period, the animals were paired for 24 hours for 7 days in a neutral aquarium for both 

individuals, for observation and recording of aggressive behavior. The research revealed that 

the reduction in conductivity increased the frequency of aggressive interactions in both species 

studied, S. discus and S. aequifasciatus. This increase in agonistic behavior may be related to 

the influence of conductivity on social hierarchy and territoriality, which are crucial for 

reproduction. The results showed that the reduction in conductivity influences social behavior 

and competition for territory and reproductive partners. 

Keywords: Aquarium, behavior, conductivity, reproduction. 

 

Introduction 

In the Amazon environment, with rising water levels, a reduction in conductivity 

affects fish reproduction (Kirschbaum & Schugardt, 2002). This factor can be understood as 

the signaling agent for spawning, favoring offspring (Kirschbaum & Schugardt, 2002; 

Crampton, 2008). This response has been observed for several tropical species (Kirschbaum & 

Schugardt, 2002; Anjos & Anjos, 2006; Crampton, 2008; Bueno et al., 2008; Ramos et al., 

2015), indicating that the reduction in conductivity can stimulate reproduction in fish. 

For fish species native to the Amazon, understanding how hydrological cycles are 

essential for the reproductive maintenance of tropical species requires environmental stimuli as 

a signal for spawning (Navarro & Navarro, 2017). During rainy seasons, hydrological systems 

change, with water levels, conductivity, pH, turbidity, salinity and light intensity being stimuli 

for fish reproduction (Oliveira et al., 2011, 2017, 2017a, Ribeiro & Moreira, 2012). 

Reproduction in tropical fish depends on the synchronization of several factors, 

such as water quality, since seasonality and the rainy season are fundamental (Kirschbaum & 

Schugardt, 2002; Anjos & Anjos, 2006; Crampton, 2008; Ribeiro & Moreira, 2012; Ramos et 

al., 2015). In addition, factors such as temperature, pH, dissolved oxygen, turbidity, and 

conductivity undergo changes during these periods (Borghezan et al., 2021; Douglas et al., 

2024) and can affect the display of social behavior in fish (Makori et al., 2017, Gauy et al., 

2018, Kua et al., 2020, Santos et al., 2020, Swain et al., 2020, Krishnakumar et al., 2020). 
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Behavioral studies with wild fish specimens with a reproductive focus are scarce, 

leading to a lack of interest in wild varieties (Rossoni et al., 2014). Symphysodon spp. is a genus 

of Neotropical cichlid with a disc-shaped body, 12 to 20 cm in standard length and 25 cm in 

height in adulthood, a small mouth, feeding on small fish, live worms and microcrustacean 

nauplii, split spawning, biparental care and inhabiting streams, lakes and riverbanks (Rossoni 

et al., 2014, Jesus, et al., 2022). This genus is used as an ornamental fish due to its body color 

pattern and behavioral characteristics (Ladislau et al., 2020; Tribuzy-Neto et al., 2021; Jesus et 

al., 2022; Ribeiro et al., 2024), presenting interest in production and economic viability for 

ornamental aquaculture (Ribeiro et al., 2024). Its value in the aquarium market varies from 50 

to 170 dollars, depending on the color variant, in which it is commercially classified as royal, 

non-royal or common (Anjos et al., 2009; Rossoni et al., 2014; Tribuzy-Neto et al., 2021; Jesus 

et al., 2022). 

According to Chellappa et al. (2005), Symphysodon discus presents a social 

organization based on a hierarchy of dominance and territoriality, involving competition for 

partners and spawning areas and elaborate courtship and mating behaviors. Aggressive behavior 

evidences competition for resources (e.g., territory and reproductive partner), where dominant 

animals maintain hierarchical control and priority access to resources (Huntingford & Tuner, 

1987). Thus, territorial defense and aggressive interaction are fundamental in the reproductive 

context (Alcazar et al., 2016). Thus, the present study aimed to understand how changes in 

conductivity can influence the social behavior of the discus fish Symphysodon spp., which is of 

great interest in the ornamental fish market. 

Material and methods 

The animals were collected from bodies of water near Manaus, Amazonas (3° 17' 

59" S 60° 37' 14" W). All specimens were acclimated at the Experimental Laboratory of 

Physiology and Behavior of Aquatic Animals - LEFCAQ (Department of Physiological 

Sciences/UFAM) in aquariums measuring 78 X 37 X 45 cm (132 liters) (1 animal 5L-1) for at 

least 15 days prior to the experiments. During this period, the average temperature was 

controlled at 27.88 ± 0.73 °C, and the photoperiod was 12 hours of light (07:00 h to 19:00 h) 

with light intensity (174.77 ± 0.62 lux). Water quality was maintained in adequate conditions 

through the use of biological filters, partial water changes every two days, and monitoring of 

water physicochemical parameters (dissolved oxygen 5 ± 0 mg L-1, pH 6.01 ± 0.67 and 

ammonia 0.001 ± 0.001 mg L-1). The animals were fed commercial food for ornamental fish 

and offered until satiation in the morning and late afternoon. 
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The agonistic profile was evaluated in pairs of discus fish subjected to a gradual 

reduction in water conductivity (30 – 14 µS cm-1) and a control condition (30 µS cm-1). For this 

purpose, the individuals were measured, weighed, and isolated for 72 hours. After this period, 

the animals were paired for 24 hours for 7 days in a neutral aquarium for both individuals to 

observe and record aggressive behavior. The pairs were formed by individuals of approximate 

weight (27 ± 14.81 g) and size (8 ± 1.34 cm) (independent t-test, t= 8.05; p= 2.53), as this 

parameter interferes with the frequency of aggressive interaction in fish (Beeching, 1992). The 

individuals were identified by different color patterns and by cuts in the caudal fin. The animals 

were isolated in neutral aquariums of 49 x 29 x 40 cm (59 liters) lined with opaque blue plastic 

on three sides to avoid visual contact with animals from neighboring aquariums in the 

laboratory. The gradual reduction in conductivity was achieved by means of a deionizing filter, 

with partial changes of 30% of the volume of the aquariums, maintained with constant aeration. 

The animals were fed with ornamental fish food in the proportion of 1% of the biomass offered 

once, on alternate days, considering that excess feeding can interfere with the gradual reduction 

of conductivity. 

The frequency of agonistic behavior was recorded in a film corresponding to the 

pairing time, with 10 minutes of each recorded hour being quantified; the recording began 

immediately after the animals were included in the neutral aquarium. Frequency is the number 

of times the animals exhibit a specific behavior, classified in the behavioral ethogram (Table 

1). Thus, an ethogram for the agonistic behavior of the discus was elaborated, based on the 

work of Câmara (2004) and Mattos et al. (2016; 2017) carried out for S. discus and S. 

aequifasciatus, respectively, and Yamamoto et al. (1999) for Pterophyllum scalare (Table 1). In 

addition, the latency for confrontations and the quantification of aggressive interaction for each 

individual and for the pair were evaluated. Latency is the time the animals take to exhibit the 

first characteristic behavior classified in the behavioral ethogram. The animals were classified 

as winners and losers, according to Falter (1983), from the moment one of the animals stops 

attacking (loser) and starts to flee from the other individual (winner). 

Table 5: Ethogram of behavioral categories for discus fish Symphysodon spp. Behavioral 

Category Behavioral Unit Description Agonistic behavior (establishment of territory) 

Behavioral 

Category 
Behavioral Unit Description 

Agonistic behavior Approximation The fish move towards each other simultaneously, 
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(territory 

establishment) 

 

maintaining a distance of approximately 8 to 10 

cm, over the disputed territory. 

Threat 
A fish keeps its head down, its fins expand, and its 

body flexes toward its opponent. 

Attack A fish lunges at its opponent. 

Submission 
A fish retracts its fins and remains motionless with 

its head raised. 

Escape 
One fish stops looking at the other and retreats 

quickly and hastily. 

Results 

For the latency, no statistical difference was observed in the test conditions [Mann-

Whitney w= 3, p= 0.1 (S. aequifaciatus), w= 9, p= 0.657 (S. discus); Mann-Whitney, p< 0.05]. 

For S. discus, ten behavioral units were observed, two of which were described for the first time 

for the species (Table 2). For S. aequifaciatus, nine behavioral units were observed, two of 

which were described for the first time for the species (Table 3).  

 

Figure 7: Frequency of total aggressive interactions for discus species (S. discus) (Mann-

Whitney, p< 0.05) (Different letters indicate statistical difference). 

When comparing the conditions for S. discus, we can observe that among the total 

number of aggressive interactions (Figure 1), the treatment condition had a higher average than 

the control condition, indicating that the reduction in conductivity increases aggressive 
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behavior for the species. However, this relationship is not observed for behavioral units; it is 

observed that the control group had a higher average in almost all behavioral units (Table 2). 

 

Figure 8: Frequency of total aggressive interactions for discus fish species (S. aequifaciatus) 

(Mann-Whitney, p< 0.05) (Different letters indicate statistical difference). 

For S. aequifaciatus, the same relationship was observed for the total number of 

interactions, where the treatment condition had a higher average number of interactions than 

the control condition. This indicates that the reduction in conductivity increases the frequency 

of agonistic behavior (Figure 2). The same pattern was observed for all behavioral units, with 

the treatment group having a higher average number of interactions (Table 3). 

The same effect was also observed over the days for S. discus and S. aequefaciatus. 

Both species start with low interaction intensity, which increases over the days, reaches a peak, 

and then decreases. 

For S. discus under the control condition, there were no statistical differences over 

the days, with the frequency of interactions remaining low (Figure 3). For the treatment 

condition, a statistical difference was observed on the third day, with the maximum peak of 

interactions, followed by a decrease reaching zero on the seventh day (Figure 3).  
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Figure 9: Frequency of total aggressive interactions for discus species (S. discus) (A control, 

Friedman's ANOVA p > 0.05), (B treatment, Friedman's ANOVA p < 0.05 (Different letters 

indicate statistical difference). 

For S. aequefaciatus in the control condition, there was no statistical difference 

during the days, maintaining the low frequency of interactions (Figure 4). For the treatment 

condition, a statistical difference was observed from the fifth day onward, with the maximum 

peak of interactions (Figure 4). 



73 
 

 
 

 

Figure 10: Frequency of total aggressive interactions for discus fish species (S. aequefaciatus) 

(A control, Friedman's ANOVA p > 0.05), (B treatment, Friedman's ANOVA p < 0.05 (Different 

letters indicate statistical difference). 

A statistical difference was observed for the animals considered winners for S. 

discus, for the behavioral units of tail beat and total interactions (Table 4). For the animals 

considered losers, a statistical difference was observed for the following behavioral units: 

display, tail beat, and total interactions (Table 6). 

For S. aequefaciatus, the winners showed statistical differences in the behavioral 

units of attack, pursuit, tremor, and total interactions (Table 5). For the losers, differences were 

observed between the units of escape, color change, and total interactions (Table 7). 
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Table 6. Mean (+ standard error) of the frequency of aggressive interactions for the discus pair in the treatment and control conditions for 

Symphysodon discus. 

(Mann-Whitney, p < 0.05) (Different letters indicate statistical difference). 

 

Table 7. Mean (+ standard error) of the frequency of aggressive interactions for the discus fish pair in the treatment and control conditions for 

Symphysodon aequefaciatus. 

Behavioral Units 

 
Frontal 

Attack 
Display 

Color 

change 
Attack Persecution Escape Threat Tail flapping 

Tremo

rs 
Total 

 

Control 0,25 ± 0,35 40,12 ± 9,62 
36,31 ± 

7,99 
44 ± 4,24 21,5 ± 3,18 19,37 ± 1,23b 

1,12 ± 

0,53 

12,25 ± 

13,08b 
NE 

135,81 ± 

7,08b 

 

Treatmen

t 
NE 56,93 ± 13,18 

39,93 ± 

13,52 
28,12 ± 14,97 6,56 ± 3,86 2,25 ± 1,10a 

3,75 ± 

2,20 
0,12 ± 0,17a NE 

156,5 ± 

30,07a 

 

Behavioral Units 

 
Frontal 

Attack 
Display 

Color 

change 
Attack Persecution Escape Threat 

Tail 

flapping 
Tremors Total 

 

Control NE 15,86 ± 3,09 4,81 ± 1,30 3,93 ± 1,63b 0,75 ± 1,75 ± 0,79 0,25 ± 0,62 ± 0,37 0,87 ± 27,68 ± 6,23b  
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(Mann-Whitney, p < 0.05) (Different letters indicate statistical difference). 

 

Table 8. Mean (+ standard error) frequency of aggressive interactions for winner in treatment and control condition for Symphysodon discus. 

(Mann-Whitney, p < 0.05) (Different letters indicate statistical difference). 

 

 

 

0,35b 0,23 0,67 

Treatmen

t 
NE 20,25 ± 3,60 7,56 ± 2,36 19,37 ± 6,54a 7,81 ± 2,33a 7 ± 5,04 

0,56 ± 

0,52 
0,87 ± 0,62 NE 

78,37 ± 

18,30a 

 

Behavioral Units 

 
Frontal 

Attack 
Display 

Color 

change 
Attack Persecution Escape Threat 

Tail 

flapping 
Tremors Total 

 

Control 0,12 ± 0,17 22,65 ± 3,26 
18,53 ± 

2,75 
12,56 ± 3,77 1,62 ± 2,10 1,75 ± 0,79 

1,03 ± 

0,64 

3,43 ± 

1,41b 

0,03 ± 

0,04 
71,12 ± 8,85b 

 

Treatmen

t 
NE 38,40 ± 13,15 

13,59 ± 

5,75 
11,34 ± 6,55 1,59 ± 1,13 3,75 ± 2,76 

2,18 ± 

1,09 
0,09 ± 0,13a NE 

99,68 ± 

18,07a 
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Table 9. Mean (+ standard error) frequency of aggressive interactions for winner in treatment and control condition for Symphysodon 

aequefaciatus. 

(Mann-Whitney, p < 0.05) (Different letters indicate statistical difference). 

 

Table 10. Mean (+ standard error) frequency of aggressive interactions for the loser in treatment and control condition for Symphysodon discus. 

Behavioral Units 

 
Frontal 

Attack 
Display 

Color 

change 
Attack Persecution Escape Threat 

Tail 

flapping 
Tremors Total 

 

Control NE 9,06 ± 1,37 0,75 ± 0,25 2,15 ± 1,63b 
0,06 ± 

0,06b 
NE 

0,06 ± 

0,06 
0,06 ± 0,06 

0,50 ± 

0,50b 

14,12 ± 

1,53b 

 

Treatmen

t 
NE 9,37 ± 3,14 7,12 ± 4,05 

36,18 ± 

11,89a 
9,68 ± 3,55a NE 

1,93 ± 

1,20 
NE NEa 

60,62 ± 

15,85a 

 

Behavioral Units 

 
Frontal 

Attack 
Display 

Color 

change 
Attack Persecution Escape Threat 

Tail 

flapping 
Tremors Total 

 

Control NE 12,81± 4,94b 
10,43 ± 

2,61 
5,68± 1,68 NE 2,56±0,88 4,18± 1,52 

2,06 ± 

0,46b 

0,12 ± 

0,12 

47,62 ± 

5,91b 
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(Mann-Whitney, p < 0.05) (Different letters indicate statistical difference). 

 

Table 11. Mean (+ standard error) frequency of aggressive interactions for the loser in treatment and control condition for Symphysodon 

aequefaciatus. 

(Mann-Whitney, p < 0.05) (Different letters indicate statistical difference). 

Treatmen

t 
NE 22,12 ± 2,83a 

21,93 ± 

2,49  
17,56 ± 7,07 2,62± 2,01 4,12 ± 2,12  3,43± 2,16 NEa NEa 

80,81± 

10,38a 

 

Behavioral Units 

 
Frontal 

Attack 
Display 

Color 

change 
Attack Persecution Escape Threat 

Tail 

flapping 
Tremors Total 

 

Control NE 4,12 ± 0,41 
1,75 ± 

0,25b 
NE  NE  0,87 ± 0,51b NE NE NE 7 ± 0,40b 

 

Treatmen

t 
NE 13,93 ± 2,93 6,68 ± 2,26a   NE NE 8,5±2,53a NE NE NE 

31,37 ± 

7,54a 
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Discussion 

The discus fish demonstrated behavioral similarity with other cichlid species such 

as Astronotus ocellatus, P. scallare, Geophagus proximus, Laetacara fulvipinnis (Beeching, 

1997; Gonçalves-de-Freitas & Mariguela 2006; Teresa & Gonçalves-de-Freitas 2003; Carvalho 

et al., 2012; Sarmento et al., 2017; Teresa & Gonçalves-de-Freitas, 2011). 

It was noted that the species present a complex behavioral repertoire, exhibiting 9 

different behavioral units, corroborating the studies of Chellappa et al. (2005). The species S. 

aequifasciatus and S. discus present a social organization based on the hierarchy of dominance 

and territoriality, and social interactions begin with energetically less expensive behavioral units 

(Maan et al., 2001). 

The reduction in conductivity increased the frequency of behavioral repertoire 

about aggressive behavior in both species. These results demonstrate that changes in the 

environment can influence social behavior, a fact observed for other cichlid species such as 

Apistograma agazzizi, P. scalar, Laetacara fulvipinnis, and Astronotus ocellatus (Kokhan et al., 

2019; Ribeiro et al., 2022; Sarmento et al., 2017; Beeching, 1997). 

However, when comparing the number of behavioral units, the control condition 

has more units than the treatment condition for both species (Table 2, Table 3), indicating that 

the animals in the control condition had more complex behavior. According to Chellappa et al. 

(2005), Symphysodon discus presents a social organization based on the hierarchy of dominance 

and territoriality, involving competition for partners and spawning areas, in addition to elaborate 

courtship and mating behaviors. 

In which aggressive behavior highlights competition for resources (e.g. territory 

and reproductive partner), where dominant animals maintain hierarchical control and priority 

access to resources (Huntingford & Tuner, 1987). Thus, territorial defense and aggressive 

interaction play a fundamental role in the reproductive context (Alcazar et al., 2016). 

When comparing the effect of conductivity reduction between the two species, it 

can be understood that the effect is much more felt in the species S. aequefaciatus than in S. 

discus. This situation can be attributed to the habitat preferences of each species. S. discus 

originates from the Rio Negro basin and the north-central Amazon basin, where black waters 

are predominantly poor in ions and have low conductivity (Shultz, 1960; Burgess, 1981; 

Kullander, 1996; Bleher et al., 2007; Amado et al., 2011). S. aequefaciatus, present in the central 

and eastern Amazon basin, inhabits slightly acidic waters, with pH values ranging from 6.0 to 
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6.8, with higher conductivity (Pellegrin 1904; Shultz 1960; Burgess 1981; Kullander 1996). 

2003; Bleher et al. 2007, Amado et al., 2011). 

Similar to other Amazonian cichlids, the discus acara is highly adaptable to 

environmental changes. However, the loss of ions with reduced conductivity can cause stressful 

conditions for the animals. Duarte and collaborators (2013) suggest that S. discus has a greater 

tolerance to the loss of ions from the water, efficiently maintaining ionic balance in acidic water 

conditions that are poor in ions. This effect is evident when we observe the frequency of 

interactions between the two species.  

However, for the physiology of behavior, the stability of the social hierarchy is 

established through aggressive interactions, with conflicts normally starting with low-intensity, 

energy-saving behavioral units that are performed at greater distances between the animals, 

such as displays and costly behavioral units performed at greater proximity between the 

animals, such as threats (Maan et al., 2001). 

 Attacks and pursuits are usually carried out in the final stages of conflicts and 

contribute to their resolution, which occurs after reaching high levels of escalation and when 

one of the opponents gives up the conflict (Teresa & Gonçalves-de-Freitas, 2003, Mattos et al., 

2016). The acute reduction in conductivity increased the aggressiveness of the discus fish, 

however it reduced the complexity of the behavioral repertoire, indicating that a rapid reduction 

in conductivity can negatively influence the hierarchical stability of the species, and 

consequently in reproduction. 

Changes in the environment can significantly affect the hierarchical stability of the 

group, being understood as a disturbance to stability. This was observed for Apistograma 

agazzizi, an Amazonian cichlid, with changes in temperature as well as oxygen in the water, 

there was a breakdown in hierarchical stability, leading to constant changes in dominance 

positions in the group (Kokhan et. al., 2019). Aggressiveness in cichlids is observed at different 

stages of the individual's life as well as in both sexes (Pinho-Neto et al., 2014, Brandão et al., 

2018; Gauy et al., 2018; Brandão et al., 2021). Through fights, the dominant ones have priority 

access to resources that can be food, sexual partners, and mating sites (Huntingford & Tuner, 

1987). 

Studies in natural environments conducted by Crempton (2008) observed that for 

the discus fish, the reduction in conductivity favors reproduction. The discus fish synchronized 

spawning during periods of frequent rain, a factor that promotes a reduction in conductivity 
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according to the increase in the water level of the rivers. This observation was also reported for 

the leaf fish (Ramos et al., 2015), where low conductivity favored the spawning of the species. 

Leaffish pairs subjected to low conductivity spawned more often than pairs with high 

conductivity (Ramos et al., 2015). 

However, changes in conductivity may favor spawning. In the social reproductive 

context of cichlids, for which spawning occurs, a complex behavioral repertoire must occur, 

which is the choice of partner as well as hierarchical dominance (Teresa & Gonçalves-de-

Freitas, 2003). A reduction in conductivity for the discus caused a reduction in the behavioral 

repertoire. 

This condition can be attributed to increased aggression, which triggers social stress 

in animals. This condition stimulates the hypothalamic axis, with secretion and increased 

cortisol, which can impact the growth, feeding, reproduction and immunity of animals 

(Wendelaar-Bonga, 1997; Johnsson et al., 2006, Winberg et al., 2016; Brandão et al., 2021). 

Cortisol levels can be higher in dominant animals as well as in subordinates. During fights, the 

cortisol levels of both animals can increase in different types of social context (Corrêa et al., 

2003; Øverli et al., 1999; Brandão et al., 2021).  

After the dispute is resolved, hormone levels may decrease in winners and increase 

in losers. In a condition of environmental disturbance and hierarchical instability, as observed 

in the experiment, cortisol levels in dominant animals may increase significantly, and in a group 

context, all unfavorable animals may present elevated levels (Fox et al., 1997; Øverli et al., 

1999; Sloman et al., 2001; Barreto et al., 2015).  

Aggressive social interactions are part of the natural life of social individuals, as in 

the case of cichlids. However, intense and prolonged fights have negative impacts on both the 

individual and the group, and can cause physiological and reproductive damage to the animals 

(Brandão et al., 2021).  

Therefore, understanding how environmental changes affect animal social behavior 

can promote management practices and protocols that favor animal welfare and improved 

production. 

Conclusions 

Changes in conductivity are an influencing factor in the social behavior of discus 

fish, acting in the dispute and territorial choice of the species. These two factors determine the 

stability of the social hierarchy and reproductive success. The condition of acute change may, 
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as proposed by the study, indicate that the species is susceptible to environmental disturbances, 

which may influence the social and physiological context of the animals. Comprehension 

through behavioral observation may contribute to improving management practices, water 

quality and the environment, favoring well-being, and may also guide productive protocols for 

the species and artificial propagation. 
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Abstract 

In an aquatic environment, behavior can be modulated by several factors, such as temperature, 

dissolved oxygen, pH, turbidity, and light intensity. Increased light intensity can influence 

hormone synthesis and behavior, may affect aggressive behavior and dominance hierarchy, and 

produce social instability. Symphysodon spp. is a genus of Neotropical cichlids with a disc-

shaped body, 12 to 20 cm in standard length and 25 cm in height in adulthood. This genus is 

used as an ornamental fish due to its body color pattern and behavioral characteristics. 

Symphysodon spp. has a social organization based on dominance and territoriality hierarchy, 

involving competition for mates and spawning areas and elaborate courtship and mating 
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behaviors. The effect of two light intensities, high light (1,512.85 ± 11.07 lux) and low light 

(144 ± 0.64 lux), on the agonistic behavior of the discus fish was evaluated. We evaluated the 

latency and frequency of aggressive interactions and territorial defense and observed a 

reduction in aggressive behavior at low intensity compared to high intensity. We conclude that 

light intensity can influence aggressive motivation and territory establishment. Thus, low light 

intensities can reduce mating success, and therefore, high intensity can be favorable for the 

species, favor hierarchical stability, and, consequently, favor the selection of a reproductive 

partner for S. discus. 

Keywords: Light intensity, Aggressive behavior, Territoriality. 

Introduction 

Environmental stimuli influence the animal life cycle, acting on growth, feeding, 

reproduction and hormonal metabolism (Wingfield, 2003). In this sense, different behavioral 

strategies can emerge with these stimuli to adapt to these changes (Wingfield, 2003). In an 

aquatic environment, behavior can be modulated by several factors, such as temperature, 

dissolved oxygen, pH, turbidity, and light intensity (Kirschbaum & Schugardt, 2002, Anjos & 

Anjos, 2006, Crampton, 2008, Ribeiro & Moreira, 2012, Orfão, 2013, Ramos et al., 2015, 

Borghezan et al., 2020, Makori et al., 2017, Gauy et al., 2018, Kua et al., 2020, Santos et al., 

2020, Swain et al., 2020, Krishnakumar et al., 2020).  

Light can be considered as the environmental signal to modulate social behavior 

and, consequently, fish reproduction (Ribeiro & Moreira, 2012; Carvalho et al., 2012; Carvalho 

et al., 2013a); however, this regulation can be variable for different fish species. Thus, light can 

be divided into absorption spectrum, quantity, and duration, and can influence feeding, growth, 

survival, locomotion, metabolism, and reproduction and aggressive behavior (Norberg et al., 

2004, Zhu et al., 2014, Elisio et al., 2014a, Elisio et al., 2015b, Navarro & Navarro, 2017, 

Shahjahan et al., 2020, Korf, 2006, Biswas et al., 2006, (Reynalte-Tataje et al., 2002, Sheng et 

al., 2006, Pankhurst & Porter, 2003, Almazán-Rueda et al., 2004, Carvalho et al., 2012, 

Carvalho et al., 2013). 

Light intensity can strongly affect the sexual maturation of individuals and the 

synthesis and secretion of sex hormones in fish.  Thus, the timing, period and duration of light 

intensity maintain a seasonality in the reproductive activity of fish (Norberg et al., 2004; Zhu 

et al., 2014; Elisio et al., 2014a; Elisio et al., 2015b, Navarro & Navarro, 2017, Shahjahan et 

al., 2020). Korf (2006) observed that the pineal organ acts as a translator of changes in 
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luminosity, assisting the functions of the retina and other sensory systems, regulating the 

circadian cycle, as well as the hormone melatonin, melatonin that acts as a regulator in ovarian 

development (Falcon et al., 2003). In the reproductive social context, aggressiveness plays a 

fundamental role in choosing partners and the dispute for mating sites. The light intensity per 

light period can influence the increase and decrease in agonistic behavior (Carvalho et al., 

2012). In this way, the increase in light intensity can influence hormonal synthesis and the 

behavioral physiology of cichlids. It can affect aggressive behavior and the dominance 

hierarchy and produce social instability (Carvalho et al., 2013).  

In this sense, it is understood that the stability of the social hierarchy is established 

through aggressive interactions, with conflicts typically starting with low-intensity, 

energetically economical behavioral units that are performed at greater distances between 

animals, such as displays and costly behavioral units performed at more excellent proximity 

between animals, such as threats (Maan et al., 2001). Attacks and pursuits are usually carried 

out in the final stages of conflicts and contribute to their resolution, which occurs after high 

levels of escalation have been reached and when one of the opponents gives up the conflict 

(Teresa & Gonçalves-de-Freitas, 2003, Mattos et al., 2016). 

Symphysodon spp. is a genus of Neotropical cichlid with a disc-shaped body, 12 to 

20 cm in standard length and 25 cm in height in adulthood, a small mouth, feeding on small 

fish, live worms and microcrustacean nauplii, split spawning, biparental care and inhabiting 

streams, lakes and riverbanks (Rossoni et al., 2014, Jesus, et al., 2022). This genus is used as 

an ornamental fish due to its body color pattern and behavioral characteristics (Tribuzy-Neto et 

al., 2021; Jesus et al., 2022) and is of interest for production and economic viability for 

ornamental aquaculture (Ribeiro et al., 2024). Its value in the aquarium market varies from 50 

to 170 dollars, depending on the color variant, in which it is commercially classified as royal, 

non-royal or common (Anjos et al., 2009; Rossoni et al., 2014; Tribuzy-Neto et al., 2021, Jesus 

et al., 2022). 

According to Chellappa et al. (2005), Symphysodon discus has a social organization 

based on a hierarchy of dominance and territoriality, involving competition for partners and 

spawning areas and elaborate courtship and mating behaviors. Aggressive behavior 

demonstrates competition for resources. (e.g., territory and reproductive partner), where 

dominant animals maintain hierarchical control and priority resource access (Huntingford & 

Tuner, 1987). Thus, territorial defense and aggressive interaction play a fundamental role in the 

reproductive context (Alcazar et al., 2016). 
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Due to their commercial importance, studies on the social behavior of discus fish 

are still scarce. Thus, understanding how environmental factors influence their management in 

an artificial environment is essential to promote improved management practices. Therefore, 

the present study aims to understand how increased light intensity can influence the aggressive 

behavior and territorial defense of the discus fish Symphysodon discus. 

Material and methods 

Acquisition and maintenance of animals 

The S. discus fish come from water bodies near Manaus, Amazonas (3° 17' 59" S 

60° 37' 14" W). All specimens were acclimatized at the Experimental Laboratory of Physiology 

and Behavior of Aquatic Animals - LEFCAQ (Department of Physiological Sciences/UFAM) 

in aquariums measuring 78 X 37 X 45 cm (132 liters) (1 animal/5L) for at least 15 days prior 

to the experiments. During this period, the average temperature was controlled at 27.88 ± 0.73 

°C and the photoperiod was 12 hours of light (07:00 h to 19:00 h) with light intensity (174.77 

± 0.62 lux). Water quality was maintained in adequate conditions through the use of biological 

filters, partial water changes every two days and monitoring of water physicochemical 

parameters (dissolved oxygen 5 ± 0 mg. L-1, pH 6.01 ± 0.67 and ammonia 0.001 ± 0.001 mg L-

1). The animals were fed with commercial food (Maramarpet) for ornamental fish, offered until 

satiation in the morning and late afternoon. 

Experimental design 

The agonistic profile was evaluated in pairs of discus fish subjected to a high light 

intensity condition (1.512,85 ± 11,07 lux) and a low light intensity condition (144 ± 0,64 lux). 

For this, the individuals were measured, weighed and then isolated for 72 hours. After this 

period, the animals were paired for 24 hours for 7 days in a neutral aquarium for both 

individuals, for observation and recording of aggressive behavior. Pairs were formed by 

individuals of approximate weight (40,2 ± 2,4 g) and size (9,0 ± 0,0 cm) (independent t-test, t 

< 113,42; p < 2.2), as this parameter interferes with the frequency of aggressive interaction in 

fish (Beeching, 1992). Individuals were identified by different color patterns and by cuts in the 

caudal fin.  

The animals were isolated in neutral aquariums measuring 49 x 29 x 40 cm (59 

liters) lined with opaque blue plastic on three sides to avoid visual contact with animals from 

neighboring aquariums in the laboratory. The frequency of agonistic behavior was recorded in 

a film corresponding to the pairing time, being quantified 10 minutes of each recorded hour; 
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the recording began immediately after the animals were included in the neutral aquarium. An 

ethogram for the agonistic behavior of discus fish was thus developed, based on the work of 

Câmara (2004) and Mattos et al. (2016; 2017) carried out for S. discus and S. aequifasciatus, 

respectively, and Yamamoto et al. (1999) for Pterophyllum scalare (Table 1).  

In addition, the latency for confrontations and the quantification of aggressive 

interaction for each individual and for the pair were evaluated. Latency is understood as the 

time it takes for the animals to exhibit the first characteristic behavior classified in the 

behavioral ethogram. According to Falter (1983), the animals were classified as winners and 

losers from the moment one of the animals stopped attacking (loser) and started to flee from 

the other individual (winner). 

Table 12. Ethogram of behavioral categories for discus fish Symphysodon discus. 

Behavioral Category 

Behavioral 
Unit Description. Description 

Agonistic behavior 

(territory establishment) 

Approximation 

Agonistic behavior (establishment of territory) 

Approach The fish approach each other 

simultaneously, maintaining a distance of 

approximately 8 to 10 cm, over the disputed territory. 

 

Threat 

A fish keeps its head down, its fins expand, and its 

body flexes towards the opponent. 

 

Attack 

 

A fish lunges towards the opponent. 

 

 

Submission 

A fish retracts its fins and remains motionless with 

its head raised. 

 

Escape 
A fish stops facing the other and retreats quickly and 

hastily. 
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Results 

For S. discus under the low-intensity condition, 4 behavioral units were observed 

(attack, display, tremor and total interactions); for the high-intensity condition, 8 behavioral 

units were observed (frontal confrontation, attack, display, color change, escape, tail beat, 

tremor and total interactions). 

Interactions (Table 2), when comparing the two conditions, a statistical difference 

was observed for the total number of interactions between the pairs (Figure 1). For the other 

behavioral units, a statistical difference was also observed (Table 2), indicating that the 

frequency of agonistic behavior was higher in the high-intensity condition. The latency for 

clashes was also observed, and there was a statistical difference between the two conditions, 

with the time to display agonistic behavior being higher for low intensity compared to high 

intensity (Mann-Whitney w= 0.5 p= 0.0009) (Figure 1). 

Table 13. Average (+ standard error) frequency of aggressive interactions for the discus fish 

Symphysodon discus in low-intensity and high-intensity conditions. 

Behavioral units 

 
Frontal 

confrontation 
Attack Display Color change Escape Tail Beat Tremor Total 

Low Nea 1,28 ± 0,40ª 42,75 ± 4,33a Nea NEa Nea 0,37 ± 0,12a 44,51±4,18a 

High 0,23 ± 0,15b 6,29 ± 0,46b 55,91 ± 4,49b 12,12 ± 1,38b 2,88 ± 0,22b 1,10 ± 0,02b 0,46 ± 0,30b 74,27 ± 0,28b 

NE indicates that the animals did not display the behavioral unit. Different letters indicate 

statistical differences (Mann-Whitney, p< 0.05). 
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Figure 11: Latency of aggressive interactions for pairs of discus fish Symphysodon discus, 

under low and high light intensity conditions (Mann-Whitney w= 0.5 p= 0.0009). Different 

letters indicate statistical differences. 

 

 

Figure 12: Frequency of total aggressive interactions for pairs of discus fish Symphysodon 

discus,  under low and high light intensity conditions (Mann-Whitney w= 64 p= 0.0004). 

Different letters indicate statistical differences. 

When days were compared for low intensity (Friedman ANOVA f= 2.33 p= 0.88) 

and high intensity (Friedman ANOVA f= 8.78 p= 0.18), no statistical differences were observed. 

Comparisons were also made between winning and losing fish under the conditions. 

For the winner, statistical differences were observed for the following units (frontal 

confrontation, attack, color change, tail beat) (Table 3). For the loser, statistical differences were 

observed for the following behavioral units (attack, color change, escape, tail beat, tremor and 
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total interactions) (Table 4). The high-intensity condition exhibited more behavioral units for 

both the winner and the loser, indicating a larger and more complex behavioral repertoire. 

Table 14. Mean (+ standard error) of the frequency of aggressive interactions for the winning 

discus fish Symphysodon discus in low and high-intensity conditions. 

Behavioral units 

 
Frontal 

confrontation 
Attack Display 

Color 

change 
Escape Tail Beat Tremor Total 

Low Nea 0,17 ± 0,13ª 3,23 ± 0,58  NEa NE 0,44 ± 0,35a  NE 3,48 ± 0,66  

High 0,05± 0,08b 1,30 ± 0,31b 2,80 ± 0,84 0,46 ± 0,16b NE 0,30 ± 0,18b NE 4,36 ± 1,47 

NE indicates that the animals did not display the behavioral unit. Different letters indicate 

statistical differences (Mann-Whitney, p < 0.05). 

Table 16. Mean (+ standard error) frequency of aggressive interactions for discus loser 

Symphysodon discus in low and high-intensity conditions. 

Behavioral units 

 
Frontal 

confrontation 
Attack Display 

Color 

change 
Escape Tail Beat Tremor Total 

Low NE Nea 2,46 ± 0,89 Nea NEa NEa 0,13 ± 0,12a 3,48 ± 0,66a  

High NE 0,25 ± 0,20b 2,11± 0,44 1,64 ± 0,26b 1,02 ± 0,58b  
0,19 ± 

0,07b 
NEb 3,68± 0,79b 

NE indicates that the animals did not display the behavioral unit. Different letters indicate 

statistical differences (Mann-Whitney, p< 0.05). 

Discussion 

The behavioral profile of the discus (S. discus) showed similarity to other cichlid 

species such as Astronotus ocellatus, P. scallare, Geophagus proximus, Laetacara fulvipinnis 

(Beeching, 1997; Gonçalves-de-Freitas & Mariguela 2006; Teresa & Gonçalves-de-Freitas 

2003; Carvalho et al., 2012; Sarmento et al., 2017; Teresa & Gonçalves-de-Freitas, 2011, 

Ribeiro et al., 2022). The species presents a social organization based on a dominance hierarchy 

through less energetically costly clashes, such as initial displays and after more energetic 

interactions, such as attacks (Maan et al., 2001). 
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The latency for interactions was greater for low intensity than for high intensity, 

indicating that the animals took longer to begin exhibiting the behavior (Figure 1). P, for the 

study, the exhibition of 8 behavioral units was also observed for the highest lux intensity and 4 

for the lowest intensity, indicating a significant effect of light intensity on the agonistic behavior 

of the species (Carvalho et al., 2012, Sarmento et al., 2017, Brandão et al., 2021),  the 

observations made by Chellappa et al. (2005) and Mattos et al. (2016), which indicate that the 

discus acara presents complex social behavior since it was observed that. 

Aggressive behavior plays a fundamental role in controlling and prioritizing access 

to food as well as territory, and in addition, the animals considered dominant will be those that 

are able to reproduce. In this way, aggressiveness for cichlids has the function of organizing the 

social structure of the group (Huntingford & Tuner, 1987, Alcazar et al., 2016). 

With the increase in light intensity, an increase in aggressive behavior and the 

complexity of social interactions were observed in relation to animals subjected to low intensity 

(Figure 2 or table?). When we think about physiological changes in relation to environmental 

stimuli, it should be understood that light plays a role in the synthesis and secretion of sex 

hormones, as well as melatonin and cortisol (Falcon et al., 2003, Korf, 2006).  

In this sense, it is essential to understand that light can influence metabolism, sexual 

maturation and aggression, and can increase aggression and favor the establishment of the 

dominant hierarchy and choice of sexual partners (Norberg et al., 2004, Zhu et al., 2014, Elisio 

et al., 2014a, Elisio et al., 2015b, Navarro & Navarro, 2017, Shahjahan et al., 2020). It is noted 

that in the high-intensity condition, the color change unit was observed, in the social context 

when this behavior is observed it is an indication of hierarchical stability where the animals 

begin to have their parents defined as dominant and subordinate, indicating that high intensity 

favors the establishment of the dominance hierarchy and establishment of territory 

(Huntingford & Tuner, 1987, Chellappa et al. 2005). Aggression in cichlids is observed at 

different stages of development. However, aggressive behavior is exacerbated for reproduction. 

However, intense fights can cause negative impacts on animals, which can lead to hormonal 

imbalance, increased cortisol levels, reducing growth for both dominant and subordinate 

animals (Fox et al., 1997; Øverli et al., 1999; Sloman et al., 2001; Correa et al, 2003; Barreto 

et al., 2015, Brandão et al., 2021).  

Studies carried out with the cichlid Ciclhassoma dimerus indicate that dominant 

animals have a gonodaosomatic index with the highest sperm concentration and that 
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subordinate animals do not. This study suggests that animals in a lower condition in the social 

hierarchy of the group alter their physiology to reduce hormonal synthesis to delay their sexual 

maturation, as well as their growth for the next change in social position (Scaia et al., 2020). 

Such compression of social dynamics and what it can cause for social individuals can favor the 

improvement of well-being for the production of these species in captivity.  

For artificial breeding, the production of homogeneous batches where all animals 

reach a similar size for sale is essential for profitability. The study, in addition to suggesting that 

increased light intensity can favor aggressiveness, the establishment of social hierarchy and, 

consequently, reproduction, also observed that low intensity reduces aggressiveness for the 

discus fish. In the context of production, especially in the growth phase, low light intensity can 

reduce the dispute for food, reducing clashes and, consequently, energy expenditure, which can 

be directed towards accelerated growth and homogeneous batches. Therefore, the simple 

practice of changing light intensity can favor the productive improvement as well as the well-

being of the discus fish kept in an artificial environment.  

Conclusion  

Light intensity can be a factor influencing the social behavior and dominance 

hierarchy of the discus fish, and can increase and/or decrease aggressiveness for the discus fish. 

Adoption of management protocols as proposed by this study can favor the reproduction of the 

species in captivity and promote animal welfare. In this sense, the use of simple measures as 

proposed by the study can contribute to the production market, as well as to professional and 

hobbyist breeders of the species. 

References  

Anjos, H. D. B., dos Anjos, C. R., 2006. Reproductive biology and embryonic and larval 

development of the cardinal tetra, Paracheirodon axelrodi Schultz, 1956 (Characiformes: 

Characidae), in the laboratory. Boletim do Instituto de Pesca, São Paulo, 32(2), 151-160. 

Baerends, G. P., Baerends Van-Roon, J., 1950. An introduction to the study of the ethology of 

cichlid fishes. Behavior Supplement. v. 1: p. 1-242. 

Barreto, T. N., Boscolo, C. N. P., & Gonçalves-de-Freitas, E., 2015. Homogeneously sized 

groups increase aggressive interaction and affect social stress in Thai strain Nile tilapia 

(Oreochromis niloticus). Marine and Freshwater Behavior and Physiology, 48, 309–318. 

https://doi. org/10.1080/10236244.2015.1070478 



96 
 

 
 

Borghezan, E. D. A., Pires, T. H. D. S., Ikeda, T., Zuanon, J., & Kohshima, S., 2021. A review 

on fish sensory systems and Amazon water types with implications to biodiversity. 

Frontiers in Ecology and Evolution, 8, 589760. https://doi.org/10.3389/fevo.2020.589760 

Brandão, M. L., Colognesi, G., Bolognesi, M. C., Costa-Ferreira, R. S., Carvalho, T. B., & 

Gonçalves-de-Freitas, E., 2018. Water temperature affects aggressive interactions in a 

Neotropical cichlid fish. Neotropical Ictiology, 16, e170081. 

https://doi.org/10.1590/1982-0224-20170081 

Brandão, M. L., Dorigão-Guimarães, F., Bolognesi, M. C., Gauy, A. C. S., Pereira, A. V. S., 

Vian, L., Carvalho, T. B., & Gonçalves-de-Freitas, E., 2021. Understanding behavior to 

improve the welfare of an ornamental fish. Journal of Fish Biology, 99, 726–739. 

https://doi: 10.1111/jfb.14802. 

Chellappa, S., M. R. Camara, and J. R. Verani., 2005. Ovarian development in the Amazonian 

Red Discus, Symphysodon discus Heckel (Osteichthyes: Cichlidae). Brazilian Journal of 

Biology 65(4): 609–616. https://doi:10.1590/s1519-69842005000400007 

Crampton WGR., 2008. Ecology and life history of an Amazonian floodplain cichlid: The 

discus fish Symphysodon (Perciformes: Cichlidae). Neotrop Ichthyol 6: 599–612. 

https://doi.org/10.1590/S1679-62252008000400008 

Corrêa, S. A., Fernandes, M. O., Iseki, K. K., & Negrão, J. A., 2003. Effect of the establishment 

of dominance relationships on cortisol and other metabolic parameters in Nile tilapia 

(Oreochromis niloticus). Brazilian Journal of Medical and Biological Research, 36, 

1725–1731. https://doi.org/10.1590/S0100-879X2003001200015 

Dos Santos, J. A., Soares, C. M., & Bialetzki, A., 2020. Effects of pH on the incubation and 

early development of fish species with different reproductive strategies. Aquatic 

Toxicology, 219, 105382. https://doi: 10.1016/j.aquatox.2019.105382 

Fox, H. E., White, S. A., Kao, M. H., & Fernald, R. D., 1997. Stress and dominance in a social 

fish. Journal of Neuroscience, 17, 6463–6469. 

Gauy, S. A. C., Boscolo, C. N. P., & Gonçalves-de-Freitas, E. 2018. Less water renewal reduces 

effects on social aggression of the cichlid Pterophyllum scalare. Applied Animal 

Behavior Science, 198, 121-126. http://dx.doi.org/10.1016/j.applanim.2017.10.003 

Goncalves, E.; Castro, A. L. S.; Carvalho, T. B.; Mendonça, F. Z. 2009. Sexual selection and 

social hierarchy in fishes. Oecol. Bras. v. 13: p. 80-88. 



97 
 

 
 

Goncalves-De-Freitas, E.; Mariguela, T. C. 2006. Social isolation and aggression in the juvenile 

Amazonian fish Astronotus ocellatus. v. 66: p.233-238. ISSN 1519-6984. 

Huntingford, F. A. & Tuner, A. K. 1987. Animal Conflict. Chapman and Hall. 11 New Fetter 

Lane, London EC4P 4EE. 

Kirschbaum, F., 1979. Reproduction of the weakly electric fish Eigenmannia virescens 

(Rhamphichtyidae, Teleostei) in category: I. Control of gonadal recrudescence and 

regression by environmental factors. Behavioral Ecology and Sociobiology, 4, 331-355. 

Krishnakumar, A., Patrick Anton, E. S., & Jayawardena, U. A., 2020. Hardwater variations in 

reproductive potential of two freshwater fish species; Poecilia reticulata and Betta 

splendens. BMC Research Notes, 13, 1-6. 

Kirschbaum, F., & Schugardt, C. (2002). Reproductive strategies and developmental aspects in 

mormyrid and gyneotiform fishes. Journal of Physiology-Paris, 96(5-6), 557-566. 

Koh, T. L., Khoo, G., Fan, L. Q., & Phang, V. P. E. (1999). Genetic diversity between wild and 

cultivated varieties of discus (Symphysodon spp.) revealed by random amplified 

fingerprinting (RAPD). Aquaculture, 173(1-4), 485-497. 

Kochhann, D.; Campos, D. F.; Val, A. L. 2015. Experimentally increased temperature and 

hypoxia affect the stability of social hierarchy and metabolism in the Amazonian cichlid 

Apistogramma agassizii. Comparative Biochemistry and Physiology, v. 190: p. 54-60. 

Kullander, S.A. (1996). A further explanation of the diskus fish is given by Symphysodon 

Heckel. DATZ: The Aquarius and Terrarius Zeitschrift 1: 10–16 

Kua, Z. X., Hamilton, I. M., McLaughlin, A. L., Brodnik, R. M., Keitzer, S. C., Gilliland, J., ... 

& Ludsin, S. A. (2020). Water warming increases aggression in a tropical fish. Scientific 

reports, 10(1), 20107. 

Ladislau, D. ; Ribeiro, M. W. S. ; Castro, P. D. S. ; Pantoja-Lima, J. ; Aride, P. H. R. ; Oliveira, 

A. T. . Ichthyological ethnoknowledge of the 'piabeiros' from Amazon region, Brazil. 

Journal of Ethnobiology and Ethnomedicine, v. 17, p. 1-14, 2021. 

https://doi.org/10.1186/s13002-021-00468-7 

Jesus G; Chagas R; Jesus A. 2020. Fishing and bioecology of the discus fish Symphysodon 

aequifasciatus Pellegrin 1904 (Perciformes: Cichlidae). ActaPesca News10(1), 19-25. 

https://doi.org/10.46732/actafish.ano.10.1.19-25 



98 
 

 
 

Johnsson, J. I., Winberg, S., & Sloman, K. A. (2006). Social interactions. In K. A. Sloman, R. 

W. Wilson, & S. Balshine (Eds.), Behavior and physiology of fishes (pp. 151–196). 

Oxford, UK: Elsevier Academic Press. 

Maan, M. E.; Groothuis, T. G. G.; Wittenberg, J. 2001. Escalated fighting despite predictors of 

conflict outcome: solving the paradox in a South American cichlid fish. Animal 

Behaviour. v.62 (4), p. 623-634. 

Makori, A. J., Abuom, P. O., Kapiyo, R., Anyona, D. N., & Dida, G. O. (2017). Effects of water 

physico-chemical parameters on tilapia (Oreochromis niloticus) growth in earthen ponds 

in Teso North Sub-County, Busia County. Fisheries and Aquatic Sciences, 20, 1-10. 

Mattos, D. C.; Scrensi-Ribeiro, R. , Cardoso, L. D., Vidal Junior, M. V. 2016. Description of 

the reproductive behavior of Symphysodon aequifasciatus (Cichlidae) in captivity. Acta 

Amazonica. v.46 (4): p. 433-438. 

Mattos, D. C.; Scrensi-Ribeiro, R. , Cardoso, L. D., Vidal Junior, M. V. 2017. Couple formation 

and spawning between two female Discus Fish (Symphysodon aequifasciatus - Cichlidae) 

in captivity. Acta Amazonica. v.47 (2): p. 167-170. 

Meza-Sepúlveda, S., & Sepúlveda-Cárdenas, S. 2012. Effect of electrical conductivity and 

water level on the Suckermouth Armored Catfish (Ancistrus triradiatus) reproduction 

under experimental conditions. 

Oliveira, A. T; Cruz, W. R.; Pantoja-Lima, J.; Araujo, S. B. ; Araujo, M. L. G. ; Marcon, J. L. ; 

Tavares-Dias, M. . Morphological and cytochemical characterization of thrombocytes and 

leukocytes in hatchlings of three species of Amazonian freshwater turtle. Veterinarski 

Arhiv, v. 81, p. 657-670, 2011. 

Oliveira, A. T; Santos, M. Q. C.; Pantoja-Lima, J.; Machado, M. R. F.; Lemos, J. R. G. ; Tavares-

Dias, M. ; Aride, P. H. R. . First record of microfilaria in the blood of black caiman 

Melanosuchus niger (Crocodylia: Alligatoridae) specimens from the Amazon River 

basin. Brazilian Journal of Biology, v. 77, p. 895-897, 2017. https://doi.org/10.1590/1519-

6984.04716 

Oliveira, A. T.; Araújo, M. L. G.; Pantoja-Lima, J.; Aride, P. H. R.; Tavares-Dias, M. ; Brinn, 

R. P. ; Marcon, J. L. Cyrilia sp. (Apicomplexa: Haemogregarinidae) in the Amazonian 

freshwater stingray Potamotrygon wallacei (cururu stingray) in different hydrological 



99 
 

 
 

phases of the Rio Negro. Brazilian Journal of Biology, v. 77, p. 413-416, 2017. 

https://doi.org/10.1590/1519-6984.00416 

Øverli, Ø., Harris, C. A., & Winberg, S. (1999). Short-term effects of fights for social 

dominance and the establishment of dominant-subordinate relationships on brain 

monoamines and cortisol in rainbow trout. Brain, Behavior and Evolution, 54, 263–275. 

Pellegrin, J. (1904). Contribution á l’étude anatomique, biologique et taxinomique des poissons 

de la familie des Cichlidés. Memoires. Societe Zoologique de France 16: 41–399. 

Pereira Navarro, F. K. S., & Diana Navarro, R. 2017. Importância das cores no crescimento, 

bem-estar e reprodução de peixes. Arquivos de Ciencias Veterinarias e Zoologia da 

Unipar, 20(1). 

Ramos, F., Araújo, M., Prang, G., Fujimoro, R. 2015. Ornamental fish of economic and 

biological importance to the Xingu River. Brazilian Journal of Biology, 75(3), 95–98. 

https://doi.org/10.1590/1519-6984.02614BM 

Ramos, F. M., Abe, H. A., da Graça Hollatz, T., Fujimoto, R. Y. 2015. Efeito da condutividade 

na reprodução e oferta de alimento em juvenis de peixe-folha, Monocirrhus polyacanthus 

(Heckel, 1840) (Polycentridae, Perciformes). Revista Brasileira de Engenharia de Pesca, 

8(1), 34-48. 

Ribeiro, C. S. & Moreira, R. G. 2012. Fatores ambientais e reprodução dos peixes. Revista da 

Biologia. v.8: p.58-6. 

Ribeiro, M. S.; Oliveira, A. T.; Carvalho, T. B. 2022. Water temperature modules social 

behaviour in an Amazonian ornamental cichlid, Pterophyllum scalare. 

Rossoni, C. F.; Ferreira, E.; Zuanon J. 2014. A pesca e o conhecimento ecológico local dos 

pescadores de acará-disco (Symphysodon aequifasciatus, Pellegrin 1904: Cichlidae) na 

Reserva de Desenvolvimento Sustentável Piagaçu-Purus, baixo rio Purus, Brasil. Bol. 

Mus. Para. Emílio Goeldi. v.9 (1): p. 109-128. https://doi.org/10.1590/S1981-

81222014000100008 

Schultz, L. P. (1960). A review of the pompadour or discus fishes, genus Symphysodon of South 

America. Tropical Fish Hobbyist 8: 5–17. 

Sloman, K. A., Metcalfe, N. B., Taylor, A. C., & Gilmour, K. M. (2001). Plasma cortisol 

concentrations before and after social stress in rainbow trout and brown trout. 

Physiological and Biochemical Zoology, 74, 383–389. 



100 
 

 
 

Swain S, Sawant PB, Chadha NK, Sundaray JK, Prakash C (2020) Effect of water pH on the 

embry onic development of Discus, Symphysodon aequifasciatus, Pellegrin, 1904. J 

Entomol Zool Stud8(3):1656–1662 

Teresa, F. B. & Gonçalves-de-Freitas, E. 2003. Interação agonística em Geophagus 

surinamensis (Teleostei, Cichlidae). Revista Brasileira de Etologia. v.5: p. 121-126. 

Tribuzy-Neto, I. A., Beltrao, H., Benzaken, Z. S., Yamamoto, K. C. 2021. Analysis of the 

ornamental fish exports from the Amazon state, Brazil. Boletim do Instituto de Pesca, 

46(4). https://doi.org/10.20950/1678-2305.2020.46.4.554 

Wendelaar-Bonga, S. E. (1997). The stress response in fish. Physiological Reviews, 77, 591–

625. 

Winberg, S., Höglund, E ., & Øverli, Ø. (2016). Variation in the neuroendocrine stress response. 

In C. B. Schreck, L. Tort, A. P. Farrell, & C. J. Brauner (Eds.), Fish physiology (pp. 35–

74). London, England: Academic Press. 

Yamamoto, M. E.; Chellappa, S.; Cacho, M. S. R. F.; Huntingford, F. A. 1999. Mate guarding 

in an Amazonian cichlid, Pterophyllum scalare. Journal of Fish Biology. v. 55: p. 888-

891. 

 

  



101 
 

 
 

CONCLUSION OF THE THESIS 

The discus fish is a species of great interest to the ornamental fish market, due to 

its peculiar characteristics, arousing the interest of hobbyists as well as commercial producers. 

However, we still lack scientific information to propose the best management protocol for the 

species, taking into account the role of the necks in its production. The present study suggests 

that the discus fish is sensitive to changes in the environment, which can lead to a stressful 

condition leading to a drop in its production. Based on the data, observation of behavior 

combined with subtle changes such as those proposed in the work can influence the good 

management and well-being of the species.  
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