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Abstract 
The white seabream Diplodus sargus is an economically relevant sparid species in 

southern European countries. Although several attempts have been made to introduce the 

species in aquaculture, the slow growth recorded in captivity after the first year of life 

makes the aquaculture of D. sargus unprofitable. It has been suggested that this decrease 

of growth is related to the high levels of aggression displaced by D. sargus in captivity. In 

this view, we proposed to study several aspects of growth and aggression in groups of 

Diplodus sargus.  

In the present work, a detailed analysis of the structure of dominance orders in 

captive groups of D. sargus was provided and the growth rate of each individual in the 

group was assessed. Specifically, we tested the hypothesis that, if stable dominance 

orders were established, dominant fish would grow faster and show better condition 

factors than losers at the end of the experiment. The predominance of linear structures 

and the level of stability from week to week were revealed. No significant correlation was 

found between the dominance index with either growth rate or final condition factor. Thus, 

in relatively short time windows, aggressive behaviour seems not to be a major cause of 

unequal growth.  

We compared the growth and agonistic behaviour of D. sargus between 

monospecific groups and groups where white seabream were reared together with golden 

grey mullet, Liza aurata. The hypothesis that the presence of golden grey mullet would 

reduce intraspecific aggression between D. sargus and improve their growth was 

contradicted. The lack of improvement in growth may be explained either by efficient 

competition for food by golden grey mullet or by an increased expenditure of energy 

and/or les time to feed in contexts of higher levels of aggression. The results showed that 

the pattern of intraspecific interactions changed in the presence of one different species 

without benefits to D. sargus which argues in favor of behavioural studies when selecting 

species for mixed cultures. 

In spite of the considerable literature on aggression of white seabream in artificial 

conditions, there were no data available on aggression of D. sargus in natural situations. 

We conducted behavioural observations of juvenile Diplodus sargus in natural habitats to 

test whether agonistic interactions occur in natural circumstances and, if they do, in which 

context they happen. The first data on the agonistic behaviour of D. sargus in natural 

habitats demonstrate unequivocally that agonistic behaviour is an integral part of the 

natural behaviour of juvenile Diplodus sargus. Nevertheless, a high discrepancy in the 

frequency of agonistic interactions was found between natural habitats and captivity 

where the magnitude and frequency of such interactions was higher. We suggested that 

the high levels of aggression observed in captive groups may be an artefact caused by 
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very high densities in confined spaces, forced and continuous interactions with the same 

group members and eventually by the accumulation of chemicals that are known to be 

released by stressed fish and can be detected by other conspecifics.  

Observations of Diplodus sargus in intertidal rocky habitats were also performed to 

clarify to what extent this species uses the intertidal as a nursery and, if so, if they move 

with tide or keep at constant position in regard to tidal height. We also analyzed the 

feeding activity of white seabream in relation to the tidal cycle. Fish were observed at a 

constant depth in most tidal phases while feeding activity changed with tidal level. These 

results showed the occurrence of tidal migrations and that feeding may be limited by 

habitat availability in shallow waters, and thus dependent on tidal changes. Juvenile 

Diplodus sargus used the sheltered rocky intertidal suggesting that it can play an 

important nursery role. 

In the discussion, the present data are put in perspective and some priorities for 

future investigation are suggested.  
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Resumo 
 O sargo Diplodus sargus é um sparídeo economicamente relevante nos países do 

sul da Europa. Apesar de terem sido realizadas diversas tentativas para introduzir esta 

espécie em aquacultura, o crescimento lento registado em cativeiro após o primeiro ano 

de vida torna a aquacultura de D. sargus não rentável. Esta diminuição do crescimento 

tem sido relacionada com os elevados níveis de agressão apresentados por D. sargus 

em cativeiro. Nesta perspetiva, propusemos estudar diversos aspetos da agressão e 

crescimento em grupos de D. sargus.  

 No presente trabalho, apresentámos uma análise detalhada das estruturas de 

dominância em grupos de D. sargus em cativeiro e avaliámos a taxa de crescimento de 

cada indivíduo no grupo. Especificamente, testámos a hipótese de que, se as ordens de 

dominância fossem estabelecidas, os peixes dominantes cresceriam mais rapidamente e 

apresentariam melhores fatores de condição do que os derrotados no final da 

experiência. Foram reveladas a predominância de estruturas lineares e a estabilidade 

destas de semana para semana. Não foi encontrada correlação entre o índice de 

dominância e a taxa de crescimento, nem entre o índice de dominância e o fator de 

condição final. Assim, o comportamento agressivo não parece ser uma causa principal do 

diferente crescimento entre os indivíduos.  

 Comparámos o crescimento e o comportamento agonístico de D. sargus entre 

grupos monoespecíficos e grupos onde os sargos foram criados com tainhas Liza aurata. 

A hipótese de que a presença das tainhas reduziria a agressão intraespecífica entre D. 

sargus e melhoraria o seu crescimento foi contrariada. O facto de o crescimento não ter 

melhorado pode ser explicado quer pela competição eficiente das tainhas pela comida, 

quer por um aumento de gasto de energia e/ou menos tempo para comer em contextos 

de níveis de agressão mais elevados. Os resultados mostraram que o padrão de 

interações intraespecíficas mudou na presença de uma espécie diferente sem benefícios 

para D. sargus, o que argumenta a favor de estudos comportamentais na seleção de 

espécies para culturas mistas.        

 Apesar da literatura considerável sobre a agressão em sargos em condições 

artificiais, não existiam dados sobre a agressão em D. sargus em situações naturais. 

Foram realizadas observações comportamentais de juvenis de D. sargus em habitats 

naturais para verificar se as interações agonísticas ocorrem em circunstâncias naturais e, 

se acontecem, em que contexto ocorrem. Os primeiros dados do comportamento 

agonístico de D. sargus em habitats naturais demonstram inequivocamente que o 

comportamento agonístico é uma parte integrante do comportamento natural dos juvenis 

de Diplodus sargus. Porém, foi encontrada uma grande discrepância na frequência das 

interações agonísticas entre os habitats naturais e o cativeiro, onde a magnitude e 
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frequência dessas interações foi maior. Sugerimos que os níveis de agressão altos 

observados em grupos em cativeiro podem ser um artefacto causado pelas densidades 

muito altas em espaços confinados, pelas interações forçadas e contínuas com os 

mesmos membros do grupo e, eventualmente, pela acumulação de químicos que se sabe 

serem libertados por peixes stressados e que podem ser detetados por outros 

conspecíficos.  

 Foram também efetuadas observações de D. sargus em habitats do intertidal 

rochoso para esclarecer até que ponto esta espécie usa o intertidal como berçário e, se 

usa, se os peixes se movem com a maré ou se mantém numa posição constante em 

relação à altura das marés. A atividade alimentar dos sargos também foi analisada em 

relação ao ciclo de marés. Os peixes foram observados a uma profundidade constante na 

maioria das fases da maré, enquanto a atividade alimentar mudou ao longo desse ciclo. 

Estes resultados mostram a ocorrência de migrações com as marés e que a alimentação 

pode ser limitada pela disponibilidade de habitat em águas rasas e, portanto, dependente 

das mudanças de marés. Os juvenis de D. sargus usaram o intertidal rochoso abrigado, 

sugerindo que este pode ter um papel importante de berçário.  

 Na discussão os dados apresentados são colocados em perspetiva e são sugeridas 

algumas prioridades para investigação futura.   
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General introduction 
 

The importance of behavioural studies 
 

Ethology – a discipline with multiple applications 

Ethology is a biological discipline that provides an integrative approach for the study 

of animal behaviour covering mechanisms of approximate causation, ontogeny, function 

and evolution. Research by ethologists has provided part of the body of knowledge and 

theory which is now labelled behavioural ecology or sociobioloy (Huntingford & Turner 

1987). Ethology can be applied outside its primary area of concern, namely the 

understanding of behaviour in non-human animals. A piece of research is designated 

applied if it is used in an attempt to solve one of several kinds of problems. Some have 

obvious economic or medical importance; indeed, ethological research can be used 

namely in pest control and in enhancing the productivity of commercially important 

animals. Other problems, such as designing rational conservation programmes and 

ensuring the wellbeing of the animals we exploit, are of ethical nature, although their 

solution may have economically important consequences (Huntingford & Turner 1987). In 

recent years, a growing concern has aroused on the welfare of animals reared in 

production systems (Appleby et al. 1992; Southgate & Wall 2001). New scientific 

knowledge is available in respect of factors influencing animal welfare as well as the 

capacity of animals to sense and express pain, suffering, distress and lasting harm 

(Directive 2010/63/UE). Thus, increasing efforts have been made to the assessment of 

animal welfare in production systems (Baxter 1983), in scientific research involving live 

animals and in those situations that involve keeping animals in captivity to improve welfare 

and health of these animals (Kirk 2009).  

 

Ethology in clinical and biomedical sciences 

 In the medical field, ethology led also to important results for, e.g. psychiatry and 

psychosomatic medicine, especially as regards possible means of adapting environment 

to the biological equipment of man with the aim of preventing maladaptation and disease, 

as recognized by the Nobel committee when awarded the Nobel Prize for Physiology or 

Medicine in 1973 to three eminent ethologists Konrad Lorenz, Niko Tinbergen and Karl 

von Frisch (Kirk 2009). The growth of ethology also brought about important 

developments in the study of human behaviour in areas like the study of spontaneous 

child to child interactions in very young children, infant-mother relationships, the study of 

facial expressions in relation to emotions and the dynamics of non verbal communication 
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in humans (for an overview of human ethology see Eibl-Eibesfeldt 1975; Knapp & Hall 

2007; Bowlby 1953).  

Although ethologists and behaviourists tended to explain the occurrence of 

behaviour in terms of a reflex-like model, in which stimuli elicit behavioural responses, 

they have different interests and focus distinct aspects. While ethologists have tended to 

focus on instinctive patterns of behaviour, behaviourists focused on arbitrary behaviours 

that the organism acquires by interacting with the environment (learned behaviours). 

Moreover, ethologists have been concerned with identifying the triggers and supporting 

conditions of innate behaviour patterns, while behaviourists concerned with identifying 

general laws affecting the acquisition and maintenance of learned behaviours. The 

observations of ethology studies have been conducted mostly within the natural 

environment of the target species. By their turn, behaviourists conducted most 

observations within the artificial environment of the laboratory, where the relevant 

variables can be tightly controlled (Cartwright 2008).  

In laboratory studies of animal behaviour, ethology also assumed a relevant role, 

namely in the development of the clinical and biomedical sciences in post-Second World 

War Britain through attempts of biological standardization. This occurred in reaction to the 

flood of new substances, including antitoxins, vitamins and hormones, which were 

discovered along the twentieth century but whose effects on behaviour and the central 

nervous system were still poorly characterized. In etopharmacology, and in particular in 

the field of biological standardization, the animal is used as being more than a tool for 

diagnostic technology (Kirk 2009). In this field, behavioural and physiological responses of 

animals to medical substances are measured and assumed as reliable indicators of such 

substances effectiveness. This approach has two positive implications. On one hand, 

ethology brought in to the field of live animal observation the ability to record a large 

number of behavioural categories simultaneously. This ability combined with the use of 

multivariate analytic techniques allowed a much more integrative and dynamic 

understanding of the effects of a chemical in the organism.  On the other hand, the 

traditional known ethologic measures of behaviour used in pharmacology involved the 

recording of a single or a few behavioural categories from each animal. This means that a 

large number of animals had to be tested because each one only provided information on 

one or a few facets of behaviour. With the etopharmacological approach and the ability to 

record many types of behaviour at the same time, a drastic reduction of the number of 

animals tested and sacrificed is often possible making drug testing frequently, more 

economic and less destructive to the animals.    
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Ethology in production systems 

There is increasing economic pressure to maximize profits in all areas where 

animals are exploited commercially, such as fisheries and agriculture; in some cases the 

methods by which this is achieved depend on research into animal behaviour (Baxter 

1983). Indeed, the study of animal behaviour has proved useful in a wide variety of 

situations involved in raising, keeping and management of animals that are of importance 

to economic activities (Appleby et al. 1992; Southgate & Wall 2001). Areas so diverse as 

developing more efficient methods for fishing, optimizing reproductive cycles of cultured 

animals, coping with aggression and territoriality, improving the social settings in which 

animals are maintained are examples of applied studies in which ethology often plays a 

major role (Boyle et al. 2008). These trends towards intensive animal production, 

increasing the number of animals carried per unit of land, labour or capital, lead to 

systems housing large numbers of animals at high stocking densities with a minimum of 

labour input. Farming has become industrialized, with the use of large livestock buildings 

providing the animals with a barren, monotonous environment. Livestock generally have 

little freedom to adapt animals behaviourally to their environments, and stockmen have 

neither sufficient time per animal nor scope to modify the environment to suit specific 

requirements. It therefore becomes important that the environment is designed in the first 

instance to accommodate the animals’ behavioural and other requirements. Here, 

ethology has a relevant role through environmental design for the control of the animals’ 

productivity and the accommodation of the animals’ welfare (Baxter 1983).  

As stated above, social relationships in captive animals may have important 

implications in many aspects of the animal’s biology. Social relationships have significant 

effects on feeding and growth. For example, dominance hierarchies have been described 

for most domestic species; whether or not this social system is observed under more 

natural conditions, dominant animals often interfere with attempts by their subordinates to 

obtain food if this is supplied in a restricted area (Huntingford & Turner 1987). Thus, social 

interactions, as well as other behavioural patterns at the intraspecific level, may affect 

growth and performance of species (Milstein 1992). In the case of aquaculture, the need 

to study social relationships to optimize production and animal welfare increasingly 

involves multiple species groups. This is because in many cases polyculture is proving 

more efficient in food and space usage than monoculture, so interactions among 

individuals of different species may be very relevant when designing a mixed culture 

scheme (Sarà et al. 1999; Papoutsoglou et al. 1992).  

Social behaviour may have several direct impacts on other individuals, like 

preventing them to feed adequately, forcing them to excessive energy spending in 

escaping and fleeing, inflicting wounds which are a source of infections for confined 

5 
 



subordinates into very limited space, which will reflect on growth and reproduction (Holm 

et al. 1990; Jorgensen et al. 1993). Aside from these direct impacts, social interactions 

have other more indirect consequences that may also affect growth and reproduction. It is 

known for a long time that social behaviour in vertebrates is a very powerful modulator of 

several neuroendocrine pass ways. In particular, the stress response is a regular 

consequence of excessive attacks and flights. It evolves on the hypothalamic-hipophyseal 

pass way that stimulates the suprarenal glands or their homologues to excrete high doses 

of corticosteroids, namely cortisol (Wendelaar-Bonga 1997). This hormone has a wide 

spectrum of effects among which are growth depression, gonadal inhibition and 

depression of the activity of the immune system. Thus, stressed vertebrates typically 

display reduced growth, reproductive inhibition and increased susceptibility to infections 

(Schreck et al. 2001). When stress is too excessive other pathologies, mainly of the 

kidney and liver, often occur together with profound metabolic disturbances, causing the 

death of the animals if stress is not reduced in time (Wendelaar-Bonga 1997; Montero et 

al. 1999). In such circumstances, developing social conditions that minimize stress, 

through the study of behaviour, may have very direct consequences on fish production 

and profitability of aquaculture systems (Baxter 1983; Ashley 2007). Weight gain is not 

maximal if the conditions in which animals are housed and the ways in which they are 

handled are stressful. In order to detect and reduce such stress, it is necessary to be 

familiar with the full behavioural repertoire of the species concerned, including their 

natural social structure (Huntingford & Turner 1987).    

 All the points discussed above illustrate the importance of good behavioural data 

on culture species, to enhance their production and welfare and to reduce the incidence of 

pathologies. In trying to achieve the goals outlined above, it is crucial to keep in mind that 

scaling problems often occur. Due to limitations of resources, space, etc, many 

behavioural observations are performed in minimal setups, which may give results that 

are not transferable to the scale at which production takes place. Aquaculture is a good 

example of this problem. Traditionally, observations were often made in aquaria and 

aquaria are still a good starting point for the first steps in the study of fish behaviour. 

However, aquaculture operates with much larger tanks and many more fish per tank, so 

the findings obtained in small aquaria with few fish per group may need to be validated, to 

see if conclusions hold for large tanks with many fishes. In this respect, observations in 

natural contexts, marking of individual fishes so that they are recognisable in large 

schools/shoals and using video cameras strategically placed in aquaculture tanks, may 

provide efficient solutions in the process of validation of the findings obtained in aquaria.   
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Aggression: scenarios and patterns  
 Aggressive encounters may arise in different scenarios and follow diverse 

behavioural patterns. In this section, some examples of such aggressive contexts will be 

presented. 

 

Conflicts of interest – contexts, features and consequences 

Conflicts of interest commonly arise when two or more individuals are competing for 

something which they both need but which is in short supply. This is the case of rival ant 

colonies that need the same feeding area or two male toads that are both ready to mate 

with the same female (Huntingford & Turner 1987). Furthermore, a conflict of interest may 

arise over outcomes rather than over particular resources. For example, in the longer 

term, the advantages of priority access to resources such as food, shelter and mates, are 

assumed to translate into enhanced growth, survival, and/or reproductive output of 

dominants relative to subordinates (Harwood et al. 2003). When physical coercion, 

intimidation, pain or adverse chemical stimuli are used against another animal we tend to 

view these actions as being aggressive. Causing harm or fear to other animals is not 

restricted to typical competition. Aggression to defend offspring, aggression to force 

offspring out of their dependence from the parents, aggression used as punishment of 

other group members that did not behave according to the rules (in primates and higher 

animals), aggression against potential predators or used to influence the behaviour of 

prey species are all examples of contexts in which aggressive behaviours are often 

employed by animals (for a review see Wilson 1975).  

 

Types of aggressive interactions 

Aggression may occur against group outsiders or, the more common, within a 

group. The most apparent type of interspecific aggression (against outsiders) is that seen 

in the interaction between a predator and its prey. According to many researchers, 

predation is not aggression. Cats do not hiss or arch their backs when in pursuit of a rat, 

and the active areas in their hypothalamuses are more similar to those that reflect hunger 

than those that reflect aggression (Gleitman et al. 2004). However, others refer to it as 

predatory aggression, and point out cases that show more similarity such as mouse-killing 

by rats (Gendreau et al. 2005). Aggressive mimicry refers to cases where a predator has 

the appearance of a harmless organism or object, which then attracts the prey, which the 

predator then attacks. An animal defending itself against a predator may become 

aggressive. It may engage in either "fight or flight" in response to predator attack or threat 

of attack, depending on how strong they gauge the predator to be relative to themselves 

(Lorenz 1979).  
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  Aggression between conspecifics in a group occurs in a number of contexts having 

to do with access to resources and breeding. One of the most common is in the 

establishment of a dominance hierarchy (Adamson et al. 1999) and will be described later. 

Specifically in many fish species, there is more aggressiveness towards conspecifics than 

towards another fish species (Lorenz 1979).   

 

Agonistic behaviour – definition and behaviour patterns 

In such conflict contexts, the set of behaviour patterns used in the initiation of an 

attack (offence) is different from the set of patterns used in the protection against such an 

attack (defence) (Huntingford & Turner 1987). However, it is hard to draw a clear dividing 

line at any point of the continuum of behaviour patterns, from offence or attack, through 

offensive and defensive threat and submission to escape. Therefore, the term aggression 

is often replaced by the term agonistic behaviour (Scott & Frederickson 1951) which refers 

to ‘a system of behaviour patterns having the common function of adaptation to situations 

involving physical conflict’. 

Although some animals, such as spiders and mites, may launch straight into a 

vigorous attack when they meet a rival, most agonistic interactions start with actions that 

do not involve physical contact. Stomatopods spread their claws and coil before striking 

and lizards head bob and circle before biting. When an agonistic encounter is resolved 

without overt fighting, it is said to be ritualized (Huntingford & Turner 1987). These low-key 

agonistic actions often increase the apparent size of the animals concerned (e.g. gill cover 

raising in fish, body flattening and dewlap extension in lizards) and/or expose their 

weapons (e.g. claw spreading in crustacean, open mouth postures in iguanas and many 

mammals) (Huntingford & Turner 1987). When physical contact does occur in the non-

injurious part of a fight, this often involves pushing, pulling or tail beating contests. Such 

interactions potentially allow opponents to assess their relative strength and one of them 

often gives up at this point. The behaviour of the animal once it withdraws from a fight 

tends to reduce its apparent size (e.g. salamanders drop flat onto the ground) and conceal 

its weapons (e.g. crabs fold their claws away) (Huntingford & Turner 1987). Behaviour 

patterns which, without any direct physical coercion, alter what other animal does are 

called displays. The set of displays which accentuate size and weapons, and elicit 

withdrawal are called threat displays. Those which reduce apparent size, conceal 

weapons and inhibit attack are called submissive displays. The contrast between the 

behaviour of winner and loser is seen particularly clearly in wolves, in which the winner of 

a fight stand tall with its fur fluffed up, raises its tail and bares its teeth, while the loser 

crouches down, with flattened fur, retracted ears, lowered tail and covered teeth 

(Huntingford & Turner 1987). 
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It is a very common feature of animal fights that they start off with low key, 

energetically cheap movements (e.g. head bobbing lateral posturing or claw displays) that 

are performed at a distance and are unlikely to lead to overt attack. Then more energetic 

behaviour, which involves physical contact but does not inflict injury, occurs (e.g. beating 

with the tail, mouth wrestling or pushing). Finally, a stage may be reached in which 

energetic and dangerous actions (e.g. biting, kicking or striking) occur. This progressive 

increase in the intensity of a fight is described as escalation. Conflicts can be resolved, by 

one participant retreating, at any point in the escalation sequence, so that full-scale 

physical attack is not a necessary component of animal fights (Huntingford & Turner 

1987). One reason why overt fighting is not as common as it might be is that animals often 

adapt the form and intensity of their agonistic responses to the context in which an 

encounter occurs. Where the modification depends on the identity properties of the 

opponent, the result is a system of dominance; where the critical factor is the place in 

which an encounter occurs, then territoriality is observed (Huntingford & Turner 1987).  

 

 Dominance hierarchies 

Some fights are resolved quickly, by one animal withdrawing at an early stage in 

response to nothing more than an approach by the eventual winner. When such 

behavioural imbalance is a consistent feature of the relationship between two individuals, 

this is often summarized by the terms dominance and subordination (Huntingford & Turner 

1987).  

In nature, dominance hierarchies are likely to develop in species where fish live in 

stable groups with restricted movements so that group members interact with each other 

on a regular basis. In presmolt non-schooling salmonids, such as coho, aggressive 

behaviour is associated with the establishment and maintenance of dominance 

hierarchies and feeding territories (Dill et al. 1981). Many group living fish associated with 

coral reefs also provide multiple examples of dominance structures (Jones 1988; 

Perreault et al. 2003; Tupper & Boutilier 1995). On the contrary, if fish move widely and 

frequently change neighbours, the likelihood of the establishment of dominance 

hierarchies in nature seems low. In environments where the members of aggressive 

species form stable groups or are forced to live in a restrict space, stable dominance 

hierarchies have evolved to the benefit of both dominants and subordinates by minimizing 

the incidence of intense fighting (Krebs & Davies 1997).  

Hierarchy structures can vary from linear (an α-animal dominates all group 

members, a β-animal dominates all group members except α, and so on until the ω-animal 

which is subordinate to all group members) at one extreme, to the other extreme, 

despotism, where one group member dominates all other group members, which are 
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equal in ranks (Castro & Caballero 1998). The kind of situation with predictable 

dominance-subordinance relationships in pairs and linear hierarchies in groups, is likely to 

occur when the outcome of an encounter between two individuals depends only on their 

relative fighting ability and previous experience of mutual interactions. In this respect, a 

long standing debate in ethology involves discussions on the extent to which animals 

need to identify the remaining group members individually, or not, for a dominance 

hierarchy to get established (e.g. Eibl-Eibesfeldt 1975; Huntingford & Turner 1987).  

Dominance relationships are generally thought to result in an unequal distribution of 

available resources, with a disproportionate amount being monopolized by high-ranking 

individuals (Harwood et al. 2003). In the short term, therefore, dominant individuals in 

many social species are able to gain priority access to resources such as food (see Gill & 

Thomson 1956; Murton et al. 1966), shelter (see Figler et al. 1999) and/or mates (see 

Choe 1994). In a longer term, these advantages are assumed to translate into enhanced 

growth, survival, and/or reproductive output of dominants when compared to subordinates 

(Harwood et al. 2003). For instance, aggression among juvenile chum salmon may result 

in growth impairment (Davies & Olla 1987). Without losing the benefits of being in a 

school, competitively superior individuals may gain a greater share of available food. 

Davis & Olla (1987) observed mild aggressive behaviour (short chases) when groups of 

fish were fed once daily, on a limited ration of food spread across the bottom of the 

aquaria. As proposed by Ryer & Olla (1991), competition for a more defensible food 

source might increase aggressive behaviour, with dominant fish optionally abandoning 

schooling in order to monopolize food. 

For a dominance-subordinate relationship to exist, rivals must assess their relative 

fighting ability prior to or early in a fight, and submit straight away if this assessment is not 

in their favour. Thus, decisions about whether to engage in a fight may be based on an 

assessment of the opponent’s fighting ability, and the most obvious cues an animal could 

use to assess the strength of an opponent would be physical attributes, such as size or 

the possession of weapons. Where opponents are of different size, the larger is usually 

consistently victorious and therefore dominant over the other (Huntingford & Turner 1987). 

In some fish groups, like salmonids, the development of dominance hierarchies can be 

determined by fish size, with the biggest fish being dominant (Abbott et al. 1985; Hughes 

1998; Sabo & Pauley 1997).  

Individuals of similar size are expected to interact more frequently, or with greater 

intensity, than individuals differing in size (Enquist et al. 1987; Evan & Shehadi-Moacdieh 

1988; Leimar & Enquist 1984; Parker 1974). The process of individual recognition and 

learning seems to play an important role in the establishment of linear dominance 

hierarchy in small groups of fish because the dominant fish is able to differentiate and 
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rank subordinate fish into different categories, based on memories of previous encounters 

between individuals (Drickamer et al. 1996).  

 

 Territoriality 

Another aspect of context which determines whether or not an animal will engage in 

a fight is the place in which an encounter occurs, and a common manifestation of this site-

dependent agonistic behaviour is territoriality. Breeding male sticklebacks restrict their 

activity to particular areas and chase any intruding males up to the edge of the area, using 

a combination of displays and overt attack (Huntingford & Turner 1987). This is the classic 

territory, a fixed area from which other animals are expelled by means of some sort of 

agonistic behaviour (Huntingford & Turner 1987). For most organisms, the same 

resources are exploited by other member of the species, and thus territories are often 

established and defended against conspecifics.         

Depending on the type of territory maintained, some benefits might include a longer-

lasting food supply given that fewer animals have access to it, increased access to mates, 

if individuals of the opposite sex prefer to mate with territory holders, a greater opportunity 

to rear offspring at a high-quality site or a reliable and quick access to shelter. On the 

other hand, acquiring or defending a territory can be quite costly when one considers the 

energy needed to patrol territory boundaries, to display to potential intruders and to 

forcibly evict trespassers or a previous owner (Goodenough et al. 1993). Territory 

acquisition and defence also take time away from other essential activities, such as 

foraging. For example, in great tits (Parus major) the activities related to feeding and 

territorial defence occur in different microhabitats and are completely incompatible. 

Whereas feeding occurs within 3 meters of the ground, territory defence, particularly the 

singing component, takes place high in trees, about 10 meters above the ground. Then, 

there are trade-offs involved in territorial behaviour – time spent in defence cannot be 

spent foraging (Goodenough et al. 1993). Economically speaking, territoriality is expected 

to occur only when the benefits outweigh the costs. A net benefit associated with 

territoriality translates into increased fitness for the individual territory holder (Goodenough 

et al. 1993). Factors such as abundance, spatial distribution and renewability are thought 

to influence whether or not a particular resource is economically defendable. Generally 

speaking, territoriality is favoured when resources are moderately abundant. When 

resources are overly abundant, extreme pressure from intruders may make territory 

defence too costly. At the opposite extreme, low resource levels may require defence of 

such an enormous area, just to ensure access to adequate supplies, so that patrolling 

costs become excessive. With respect to the spatial distribution of resources, defending 

resources that occur in discrete patches should be less costly than defending those that 
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are widely dispersed (Castro & Santiago 1998). It should be beneficial to defend 

resources that are renewed slowly, but not resources that are renewed themselves more 

rapidly than they are consumed. Quickly renewable resources, after all, should not be 

strongly affected by exploitation by intruders, but those resources that are renewed slowly 

could be significantly reduced by intruders (Goodenough et al. 1993). Finally, if resources 

are temporally unstable, their defence may become uneconomic, and it may be more 

profitable to leave and track new spots where the resources are momentarily abandoned. 

Apart from these considerations on the costs and the benefits of resources defence, it 

may be important for many species to live in familiar grounds where location of threats, 

predators, shelters and food may occur in spatially predictable patterns. Even if an animal 

that defends a territory does not gain much in resources, control it may get benefits from 

moving in a familiar terrain (Huntingford & Turner 1987).  

 

Common features of fish agonistic interactions 

Although the difficulty to specify any typical form of agonistic behaviour for such a 

large and diverse group as the fish, there are a number of commonly occurring features 

which are worth emphasizing here. In first place, specialized weapons are rare. Most 

species have a range of agonistic responses in addition to overt attack and many of these 

involve raising the fins or gill covers, with a resulting increase in apparent size, and tail 

beating, mouth fighting, pushing, biting or butting, during which rivals may determine their 

relative strength. Agonistic displays and actions are often associated with changes of 

colour patterns. Although most species of fish do not care for their offspring, parental care 

evolved in many lineages. Interestingly, in those fish with parental care the males are care 

givers in majority of cases; this means that competition is often for suitable breeding 

space rather than for females (Huntingford & Turner 1987). Territorial behaviour is 

common and ranges from year-round, all purpose territories, to small breeding territories 

defended for several weeks and leck territories defended for just a few hours a day for the 

purpose of mating (Halichoeres melanochir, Huntingford & Turner 1987). Not all fish are 

territorial; guppies and mollies, for example, live in permanent schools with a dominance 

structure.  Finally, it is interesting to note that in many fish species territoriality is 

dependent on particular environmental conditions, for instance, in streams with high 

velocities juvenile salmonids tend to form territories behind a stone or other structure that 

protects them from turbulence. The same species may behave non territorial when the 

current is low or absent, like in lakes where individual fish may forage in areas that 

overlap with those of other conspecifics (for a review see Keenleyside 1979). 

The way we have been describing aggression involved the assumption that 

aggression, despite of some accidents, tends to serve biological functions (Lorenz 1979; 
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Dawkins 1989). Konrad Lorenz (1979) assumed that aggression is a natural phenomenon 

that serves a number of evolutionary purposes, with “game rules” phylogenetically well 

defined.  “Since that fights for resources may enhance reproductive success and fitness, 

several authors see aggression as an adaptive characteristic in the process of evolution 

for many species (Dawkins 1989)”.  

 

   

Effects of aggression on growth  
 

The level of aggressiveness has direct consequences on growth rates (Caballero & 

Castro-Hdez 2003). In salmonids there appears to be a positive correlation between 

aggressiveness and growth rate at the individual level, partly due to the better competitive 

ability of the more aggressive, dominant individuals (Nicieza & Metcalfe 1999).  In 

predictable environments in the laboratory (Hughes 1992) and in the headwaters of 

natural pools (Nakano 1995), dominant salmonids have been able to defend the best 

feeding sites and, hence, have grown faster than subordinates. Similarly, growth of wild 

brown trout, which generally prefer pool habitats (Heggenes et al. 1999), correlates with 

dominance status (Höjesjö et al. 2002). However, when the spatio-temporal distribution of 

food is more unpredictable, the costs and benefits of dominance may become balanced, 

with dominant individuals receiving no growth benefits (Martin-Smith & Armstrong 2002). 

Therefore, although dominants may be able to monopolize resources in riffle habitats in 

the wild, these are not necessarily the most profitable (see Bachman 1984), and any 

benefits gained by tracking high quality patches may be countered by the costs of 

dominance (Martin-Smith & Armstrong 2002). There are more mechanisms associated 

with sympatric interactions (Harwood et al. 2002), disturbance (Sloman et al. 2001) and 

predation (Reinhardt & Healey 1999; Reinhardt et al. 2001), that may disrupt the influence 

that dominance status has on growth resulting in no growth benefits for dominant 

individuals. 

 The likely costs of fighting mentioned before include time and energy that otherwise 

could be allocated to other activities (e.g. search for alternative resources (Haller 1991; 

Thorpe et al. 1995)), physical injuries (Marler & Moore 1988; Neat et al. 1998) and greater 

risk of predation as individuals involved in physical fights may be less vigilant and/ or more 

conspicuous (Jakobsson et al. 1995; Brick 1999). Brown (1964), when trying to explain 

the growth depensation she observed in laboratory stocks of juvenile brown trout, 

postulated that physiological differences between dominants and subordinates, i .e . 

‘stress’, were responsible for the observed variance in growth rates. Moreover, Yamagishi 

et al. (1974) suggested that energy expenditure in the dominant fish was greater than that 
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in subordinates due to maintenance of its social position and territory. However, the costs 

of escapes and multiple defeats in subordinate fish may be similar to the costs of high 

ranking fish to establish dominance, with energy expenditure during attacking and chasing 

(Cutts et al. 2001) as well as reduced time available for feeding (Harwood et al. 2002). In 

many cases dominant-subordinate relationships seem responsible for the disproportional 

food acquisition and thus mediate the size hierarchy effect (Magnuson 1962; Nagoshi 

1967; Koebele 1985). Dominant fish ingest more food by acquiring a limited ration first, 

preventing a subordinate's food acquisition or behaviourally inhibiting a subordinate's 

feeding behaviour (Koebele 1985).  

 Considering all this points it is expected that, if they have sufficiently sophisticated 

nervous systems, individuals integrate the potential costs and benefits associated with a 

contest and adjust their behaviour accordingly (Maynard Smith 1974; Maynard Smith & 

Parker 1976).         

 

 

White seabream as a case study 
 

Biology and ecology of Diplodus sargus 

Seabreams (family Sparidae) are widespread in the Mediterranean Sea and 

constitute an important fishery resource along its coasts (Gordoa & Moli 1997). Despite 

the high commercial value of sparid fishes, their importance by weight in catches remains 

low in the Mediterranean fisheries, and some species are reared in aquaculture (Ktari & 

Kamoun 1980; Divanach 1993). Sparid fishes are common on high relief rocky shores as 

well as on low relief sandy shores on which totally different types of habitats occur. 

The white seabream Diplodus sargus is an economically relevant sparid species in 

southern European countries (FAO 2004), with a coastal rocky reef distribution ranging 

from the Atlantic coast, from Bay Biscay to Cape Verde, southwards Angola, South Africa 

to Malagasy including the Madeira, Canaries, Cape Verde, Ascension and St. Helena 

Islands. The species is also present in the Mediterranean, where is common, and Black 

Sea (FAO 2010). This fish usually inhabits the littoral zone of rocky reefs in shallow waters 

down to about 50 m (Harmelin-Vivien et al. 1995). White seabream has an oval and deep 

body, more or less compressed and back elevated. This species has scales on cheeks 

and its mouth is terminal, slightly protusible with thin lips. It has a caudal peduncle with a 

dark saddle and a forked caudal fin. Individuals have a silvery grey colour with nine 

transverse stripes (very dark and paler crossbars or only the presence or absence of 

black stripes). Juveniles present only five dark stripes. Adult fish are protandrous 

hermaphrodites. Thus, fish are male at the first sexual maturity (3 years old) and then 
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become female at 5 years old (Martinez Pastor & Villegas Cuadros 1996). Moreover, 

adults are relatively sedentary and demersal and produce eggs and larvae that develop in 

the pelagic waters before post-larvae metamorphose. Recruitment of D. sargus occurs 

from late May to July in the Azores (Morato et al. 2003) and from May to September in the 

Portuguese Atlantic (Almada, unpublished data) as well as in the French Mediterranean 

coast (Harmelin-Vivien et al. 1995), in shallow coastal benthic habitats (Harmelin-Vivien et 

al. 1995) when fish have about 1.0 cm TL (Macpherson 1998). The onset and duration of 

spawning season in white seabream appeared to be influenced by sea water 

temperatures. For example, in the Azores archipelago as latitude decreased, both in the 

northern and southern hemispheres, the spawning season of D. sargus populations 

started earlier and extended longer (Morato et al. 2003). Juveniles move to deeper waters 

when they approximately reach 6-7 cm in size, approximately 6 months after recruitment 

(Garcia Rubies & Macpherson 1995; Macpherson 1998). Before this change in habitat to 

deeper waters, juveniles mainly occupy shallow rocky habitats within about 2 m depth 

(Macpherson 1998), whereas the subadults and adults thrive in deeper rocky bottoms. In 

the Mediterranean they seem to prefer Posidonia oceanica beds (Harmelin-Vivien et al. 

1995; Macpherson 1998). 

 

 
Fig. 1  Picture of a shoal of white seabream (Diplodus sargus). Picture by Patzner, R. 

  

Studies on the feeding ecology of D. sargus revealed the presence of crustacean, 

polychaeta, echinoderms and algae in the stomachs of white seabream (Osman & 

Mahmoud 2009; Figueiredo et al. 2005). Osman & Mahmoud (2009) found that the diet of 

D. sargus varied with the fish size; the abundance of polychaeta decreased with 

increasing of fish size, while the highest occurrence in larger fish was for fish and prawn.  
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Earlier studies on aggression, growth and welfare of Diplodus sargus 

White seabream Diplodus sargus L. is a native Atlantic-Mediterranean species 

highly valued for its taste, flesh quality and price, and has been introduced as a new 

species in aquaculture since early 1980s (Kentouri et al. 1995). Reproduction control and 

successful spawning, hatching and larval rearing under captivity have all been studied and 

achieved (Papoutsoglou et al. 2006). Nevertheless, growth from juvenile to market-size 

fish showed unsatisfactory results, mainly because of the low growth rate that this species 

has been reported to exhibit (Divanach et al. 1993; Abellan & Garcia-Alcazar 1995; 

Pousão-Ferreira & Dores 2000). This fact led to the characterization of white seabream as 

an inappropriate species for intensive rearing. Yet, it should be emphasized that 

appropriate rearing conditions for white seabream farming (e.g. water quality, rearing 

density, nutrient requirements, rearing techniques, etc.) have not been investigated in 

depth. Even if growth rate is a parameter that should be taken into consideration for 

deciding whether a fish species is appropriate or not for intensive culture, it should not be 

the only criterion. 

Diversification in the range of reared species has been accepted as a good strategy 

to promote sustainable aquaculture and prevent market saturation and competition among 

producers (Kentouri et al. 1995). As white seabream is undoubtedly among the highly 

valued species, successful rearing of this fish should still be of interest. 

Previous studies report that agonistic interactions are influenced by several rearing 

factors such as weight size variability (Castro & Caballero 1998; Caballero & Castro 

1999), competitor density (Caballero & Castro-Hdez 2003), food distribution (Castro & 

Santiago 1998) and light intensity (Castro & Caballero 2004). These effects cannot be 

ignored when rearing conditions under intensive production systems are evaluated. 

Rearing density (number of fish.m-3) and stocking density (kg.m-3) are among the most 

important rearing conditions that have to be considered first when farming of a new 

species is considered (Ellis et al. 2002). The determination of the optimum stocking 

density is strongly related to species behaviour in combination with the maintenance of 

water quality (Ellis et al. 2002).  

Among the effects of several factors on growth and behaviour/social interactions, 

density effects have been widely studied for several fish species (e.g. Vijayan & 

Leatherland 1988; Papoutsoglou et al. 1998; Montero et al. 1999; El-Sayed 2002), 

including D. sargus (Olivotto et al. 2002; Papoutsoglou et al. 2006; Karakatsouli et al. 

2007). Olivotto et al. (2002), concluded that rearing of fish weighing about 100 g for 3 

weeks at a stocking density of 10 kg.m-3 produced a typical stress response, as indicated 

by increased plasma cortisol levels, compared with the physiological response at a 

stocking density of 2.5 kg.m-3. However, the aim of Olivotto et al. (2002) was to study the 
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stress response of white seabream and not its growth performance. The study of 

Papoutsoglou et al. (2006) investigated the effect of rearing density on growth and several 

biochemical parameters (e.g. food utilization, brain neurotransmitters, liver fatty acid 

composition, etc.) of juvenile white seabream. Karakatsouli et al. (2007) studied the same 

effect in combination with background colour (white, light blue and black). These authors 

suggested that reduced growth under higher densities was probably related to 

intraspecific competition and alterations of social behaviour.  

 

Dominance hierarchies and growth 

Apparently, the aquaculture difficulty mentioned above encouraged a considerable 

number of studies on the agonistic behaviour of D. sargus based on the assumption that 

aggression could be an important cause of growth impairment in aquaculture (Castro & 

Caballero 1998, 2004; Castro & Santiago 1998; Caballero & Castro 1999; Caballero & 

Castro-Hdez 2003; Papoutsoglou et al. 2006). The ethogram of agonistic behaviours in 

captivity is well described (Estabrook et al. 2002) and the patterns of interactions 

observed are well characterized (Caballero & Castro-Hdez 2003; Castro & Caballero 

1998; Estabrook et al. 2002; Papoutsoglou et al. 2006). According to Castro & Caballero 

(1998), D. sargus is a fish species that develops dominance hierarchies and aggressive 

behaviour against its conspecifics.  

 

Interspecific interactions and growth 

A proper combination of ecologically different species may optimize their production 

since it changes fish-fish and fish-environment relationships (Milstein 1992). In this 

context, synergies are maximized and antagonisms are reduced. This is the case of 

sharpsnout seabream Diplodus puntazzo (Cetti) a species of aquaculture interest that 

shows aggressive behaviour against its conspecifics, especially when at high density as 

found in monoculture (Favaloro et al. 2002). The presence of another species diminishes 

this intraspecific competition for food and space as shown by Sarà et al. (1999) in mixed 

cultures of sharpsnout seabream and gilthead seabream Sparus aurata L.   

Due to these positive interactions between species, growth and yields of some fish 

species may be higher in polyculture than in monoculture. Silver carp Hypophthalmichthys 

molitrix (Valenciennes), for example, may enable common carp Cyprinus carpio L. to 

exceed their previous yield limit in monoculture (Yashouv 1971), and silver carp grown in 

polyculture with common carp attain a higher harvest weight than when grown alone 

(Yashouv 1971; Hepher et al. 1989). Sharpsnout seabream also showed the best growth 

performance when reared in polyculture with gilthead seabream (Sarà et al. 1999). 
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Several papers have dealt with experiments on agonistic behaviour and growth of 

Diplodus sargus (Castro & Caballero 1998; Papoutsoglou et al. 2006; Karakatsouli et al. 

2007) but, to our knowledge, there is not even one report on rearing Diplodus sargus 

together with other fish species in captivity.  

 

Natural habitats: what happens? 

The studies on D. sargus agonistic behaviour in captivity are not able to replicate 

both physical and social conditions of the natural habitats. Thus, it is not possible to clarify 

whether agonistic behaviour is a natural behaviour or an artefact produced by 

experimental and aquaculture conditions.  

Here, it is important to note the characteristics of the habitats used by juveniles of D. 

sargus. Besides the characteristics that we have already mentioned, field studies (Garcia-

Rubies & MacPherson 1995; Harmelin-Vivien et al. 1995) also revealed that juveniles of 

D. sargus gradually shift from shallow to deeper water as they grow. Furthermore, larger 

juveniles are found on steeper slopes and are more numerous on rocky walls. Thus, aside 

from a shift in depth, juveniles seem to shift or diversify the habitats used as they grow 

(MacPherson 1998). 

Despite the studies on the characterization of the habitat used by the juveniles of D. 

sargus in the north-west Mediterranean Sea (Garcia-Rubies & MacPherson 1995; 

Harmelin-Vivien et al. 1995), there is a lack of information about the kind of social 

relationships occurring in nature.  

 

Movements in the intertidal  

Understanding the movements and habitat requirements of fish species is essential 

towards their proper management. This information is particularly relevant regarding the 

sustainability of commercially exploited species (Abecasis et al. 2009). Previous studies 

showed that white seabream used a sheltered rocky coast at Arrábida as juveniles 

(Henriques & Almada 1998). Moreover, this rocky coast at Arrábida (Henriques & Almada 

1998) and Ria Formosa Coastal lagoon were identified as nursery areas for Diplodus 

sargus (Abecasis et al. 2009). 

Rocky intertidal shores form extensive feeding, resting, spawning and nursery areas 

for many marine organisms (e.g. Rangeley & Kramer 1995; Henriques & Almada 1998; 

Burrows et al. 1999; Coleman et al. 1999). In such zones the availability of habitats 

changes with variations in water level (Rangeley & Kramer1995) and many shallow-water 

animals undergo migratory movements along the tidal phases (Gibson 2003). Those 

changes in habitats availability may have tidal effects on juvenile fishes like changes in 

prey availability and density-dependent refuge quality (Rangeley & Kramer 1995; Almada 
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& Faria 2004). Although several studies assess the tidal migrations of fishes and 

crustaceans on rocky shores (Hunter & Naylor 1993; Rangeley & Kramer 1995; Ingólfsson 

& Agnarsson 2003; Faria & Almada 2008; Faria & Almada, 2009), there is little information 

about white seabream responses to tidal cycles.  

 

Aims of the present study 

We have seen before that aggression may influence growth rates through several 

ways. This relation between aggression and growth was shown in different species, 

however, the social status of each fish in its group and the specific growth rate and 

condition of the same fish had not been assessed and related for D. sargus. In this view, 

we proposed to investigate if this relation is present in captive groups of D. sargus.  

 

Specifically, we aimed to study several aspects of growth and aggression that will be 

listed below: 

1.  

1.1)  To provide a detailed analysis of the structure of the dominance orders in captive 

groups of D. sargus; 

1.2)  To investigate if aggression influences the overall growth rate in such groups.  

2.  

To compare the growth and agonistic behaviour of D. sargus between monospecific 

groups and groups where white seabream are reared together with golden grey mullet, 

Liza aurata (Risso).  

3.  

3.1) To investigate if agonistic interactions occur in natural circumstances and in 

which context it happens;  

3.2) To investigate if different levels of aggression are observed in distinct natural 

habitats. 

4.  

4.1) To clarify to what extent D. sargus use the intertidal as a nursery and, if so, if 

they move with tide or keep at constant position in regard to tidal height.  

4.2) To investigate if changes in feeding activity of white seabream occurred in 

relation to the tidal cycle. 
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Abstract 
 The dominance hierarchies and the growth rate of the commercially important fish 

Diplodus sargus were assessed in this study. Specifically, we tested the hypothesis that, if 

stable dominance orders were established, dominant fish would grow faster and show 

better condition factors than losers at the end of the experiment. Eight groups of six 

individuals were followed for 6 weeks and, for each group, we measured the linearity of 

the hierarchies on a weekly basis, and the week to week stability of the hierarchical 

structures. These dominance structures were linear and stable from week to week. We 

found no significant correlation between the dominance index with either growth rate or 

final condition factor. Thus, in short time windows over few weeks, aggressive competition 

seems not to cause differences in growth, although effects at a longer term like those 

induced by stress cannot be ruled out.  

Keywords: Agonistic behaviour, Condition factor, Growth, Hierarchy, Sparidae 

 

Introduction 
 In southwest European Atlantic and in the Mediterranean the white seabream 

Diplodus sargus (Linnaeus, 1758) (Pisces: Sparidae) reaches a high market value 

(D’Anna et al. 2004; FAO 2004). Although the stocks do not support large scale in 

industrial fishing, this inshore species is an important source of income for local fisherman 

in many countries (FAO 2004). Several attempts have been made to introduce the 

species in aquaculture (Abellan & Garcia-Alcazar 1995; Bodington 2000; Kentouri et al. 

1995). Many of these attempts to fish farm the white seabream have been hindered by the 

slow growth of the species in captivity after the first year of life.  In many cases this slow 

growth reduces the profitability of commercial production (D’Anna et al. 2004). D. sargus 

displace very high levels of aggression in captivity (Caballero & Castro Hdez 2003; Castro 

& Caballero 1998; Karakatsouli et al. 2007), and several authors raise the hypothesis of 

the slowing of growth being caused by an excess of behaviours related to aggression and 

escape (Caballero & Castro-Hdez 2003; Karakatsouli et al. 2007; Papoutsoglou et al. 

2006). This link is far from being proved as several other factors may also reduce growth. 

For instance, a study on the response of white seabream to different stocking densities 

revealed the presence of a chemical communication among stressed fish (Olivotto et al. 

2002). Thus, in closed systems, where fish are highly confined and the water circulation is 

limited when compared with open systems, the chemicals generated by induced stress 

may affect the growth rate.  
Previous studies on the aggressive behaviour of D. sargus in aquaria (Castro & 

Caballero 1998; Caballero & Castro-Hdez 2003) showed that, in small captive groups, 

dominance hierarchies tended to develop generating asymmetries among group 
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members. According to Castro & Caballero (1998), one or a few individuals win most 

contests while others become chronic losers. Typically, it is assumed that in a conflict 

situation fish compete for some resources: priority of access to food, shelter, etc. 

(Huntingford & Turner 1987). In this scenario, winners are predicted to gain advantages 

over losers in survival, growth or breeding success (Harwood et al. 2003). The study of 

Castro & Caballero (1998) showed a peck-dominance hierarchy in groups of four white 

seabream. Our study gives a more detailed analysis of the structure of dominance orders 

in captive groups of six white seabream assessing the linearity and stability of such 

hierarchies.  Moreover, the present study is apparently the first in which the behaviour of 

individual fish in each group is combined with measurements of weight and length of the 

same individuals before and after the observation period for a time window known. Thus, 

the position of each fish in its group and the specific growth rate and condition of the same 

fish can be assessed. Our hypothesis was that dominant fish display a higher specific 

growth rate and reach better condition factor than losers. If this hypothesis turns to be 

supported, it could point to a role of aggression in the overall reduced growth rate in 

captive groups of D. sargus.    

 
Materials and methods 

Subjects and maintenance  

Fish used in the present study were collected at Ericeira (Portugal, 38º58’N, 9º25’W) 

during low tide in early July 1998. Forty eight fish, with a mean initial body weight (± SD) 

of 3.10 ± 1.89 g and a standard length (± SD) of 3.8 ± 1.31 cm, were distributed in eight 

aquaria (six fish per tank) of 80 x 30 x 40 cm3 with a layer of sand on the bottom. The fish 

were fed daily with mussels ad libitum 30 min before video recording, and were kept at 

21± 2o C with a photoperiod of 12L: 12D. Illumination was provided by 14 watt fluorescent 

lamps. Experimental tanks were supplied with a filtering system and constant aeration. 

Artificial sea water was prepared with a salinity of 30 ppt (Tetramarine sea salt ® 

Germany).  

 

Behavioural observations 

Behavioural observations began after 1 week of acclimation period. Behavioural 

observations were video recorded daily in 60 min sessions for each tank, between 9:00 h 

and 13:00 h, during 6 weeks (5 days per week) with a Canon (MV650i) camera. The 

camera was placed so that all members of the group were recorded simultaneously. Ten 

min of focal observations (sensu Martin & Bateson 1993) for all members of each group 

were extracted from the video records and analysed at a daily basis, comprising an 

observation effort of 5 h per group each week.  
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At each observation, the agonistic interactions, their outcomes and the identity of the 

participants were recorded. The fish were individually recognised by their relative size and 

by natural marks on their body. We considered that an agonistic interaction occurs when 

one or more of the following patterns were recorded: approach, withdrawal, threatening, 

chasing, fleeing, charging and bite/butt. An individual was considered a loser when it 

retreated, adopted a submissive posture, or fled from the opponent. For a detailed 

description of each behaviour pattern see Estabrook et al. (2002). After 6 weeks of 

behavioural observations fish were again measured and weighted and the specific growth 

rate and the dominance index of each individual were determined.  

 

Data analysis 

Data analyses were performed using STATISTICA for Windows version 4.5 

Software package (StatSoft Inc., 1993). The Shapiro-Wilk test was performed in 

STATISTICA to test for normal distribution. 

Based on the outcomes of the agonistic interactions, matrices were constructed for 

each group, both on a weekly basis and for the entire observation period. The rank order 

of individuals was determined by the analysis of these sociometric matrices and then 

reordered according to the procedure described by De Vries et al. (1993). 

To characterize the structure of small groups of juvenile white seabream we 

assessed the linearity and stability of dominance structures. Linearity was measured 

according to Landau’s linearity index (Landau 1951), with the correction proposed by 

Nelissen (1986) for ties. Stability of dominance structures in consecutive weeks was 

measured by Spearman rank correlations, while the stability for the entire observation 

period was assessed with Kendall’s coefficient of concordance. 

The dominance index was computed as V/(V+D), where number of victories (V) over 

the total number of interactions – number of victories plus number of defeats (V+D) in 

which the fish participated (see Winberg et al. 1991; Gomez-Laplaza & Morgan 1993; 

Oliveira & Almada 1996a, 1996b). The relationship between dominance index and rank 

was assessed using a Spearman correlation. This correlation was also applied to study 

the relationship between each fish initial size and its dominance index, as well as between 

the total interactions that each fish initiated and its dominance index. 

 The intensity of each interaction was classified as low (L), if it involved threatening 

behaviour, or high (H), if it involved charging behaviour. The proportion of H in relation to 

L intensity behaviours was calculated for each fish for the entire observation period. To 

assess the relationship between each fish initial size and its H/L intensity behaviour 

proportions a Spearman correlation was performed. 
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Individual specific growth rates for length and weight were calculated as 100 x 

[Ln(final measurement) – Ln(initial measurement)]/(duration of experiment in days), 

according to Jobling (1994). To assess the relationship between dominance status and 

growth, a Spearman correlation between dominance index and specific growth rate for 

length (SGRL) as well as between dominance index and specific growth rate for weight 

(SGRW) was used. A significant correlation between dominance index and specific growth 

rate (SGRL or SGRW) will reveal unequal growth of dominant and subordinate fish.  

An index of each fish condition was also calculated as W/(SL^3) x 1000.  To assess 

the relationship between the dominance status of each fish and its final condition, a 

Spearman correlation between dominance index and final condition factor was performed.  

Bonferroni corrections were applied whenever the same variable was used in 

multiple tests (Holm 1979). Multiple correlations were considered to be significant for       

p-values <0.01 after Bonferroni corrections. 

 

Ethical note 

 The works described were conducted in accordance to national legal standards on 

protection of animals used for experimental purposes.  

 
Results 

When analyzing dominance hierarchies, a hierarchy was considered linear when the 

Landau’s index (h) was equal or greater than 0.9, as proposed by Chase (1974). Seven 

out of eight groups studied displayed linear hierarchies (h>0.97) (Fig. 1). 

Week
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Fig. 1 Juvenile Diplodus sargus in captivity. Temporal variation of the Landau’s indexes 

(h) along six weeks. 
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Further, we tested if the dominance structures were stable along the observation 

period. A dominance structure was considered stable between two consecutive weeks if 

the Spearman rank correlation (rs) was equal or greater than 0.7 (Oliveira & Almada, 

1996a). We concluded that, for most groups, the dominance structure was relatively 

stable. Furthermore, two groups yielded a stable structure in 5, three groups in 3, and 

three groups in 1, out of 5 transitions (Fig. 2). Kendall’s coefficient of concordance showed 

that dominance structures were stable for the entire observation period (W=1, P<0.05 for 

all groups). 

Week to week transition
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Fig. 2 Juvenile Diplodus sargus in captivity. Temporal variation of the Spearman 

correlation (rs) along the consecutive weeks. 

 

We investigated the relationship between the rank of each fish and its index of social 

dominance. There was a positive correlation between these two variables (rs=0.839, 

P<0.001, n=46). This suggests that the individual’s overall success in aggressive 

interactions is a reliable predictor of its position in the rank order of the group. 

Interestingly, this success does not appear to depend on the initial size of individuals, 

since we found no correlation between their initial size and dominance index (rs=0.401, 

P=0.058, n=46). However, the proportion of H/L intensity behaviours for each specimen 

was significantly correlated with its initial size (rs=-0.717, P<0.001, n=46). The dominance 

index was positively correlated with the number of aggressive interactions initiated by an 

individual (rs=0.910, P<0.001, n=46) and did not appear to influence its SGRL (rs=0.134, 
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P=0.373, n=46) (Fig. 3), nor its SGRW  (rs=-0.084, P=0.578, n=46) (Fig. 4) nor its final 

“condition” (rs=-0.228, P=0.128, n=46).This lack of correlation between dominance index 

and growth rates revealed that unequal growth of dominant and subordinate fish was not 

present in this experiment. The growth performance values of white seabream show an 

improvement of fish’s size and condition along the 6 weeks of study (Table 1).  

 

Dominance index

0,0 0,2 0,4 0,6 0,8 1,0 1,2

Sp
ec

ifi
c 

gr
ow

th
 ra

te
 fo

r l
en

gh
t (

%
 d

ay
-1

)

0,0

0,2

0,4

0,6

0,8

1,0

 
 
Fig. 3 Juvenile Diplodus sargus in captivity. Specific growth rate for lenght of individual 

fish in relation to dominance index. 
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Fig. 4 Juvenile Diplodus sargus in captivity. Specific growth rate for weight of individual 

fish in relation to dominance index. 
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Table 1 Growth performance of juvenile Diplodus sargus reared in small groups for six 

weeks. 

 

 
Mean (± SD) Median Quartile Range 

Initial standard length (cm) 3.80±1.31 3.30 1.9 

Initial body weight (g) 3.10±1.89 2.60 2.6 

Initial condition factor 32.0±6.88 30.5 6.2 

Final standard length (cm) 4.24±1.33 3.95 1.5 

Final body weight (g) 3.50±3.49 2.40 3.1 

Final condition factor 38.2±7.94 36.3 12.1 

SD, standard deviation. 

 
Discussion 

Castro & Caballero (1998) found hierarchies in which fish carried out more attacks 

on the individual whose subordination level is immediately inferior to their own. In the 

present study, that finding was corroborated but several other features of the social 

hierarchies could be identified and characterized quantitatively, namely the predominance 

of linear structures, the level of stability from week to week and the clear relationship 

between the number of attacks initiated by a fish and its position in the group. Indeed, in 

the present study, linear hierarchies were found in 7 out of 8 groups and they were stable 

from week to week. Moreover, the dominance index was a very good predictor of rank 

order. Thus, the picture that emerges is one of highly structured groups with very 

predictable patterns of interactions among individuals.  

The role of size in the organization of agonistic interactions has been documented 

for a wide variety of fish (Abbott et al. 1985; Beaugrand et al. 1996). However, our results 

showed no relationship between initial size and dominance. The failure to detect such an 

effect in our study may mean that: 1) size is irrelevant in the hierarchy formation in D. 

sargus, or 2) size differences were not sufficiently large to determine the ranks of fish in 

the groups observed. Nevertheless, we found that the proportion of H/L intensity 

behaviours was related to the fish initial size. This suggests an effect of fish relative size 
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on the intensity of agonistic behaviour. Apparently large individuals perform preferentially 

low intensity behaviours that seemed to result in the withdraw of the opponent. In order to 

achieve the same, small individuals had to display high intensity behaviours.  

Turning now to the possible consequences of dominance on growth rate and 

condition, we found no relationships between dominance index and specific growth rates 

(SGRL or SGRW) or between dominance index and condition factor at the end of the 

experiment. Such a lacking correlation between dominance index and growth rate was 

previously reported by Cutts et al. (2001) in groups of Arctic charr Salvelinus alpinus. The 

costs of high ranking fish to establish dominance with energy expenditure during attacking 

and chasing (Cutts et al. 2001) as well as reduced time available for feeding (Harwood et 

al. 2002) may be similar to the costs of escapes and multiple defeats in subordinate fish. 

Especially in captive fish with simplified environments, the advantage of dominance is 

unclear. In such an environment, being dominant does not necessarily mean having more 

resources; in our experimental design, feeding was delivered in quantities that allowed all 

fish to eat simultaneously.  

For most fish there was positive growth and the condition factor did not deteriorate 

when compared with the corresponding values before the observations. However, the 

SGRw (0.86 % day-1) obtained in our study was lower than those observed previously for 

white seabream. Previous studies on white seabream growth in realistic rearing conditions 

reported SGRw of 1.49 % day-1 (Abellan & Garcia-Alcazar 1995) using a stocking density 

of 4.5-5.0 kg m-3 in tanks of 1 and 2 m3  with fish weighing about 3 g each. Papoutsoglou 

et al., 2006 obtained a SGRw of 1.06 % day-1 using a stocking density of 4.8-9.8 kg m-3 but 

in small aquaria (88.4 L capacity) and using fish with mean initial body weights of (± SD) 

of 14.3 ± 0.10 g. These differences may be explained by variations in body size as well as 

variations in duration time of experiment between all studies. Moreover, these studies 

used commercial diet which may be better suited for seabream growth than our mussel 

feed. Both studies used more fish per tank than our work although with very different tank 

sizes. It would be interesting to test in the future if groups with more fish tend to show 

“diluted” effects of aggression by dominant fishes as it is distributed by more individuals as 

reported for instance for cichlid fish (Baerends & Baerends-van Roon 1950).The variation 

of condition factor is unknown for the previous studies and this could be another important 

parameter to compare.  The present work points to the fact that a possible effect of 

aggressive competition on growth does not seem to differ between dominant and 

subordinate fish in relatively short time windows. As stated in the introduction, the problem 

of growth decrease in D. sargus may have a multitude of causes besides aggression. In 

closed systems and with adequate feeding formulas, accumulation of substances that 

affect growth or the need for more space and exercise are candidates to be instrumental 
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in growth decline. On the other hand, long term studies are needed to evaluate the role of 

aggression, in particular, experiments in conditions that mimic more adequately 

aquaculture systems.  

 

Conclusions 
In our view, the present work argues against aggressive competition as a major 

cause of unequal growth in groups that are kept for some weeks. Nevertheless, this 

unequal growth may be stress induced and changes in winners and losers may only be 

revealed in longer time scales. It is important to state that the duration of the observation 

period may affect the results as some processes involved in growth changes may operate 

at a time scale longer than the one used in this paper. Thus, our conclusions may not hold 

in long time experiments. We decided to perform this study assuming the limitations of the 

observation period as a first step to investigate social status, growth and condition. Our 

decision was motivated by our experience that fish in setups of this kind are very 

aggressive. Thus, we tried to reach a balance between getting data and respecting the 

welfare of the fish as much as possible. In the future more prolonged studies may be 

envisaged when setups which minimize aggression and stress are available. Future 

studies should combine long term monitoring of aggression, stress indicators and growth 

in fish densities and areas comparable to the ones used in fish farms.      

As a final note it is worth mentioning that, in spite of the considerable literature on 

aggression of white seabream in artificial conditions, there are no data available on 

aggression of D. sargus in natural situations. This is an area of study that may shed light 

on many of the issues raised by the maintenance of this species in captivity.   
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Abstract 
In the present study we investigate the effect of rearing white seabream Diplodus 

sargus in monospecific and mixed cultures. Results showed that mixed groups presented 

more aggressive interactions than monospecific groups. Moreover, fish did not direct 

attacks at random. Diplodus sargus performed aggressive behaviour more frequently 

towards conspecifics than to Liza aurata and used high intensity acts. Liza aurata rarely 

displayed aggressive behaviour towards Diplodus sargus. The growth rate of Diplodus 

sargus, the more valuable of the two species, did not improve in mixed groups when 

compared with monospecific groups. We hypothesized that the presence of Liza aurata 

may have increased the overall level of activity of the fish in the tanks, causing an 

increased level of encounters below critical distance between D. sargus. The results 

showed that the pattern of intraspecific interactions changed in the presence of one 

different species without benefits to D. sargus, pointing out to special attention when 

selecting species for mixed cultures.  

Keywords: aggressive interactions; growth performance; mixed culture; Mugilidae; 

Sparidae. 
 
Introduction 

A proper combination of ecologically different species in tanks may optimize 

production since it maximizes synergistic and reduces antagonistic fish-fish and fish-

environment relationships (Milstein 1992). For example, in aquaculture where species are 

mainly reared in monocultures (e.g. sharpsnout seabream Diplodus puntazzo (Walbaum 

1792)) it is common to observe aggressive behaviour of individuals against conspecifics 

(i.e. individuals of the same species), especially at high density levels (Favaloro et al. 

2002). Alternatively, rearing and maintain species in mixed cultures (e.g. gilthead 

seabream Sparus aurata L. 1758) appear to have several advantages, diminishing 

intraspecific competition for food and space (Sarà et al. 1999).   

Positive interactions between species living in mixed cultures may enhance growth 

and yields. For example, a mixed culture of silver carp Hypophthalmichthys molitrix 

(Valenciennes 1884) and common carp Cyprinus carpio L. 1758 improved the previous 

yield limits achieved in monocultures (Yashouv 1971) as well the harvest weights of these 

species (Yashouv 1971; Hepher et al. 1989). Diplodus puntazzo also showed the best 

growth performance when reared in mixed culture with S. aurata in tanks (Sarà et al. 

1999). 

The continuous decrease of wild stocks associated to an increase search for some 

commercially valuable species, led to the need for diversification in aquaculture fisheries 

(Paniccia 1997). White seabream Diplodus sargus L. 1758 (Pisces: Sparidae) is one of 
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those species with a high market value around the Mediterranean (D’Anna et al. 2004) 

and Southwest Europe (FAO 2004). Although several studies have dealt with agonistic 

behaviour and growth of D. sargus (Castro & Caballero 1998; Ozorio et al. 2006; 

Papoutsoglou et al. 2006; Karakatsouli et al. 2007), to our knowledge, there is not even 

one report on rearing D. sargus together with another fish species in captivity.  The results 

presented below may provide preliminary clues on the effect of maintaining D. sargus with 

an ecologically different species, the golden grey mullet Liza aurata (Risso 1810) (Pisces: 

Mugilidae). 

The aim of this study is to compare the growth and agonistic behaviour of D. sargus 

reared in monospecific groups (i.e. D. sargus only) and in mixed groups (i.e. D. sargus 

and L. aurata). We hypothesized that the combination of D. sargus and L. aurata in tanks 

would reduce intraspecific aggression and enhance growth of juvenile D. sargus.  

 
Material and Methods 
Subjects and maintenance 

Fish used in the present study were collected at Ericeira, Portugal (38º58’N, 9º25’W) 

during low tide in early October 2009. Sixty six juveniles of D. sargus with an initial body 

weight of 4.77 ± 2.80 g (mean ± standard deviation) and a standard length of 4.80 ± 1.17 

cm, and 12 juveniles of L. aurata, with an initial body weight of 4.38 ± 2.07 g and a 

standard length of 6.18 ± 1.16 cm, were distributed into 16 tanks of 80 x 30 x 40 cm3. Six 

groups composed of six juvenile D. sargus, six groups composed of three juvenile D. 

sargus and four groups composed of three juvenile D. sargus plus three L. aurata were 

used in analyses. The diet of D. sargus is dominated by algae and benthic invertebrates 

(Figueiredo et al. 05) which it picks from the sediment. L. aurata feeds on zooplanktons, 

molluscs, larvae and detritus (Belyaeva et al. 1989). Besides the different feeding habits, 

we choose L. aurata because it is a species easily reared in captivity and very distinct 

from D. sargus in body shape and preferred location in the water column. These 

characteristics of L. aurata are expected to benefit D. sargus when both species are 

reared together since the results of Olivotto et al. (2002) indicated a gender specificity of 

chemical communication in D. sargus. Moreover, L. aurata and D. sargus are found 

together in the wild when the reproduction of L. aurata takes place in the sea. Individuals 

were kept at 21± 2 o C with a photoperiod of 12L: 12D. Illumination was provided by 14 

watt fluorescent lamps. Artificial sea water was prepared with a salinity of 30 (Tetramarine 

sea salt ® Germany). Each tank was supplied with 80 L of salt water, a layer of sand on 

the bottom (2 cm), a filtering system and constant aeration. The fish were fed daily (once 

per day) with mussels ad libitum. 
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Behavioural observations 

Behavioural observations began after 1 week of acclimation period. Each tank was 

video recorded daily between 9000 hours and 1300 hours, during 3 weeks (5 days per 

week) with a Canon (MV650i camera ® UK). Nine squares were drawn in the front wall of 

the tanks to allow recordings of the number of times each fish cross a line square. Ten 

minutes of focal observations (sensu Martin & Bateson 1993) of all members of each 

group were extracted from the video records and analysed at a daily basis, comprising an 

observation effort of 12 h per group for groups with six white seabream and 6 h per group 

for groups with three white seabream and mixed groups. 

At each observation, the agonistic interactions, the intensity of the interaction, the 

species identity of the opponent (D. sargus or L. aurata) and the movements across the 

lines were recorded. The fish were individually recognised by their relative size and by 

body morphological characteristics. Size, colour and body shape differences allow 

recognizing each fish. It was considered that an agonistic interaction had occurred when 

one or more of the following patterns were seen: approach, withdrawal, threatening, 

chasing, fleeing, charging and bite/butt. For a detailed description of each behaviour 

pattern see Estabrook et al. (2002). The intensity of an interaction was classified as low 

(L) if it involved threatening behaviour or high (H) if it involved charging behaviour. After 6 

weeks fish were again measured and weighted. 

 

Data analysis 

The effect of group composition (mixed or monospecific with six or three white 

seabream) on the number of agonistic interactions and on the number of movements was 

analyzed using a Kruskal-Wallis test and Dunn’s multiple comparisons procedure. The 

number of agonistic interactions was assessed per fish for each group.  

To analyze the network of different species agonistic interactions and investigate the 

effect of the species opponent (D. sargus or L. aurata) on the aggressive behaviour of D. 

sargus, the ADERSIM test (V. C. Almada, see Almada & Oliveira, 1997) simulated statistic 

procedure (see Oliveira & Almada 1996; Almada & Oliveira 1997) was used. This 

simulation test is designed to compare observed and expected frequencies for a given set 

of classes. A thousand of simulated sets of values are generated, with the total count 

equal to the count of the original data. For each set of simulated values each observation 

is randomly allocated to each class, with probabilities reflecting the expected frequency for 

the original data. For each simulated data sets a χ2 is computed and for each class the 

generated values are compared with the expected ones. Finally, the number of times that 

the χ2 derived from the simulations equals or exceeds the χ2 obtained for the original 

observed frequency is counted. For instance, if in 1000 simulated data sets the χ2 is 
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always smaller than the χ 2 obtained for the real data, one can be quite confident that the 

original χ2 is significantly different from what would be expected by chance. In addition, for 

each class the number of times that simulated values are equal or greater, or equal or 

smaller than the original observed frequencies is also computed. This test is a goodness 

of fit test that has the advantage of being free from the assumptions of the χ 2 distribution, 

and is able to generate an accurate estimation even when observed frequencies are low 

for many classes. Moreover, it identifies cells which have observed frequencies that are 

significantly higher or lower than would be expected from random distributions with the 

same expected values per class. For a more detailed description of the procedure and 

source code in C see Almada & Oliveira (1997). 

The effect of the species identity of the opponent on the intensity of aggressive 

interactions was investigated using TESTMAT (V. C. Almada, see Robalo & Almada 

2002) a simulation statistic procedure. This test is an implementation in C of the 

procedure developed by Estabrook & Estabrook (1989) in the program ACTUS. This 

procedure follows the same logic explained above for ADERSIM but, instead of 

performing a goodness of fit test, it is designed to analyze contingency tables. It is free 

from the assumptions of the χ 2 distribution and assesses the significance of the 

deviations between observed and expected frequencies for each cell in a table.  

 The proportion of agonistic interactions in which L. aurata were involved with D. 

sargus was calculated for the entire observation period. For these interspecific 

interactions the proportion of interactions initiated by L. aurata was assessed.   

To analyze the effect of group composition on specific growth rate (for length, SGRL, 

and weight, SGRw), a Kruskal-Wallis test was performed. To compare the SGRL and 

SGRw between D. sargus and L. aurata in mixed groups, a Mann-Whitney test was used. 

Individual specific growth rates, for length or weight, were calculated as 100 [Ln(final 

measurement) – Ln(initial measurement)]/(duration of experiment in days), according to 

Jobling (1994). 

  All statistical procedures were run using STATISTICA for Windows version 4.5 

(StatSoft Inc., 1993) Software package, except Kruskal-Wallis test and Dunn’s post-hoc 

comparisons that were run in SPSS version 19 (SPSS Inc., 2010) and the simulation tests 

described above. The Shapiro-Wilk test was performed in STATISTICA to test for normal 

distribution. 

 
Results 

The mean number of agonistic interactions is shown in Figure 1. Kruskal-Wallis test 

revealed significant differences in the number of agonistic interactions among all groups 

(Kruskal-Wallis test, H(2)=20.802, P<0.001). Dunn’s post-hoc test showed that mixed 
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groups and monospecific groups of three D. sargus differed in the number of agonistic 

interactions (P<0.001) as well as mixed groups and monospecific groups of six D. sargus 

(P<0.01). Mixed groups presented more interactions (n=12, mean±S.D.=43.6±8.64) than 

either monospecific groups of six fish (n=36, mean±S.D.=27.2±14.9) or three fish (n=18, 

mean±S.D.=15.4±5.84).   
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Fig. 1 Number of agonistic interactions (mean±S.D.) in mixed groups and in monospecific 

groups of six D. sargus and three D. sargus. Significant differences are indicated by 

different letters. 

 

The number of movements across the lines also differed significantly between all 

groups (Kruskal-Wallis test, H(2)=13.758, P<0.01). Dunn’s post-hoc test showed that 

mixed groups and monospecific groups of three D. sargus differed in the number of 

movements (P<0.01) as well as mixed groups and monospecific groups of six D. sargus 

(P<0.05). Mixed groups presented more movements (n=12, mean±S.D.=155±42.8) than 

both monospecific groups of six fish (n=36, mean±S.D.=109±41.4) and monospecific 

groups of three fish (n=18, mean±S.D.=87.9±26.9).   

The pattern of interactions in mixed groups was not random (the χ2 of the observed 

table was significant: P<0.001). ADERSIM simulation test also revealed that juvenile D. 

sargus performs significantly more aggressive encounters than would be expected by 

chance with conspecifics and performs significantly less interactions than would be 

expected with L. aurata. 
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TESTMAT showed that the intensity of interactions was not randomly directed (the 

χ2 of observed table is significant for P<0.001). Moreover, this simulation test also 

revealed that D. sargus performs significantly more interactions of intensity H with 

conspecifics than would be expected by chance and performs significantly less 

interactions of intensity H towards L. aurata than would be expected (Table 1). In mixed 

groups L. aurata rarely displayed agonistic behaviours towards D. sargus: from the 58.5 % 

of the interactions involving L.aurata and D. sargus, only 1.8 % were initiated by L. aurata.    

 
Table 1 Percentage of aggressive interactions of low and high intensity initiated by D. 

sargus towards each species in mixed groups 

 

  

High intensity 

 

Low intensity 

 

Species 

 

Species 

 

Aquarium 

 

L. aurata

 

D. sargus

 

L.aurata

 

D. sargus 

A 

B 

C 

D 

18 

7 

2 

15 

82 

93 

98 

85 

14 

37 

18 

19 

86 

63 

82 

81 

 

 

 

 

 

 
 
 
 
  

 

 

 Kruskal-Wallis test revealed no significant differences in SGRL and SGRW between 

all groups. In mixed groups D. sargus showed significantly higher growth rates for length 

than L. aurata (Mann-Whitney test, U=21.5, P<0.01) (Fig 2). The growth rates for weight 

were also significantly higher in this fish (Mann-Whitney test, U=15.0, P<0.01) (Fig. 3).  
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Fig. 2 Specific growth rates for length (mean±S.D.) of D. sargus and L. aurata in mixed 

and monospecific groups. Significant differences are indicated by different letters. 
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Fig. 3 Specific growth rates for weight (mean±S.D.) of D. sargus and L. aurata, in mixed 

and monospecific groups. Significant differences are indicated by different letters. 
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Discussion 

Stocking together fish species of different feeding habits may enable their growth 

(Milstein 1992) however, our findings contradicted this hypothesis. Diplodus sargus 

increased the level of aggression and did not grow faster in the presence of L. aurata. 

When juvenile D. sargus and L. aurata are placed in the same group, the patterns of 

agonistic behaviour performed by D. sargus changed. In this situation the number of 

agonistic interactions performed by D. sargus increased significantly. The fact that 

aggressive behaviour towards D. sargus was rarely observed in L. aurata leads to the 

hypothesis that the presence of L. aurata may increase the overall level of movement in 

the tanks causing an increased level of encounters below critical distance between D. 

sargus. Moreover, the findings revealed that juvenile D. sargus performs significantly 

more aggressive encounters with conspecifics than with L. aurata.  

 The present results showed that the intensity of agonistic interactions is not 

randomly distributed in mixed groups. Indeed, D. sargus performs significantly more 

interactions of intensity H with conspecifics than would be expected by chance and 

performs significantly fewer interactions of intensity H towards L. aurata than would be 

expected by chance. These results seem to suggest that the pattern of agonistic 

behaviour may be triggered by stimuli from conspecifics or fish that display some similarity 

in shape, movement, location in the water column or chemical signaling to D. sargus. The 

presence of a chemical communication among D. sargus was shown by Olivotto et al. 

(2002) in stress conditions. Moreover, the results showed a gender specificity of such 

signaling (Olivotto et al. 2002).  

 In previous studies, other species showed the best growth performance when reared 

in mixed culture (Yashouv 1971; Sarig 1988; Hepher et al. 1989; Papoutsoglou et al. 

1992; Sarà et al. 1999) but, in this study, the combination of the two species chosen did 

not produce similar results. Favaloro et al. (2002) also found no differences in growth 

performance when D. puntazzo and S. aurata were reared together. One possible reason 

for this may be that L. aurata compete efficiently with white seabream for food in this type 

of setup. Another possibility may be the investment made by D. sargus in agonistic 

behaviour since the number of agonistic interactions increased in mixed groups. In this 

case, a fraction of the ingested energy is diverted to aggression and escape instead of 

growth (Nöel 2005).   

The present work shows that the combination of different species can affect social 

interactions, which supports the idea that the key to intensive and superintensive fish 

production in mixed culture is a good understanding of their ethology. In this view, the 

relationships of the chosen fish species must be controlled mostly by their behaviour and 

food habits (Papoutsoglou et al. 1992).  
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Finally, one note of caution is necessary. Before inferring from studies in small tanks 

to aquaculture systems, the patterns obtained must be tested in other setups as many of 

the results of a study in a small tank may change when other tank sizes and stocking 

densities are used.  

 In the present study associating a different species with D. sargus brought no 

benefits for the growth and level of aggression of seabreams. This was unexpected due to 

the large differences in ecology and phylogenetic ancestry of seabreams and mullets. We 

suspect that the increase in aggression in D. sargus was due to the very high level of 

activity in L. aurata, which may have caused D. sargus to increase their rate of 

movements with a concomitant increase of encounters. If this view proves to be correct it 

argues in support of the need for detailed ethological studies when selecting potential 

candidates for mixed culture.  
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Chapter 4. Agonistic behaviour and shoal composition of juvenile Diplodus sargus 
in natural habitats: first field observations 
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Abstract 
Behavioural observations of juvenile Diplodus sargus in natural habitats were 

conducted to test whether agonistic interactions occur in natural circumstances and, if 

they do, in which context they happen. The level of aggression and the shoals 

composition were also compared between distinct natural habitats. In nature agonistic 

behaviours do occur, with a higher frequency in pools than in open areas. However, even 

the highest values observed in nature are much lower than those reported for captive 

conditions. In nature, as fish got larger the shoal size decreased with the dispersion of 

individuals. Moreover, groups changed their composition frequently suggesting that 

juveniles of white seabream do not form stable social units. Shoal composition also 

changed in different habitats, with more members and aggregates more compact in open 

areas. We suggested that the high levels of aggression observed in captive groups may 

be an artefact caused by very high densities in confined spaces and eventually by the 

accumulation of chemicals that are known to be released by stressed fish and can be 

detected by other conspecifics. The confinement imposed in captivity may also affect 

shoal composition limiting the number of members and inter-individual distances in each 

group.  

Keywords: aggressive behaviour; shoal composition; habitat; field observations; Sparidae. 

 
Introduction 

The population structure and dynamics are widely marked by the processes that 

affect benthic fishes since the time they settle until the recruitment of juveniles (Bailey 

1994). These processes may be influenced by several biotic (e.g., predation, competition) 

and abiotic factors (e.g., habitat availability, hydrographic conditions) (Shulman 1985; 

Breitburg et al. 1995). 

A number of major ontogenetic changes are normally processed in juveniles during 

the settlement period, in many cases to improve the capabilities of individuals to defend 

against predators, competitors and to enhance their feeding ability (Bailey 1994).    

Several elements of such ontogenetic changes have been observed, generally 

associated with habitat use and individual behaviour (Eggleston 1995). For example, the 

juveniles of Diplodus sargus (Linnaeus, 1758) stayed in the vicinity of the settlement 

locations for several months, forming monospecific shoals that never mixed with the 

shoals of adults present in the same general area. On attaining a size from 5 to 7 cm, they 

began to disperse to the zone outside the nursery areas and joined shoals of adult 

conspecifics normally measuring between 10 and 15 cm in size (1–2years of age) 

(Gordoa & Molí personal communication). 
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White seabream, Diplodus sargus, typically shoal during their early life. Juvenile D. 

sargus recruit primarily in the shallowest zone (0 to 2 m), normally in areas sheltered from 

the prevailing winds, with varied bottoms consisting of sand, gravel, or small blocks and 

tend to form single-species shoals (García-Rubies & Macpherson 1995). Previous studies 

(Castro & Caballero 1998; Caballero & Castro 1999; Caballero & Castro-Hdez 2003) 

showed that intraspecific aggressive interactions and dominance hierarchies consistently 

arise in captive groups of juvenile D. sargus. In addition, several authors (Caballero & 

Castro-Hdez 2003; Papoutsoglou et al. 2006; Karakatsouli & Papoutsoglou, 2007) 

hypothesized that reduced growth performance observed in the production attempts is 

probably stress induced and related to the high level of aggression recorded in captivity 

conditions.  Thus, in recent years D. sargus become a model to study aggression (Castro 

& Caballero 1998; Caballero & Castro 1999; Caballero & Castro-Hdez 2003). In spite of all 

these efforts, a direct link between reduced growth and level of aggression was never 

demonstrated unequivocally. Moreover, concerning the role of aggression in nature it is 

still unknown if this phenomenon exists at all in natural conditions and, if it does exist, 

what functional role does it play. 

The present work presents the first data on the agonistic behaviour of D. sargus in 

natural habitats. We tested whether agonistic interactions occur in natural circumstances, 

in which context it happens and if different levels of aggression are observed in distinct 

natural habitats. Moreover, we investigated the composition and aggregation patterns of 

shoals in the juveniles of D. sargus.  

 

Material and Methods 
Study sites 

This study was conducted at four sites: one in the north-west Mediterranean shore, 

at Blanes, Spain (41°40’N, 2°48’E), and the remaining three in the Atlantic Portuguese 

shore near Cascais, at São Pedro do Estoril (38°41’N, 9°22’W), Tamariz (38°42’N, 

9°23’W) and Cabo Raso (38°42’N, 9°29’) (Fig. 1). Blanes, São Pedro do Estoril and Cabo 

Raso are rocky shores while Tamariz is a semi-natural pool created by building a concrete 

wall along a stretch of the rocky shore, a few meters from the coast and closed at both 

ends. There are three types of microhabitats available in all sites: horizontal rocky 

platforms, vertical rock walls and sand interspersed with stones.  

At Cabo Raso three tide pools were sampled. The tide pools were measured to the 

nearest cm (length, width and depth) and tide pool volumes were calculated by multiplying 

length, width and half of maximum depth (assuming this to be the approximate average 

depth). Tide pools have 12.6 m3, 4 m3 and 3.9 m3of volume.      
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Fig. 1 Map showing the location of the survey sites. Pictures of each survey site. 

 

Data sampling 

Behavioural observations were performed in different areas to understand if the 

aggression patterns and the type of shoal composition are geographically consistent. The 

observations were also conducted at different periods of the year which allows following 

possible changes in shoal composition and behaviour patterns. One part of the study was 

conducted in open systems in Blanes, São Pedro do Estoril and Tamariz. Each site was 

visited a minimum of 10 times and a total of 53 dives were carried out in these open 

systems, covering a total of 30h of observations. Records of the presence of juvenile 

Diplodus sargus (≤10cm) were made by snorkelling in shallow water (<2m) over rocky 

bottoms, from early May to late June 2010 in Blanes, from early July to late August 2010 

in São Pedro do Estoril and from late July to early October in Tamariz 2011.  

Isolated fish were not observed and groups moved very slowly when undisturbed. 

Thus, the number of fish in each group was visually estimated using the following rules: 

for groups with 50 fish or less, direct counts were recorded; for groups of more than 50 

fish the abundance was estimated in three classes (50-60, 61-70, >70). The number of 

individuals in each group and their mean size were recorded along strip transects swam 

perpendicular to the coast. Transect length ranged from 20 to 50 m and each transect was 
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4 m wide. The observed shoals were comprised of individuals of the same size class. 

Mean size of individuals in each group was estimated in situ, from observed sizes using 

shapes drawn on underwater plastic boards. Mean inter-individual distances were 

estimated in situ, using fish body size as unit of measure. The depth at which groups were 

found, measured by a depth gauge, was also registered. Agonistic interactions were also 

recorded during 5 min per group of fish found along the same transects. We considered 

that an agonistic interaction had occurred when one or more of the following behaviour 

patterns were seen: approach, withdrawal, threatening, chasing, fleeing, charging and 

bite/butt (Table 1). At Tamariz the number of transitions (joining and leaving of fish) in the 

group was also recorded. 

 

Table 1 Ethogram of agonistic behaviours of juvenile D. sargus in natural habitats 

Behaviour Description 

Approach Slow swimming towards another fish 

Withdrawal Slow swimming away from another fish 

Threatening One fish turns to another one with dorsal, 

anal and pelvic fins erected; the strips 

become darker  

Charging Rapid swimming towards another fish; the 

dorsal, anal and pelvic fins are erected 

Bite/butt An overt attack in which the fish butts and 

often bites the opponent 

Fleeing Rapid swimming away from another fish; 

all fins are folded 

Chasing Rapid swimming in pursuit of another 

fleeing fish; frequent changes of direction 

 

 

 At Cabo Raso three tide pools, which we considered closed systems, were visited 

from middle July to middle October 2011 at low tide, allowing the observer to record all the 

parameters while observing the fish outside the pools. Each tide pool had few individuals 

and to collect an amount of reasonable data we decided to sample more than one tide 
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pool. The number of agonistic interactions within each group of fish was recorded during 

the amount of time in which fish were visible (i.e. when fish were not hiding under 

boulders) and up to a maximum of 10 min. Since each individual was not always visible 

we increased the observation period for each group comparatively to open systems. The 

number of individuals in each group and their mean size were recorded for all groups in 

each tide pool, and the depth at which groups were found was also registered.  At Cabo 

Raso, the observations were performed during low tide so that we could understand the 

structure of groups and the behaviour of fish in a natural closed system. In all study sites 

the observer effect on fish behaviour was null.  

 

Data analysis 

Data analyses were performed using STATISTICA for Windows version 10 Software 

package (StatSoft, Inc. 2011). The relation between mean fish size and shoal size, as well 

as between shoal size and number of transitions, was assessed using Pearson 

correlations. The relations between the type of system (open or closed) and shoal size, 

and between the type of system and inter-individual distances, were also analysed 

performing Pearson correlations. 

The aggression rate was computed as the number of agonistic interactions per fish 

over the total observation effort. The number of agonistic interactions and the number of 

fish were determined for each shoal. To compare the level of aggression between tide 

pools and the other study sites, a Kruskal-Wallis test was performed followed by Dunn’s 

post-hoc comparisons. 

 
Results 

Juveniles of Diplodus sargus were present at all study sites (Blanes, S. Pedro, 

Tamariz and Cabo Raso) during the observation period, with a mean size of 1.4cm (SD = 

1.3, n=29), 4.5cm (SD = 2.1, n=91), 5.5cm (SD=0.8, n=240) and 4.4cm (SD=0.9, n=81), 

respectively. In all study sites juveniles of D. sargus were recorded in small shoals (Table 

2) and tended to form single-species groups. However, some groups (20 out of 240) 

included both Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817) and D. sargus. 

 There was a significant negative correlation between shoal size and mean 

individual size in all sites where fish live in open systems (Blanes: r=-0.50, p<.01, n=29; S. 

Pedro:  r=-0.31, p<.01, n=91; Tamariz: r=-0.33, p<0.001, n=240). Smaller individuals (1- 5 

cm TL) tended to be present in larger shoal sizes relative to intermediate (5 – 8 cm) and 

largest juveniles (8 - 10 cm TL) (Table 2).  At Cabo Raso fish were observed in tide pools, 

that can be considered closed systems, and no correlation was found between the same 

variables (r=-0.14, p=0.218, n=81). A significant correlation was also observed between 
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the type of system and shoal size (r=0.23, p<0.001, n=441), as well as between the type 

of system and inter-individual distances (r=0.34, p<0.001, n=441). Larger shoal sizes 

aggregates more compact preferentially in open areas (Table 2).   

The number of transitions recorded at Tamariz was significantly and negatively 

correlated with shoal size so that smaller groups presented more transitions and larger 

groups presented fewer transitions (r=-0.40, p<0.001, n=240). However, all the groups 

changed their membership along the observation period. Some fish that incorporate to the 

shoals come from other shoals, in most cases small shoals but also large, while other fish 

were rarely solitary.  

  

  

Table 2 Mean shoal size of juvenile D. sargus shoals 

Ns, number of shoals recorded; Ni, mean number (and SD) of individuals per shoal   

Study site 

  

Type of 

system 

Size classes Ns Ni (SD) 

 

Interindividual 

distance (SD) 

Blanes 

 

 

Open 

 

. <5cm TL 

. 5-<8 cm TL 

. 8-10 cm TL 

27

2

0

 

        24 (15) 

           4 (0) 

           - (-) 

2 (1)

3 (0)

S. Pedro 

 

 

Open 

 

. <5cm TL 

. 5-<8 cm TL 

. 8-10 cm TL 

52

30

9

 

       20 (17) 

              11 (10) 

          9 (6) 

2 (1)

3 (1)

3 (1)

Tamariz 

 

 

Open 

 

. <5cm TL 

. 5-<8 cm TL 

. 8-10 cm TL 

52

188

0

 

         22 (23) 

         12 (16) 

            - (-) 

2 (0)

2 (1)

- (-)

Cabo Raso 

 

 

Closed 

 

. <5cm TL 

. 5-<8 cm TL 

. 8-10 cm TL 

64

17

0

 

           6 (5) 

           4 (2) 

           - (-) 

2 (0)

2 (1)

- (-)

 

 Finally, the study revealed significant differences in the number of attacks per fish 

per minute between all study sites (Kruskal-Wallis test: H=139.84, p<0.001). Multiple 

comparisons showed that the level of aggression observed in tide pools at Cabo Raso 
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significantly differed from the levels observed at the remaining study sites (p<0.001 for all 

comparisons) (Fig. 2). 

Blanes S. Pedro Tamariz Cabo Raso

A
gg

re
si

on
 ra

te
 (a

tta
ck

s.f
is

h-1
.m

in
-1

)

0,0000

0,0005

0,0010

0,0015

0,0020

0,0025

0,0030

0,0035

Open system
Closed system

a

a

a

b

 

Fig. 2 Juvenile Diplodus sargus in natural habitats. Number of attacks per fish per minute 

(mean±SD). Significant differences are indicated by different letters. 

 
Discussion 

The present work demonstrates unequivocally that agonistic behaviour is an integral 

part of the natural behaviour of juvenile Diplodus sargus, thus ruling out the hypothesis 

that it is an artefact caused by the conditions found in tanks. At the same time, there is 

strong evidence supporting the conclusion that in natural habitats the frequency of 

agonistic interactions is an order of magnitude lower than that usually observed in 

captivity (Gonçalves et al. unpublished data), where high densities may promote this 

behaviour. Gonçalves et al. (unpublished data) recorded an aggression rate of 0.021 

attacks.fish-1.min-1 using forty eight fish, with a standard length (± SD) of 3.8 ± 1.31 cm, 

distributed in eight aquaria (six fish per tank) of 80 cm × 30 cm × 40 cm. Several factors 

may act singly or in concert that may explain this large difference. The gradual changes in 

habitat use that occur with growth, described by Harmelin-Vivien et al. (1995) and 

Macpherson (1998), allow juveniles to spread over, increasing the area used by fish and 

the range of habitats available, thus reducing local densities. On the other hand, groups of 

D. sargus seem to be fluid, with frequent changes in membership as we observed during 
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underwater observations. In captivity fish are forced to interact continuously with the same 

group members, with limits to the inter-individual distance. Thus, a small asymmetry may, 

with time, become amplified by repeated encounters between unequal partners. The 

dominance hierarchies, often reported in the literature on aggressive interactions in D. 

sargus (Castro & Caballero 1998; Caballero & Castro 1999), may be a by-product of 

forced cohabitation of the same individuals. The frequency of agonistic interactions also 

differed between natural habitats with different characteristics. In tide pools, where fish are 

confined, the level of aggression was higher than in other natural habitats where systems 

are open. Thus, confinement may promote aggression in natural habitats, a hypothesis 

that is corroborated by the fact that shorter inter-individual distances may explain 

aggression in captive groups, as mentioned above. However, the level of aggression 

observed in tide pools was lower than that observed in captivity (Gonçalves et al. 

unpublished data) suggesting that another factor may be involved in aggression. In tide 

pools the water is renewed at high tides, while in captivity only a part of the water is 

renewed once a week. Thus, aggression may also increase in more closed systems by 

the presence of chemical signaling. The presence of a chemical communication among D. 

sargus was shown by Olivotto et al. (2002) under stress conditions. 

The differences observed in fish size between all study sites are easily explained if 

one considers that the observations were made at different periods of the year, 

corresponding to different growth stages.This study revealed a modification of shoal size 

in relation to the mean individual size, which is consistent with previous work (Harmelin-

Vivien et al. 1995; Macpherson 1998). It seems plausible that the increase in space 

occupied by each individual when growing is associated with the dispersion of the 

individuals and the disaggregation of shoals (Harmelin-Vivien et al. 1995). Moreover, 

foraging for food may become more effective with fragmentation of shoals since 

competition is reduced (Macpherson 1998). Nevertheless, the aggregation pattern tends 

to change under conditions that may heighten the risk of predation, and then aggregation 

of individuals increases as pointed by Macpherson (1998). In this view, depth and habitat 

type may also have an important role in the aggregation pattern of shoals. It is interesting 

to note that the correlation between mean individual size and shoal size was not found in 

tide pools. This may possibly be explained by the confined nature of such habitats limiting 

the number of members in each group. Such hypothesis is evident in the correlation found 

between the type of system and shoal size showing that larger groups occurred in open 

areas.  

The present work suggests that in nature groups are not stable social units as their 

composition often changes. Interestingly, larger groups presented fewer transitions than 

smaller ones. We must remember that larger groups are composed by the smallest 
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individuals that are more vulnerable to predation. In this view, it makes sense that smaller 

individuals stay more time in the same group, reducing predation risk. Moreover, being a 

member of a group may allow fish to devote more time to feeding and less to vigilance 

(Seghers 1981). Particularly in open areas, where fish are more exposed to predation, 

being in larger and compact groups may be beneficial to avoid risks.  

What possible functions does aggression have in this species? Given that groups 

are unstable, it is unlikely that fish are fighting for long term positions in the group as 

described for reef species, which spend their entire post settlement life in the same group 

(Jones 1988; Perreault et al. 2003; Tupper & Boutilier 1995).  Gibson (1968) proposed the 

concept of diffuse territoriality for benthic intertidal fish, in which individuals that do not 

defend permanent territories fight for priority of access to various locations in their home 

ranges, where they can rest or hide. These areas are not fully controlled by a given fish 

but if a more dominant one uses them, it is usually able to force others away. Interestingly, 

in the present study, fish that initiated attacks occupied for some time a given location 

expelling potential intruders away. In fact, agonistic interactions were typically initiated by 

a larger fish that patrolled a piece of rock whenever another individual approached to a 

given distance. Even at a short time level, this ability to expel others away may be 

beneficial if the defending fish is using a valuable location either because the place is 

subjected to less turbulence and require less energy to keep position or it is near a good 

shelter or feeding patch. In captivity, monopolisation and defence of food resources were 

present in groups of white seabream (Castro & Caballero 1998). Moreover, Castro & 

Santiago (1998) showed that juvenile white seabream performed more aggressive 

interactions when food was spatially variable. We still know too little about D. sargus 

ecology and behaviour to advance more precise hypothesis. We hope, however, that our 

results may point to fruitful new research on these and other fish that use the inshore 

rocky platforms. 
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Chapter 5. When to dine? Tidal migrations and feeding activity of white seabream 
Diplodus sargus juveniles. 
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Abstract 
Field observations of Diplodus sargus in intertidal rocky habitats were conducted to 

analyze spatial distribution and feeding activity of white seabream in relation to the tidal 

cycle. The depth at which fish were observed  did not change in most tidal phases while 

feeding activity changed with tidal level, showing the occurrence of tidal migrations and 

that feeding may be limited by habitat availability in shallow waters, and thus, dependent 

on tidal changes. The results showed that this commercially important species used the 

sheltered rocky intertidal as juveniles, suggesting that this habitat can play an important 

nursery role. 

Keywords: feeding activity; migration; rocky intertidal; field observations; Sparidae. 

 

Introduction  
Rocky intertidal habitats form extensive feeding, resting, spawning and nursery 

areas for many mobile marine animals (e.g. Rangeley & Kramer 1995; Henriques & 

Almada 1998; Burrows et al. 1999; Coleman et al. 1999). In the rocky intertidal zone, the 

availability of habitats changes with variations in water level (Rangeley & Kramer 1995) 

and many shallow-water animals undergo migratory movements coupled with the tidal 

cycle (Gibson 2003). Tidal effects on juvenile fishes may include changes in prey 

availability and density-dependent refuge quality (Rangeley & Kramer 1995; Almada & 

Faria 2004). A number of studies on the tidal migrations of fishes and crustaceans have 

been carried out on rocky shores (Hunter & Naylor 1993; Rangeley & Kramer 1995; 

Ingólfsson & Agnarsson 2003; Faria & Almada 2008; Faria & Almada 2009), however, 

information about white seabream responses to tidal cycles is still lacking.  

Understanding the movements and habitat requirements of fish species is essential 

to proper management and particularly relevant to the sustainability of commercially 

exploited species (Abecasis et al. 2009). The white seabream Diplodus sargus (Linnaeus, 

1758) is one of the most commercially important species in fisheries of southern European 

countries (FAO 2004). Henriques and Almada (1998) showed that white seabream used a 

sheltered rocky coast at Arrábida as juveniles and suggested the importance of such 

habitat as a nursery area. Ria Formosa coastal lagoon has also been identified as a 

nursery area for D. sargus (Abecasis et al. 2009). The fish that begin to settle in May in 

the nursery areas stay in the intertidal, or otherwise very shallow habitats, during summer 

both in the Azores (Morato et al. 2003) and French Mediterranean coast (Harmelin-Vivien 

et al. 1995). In September, at Azores and Mediterranean, most fish have moved offshore 

leaving the nursery areas (Harmelin-Vivien et al. 1995; Morato et al. 2003).  

This work aimed to study to what extent D. sargus uses the intertidal as a nursery 

and, if so, if they move up and down with tide or keep at constant position regarding tidal 
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height. The study also analyzed the feeding activity of white seabream in relation to the 

tidal cycle. 

 

Material and Methods 
Study sites 

This study was conducted in the Atlantic, in a semi-exposed rocky platform at São 

Pedro do Estoril, Portugal (38º41’N, 9º22’ W), from early July to late August 2010 and in a 

semi-natural pool at Estoril (38°42’N, 9°23’W), from middle July to middle October 2011. 

The rocky platform at S. Pedro do Estoril is partly emerged during low tide. The pool at 

Estoril was created by building a concrete wall along a stretch of the rocky shore, a few 

meters from the coast and closed at both ends. The top of the wall lies below the high-

water level, thus, during high-tide water moves freely between the pool and the sea. There 

are three types of microhabitats available in this pool: horizontal rocky platforms, vertical 

rock walls and sand interspersed with stones on the bottom of the pool. All microhabitats 

are partly emerged during low-tide. The range of depths at both sites varied from 0m to 

2m with gradual changes between each tidal phase (Table 1).  

 

Table 1 Operational definition of the tidal periods and range of depths found in each one. 

Tidal phase Temporal description Depth range (m) 

High-tide 1 hour before to 1 hour after high-tide 0-2 

First ebbing tide 1 hour to 3 hours after high-tide 0-1.6 

Second ebbing tide 3 hours to 1 hour before low-tide 0-1.4 

Low-tide 1 hour before to 1 hour after low-tide 0-1 

First rising tide 1 hour to 3 hours after low-tide 0-1.3 

Second rising tide 3 hours to 1 hour before high-tide 0-1.5 

 

 

A total of 39 snorkelling dives in shallow water (0 - 2m), ranging in duration from 45 

to 120 min, were carried out in distinct phases of the tidal cycle: four during the high-tide, 

six during the first ebbing tide, four during the second ebbing tide, twelve during the low-

tide, nine during the first rising tide and four during the second rising tide (see operational 

definition of the tidal periods used in this study in Table 1), covering a total of 27 h of 
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observations.  The dives were performed always in the morning (between 7:30 h and 

09:00 h) in all phases of the moon, thus, data were recorded at neap and spring tides. 

Observations were made along three transects swam perpendicular to the coast in the 

intertidal area of the platforms so that all water depths available were sampled. For each 

dive the depth at which fish were observed and whether the fish was feeding or not were 

recorded on an underwater writing pad.  

 

Data Analysis 

  All statistical procedures were run using STATISTICA for Windows version 10 

(StatSoft, Inc. 2011). As the parameters recorded at S. Pedro do Estoril and Estoril were 

not significantly different, data from both sites were analyzed together as one data set. 

Feeding activity was estimated for each dive as the number of groups in which fish were 

feeding over the total number of groups observed in such dive (this was possible because 

fish were observed feeding simultaneously in groups so that it was easy to classify a 

group of fish as being feeding or not). To compare the feeding activity and the depth at 

which fish were found between the distinct phases of the tidal cycle, a Kruskal-Wallis test 

was performed followed by Dunn’s post-hoc comparisons.   

 

Results 
Juveniles of Diplodus sargus were recorded in sites with a gentle slope, in the 

shallowest zone (0 - 2 m), in rocks and rocky walls. Isolated fish were not observed and 

groups moved very slowly when undisturbed. During observations fish were seen feeding 

on the algal cover over rocky platforms, although we could not ascertain if they were 

feeding on algae or on small animals that could be hiding among them. When the rocky 

platforms were not available, because of low-tide emersion, fish fed occasionally on 

vertical walls. The feeding activity was observed as a synchronized behaviour among the 

members of each group since fish were seen feeding at the same time in a group, as 

stated above.  

Feeding activity was significantly different at the distinct periods in which we divided 

the tidal cycle (Kruskal-Wallis test: H=11.777, p<0.05). The feeding activity was 

significantly higher during the first rising tide and both ebbing tides when compared to low-

tide (p<0.01 for the three comparisons) (Fig. 1). The study revealed also significant 

differences in the depth between the tidal phases (Kruskal-Wallis test: H=12,348, p<0.05). 

Fish were found at significantly greater depths during the high-tide when compared to low-

tide (p<0.01) (Fig. 1). During the ebbing tide the values were decreasing, but apparently, 

due to the gradual nature of the change, comparison of consecutive periods did not yield 

significant differences. 
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Fig. 1 Depth (mean±SD) at which fish were observed and feeding activity (mean±SD) in 

relation to tidal periods. HT – high-tide; RT1 – first rising tide; RT2 – second rising tide; LT 

– low-tide; ET1 – first ebbing tide; ET2 – second ebbing tide. Significant differences are 

indicated by different letters. 

 

Discussion 
Fish were present at depths that gradually change between tidal periods so that 

significant differences were only revealed when the depths occupied at low-tide and high-

tide were compared. However, even such difference was much lower than variation in 

amplitudes between high and low tidal phases. These results showed that Diplodus 

sargus move up and down in the intertidal zone. Previous works had pointed out that 

many marine organisms migrate to some extent to the intertidal to feed (Carlisle 1961; 

Hunter & Naylor 1993; Rangeley & Kramer 1995; Faria & Almada 2009; Gibson 2003). In 

this study, feeding activity occurred with a higher frequency during the first rising tide and 

both ebbing tides, showing that foraging may be limited by habitat availability in shallow 

waters. When low-tide emersion occurs, most horizontal rocky platforms become 

unavailable, so fish cannot feed on the algae that cover such platforms. In fact, when 

these habitats were submerged large groups of D. sargus were seen feeding.  

The observed white seabream movement may also serve to minimize predation risk. 

This suggestion is based on the evidence that predators of young stages are larger, more 

numerous and more diverse in the subtidal than in the intertidal (e.g. Ellis & Gibson 1995; 
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Gibson 2003); migration to shallow waters is therefore expected to reduce encounters 

with these predators. Although some prey species migrate to the intertidal to keep save 

from predators (Gibson 2003), in many cases, young stages and adults of small-bodied 

species may not migrate at all, but remain resident in the intertidal zone thereby obtaining 

refuge from predators during the low tide period (e.g. Kneib 1987).  

The results reported in this study confirmed that the commercially important species 

D. sargus uses the sheltered rocky intertidal habitats as juveniles, suggesting that it can 

play an important nursery role. Garcia-Rubies & MacPherson (1995) and Harmelin-Vivien 

et al. (1995) had already proposed this nursery role for Mediterranean rocky shores for 

several fish species, including D. sargus.  Henriques & Almada (1998) also pointed out to 

the importance of very shallow rocky areas found in Arrábida, a protected marine area in 

the Atlantic Portuguese coast, for the juveniles of D. sargus and several other marine 

fishes. The evidence from the present study corroborates the importance of rocky 

intertidal habitats for the first stages of development of juveniles of white seabream. 

Future studies will clarify the relative importance of predator avoidance and the 

exploitation of available feeding areas as determinants of the pattern described in this 

study.  
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General discussion 
The increasing economic pressure to maximize profits in animal production leads to 

industrialized farming which implies the use of large livestock buildings providing the 

animals with a barren, monotonous environment. It is important to avoid such 

environments and get efforts to accommodate the animal’s behavioural and other 

requirements through environment design (Baxter 1983). Social relationships must be 

assessed with view on growth and performance of species, especially in these types of 

intensive cultures where social interactions may have higher implications in the animal’s 

biology. In such circumstances, besides an appropriate environmental design, it is 

important to develop social conditions that improve the overall animal welfare and hence 

optimize production (Baxter 1983; Ashley 2007). 

 An important goal of the present studies was to contribute to a better understanding 

of relationships between social status, aggression and growth, focusing in the sparid fish 

D. sargus. Each one of these aspects will be discussed now in turn, with a final section 

dealing with more general considerations that emerged from this study. 

 

Dominance hierarchies and growth  

The results of the present work are relevant to our understanding of the aggressive 

behaviour of white seabream in captivity.  

The study revealed linear hierarchies in most groups observed in the aquaria. This 

type of hierarchies predicts the outcomes of future competitive interactions (Rowell 1974) 

with high accuracy, minimizing the energy expenditure when the probability of losing the 

fight is high (Andries & Nelissen 1990). Our results also showed stable structures in the 

large majority of groups. When members of aggressive species form stable groups or are 

forced to live in a restrict space, such stable hierarchies likely benefits both dominants and 

subordinates by avoiding intense fights (Krebs & Davies 1997).  

We found no correlation between absolute size and dominance index when all 

groups were pooled together. This could lead us to the conclusion that initial size is 

irrelevant for the dominance index attained by each fish. However, in predicting the effect 

of initial size on dominance, relative size within each group may be a much more 

informative indicator than absolute size. When we analyzed the present data separately 

for each group, a clear relationship between relative initial size and dominance index was 

demonstrated for some groups (Table 1).  
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Table 1 Correlation values between fish relative initial size and dominance index for each 

group. 

 
Aquarium rs P n 

A 0.700 0.188 5 

B 0.928 0.008 6 

C 0.986 <0.001 6 

D 0.943 0.005 6 

E 0.986 <0.001 6 

F 0.400 0.505 5 

G 0.714 0.111 6 

H 1.000  6 

 

 

 

 

 

 

 

 

 

 

 

Although several studies reported the role of size in the organization of agonistic 

interactions for a large number of fish species (Abbott et al. 1985; Beaugrand et al. 1996), 

there is still insufficient information about the possible effects of size differences on 

differences in dominance rank. Some of the hypothesis that may explain these effects are 

presented below: 1) the physical advantage gained from being larger may be instrumental 

in facilitating victory; 2) fish that are the largest in their group are likely to have won most 

previous fights, being more ready to attack and less ready to escape than small ones and 

3) if in some way these fishes assess the relative size of their opponents in function of 

other group members, this information may be used in the decision process  to determine 

their behaviour (Krebs & Davies 1997). However, our results showed that the proportion of 

high/low intensity behaviours is related with fish initial size. This suggests that individuals 

may attempt to assess the opponent’s fighting ability based on size to choose the most 

appropriate behaviour before engaging in confrontations. Indeed, as stated in chapter 2 

“Apparently large individuals perform preferentially low intensity behaviours that seemed 

to result in the withdrawal of the opponent. In order to achieve the same, small individuals 

had to display high intensity behaviours.” Additional experimental work is still needed to 

clarify the ways by which relative size affects dominance structure in fish groups.  

Regarding to possible effects of dominance on growth rate and condition, no 

relationship was found between dominance index and either growth rate or final condition 

factor.  This lack of correlation was already reported by Cutts et al. (2001) in groups of 

Arctic charr. A possible explanation for these results is the hypothesis that the cost of 

fighting for dominance balances the costs of escape and withdrawal for losers. Indeed, 

high ranking individuals spend more energy (Cutts et al. 2001) and have less time 
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available to feed (Harwood et al. 2002). Additionally, the advantage of dominance turns 

less clear in contexts of captivity with simplified environments because dominance does 

not guarantee more resources.   

 

Interspecific interactions and growth 

A proper combination of ecologically and behaviourally different species may 

optimize their production in mixed cultures since it changes fish-fish and fish-environment 

relationships (Milstein 1992). In this context, synergies are maximized and antagonisms 

are reduced. However, our results contradicted this trend. When white seabream and 

golden grey mullet were placed together, the level of intraspecific aggression in D. sargus 

increased significantly and the growth of this species did not improve. Aggressive 

behaviour towards white seabream was rarely performed by golden grey mullet, 

suggesting that the increased overall level of movement in tanks, in the presence of 

golden grey mullet, may increase the frequency of encounters below critical distance 

between white seabream. In addition, the results showed that white seabream direct 

significantly more aggressive behaviours towards conspecifics and direct significantly less 

aggressive behaviours towards golden grey mullet.   

 The data also showed that white seabream perform significantly more interactions 

of high (H) intensity with conspecifics and perform significantly fewer interactions of 

intensity H towards golden grey mullet. The high number of attacks and of intensity H 

initiated by white seabream towards conspecifics seem to point that the pattern of 

agonistic behaviours may be triggered by stimuli from conspecifics or fish that display 

some similarity in shape, movement, location in the water column or chemical signaling to 

D. sargus. Research by Olivotto et al. (2002) suggests the presence of chemical 

communication among D. sargus in stress conditions.   

In this study, the combination of the two species chosen did no attain the results 

obtained previously with other species that showed the best growth performance when 

reared in polyculture (Yashouv 1971; Hepher et al. 1989; Papoutsoglou et al. 1992; Sarà 

et al. 1999). However, results similar to ours were reported by Favaloro et al. (2002). If 

golden grey mullet compete efficiently for food with white seabream in the type of set up 

available, it may explain the present results. The higher level of aggression observed in 

mixed groups when compared with monospecific ones may involve an increased 

expenditure of energy and/or les time to feed, which would explain the lack of 

improvement in growth (Harwood et al. 2002; Nöel 2005).   

The fact that the combination of different species can affect social interactions was 

observed in the present study, which argues in favor of behavioural studies to support the 

design of adequate environments for fish production in polyculture. A good understanding 

85 
 



of the ethology of species, including their behaviour, food habits and relationships 

(Papoutsoglou et al. 1992), is a key in the selection process for potential candidates for 

polyculture. In the present study the addition of golden grey mullet was unsuccessful. The 

mullet had been chosen because of its very distinct shape, different use of the water 

column and the absence of overt aggression in aquaria found in previous observations. 

This failure did not means, however, that other species would lead to the same lack of 

improvement in the production of D. sargus. As stated above, more studies with other 

species combinations could help to contribute to adequate solutions.    

 

Natural habitats: what happens? 

 The results of chapter 4 exclude the hypothesis that agonistic behaviour is an 

artefact caused by the artificial environment of the tanks. Nevertheless, a high 

discrepancy in the frequency of agonistic interactions was found between natural habitats 

and captivity, where the magnitude of such interactions was higher. Besides high 

densities in captivity, which decreases as fish growth and get more spaced in natural 

conditions, another factor may promote this behaviour in such context explaining this large 

difference. Possibly, forced and continuous interaction with the same group members, 

with limited inter-individual distances, may contribute to the level of aggression found in 

captivity. In natural habitats, fluidity seems to be a characteristic of groups of D. sargus as 

we found frequent changes in membership. The hypothesis outlined above, which 

assumes that small inter-individual distances are a powerful factor in the causation of 

overt aggression, is corroborated by the observation that in tide pools, where fish may 

congregate in very large numbers, the level of aggression tend to be higher than in more 

open habitats. However, the level of aggression observed in tide pools was lower than 

that observed in captivity (Gonçalves et al. unpublished data) suggesting that another 

factor may be involved in aggression. One possible factor is water renewal, that occurs at 

high tides in tide pools while in captivity occurred only once a week and only a part of the 

water was changed. Thus, chemical signaling may be present in more closed systems 

and may increase aggression. The presence of chemical communication among D. 

sargus was shown by Olivotto et al. (2002) under stress conditions, as stated above. 

 A decrease in shoal size as fish get larger, previously described by Harmelin-

Vivien et al. (1995), was fully confirmed by our observations. It seems plausible that the 

increase in space occupied by each individual when growing is associated with the 

dispersion of the individuals and the disaggregation of shoals (Harmelin-Vivien et al. 

1995).  

In reef fish that spend their post settlement life in the same group (Jones 1988; 

Perreault et al. 2003; Tupper & Boutilier 1995) and often in a small reef patch, fights often 
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occurs as a clear function in defence of positions within the group and/or territory. 

Interestingly, such a context does not hold for D. sargus. As we stated above, groups are 

quite fluid, their size decreases with member’s age and fish change habitat as they 

growth, so there are neither permanent territories, nor fixed groups. Different explanations 

must be thought as hypothesis for the function of agonistic behaviour. One interesting 

hypothesis is based on the concept of diffuse territoriality proposed by Gibson (1968) for 

benthic intertidal fish, in which individuals that do not defend permanent territories fight for 

priority of access to various locations in their home ranges where they can rest or hide. 

This priority of access may be beneficial not only at a long term, but even at a short time 

level, if the place defended is subjected to less turbulence and require less energy to keep 

position or it is near a good shelter or feeding patch. Our results may point to fruitful new 

research on ecology and behaviour of these and other fish that use the inshore rocky 

platforms. 

 

Movements in the intertidal  

Juvenile Diplodus sargus used the sheltered rocky intertidal suggesting that it can 

play an important nursery role. Furthermore, both depth at which were observed and the 

level of feeding activity varied with the tidal cycle. The fish displayed tidal migrations so 

that they are able to stay in similar depths regardless of the tidal phase. The feeding 

activity seems to be limited by habitat availability in shallow waters, and thus, being 

dependent on tidal changes. Previous works had pointed out that many marine organisms 

migrate to some extent to the intertidal to feed (Hunter & Naylor 1993; Rangeley & Kramer 

1995; Faria & Almada 2009; Gibson 2003). Indeed, the results showed that feeding 

activity occurred with a higher frequency during the first half of the rising tide and also 

during the ebbing tide, when rocky platforms covered with algae in which fish feed are 

submerged, thus becoming available for the fish.  

 A likely function for intertidal migration, besides feeding, may be minimizing 

predation risk. This suggestion is based on the evidence that predators of young stages 

are larger, more numerous and more diverse in the subtidal than in the intertidal (e.g. Ellis 

& Gibson 1995; Gibson 2003); migration to shallow waters is therefore expected to reduce 

encounters with these predators. Although some prey species migrate to the intertidal to 

keep save from predators (Gibson 2003), in many cases, young stages and adults of 

small-bodied species may not migrate at all, but remain resident in the intertidal zone 

thereby obtaining refuge from predators during the low tide period (e.g. Kneib 1987). 

 The study provided more information on the movements and habitat requirements of 

recently recruited juveniles of D. sargus which is essential for proper management and 

sustainability of this commercially exploited species. 
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General considerations 
 In this final section the results will be discussed in an integrative perspective.  

 The present work showed no relation between aggression and growth, at least in 

relatively short time windows. We should not forget that unequal growth in groups that are 

kept for some weeks may be stress induced and changes in winners and losers may only 

be revealed in longer time scales.  

 In an attempt to reduce aggression in small captive groups of D. sargus we used 

mixed groups where this species was placed together with Liza aurata (mugilidae), a 

species that is distinct from D. sargus in morphology, behaviour and ecology.  The 

hypothesis that the presence of golden grey mullet would reduce intraspecific aggression 

between D. sargus and improve their growth was contradicted. However, the results 

suggested a specificity of the pattern of agonistic behaviour among D. sargus since the 

attacks observed were not randomly directed and the intensity of agonistic interactions 

seem to be adjusted to the specific identity of opponent. Moreover, the changes in the 

patterns of agonistic behaviour performed by D. sargus, which were observed in mixed 

groups, supports the need of behavioural studies when selecting potential candidates for 

polyculture. 

 At this point, it is important to remember that scaling problems may occur. Before 

inferring from studies in small tanks to aquaculture systems, the patterns obtained must 

be tested in other setups as many of the results obtained in minimal setups may not be 

transferable to the scale at which production takes place, where tank sizes and stocking 

densities are several orders of magnitude higher.  So, the findings obtained in small 

aquaria with few fish per group may need to be validated to see if conclusions hold for 

large tanks with many fishes. In this respect, we would like to remember possible efficient 

solutions in the process of validation of the findings obtained in aquaria. Future studies 

should include observations in natural contexts, marking of individual fishes so that they 

are recognisable in large shoals and using video cameras strategically placed in 

aquaculture tanks.  

 In spite of the considerable literature on aggression of white seabream in artificial 

conditions, there were no data available on aggression of D. sargus in natural situations. 

This is an area of study that may shed light on many of the issues raised by the 

maintenance of this species in captivity. The first data on the agonistic behaviour of D. 

sargus in natural habitats, presented here, show unequivocally that agonistic behaviour is 

an integral part of the natural behaviour of juvenile Diplodus sargus. Moreover, the 

discrepancy found between the frequency of agonistic interactions in natural conditions 

and captivity led us to propose many characteristics of confined contexts as potential 

promoters of aggression.  The presence of chemical signalling in groups of D. sargus, 
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shown by previous work to occur under stress conditions (Olivotto et al. 2002), should be 

studied in the future in the context of agonistic behaviour since it may be involved in 

promoting aggression. Indeed, both chemical communication and stress, which are not 

detected by observational approaches of behaviour like the one adopted in the present 

study, may play substantial roles in social interactions of white seabreams. As we have 

seen in chapter 1, stress is a common response in intensive culture environments. More 

generally, stress has been implicated both as cause and consequence in agonistic 

contexts and other form of challenges in vertebrates in general (Ashley 2007). In the 

future, behavioural data collected during longer periods combined with assessment of 

stress of individual fish, both in the wild and in the experimental situations, may held to 

provide information relevant to the welfare and productivity of aquaculture systems for this 

species. The same holds for chemical communication. We still don’t know what chemicals 

are involved, sex and social status of the senders and the reactions in the recipients, both 

physiological and at the level of behaviour.  

 Field observations also showed that Diplodus sargus used the sheltered rocky 

intertidal as juveniles, suggesting that the rocky intertidal can play an important nursery 

role. Furthermore, the movement of juveniles in intertidal areas seems to be related with 

feeding activity. Additionally, foraging may be limited by habitat availability in shallow 

waters. The present evidence corroborates the importance of intertidal habitats for the first 

stages of development of juveniles of white seabream. 

Although initiated as an attempt to bring information on the social behaviour, 

relevant to the aquaculture of this species, the present study highlighted findings that, we 

hope, are of more general relevance contributing to our understanding of the biology of 

the juveniles of the white seabream. We hope also to have highlighted perspectives for 

future work, namely on the integration of stress, chemical communication and behaviour.  
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