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Annotation 
 
Fish breeding and development are connected to many disciplines of ichthyology. Information 
about ontogeny and reproductive behaviour forms an important part of knowledge of fish 
hobbyists, anglers, fish keepers and research workers proposing to create experimental groups 
(Introduction). Aspects of sexual distinction (Appendix I), methods of hormonal stimulation 
(Appendix V) and species determination and designation (Appendix VIII) are important 
mainly for hobbyists. Ontogeny studies are based both on theoretical (Rosa Lee Phenomenon 
– Appendix II) and practical (species growth strategy – Appendix III, summarization of the 
growth data estimating ecological characters – Appendix VI, annulus creation in tropical 
conditions – Appendix IV) standpoints. Characters available in forming of evolutionary trees 
can be found in ontogeny (Appendix VII) even if they are based mostly on nuclear acids 
(Appendix IX). Evocation of deprivation states in fish indicated that fish are not simple 
creatures from the psychological point of view and merit more interest not only due to the fact 
that their base is connected to historical grounds of Vertebrates. 
 
This thesis is based on the following papers from which the Appendix X has 
been used for summary and presentation: 
 
Novák J.: Rozmnožování akvarijních ryb. Book manuscript acceptedy by the Publishing 
house Grada.…………………………………………………………………….Introduction 
 
Hanel L., Novák J., 1982: Further note on the butterflyfish (Pantodon buchholzi, Pisces, 
Pantodontidae). Věst. čs. Společ. zool., 46: 81-84 ………………………….……Appendix I 
 
Novák J.: 1983: Notes on the phenolenon of Rosa Lee illustrated on the rudd growth 
(Scardinius erythrophthalmus, Pisces, Cyprinidae). Věst. čs. Společ. zool., 47: 169-
174………..………………………………………………………………….……Appendix II 
 
Novák J., 1983: Evaluation of the growth strategy of the rudd (Scardinius erythrophthalmus; 
Pisces; Cyprinidae). Věst čs. Společ. zool.: 175-183……………………….……Appendix III 
 
Johal. M.S., Novák J., Oliva O., 1984: Notes on the growth of the common carp (Cyprinus 
carpio) in Nothern India and in Central Europe. Věst. čs. Společ. zool., 48: 24-
38………………………………………………………………………………….Appendix IV 
 
Novák J., 2003: Hormonální stimulace v odchovech ozdobných ryb. Bulletin VÚRH Vodňany, 
½: 82-85……………………………………………………………………...….…Appendix V 
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Social Deprivation in Fishes Illustrated on Tropheus Mouthbrooders 
(Pisces, Cichlidae) 
 
 
 
Introduction 
 
Psychic deprivation is caused by insufficient satisfaction of basic needs in the early phases of 
ontogeny and can be qualified as a substantial limitation of sensory, social and emotional 
stimulation resulting in an atypical development of behaviour patterns and serious problems 
in communication. Deprivation depends on quality of parental care. In humans it is caused by 
negative, often traumatizing experience during childhood (Njiokiktjien, 1988) and probably in 
the prenatal-phase as well (Kubicka et al., 1995), and manifests itself as dysphoria, impaired 
socialization and motoric atypia - attenuated and excited states (Weinberg et al., 1973) and 
depression (Kolvin et al., 1984; Weissmann et al., 1987). Human maternal care at the very 
onset of life has a direct influence upon the postnatal development of the brain centres 
responsible for the regulation of distress (amygdale) - Liu et al. (1997). Conditions leading to 
deprivation, sensitive periods and ways of learning are still under discussion in apes and birds 
(Harlow & Harlow, 1962; Immelmann, 1972).  
Neuroendocrinological mechanisms regulating the fish parental care are connected with both 
extrinsic and intrinsic factors. Main stimulants were found in the perceptive discrimination 
(visual – Barlow, 1974; Greenberg, 1963; Hay, 1978; Russock & Schein, 1977 and olfactory 
– Barnett, 1986; Crapon de Caprona, 1982; Myrberg, 1975). They include behavioural 
interactions, especially between fry and parents and those connected to social status (Vives, 
1988) and complex of social experience or social isolation (Coss & Globus, 1979; 
Heiligenberg, 1963; Meyer, 1986). The consequences of insufficient, species-strange or 
ontogenetically inadequate stimulations are demonstrated by atypical schoaling behaviour 
(Shaw, 1970), modified aggressive-pattern, sexual behaviour (Seitz, 1940, 1941), and parental 
care (Riccobene, 1999; Schneidewind, 1996; Van der Elst, 1999). 
In fishes, it is supposed that learning process also modifies the innate behavioural 
mechanisms, but causes and consequences of deprivation are not determined yet. Examples of 
imprinting in fishes were published by Kop & Heuts (1973) and Sjölander & Fernö (1973), an 
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overview is given by Noakes (1991). Other authors (Crawford & Balon, 1996; Balon, 1991) 
deal with the close relation of parents and fry in fishes with parental care: Cleaning and 
transferring of young by parents become more frequent in the phylogeny and embryos or eggs 
are retained in the pharyngeal cavity of the parent.  
The female takes eggs into the mouth in many cichlid species (Cichlidae). The Tropheus 
species belong to the most advanced cichlid mouthbrooders. The fry in mother‘s mouth feeds 
on the food, consumed by the female in Tropheus. The eggs, hatched free embryos and 
juveniles are carried in the female´s mouth for together 30-45 days, before they are released 
as fully free-swimming fry. This highly effective care for eggs and embryos results in 
extremely low fecundity. Tropheus species are laying only about ten eggs per spawning on 
average. Number of spawning varies mostly from one to six per one year (Brichard, 1992; 
Schneidewind, 1996). 
The most comprehensive mouthbrooding care vocabulary was published by Barlow (2000). 
Tropheus species kept in aquaria belong to promptocavus (regarding timing) and unicavus – 
matricavus – iterocavus (after male and female investment) mouthbrooding type. It means that 
non-adhesive eggs, are picked up by one parent (the mother only in Tropheus), which 
continues to accept young back into the mouth after they have become free-swimming.       
From the hobbyist´s point of view, Tropheus mouthbrooders belong to the so-called 
problematic fish species. These fish form a society with well-expressed hierarchy from alpha 
to omega specimen in aquaria. Individuals are extremely stressed by manipulation and 
diseases-attacks and often die in consequence of shock. The data from fish keepers and 
breeders have been summarized by Schneidewind (1996), social behaviour was studied by 
Wickler (1969). Tropheus species should be kept in societies formed by 20 – 30 individuals in 
a density one specimen per 10 – 15 litres of water. At least about ten males should be kept in 
one society. Usually one dominant male only defends the territory, while other individuals 
serve as absorbers of powerful specimens aggressivity. Higher density or higher number of 
individuals leads to the stress and dying, lower density causes mutual killing of specimens. 
The fish schoal is a delicate society. Newly added specimens (including individuals returned 
into the society after separation) are often killed. According to extensive empirical 
experiences of fish keepers and hobbyists, keeping of a thirty-specimens schoal (sex ratio 1:1) 
leads to the optimal surviving and long-termed populations (Schneidewind, 1996). The pairs 
spawn quickly, usually in the open water near the stone slope and the female takes egg into 
her mouth before it strikes the ground. In one spawning act only one egg is laid. Usually the 
spawning consists of several acts and about two to seventeen eggs are laid in all. The female 
with the full pharyngeal cavity lives in a society up to the time of fry releasing. The female 
never accepts lost eggs or eggs forcibly taken from her mouth. Mothers learn the eggs 
incubation successively. Young females at the age of one or two years often lose or eat some 
or all eggs. 
In 1980´s, Czech ornamental fish keepers had developed several kinds of incubators (so-
called artificial mouths), where eggs of Cichlid mouthbrooders at the eye spot stage, forcibly 
taken from the mouth of the mother, were put because of easier handling, control and 
economy of fish keeping and raising. Incubators are mostly made from plastic cups, wine 
glasses or laboratory cups. Observation of keepers and breeders have led to the ascertainment 
that the eggs and fry, bred in the „artificial mouth“, grow into individuals with a higher degree 
of aggressivity which do not multiply easily. Incubator-born females often are bad mothers, 
eating or loosing offspring much frequently in comparison with females, grown in conditions 
corresponding to the species life history. The term "post-natal depression" has been used for 
mouthbrooders raised in incubators (Van der Elst, 1999). 
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Results and discussion 
 
In the experiments, following mouthbrooders of the genus Tropheus were used - classification 
of species and colour phases see Brichard (1992), Schneidewind (1996) and Sturmbauer 
(2003): T. sp. „Caramba“, T. sp. „Bemba“, T. duboisi „Maswa“, T. brichardi „Kipili“, T. polli 
„Bulu Point“.  
Tested communities (experimental groups) were formed by the schoals of thirty specimens of 
one species (colour phase) with the sex ratio of 1:1 per one tank. Deprived (reared in the 
incubator, designated as D) and “normally” (reared by the mother, designated as N) behaving 
specimens were kept separately in strictly controlled laboratory conditions. 
All experimental groups both N- and D-specimens were observed with the aim to establish the 
number of offspring reared by natural way. Each group was observed for two years, i.e. from 
the end of the second year till the end of the fourth year of life. 
Significant differences among “normal” specimens of T. sp. “Caramba”, both wild and 
aquaria-born, of different tanks and generations were not found. In the “normal” schoal about 
50 - 60 spawnings occurred through two years period while the frequency of spawnings is a 
half in the deprived one. Each experimental group included 15 females, it means that one 
”normal” female spawned twice a year on average, the deprived one only once a year. The 
“normal” female produces up to 17 eggs in one spawning (about eight on average) and 
releases about six young on average after incubation. The deprived female produces the same 
amount of eggs in one spawning on average (eight to nine) though she releases maximally 
four but mostly no young. The N-females eat or loose only two embryos during the incubation 
on average, but D-females up to nine embryos, also the numbers of the offspring decline 
dramatically in D-females. D-females rear notably and significantly fewer fry than N-females. 
However, the fecundity of N- and D-females practically does not vary significantly. Clutch 
sizes vary mostly as few as four in young (one year old) females and sixteen in two to five 
years old ones. The survival rates of eggs and embryos during natural incubation in mother´s 
mouth and during incubation in the incubator also do not differ significantly. Further 
summarized observations intended to confirm the influence of eggs origin (of the D- or the N-
mother) on the fitness of the embryos almost did not support such option. 
Significant differences between summarized N- and D-groups (all species and colour phases) 
support that deprived groups of the genus Tropheus produce less young, than “normal” 
communities. 
The results also confirm the fact of importance for ornamental fishbreeders, both professional 
and amateur, that artificially reared cichlid mouthbrooders go to spawn less frequently. This 
can be caused by higher aggressivity of deprived individuals (Heiligenberg & Kramer, 1972; 
Schneidewind, 1996). There were two dominant males in each tank with N-specimens every 
time, in tanks with D-specimens the whole territory was occupied by a single male only.  
Deprivation has been defined as a psychosocial phenomenon in humans and was studied 
comparing groups of individuals growing under solicitude family conditions, which spent 
their infancy or childhood in non-complete families or under institute care. From these 
reasons, the origin of many individuals was not fully known. Also it was not possible to 
compare significantly extremely rare cases of development of brothers and sisters groups 
growing under different conditions (compare Kolvin et al., 1984; Njiokiktjien, 1988; 
Weitzmann et al., 1987). Nevertheless the existence of deprivation is respected in psychiatry, 
clinical psychology, diagnosis and therapy.  
Tropheus species have been used for experiments because they represent a group of fishes 
with most advanced parental care (Balon, 1991) and complicated social behaviour 
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(Schneidewind, 1996). Like in human psychology, with regard to the character of Tropheus 
life history (see Introduction), it was not possible to organize experiments quite exactly. E.g. 
valid and significant comparing behaviour of the same-age-offspring of one mother reared 
under “normal” and depriving conditions, was not possible due to the low fecundity of 
Tropheus species. Moreover, it is not possible to remove only a part of eggs from the mother. 
The female eat or loose all remaining eggs during a short time after this brutal manipulation. 
Also it was not possible to observe experimental groups for a longer time. Tropheus shows a 
higher mortality rate, caused by aggressivity, stress and diseases (Schneidewind, 1996). It has 
been possible to guarantee only the correct determination of the species (colour phase), the 
same origin and the same age of individuals, sex ratio and number of specimens for defined 
two years (nevertheless many experiments had to be cancelled in consequence of specimens 
death) and strictly controlled laboratory conditions. 
Four main questions were putted to ascertain if the deprivation status could be evoked in 
mouthbrooding Tropheus species: 

- Does the rearing facility of females´ generations vary during aquaria breeding?  
- How differs the fecundity of “normal” and deprived females? 
- Are there differences among different species in the number of reared offspring? 
- Is the reproductive success of “normal” and deprived fish groups different? 

Considering the first question, it is possible to confirm, using observations of four groups of 
Tropheus sp, “Caramba”, that the reproductive success of “normal” females both natural and 
aquaria generation does not differ. The influence of the tank upon the reproductive success of 
the fish group can be also excluded. The fecundity of “normal” and deprived females is 
almost the same and the difference in the number of reared fry between two phylogenetically 
distant Tropheus species (T. sp. “Caramba” and T. duboisi) is not significant. Significant 
differences between reproduction success of “normal” and deprived fish groups have been 
confirmed both in T. sp. “Caramba” and in the complex of all different species (colour phases) 
observed. Simultaneously, it has been confirmed that there is no significant difference 
between surviving of fry in the mother´s mouth and in the incubator. Incubator-reared 
individuals can be also characterized as “normal” from the physiological point of view. The 
higher aggressivity of incubator-reared fish in contrary to those grew under the conditions of 
mother´s care was not tested, but it makes serious problems in experiments. Many deprived 
groups have crumbled due to tragic mutual attacks among individuals. With respect to the fact 
that deprived groups of Tropheus produce less offspring, another question is arising: Is the ill-
success of deprived fish in reproduction caused by the simple inability of females to care for 
young or by their stress from the negative packed milieu? Experiments with the isolation of 
carrying females, both “normal” and deprived are proceeding currently and will be published 
later.  
The contribution is not authorized to make general conclusions but it would like to notice the 
fact of social or psychical deprivation in fishes respectively and to provoke more interest. In 
five colour phases of mouthbrooding cichlids of four species of the genus Tropheus, it was 
proved only that a state of social deprivation maybe evoked. These fish are not simple animals 
but complicated creatures with psychosocial development depending on the maternal care. 
The data are not many, but they are sufficient to show that the costs-benefits theory of 
parental care (Gross & Sargent, 1985) should be widened. Results of experiments demonstrate 
that an important part of benefits of parental care also consists of the guarantee of 
psychosocial learning of the offspring in mouthbrooding fishes.  
The fact that about 6,000 fish species (about 20 % known) of at least 87 families show 
parental care (Blumer, 1982; Nelson, 2004) indicates a tree of evolutionary stories. The 
paternal care (the male cares) is suggested to be evolutionary basal, and it is known in most 
fish families with parental care (e.g. lungfishes - Dipnoi, some characoids - Characiformes, 
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sunfishes - Centrarchidae, gouramies - Belontiidae etc.). More derived modes (biparental and 
maternal) are restricted to cichlids (Cichlidae) - Peters & Berns (1982). Mouthbrooding, being 
suggested the most derived path of parental care, has evolved independently 10-14 different 
times in cichlids (Goodwin et al., 1998), and it is known in other fish groups (e.g. in 
phylogenetically old arowanas - Osteoglossidae or sea catfishes - Ariidae, as well as in 
“modern” taxa like cardinalfishes – Apogonidae and some fighting fishes - Betta as well) - 
Mc Lennan (1994), Nelson (1994), Sterba (1987). But information if depriving conditions 
may be involved in other groups of fishes with the parental care is still lacking. However 
successful induction of the deprivation state in mouthbrooding cichlids indicates that parental 
care forms an important part of behaviour and evolution of all main groups of Vertebrates.  
 
 
 
Conclusions and Perspectives 
 
Five colour phases of populations presently not assigned to species and identified only 
informally by their presumed distributional limits of mouthbrooding cichlids (family 
Cichlidae) of the genus Tropheus were tested to see whether a state of social deprivation can 
be triggered. The influence of parental care upon psychosocial development of the fry was 
confirmed experimentally. An important part of development of the behaviour patterns is the 
process of offspring learning during the parent-contact spell. The results confirm a fact of 
importance to ornamental fish breeders that artificially reared cichlid mouthbrooders 
reproduce less readily. Artificial hatching devices are harmful to the offspring of 
mouthbrooding fish species and their use can be deemed acceptable only in certain cases of 
species conservation or experimental endeavors. 
While trying to find out what might be lacking mouthbrooders put as early embryos into the 
artificial hatchery, the chemical cue of the mouth may be also considered to affect the 
maturing of the embryos’ nervous system (Barnett, 1986; Crapon de Caprona, 1982; Myrberg, 
1975). Epigenetical aspects of “mother´ s love” influence upon receptors controlling stress 
hormones and promotors of glucocorticoid receptors in hippocampus and then upon 
development of behavioural formulas were studied in laboratory rats (Weaver et al., 2004). 
With regard to the facts stated above, a complex of tactile, olfactory and visual 
communication may be discussed between the embryos and mother´ s mouth and also in the 
early stage of free-swimming fry learning (Crapon de Caprona, 1982; Schneidewind, 1996; 
Van der Elst, 1999; Velasco, 1996). Mutual kinesthetical perception among the embryos 
cannot be also excluded. 
Causes and consequences of social deprivation in mouthbrooding cichlids are worth of further 
study. Remarkably little has been published about post pharyngeal care duration (the time 
between first release of fry and last guarding of young) in Tropheus. Species of this genus are 
semelcavus in the nature, i.e. once the fry is released it is never taken back into the mouth 
(Barlow, 2000; Brichard, 1992). According to present observations, Tropheus species show 
the iterocavus mode (Barlow, l.c.) of mouthbrooding in aquaria. After the fry is released it 
remains with the mother and re-enters the mother´ s mouth to escape danger for about three to 
five days. At present, there is no hypothesis clarifying the possibility of the re-socialization of 
deprived individuals. Experience of Czech hobbyists, whose have an incredible knowledge of 
the intricacies of ornamental fish farming, indicates that behaviour of individuals taken from 
mothers´ mouth at the stage of developed embryo is on a “half-way between deprivation and a 
normal state” (Stetina, pers. com.). Nothing is known about the deprivation in mouthbrooders 
with the shorter time of mouth care. Pseudocrenilabrus multicolor is often used as model in 
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behavioural studies (Mrowka, 1986) and could be exploited for further and from the 
experimentator´s point of view not so complicated experiments. 
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