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Dear, Prof. Vrba, please find enclosed the review of the PhD Thesis “Observation of fish schooling behaviour in open-water habitat of a man-made reservoir via visual census” by Mgr. Michaela Holubová.

The   PhD Thesis “Observation of fish schooling behaviour in open-water habitat of a man-made reservoir via visual census” by Mgr. Michaela Holubová is composed of four scientific manuscripts, from which three are already published in international scientific journals. Additionally, the topics of the four manuscripts are summarized in a comprehensive introduction, which comprises a very well structured and very well written, very interesting review and presentation of scientific ideas, concepts and various explanations of schooling behaviour, relevant factors and underlaying mechanisms. The overall aims and questions as well as those from the single papers/chapters are summarized before the general discussion and conclusion.

Based on the broad knowledge of schooling behaviour in the literature, which is predominately based on studies in marine environments and/or laboratory studies, research questions and hypothesis were formulated for the situation in a temperate reservoir. In order to investigate the schooling behaviour of the fishes, and to conduct direct observations without disturbance/harm to the individuals, a novel method -underwater video recording (UVC)- was employed. Whereas the application of underwater videos in oligotrophic systems may be self-explanatory, the use of UVC in temperate, meso- or even eutrophic water bodies is not self-evident, and therefore represents a challenging task. Generally, the value of direct, long term observations of this kind cannot be overestimated. Such kind of information enables highly significant and highly important new insights into patterns which cannot at all or hardly be obtained by broadly applied standard fisheries methods. The approach in this studies enables a deeper insight into important relationships, i.e. behaviour, species- and predator-prey interactions, spatial and temporal distribution patterns, which are highly significant for population dynamics and also within an ecological context of the whole system.

In paper Paper I (published in Journal of Fish Biology) the species-specific schooling behaviour of bleak, roach, bream and perch is analysed and described on the basis of data collected during the clear water phase in May – beginning of June. Observations on species – specific group size, individual numbers of species and school size, the formation of species – specific conspecific and hetero-specific schools were analysed an presented.  A major point are the encounter probabilities for single species, schools, predatory species, and others, which provide important information for underlaying mechanisms of the schooling behaviour (i.e. predator avoidance, food and energy acquisition).

Paper II (published in PeerJ) investigates the role of density dependence in schooling behaviour, and presents quantitative information about the relationship between fish density and schooling, which points to a triggering effect of a “critical density” which effects the schooling behaviour of fishes in the reservoir. The results are discussed with regard to an evolutional advantage for cyprinids which could be an explanation for their dominance in many (temperate) fresh- water bodies, especially in later succession phases. (There is an error in the Legend of Figure 1 in this paper - Map of Europe is wrong).

In Paper III (in prep.) the influence of variation in environmental conditions on species–specific fish schooling and on the role of predator-prey densities with regard to schooling behaviour is analysed. Environmental factors significantly affected fish densities in the upper pelagic zone of the reservoir, simultaneously also significant relationships between prey and predator densities were found. Therefore, the question remains to which extend behavioural patterns are induced by environmental changes, by resource (i.e. food) distribution or by the presence of predators. This clearly calls for further future studies.

Paper IV (pblished in Ecological Indicators) compares the results of fish densities obtained from under water video recordings with those observed by hydroacoustics, as well as the species composition determined from underwater video recordings with those from purse seining hauls. In this study, the observations were carried out at three different months, thus including a seasonal gradient. In two months (June, August) a similar stratification of the water body was formed, but differences in the visibility (due to phytoplankton blooms) were present, in October the mixing process started with significant effects on the vertical temperature conditions and oxygen concentrations. This situation, together with the results from hydroacoustic measurements as well as the purse seining hauls, enabled to study the application of underwater video census under different visibility with regard to fish density estimates as well as species determination, which clearly showed that the clear-water phase is the optimal point in time to apply this method. 


In summary, the present PhD thesis presents new and highly relevant results and insights into the behavioural ecology of fishes in the upper pelagial zones of a reservoir. The applicability of the novel approach of underwater video census has clearly been proven, and can be directly used in numerous other types of freshwater bodies. Not only is the method non-invasive, it also provides extremely valuable information which cannot be obtained by other widely applied standard sampling methods. As such, the thesis point the way to new research fields for the biology and ecology of fishes in their natural environments. 

I grade the thesis “very good”.


							With kind regards,
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							Ao. Univ. Prof. Dr. Hubert Keckeis
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