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Fish migration in a regulated lowland river
Migrace ryb v regulované nizinné fece

DSP: Ochrana vodnich ekosystému / Protection of aquatic ecosystems
Annotation

European watercourses, including the large, lowland ones, underwent a dramatic change in function with
the advent of the Industrial Revolution and the subsequent intensification of land use and urbanisation
after World War II. Longitudinal and lateral river connectivity has been lost due to the construction of
transverse barriers channelization of streams, branches cutting, drainage, making stream navigable,
construction of reservoirs and hydropower plants. This in turn has led to, among many other significant
phenomena, the alteration and loss of species diversity of aquatic biota, including fish. Due to the
increase in human population, its standard of living and the pressure for the massive exploitation of so-
called renewable resources (including the hydropower potential of watercourses), this pressure
continues to increase in the 22nd century. This situation also applies to the Slovak-Hungarian part of the
Danube, where the construction and operation of the Gabcéikovo hydroelectric dam has destroyed the
unique ecosystem of the inland Danube delta, which has left parts of the Danube's branches system on
both the Slovak and Hungarian sides, as well as the “Old” Danube (the Danube from Cunovo to Sap). In
both original water systems, changes in the water regime have occurred, manifested by water scarcity,
lack of intercommunication, deepening of the channel of the Old Danube, sedimentation, etc., and
logically, significant changes in the state of the fish communities.

In addition, the communication of the Old Danube with the rest of the river system is severely limited at
the upper end (below Cunovo), and on the Hungarian side the Old Danube has been dammed by the
Dunakilitidam, so it is generally assumed that the original Danube channel has lost its role as an important
European biocorridor. However, how fish, especially rheophilic species, have actually responded to these
changes in terms of behaviour, migration and habitat preferences is not yet known. In addition, the newly
built Danube Canal, built for shipping and hydropower generation, is dammed by the Gabcikovo Dam.
Thus, the migration of rheophilic species, especially long-distance migrants such as sturgeons, seems to
be significantly impaired or completely prevented in the SK-HU part of the Danube. However, sufficient
empirical data needed for a credible assessment of the behaviour, fish migration and migratory
passability of the Gabcikovo barrage system for fish is still lacking. Therefore, it is necessary to obtain
these data by direct observation of the tagged migratory rheophilic fish species through the target area
using telemetry surveys. Data analysis will then provide valuable information on fish movement,
migration passability and the use of different parts of the Danube SK-HU by key fish species (with a special
emphasis on sterlet as an umbrella fish species of the Danube R.).

The main hypothesis

e The altered conditions of the former Danube river bed (Old Danube) do not represent
attractive/preferred habitats for migratory fish species and they do not seek it out.
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e The original biocorridor of the Old Danube (Cunovo - Sap) does not allow sufficient or any fish
migration due to flow regulation and construction of barriers.

e The newly constructed Danube Canal does not provide sufficient migratory passability of the river
due to the construction of the Gabc¢ikovo dam, which does not allow migration passage for fish.

e The migratory (in)passability of the entire Gabcikovo barrage system is partial or total and allows
only upstream, downstream or no migration at all.

e Migratory fish, due to the changed conditions, have developed a different strategy to overcome
the barriers and use the habitats compared to the former natural state.

Aim(s) of the Ph.D. thesis

e Determine the current migratory passability of the Gabcikovo barrage system for key rheophilic
fishes (with a special focus on sturgeons).

e Describe the annual migratory pattern in the use of individual sections of the SK-HU Danube for
key rheophilic fishes.

e Estimate the current role of the Old Danube as a biocorridor for migratory rheophilic fish species.

e Suggest possible remedial measures to improve the migratory passability of water barriers for
fish.

Possible approaches to reach the aims / to verify the hypotheses

e Catch, individually tagging of key rheophilic fish species.

e Performance of the long-term telemetry surveys (combination of continuous data acquisition and
active telemetry from the boat) to track the movement of tagged fish and collect data on water
depth and temperature utilized by fish through the target areas.

e Statistical evaluation of data (R software) and drawing conclusions from the data sets.
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Nature-inspired approaches for wastewater treatment and reuse
Pfirodou inspirované pristupy k CiSténi a opétovnému pouziti odpadnich vod
DSP: Ochrana vodnich ekosystému / Protection of aquatic ecosystems
Annotation

Every day we are using water and releasing many chemicals to wastewater. With the growing global
concern over water scarcity and pollution, there is a critical need for innovative approaches to
wastewater treatment that not only effectively remove contaminants but also recover valuable resources
from wastewater streams.

Conventional wastewater treatment is not effective enough to remove pollutants from the wastewater,
thus wastewater effluents are recognized as the main source of micropollutants in the aquatic
environment. Presence of a wide range of emerging contaminants (such as pharmaceuticals, personal
care products, perfluorinated compounds) in wastewater treatment plants effluents was reported.

Intensive research is going on to improve elimination of micropollutants from wastewater. So called
green approaches, which promote sustainable and environmentally friendly methods for treating
wastewater while also reducing the environmental impact of traditional wastewater treatment processes
are gaining a lot of attention nowadays. Natural treatment methods include, for example, the use of
stabilization ponds for wastewater treatment. This is a cheap and relatively effective way to reduce the
content of nutrients and micropollutants in wastewater. Constructed wetlands are also used for
wastewater treatment and have the potential to remove a wide range of micropollutants.

Treated wastewater represents a sustainable water source that could be used for fish farming. However,
the reuse of treated wastewater poses certain safety risks. Until now, attention has been paid to the risk
of microbial contamination or the accumulation of toxic metals in fish produced this way. However, less
information is available on the possible contamination of fish with micropollutants.

The main hypothesis

e Additional wastewater treatment steps can improve quality of wastewater effluents
e Water plants can contribute to the elimination of micropollutants from wastewater
e Wastewater reuse for the fish production can be beneficial using the proper practise of fish handling

Aim(s) of the Ph.D. thesis

e To assess the effectiveness of stabilisation pond and constructed wetlands for the elimination of
micropollutants from wastewater.

e To evaluate the bioaccumulation of micropollutants in water plants.

e To analyze the content of micropollutants in fish produced in the pond fed with treated wastewater.
In case these substances will be detected, to monitor the duration of their purification after
transferring the fish into clean water.
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Possible approaches to reach the aims / to verify the hypotheses

e Collection of water, plant and fish samples; development and validation of extraction procedures.
e LC/MS analysis of micropollutants in collected samples.
e Data analysis, risk assessment.

References
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(2022). "Water reuse for aquaculture: Comparative removal efficacy and aquatic hazard reduction of
pharmaceuticals by a pond treatment system during a one year study." Journal of Hazardous Materials
421.

Mackulak, T., M. Mosny, J. Skubak, R. Grabic and L. Biroova (2015). "Fate of psychoactive compounds in
wastewater treatment plant and the possibility of their degradation using aquatic plants." Environ
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Macrobrachium nipponense: a new threat to European freshwater ecosystems

Macrobrachium nipponense: nova hrozba pro evropské sladkovodni ekosystémy

DSP: Ochrana vodnich ekosystému / Protection of aquatic ecosystems
Annotation

Freshwater ecosystems are increasingly affected by biological invasions, resulting in significant ecological
and socio-economic consequences. One emerging non-native species spreading across Europe is the
Oriental prawn Macrobrachium nipponense. It is therefore essential to monitor its distribution and
investigate its potential impacts on native taxa. This thesis aims to monitor sites where this species has
recently been detected, as well as other locations considered critical to its potential future spread.
Genetic methods will be employed to elucidate the introduction pathways of non-native populations.
Potential impacts on native taxa, ranging from competition for resources to predation and disease
transmission, will be assessed using a multi-methodological approach that includes laboratory
experiments, genetic markers, and stable isotope analysis of the invaded communities. Species
distribution models will be used to predict both current and future areas of potential establishment.

The main hypothesis

The Oriental river prawn is an emerging invasive species in European freshwater ecosystems. lIts
recent spread is likely facilitated by multiple introduction pathways, and its establishment may exert
measurable ecological impacts on native biota through trophic interactions, competition, and
potential disease transmission. These impacts, when combined with suitable environmental
conditions and ongoing climate change, are expected to promote the species’ further spread and
invasiveness across Central and Western Europe.

This hypothesis is supported by the following observations and considerations:

e Oriental river prawn has established populations in both thermally altered and naturally
temperate waters in Central Europe. Its life-history traits, such as high fecundity, the ability to
reproduce in freshwater, and thermal tolerance, are consistent with those of other successful
invasive species.

e Preliminary evidence suggests introductions may occur via the pet trade, as seen with non-native
crayfish, or through unintentional means such as ballast water discharge. Population genetic
analyses will be used to determine whether spatially disjunct populations have independent
origins.

e Asageneralist omnivore, the Oriental river prawn may impact both native and non-native species
through predation and resource competition. These potential interactions will be investigated
experimentally.

e The species may act as a vector for pathogens such as Aphanomyces astaci, thereby contributing
to indirect negative effects on native crayfish populations.
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The hypothesis will be tested using a multidisciplinary approach combining field monitoring,
laboratory experiments, stable isotope analysis, genetic tools, and species distribution modelling to
ensure a comprehensive and robust assessment.

Aim(s) of the Ph.D. thesis

e This project will monitor the spread of a novel non-native species in Europe, assessing its
introduction pathway, several potential impacts on other taxa, role in the invaded trophic web,
as well as its potential distribution, and invasiveness and impact risks.

Possible approaches to reach the aims / to verify the hypotheses

e Several complementary and integrated approaches can be employed, aligned with the objectives
outlined above. These include field monitoring (using trapping, hand searching, eDNA sampling,
and associated genetic analyses), trophic ecology, behavioural and functional response
experiments, species distribution modelling, and impact and invasiveness risk assessment.

References
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A prominent aquaculture species with invasive potential in tropical and subtropical biodiversity
hotspots. Reviews in Aquaculture, 13: 1488-1530.
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Freshwater food webs under biotic and abiotic stressors
Vliv biotickych a abiotickych stresord na sladkovodni potravni fetézce

DSP: Ochrana vodnich ekosystému / Protection of aquatic ecosystems
Annotation

Freshwater ecosystems occupy less than 1% of the Earth's surface but support approximately 10% of
global biodiversity, including one-third of all vertebrate species (Strayer & Dudgeon, 2010). The structure
of freshwater food webs is characterized by numerous interconnected trophic units (Vander Zanden &
Rasmussen, 2001), whose interactions drive the fluxes of energy and matter as well as the stability of
these ecosystems (Barrios-O'Neill et al., 2015; Sih et al., 1998). However, these energy flows and the
overall stability of freshwater ecosystems are susceptible to a range of biotic and abiotic stressors—
including elevated temperatures, eutrophication, biological invasions, pollution, habitat modification—
and interactions. These stressors can induce irreversible changes in ecosystem structure and function.

Mentioned stressors can significantly influence both the availability and quality of food resources within
aquatic systems (Schalicke et al., 2019). Food quantity refers to the dietary energy (i.e., caloric content)
accessible to consumers, whereas food quality refers to its nutritional value, determined by biochemical
composition—specifically the compounds essential for physiological processes such as somatic growth,
survival, and reproduction (Miller-Navarra et al., 2000). When key nutritional resources are absent and
cannot be substitute by alternative sources, individual fitness may decline, potentially leading to changes
in population dynamics (Martin-Creuzburg et al., 2008; Schalicke et al., 2019).

Accordingly, a central objective in trophic ecology is to elucidate species interactions and to determine
how various food sources are assimilated into consumer biomass. It is also essential to identify which
food sources are most critical for sustaining organisms across different trophic levels (Ahlgren et al., 1992;
Dalsgaard et al., 2003), and how these trophic relationships are modulated by biotic and abiotic
environmental stressors.

The main hypothesis

e Trophic and non-trophic interaction strength in multiple consumer systems will be shaped by
stressors and their interaction. But consumer response will depend on their functional group.

e Availability and quality of utilized food sources by consumers might vary due the effect of biotic
and abiotic stressors.

e Energy transfer from low levels of trophic chain to higher trophic levels might be modified by
given stressors.

e The primary producers quality and biomass might be affected by biotic and abiotic stressors

Aim(s) of the Ph.D. thesis

e To assess differences in energy transfer through food webs between affected and non-affected
ecosystems

Z4tisi 728/11, 389 25 Vodiany, Ceskd republika T/ +420 387 774 620 E/ svesela@frov.jcu.cz  www.frov.jcu.cz


mailto:lkacerova@frov.jcu.cz
https://www.jcu.cz/en/university/staff/person?identita=VESELY_Lukas_24315
https://www.jcu.cz/en/university/staff/person?identita=VESELY_Lukas_24315
mailto:veselyl@frov.jcu.cz

Fakulta rybarstvi Jihoceska univerzita
a ochrany vod v Ceskych Budéjovicich

e To reveal the relationship between multiple consumers and its prey under different biotic and
abiotic stressors

Possible approaches to reach the aims / to verify the hypotheses

e Functional response approach in mesocosm with variate consumers and its prey under specific
environmental stressors, and their combinations, followed by modelling of future scenarios

e Collecting the data from affected ecosystem (consumer, prey, environmental data) for stable
isotopes/ fatty acid analysis.

e Applications of statistical data analysis (GLM, ANOVA, ANCOVA, Bayesian models, predictive
models)
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Advanced oxidation processes for effective, ecologic, and safe wastewater treatment

Pokrocilé oxidacni procesy pro efektivni, ekologické a bezpecné Cisténi odpadnich vod

DSP: Ochrana vodnich ekosystému / Protection of aquatic ecosystems
Annotation

One of the most significant environmental challenges is global water pollution, primarily attributed to the
increasing presence of synthetic chemical contaminants. Specifically, the discharge of pharmaceuticals
has become an alarming issue, mainly due to the growth of the pharmaceutical market and increased
consumption. To prevent the discharge of micropollutants, it is important to: (i) change legislation and
prioritize hazardous substances and (ii) develop and apply advanced methods for their effective and safe
removal. In 2022, under the European Green Deal, the new legislative recast of the Urban Wastewater
Treatment Directive should include an additional high-risk substance into the list of controlled
micropollutants for quaternary water treatment.

Water treatment is one of the most important technological challenges today, the management of which
will determine the living conditions for future generations. The actual technologies using WWTPs cannot
effectively eliminate new types of organic micropollutants such as pharmaceuticals, drugs, perfluorinated
compounds, personal care products, and many others. Thus, most treatment plants continuously release
these types of compounds into the aquatic ecosystem, from where they gradually penetrate other
components of the environment and groundwater.

It is evident that pursuing advanced wastewater treatment technologies and developing ways of
degrading micropollutants in WWTP effluent is highly desirable. This gap in efficacy highlights the critical
demand for innovative, mainly quaternary treatment methods capable of tackling such pollutants with
higher precision and efficiency. Membrane technologies have proven well-suited to advanced
wastewater processing and can facilitate recycle and reuse of treated effluent. Improve of MBR process
performance can be done by combination with other processes. Most perspective processes include
various advanced oxidation processes (AOPs) based on boron-doped diamond electrodes, active iron in
form Fe(VI1), and many others. The principle of electrochemical AOPs consists of the formation of strong
oxidants, especially the singlet oxygen, hydrogen peroxide, and hydroxyl radical, which oxidize organic
compounds in water and, in most cases, achieve their complete degradation.

Treated wastewater offers a sustainable water source suitable for various applications, such as irrigation
and fish farming. However, its reuse comes with potential safety concerns. The identification of
degradation and transformation products should be systematically linked to the assessment of their
toxicity. However, this process faces several challenges: i) the need to fully understand degradation
mechanisms and the identification of all components present in the mixture and ii) the limited availability
of analytical standards necessary for studying these substances and characterizing complex mixtures in
toxicological studies. Toxicological evaluation should include not only the assessment of individual
substances but also an analysis of their potential additive and synergistic effects.
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The main hypothesis

e Advanced oxidation processes for wastewater treatment can improve the quality of wastewater
effluents.

e During the AOPs wastewater treatment processes several set of reactions occurs and there is a
demand to study possible pathways for their degradation and transformation.

Aim(s) of the Ph.D. thesis

e To assess the effectiveness of different AOP techniques for the elimination of micropollutants in the
model and different types of wastewater based on LC-MS/MS analysis.

e To study of creation of degradation and transformation products in model and different types of
wastewater samples by HPLC-HRMS analysis.

Possible approaches to reach the aims / to verify the hypotheses

e Collection of different water samples; development and validation of extraction procedures and LC-
MS/MS methods.

e LC/MS analysis of selected micropollutants in model and wastewater samples before and after
treatment using different AOPs.

e HPLC-HRMS analysis for identification of emerging degradation and transformation products of AOPS

e Data analysis, and risk assessment.
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Bioaccumulation dynamics of emerging contaminants in aquatic invertebrates
Bioakumulacni dynamika emergentnich kontaminantti ve vodnich bezobratlych organismech

DSP: Ochrana vodnich ekosystému / Protection of aquatic ecosystems
Annotation

Pharmaceuticals are designed to be highly bioactive at low doses in human or animals, but their
bioaccumulation dynamics is less studied in invertebrates. Freshwater crayfish have a prominent role in
aquatic ecosystems and pose important segments of the trophic web. Crayfish pose a unique biological
feature with potential as a alternative experimental model to advance the 3Rs strategy of animal welfare.
The primary aim of the present study is to describe a predictive crayfish bioaccumulation model based
on empirical measurements of representative pharmaceutical kinetics using advanced analytical
methods. Specifically, the experimental design will estimate key bioconcentration parameters in crayfish
exposed to a model acid, a model base and a model neutral pharmaceutical using first order kinetics.
Simultaneously, toxicological responses, such as biochemical and behavioral effects will be determined
in exposed organisms. The study will conclude with comparative analysis of crayfish bioaccumulation
model dynamics with models already employed for fish. All toxicological responses evaluated in a pilot
experiment have indicated lower bioactivity of ionizable pharmaceuticals in crayfish than fish. Its evident,
that the first indications of significant differences of uptake, biotransformation and elimination in
invertebrates deserve full investigation under the proposed experiments.

The main hypothesis

e lonizable pharmaceuticals exhibit specific patterns of behavior during the uptake and depuration
phases in crayfish.

e The empirically revealed bioconcentration parameters for selected model pharmaceuticals can be
generalized to develop an invertebrate bioaccumulation model.

e Various concentrations of pharmaceuticals significantly influence the toxicological biomarkers and
detoxification enzymes in crayfish during both acute and chronic exposure.

e Selected pharmaceuticals are associated with behavioral changes in crayfish.

Aim(s) of the Ph.D. thesis

e Assessing the uptake and elimination rates, bioconcentration factor, body burden, apparent volume
of distribution, hemolymph-water partition coefficient

e Comparison of the suggested ‘crayfish model’ with the previously established fish bioaccumulation
model for emerging ionizable compounds

e Assessing the toxicity and neurotoxicity indicators (lipid peroxidation, antioxidant enzymes and
acetylcholinesterase activity) in crayfish exposed to model pharmaceuticals

¢ |nvestigating the substrate-specific cytochromes P450 involved in detoxification in crayfish

e Behavioural changes in crayfish exposed to tested pharmaceuticals.
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Possible approaches to reach the aims / to verify the hypotheses

e Pharmaceuticals of different properties and therapeutic classes were selected as model chemical
compounds.
e Description of bioaccumulation dynamics based on first-order kinetics in marbled crayfish exposed to
three model ionizable pharmaceuticals
a) Bioconcentration experiments
b) Chemical analysis
c) Bioconcentration parameters calculation
¢ |nvestigation of toxicological biomarker responses and behavioral effects in marbled crayfish exposed
to different doses of selected pharmaceuticals in acute and subchronic tests
e Biochemical and behavioural end-points will elucidate the real effects of absorbed, distributed, and
biotransformed pharmaceuticals in crayfish tissues.
a) Behavioral end-point of toxicity tests
b) Biochemical end-points from toxicity tests
e Activities will be based on several previous pilot experiments that eliminates unpredictable
phenomena during the experimental phase. Biochemical and chemical methods are being optimised
for application on crayfish tissues. The project's milestones are three toxicological and tree
bioconcentration experiments derived from three used model pharmaceuticals. The individual
experiments will be timed within three years in respect to the availability of sufficient crayfish
specimens. Around 200 crayfish specimens will be used in each bioaccumulative laboratory
experiment. The advantage of the crayfish species is the season independency with continuous
culturing under laboratory conditions. Crayfish culturing and rearing capacity together with
experimental conditions allow only reasonable testing of three model pharmaceuticals instead of a
wide range of individual pharmaceuticals of environmental concern.
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