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Supervisor: Vitaliy Kholodnyy, Ph.D. 

Contact 

E-mail: vkholodnyy@frov.jcu.cz   
Tel.: +420 389 034 607 

Functional diversity of ovarian fluid in freshwater fish fertilization: effects on sperm 
performance, fertilization success, and species specificity 
Funkční diverzita ovariální tekutiny při oplození sladkovodních ryb: vliv na vlastnosti spermií, úspěšnost 
oplození a druhovou specificitu 

DSP: Rybářství / Fishery 
Annotation 

Successful fertilization in externally fertilizing freshwater fish depends on highly coordinated interactions 
between spermatozoa, eggs, and the surrounding reproductive environment (Kholodnyy et al, 2020). 
Ovarian fluid (OF), the biologically active medium surrounding fish eggs during spawning, has traditionally 
been considered mainly as a protective or supportive substance. Recent studies indicate that OF may 
actively influence sperm motility parameters, longevity, swimming behavior, fertilization success, sperm 
longevity, and gamete interactions (Alonzo et al, 2016; Johnson et al, 2020) in a species-specific manner. 
Despite increasing interest in these processes, the biological functions and diversity of OF roles among 
freshwater fish species remain insufficiently understood. 

Freshwater fish species differ markedly in their reproductive strategies, spawning environments, and 
susceptibility to natural or artificial hybridization. These differences may be reflected in the biochemical 
composition and physiological functions of OF (Gasparini, Evans 2018). Understanding these mechanisms 
is important not only for basic reproductive biology, but also for aquaculture, conservation programs, 
artificial reproduction, and the management of endangered or economically important fish species. 

The proposed Ph.D. project will investigate how OF modulates sperm performance and fertilization 
processes in selected freshwater fish species, with particular focus on interspecific differences and 
intraspecific variability among females. The study will combine reproductive physiology, sperm motility 
analyses, in vitro fertilization experiments, and comparative biological approaches. Biochemical and 
molecular characterization of OF will be incorporated to identify factors associated with specific 
functional effects. 

The main hypothesis 

• Ovarian fluid actively modulates sperm motility patterns, swimming performance, and 
fertilization success in freshwater fish. 

• The functional effects of ovarian fluid differ among fish species and among females within species. 
• Ovarian fluid preferentially supports conspecific sperm and may contribute to species-specific 

fertilization and reproductive isolation. 
• Functional differences in ovarian fluid are associated with biological, ecological, and biochemical 

variability among freshwater fish species. 

Aim(s) of the Ph.D. thesis 

• To characterize the effects of ovarian fluid on sperm performance parameters in selected 
freshwater fish species. 

http://www.frov.jcu.cz/
https://www.jcu.cz/en/university/staff/person?identita=Kholodnyy_Vitaliy_89095
mailto:vkholodnyy@frov.jcu.cz
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• To determine the influence of ovarian fluid on fertilization success under different experimental 
conditions. 

• To investigate species-specific interactions between ovarian fluid and spermatozoa in conspecific 
and heterospecific combinations. 

• To compare functional variability of ovarian fluid among fish species with different reproductive 
strategies. 

• To identify selected biochemical or molecular characteristics associated with functional effects of 
ovarian fluid. 

Possible approaches to reach the aims / to verify the hypotheses 

• Collection of ovarian fluid, eggs, and sperm from selected freshwater fish species under controlled 
conditions. 

• Evaluation of sperm motility and swimming behavior using Computer Assisted Sperm Analysis 
(CASA) systems under different activation conditions including ovarian fluid treatments. 

• Performing fertilization experiments using homologous and heterologous ovarian fluid 
combinations under controlled laboratory conditions. 

• Analysis of sperm longevity, swimming trajectories, velocity parameters, and fertilization 
outcomes in relation to ovarian fluid exposure. 

• Comparative analysis of ovarian fluid effects among species differing in reproductive ecology and 
hybridization potential. 

• Application of selected biochemical and molecular analyses of ovarian fluid including protein 
concentration measurements, ion composition analyses, metabolomic and proteomic 
approaches, or fractionation methods. 

• Statistical analyses using generalized linear models (GLM), mixed-effects models, ANOVA, 
multivariate analyses, and correlation analyses. 

References 

Alonzo, S.H., Stiver, K.A., Marsh-Rollo, S.E., 2016. Ovarian fluid allows directional cryptic female choice 
despite external fertilization. Nat Commun 7:12452. https://doi.org/10.1038/ncomms12452  

Gasparini, C., Evans, J.P., 2018 Female control over multiple matings increases the opportunity for 
postcopulatory sexual selection. Proc Biol Sci. 285 (1888): 20181505. 
https://doi.org/10.1098/rspb.2018.1505  

Johnson, S.L., Borziak, K., Keffmann, T., Rosengrave, P., Dorus, S., Gemmell, N.J., 2020. Ovarian fluid 
proteome variation associates with sperm swimming speed in an externally fertilizing fish, J Evol Biol, 
33 (12): 1783–1794, https://doi.org/10.1111/jeb.13717 

Kholodnyy, V., Gadêlha, H., Cosson, J. and Boryshpolets, S., 2020. How do freshwater fish sperm find the 
egg? The physicochemical factors guiding the gamete encounters of externally fertilizing freshwater 
fish. Rev Aquacult, 12: 1165-1192. https://doi.org/10.1111/raq.12378  

 
Funding 

Czech Science Foundation (GAČR) project: “Decoding the Role of Female Reproductive Fluids in 
Freshwater Fish Fertilization” 

http://www.frov.jcu.cz/


 

Zátiší 728/II, 389 25 Vodňany, Česká republika T/ +420 387 774 601 F/ +420 387 774 634 www.frov.jcu.cz  5 
 

Supervisor: Prof. Otomar Linhart 

Contact 

E-mail: linhart@frov.jcu.cz   
Tel.: +420 724 357 897 

Integrative analysis of the effects of short-term sperm storage on sperm physiology, 
embryonic proteome, and ncRNA-mediated transgenerational inheritance in common 
carp (Cyprinus carpio) and zebrafish (Danio rerio) 
Integrovaná analýza vlivu krátkodobého uchování spermií na fyziologii spermií, embryonální proteom 
a transgenerační dědičnost zprostředkovanou nekódujícími RNA u kapra obecného (Cyprinus carpio) a 
zebřičky pruhované (Danio rerio) 

DSP: Rybářství / Fishery 
Annotation 

Common carp (Cyprinus carpio L.) is one of the most important aquaculture species worldwide, whereas 
zebrafish (Danio rerio) represents a well-established vertebrate model organism widely used in 
developmental biology and biomedical research. Sperm contamination with urine is a major factor 
negatively affecting sperm quality during short-term storage in both species. Storage without an 
appropriate extender rapidly reduces sperm motility and fertilization capacity, while optimized storage 
conditions significantly improve sperm quality, fertilization success, and embryo hatching rates (Cheng et 
al., 2021a, 2022, 2024; Hossain et al., 2026; Ma et al., 2026a; Zhang et al., 2023, 2024, 2025). 

Recent studies have demonstrated that carp sperm can be preserved for up to 30 days under optimized 
storage conditions (Ma et al., unpublished data). However, prolonged sperm storage induces adaptive 
changes in sperm membrane functionality and is associated with reduced motility, decreased fertilization 
capacity, and alterations in DNA methylation patterns (Cheng et al., 2025). These findings indicate that 
short-term sperm storage affects not only sperm physiological characteristics, but also paternal 
epigenetic information transmitted to the embryo. However, the identified epigenetic alterations 
represent the average of a heterogeneous sperm population, without distinguishing live-viable sperm 
subpopulations from dead sperm subpopulations (Cheng et al., 2021b), making it difficult to identify the 
real molecular responsible for alterations in embryonic development among the heterogeneous 
molecular signatures of the whole sperm population. In addition, the mechanisms linking storage-
induced sperm non-coding RNAs (ncRNAs) with alterations in embryonic proteome and potential 
transgenerational effects remain largely unknown (Ma et al., 2026b). A comprehensive understanding of 
these processes is essential for optimizing reproductive biotechnology protocols and ensuring the 
production of high-quality gametes for sustainable aquaculture and biomedical applications. Integrating 
advanced cellular, epigenetic, transcriptomic, and proteomic approaches may provide new insights into 
how storage-induced sperm alterations influence early embryonic development and offspring 
performance. 

The main hypothesis 

• Short-term sperm storage differentially alters sperm the physiological properties of sperm 
subpopulations, including motility, plasma membrane integrity, mitochondrial activity, oxidative 
status, and DNA integrity. 

http://www.frov.jcu.cz/
https://www.jcu.cz/cz/univerzita/lide/clovek?identita=Linhart_Otomar_13542
mailto:linhart@frov.jcu.cz
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• Characterization of changes in sperm membrane functionality will enable the optimization of 
short-term sperm storage and activation conditions, thereby preserving sperm fertilization 
potential. 

• Physiological changes induced by short-term sperm storage led to alterations in the proteome of 
early embryos and affect biological processes associated with embryonic development. 

• Short-term sperm storage differentially alters the profile of ncRNAs in sperm subpopulation, 
particularly miRNAs, piRNAs, and tRNA-derived small RNAs. The altered RNAs in live-viable sperm 
subpopulation can mediate the paternal transmission of epigenetic information to the embryo. 

• Alterations in live-viable sperm ncRNAs profiles regulate gene expression and the proteome of 
early embryos, thereby influencing early embryonic development. 

• Epigenetic changes induced by short-term sperm storage persist in the offspring and may be 
transmitted to subsequent generations through DNA methylation and ncRNAs-mediated 
inheritance, thereby affecting molecular regulation, development, and offspring phenotype. 

Aim(s) of the Ph.D. thesis 

• Characterization of the effects of short-term sperm storage on sperm quality, including motility. 
Characterization the differences between live-viable and dead sperm subpopulations, including 
membrane integrity, mitochondrial activity, oxidative status, and DNA integrity. 

• Optimization of sperm storage and activation conditions based on changes in sperm membrane 
functionality to preserve fertilization capacity. 

• Identification of changes in the embryonic proteome and biological pathways affected by paternal 
factors after fertilization with stored sperm. 

• Characterization of storage-induced changes in sperm ncRNAs profiles and identification of 
candidate molecules involved in paternal epigenetic inheritance. 

• Evaluation of the relationship between live-viable sperm ncRNAs alterations, embryonic gene 
regulation, and proteomic changes. 

• Assessment of potential transgenerational effects of short-term sperm storage through 
monitoring of molecular, physiological, and phenotypic traits in offspring. 

• Integration of physiological and multi-omics data to elucidate mechanisms linking sperm storage, 
embryonic development, and epigenetic inheritance. 

Possible approaches to reach the aims / to verify the hypotheses 

• Sperm quality assessment – analysis of motility (CASA), live-viable and dead sperm subpolation 
separation, membrane integrity, mitochondrial activity, oxidative status, and DNA integrity using 
fluorescence-based methods and flow cytometry. 

• Sperm storage optimization – comparison of storage and activation conditions using fertilization 
assays. 

• Proteomic and ncRNA analyses – quantitative analysis of embryonic proteome (LC-MS/MS) and 
sequencing of sperm nRNAs (miRNA, piRNA, and tRNA-derived small RNAs). 

• Data integration – bioinformatic analysis linking live-viable sperm ncRNA alterations with 
embryonic gene expression and proteomic changes. 

• Transgenerational assessment – evaluation of molecular and phenotypic changes in F1 and, where 
possible, F2 generations, including identification of biomarkers associated with sperm 
subpopulation distinguish, and also epigenetic inheritance. 

References 

Cheng, Y., Franěk, R., Rodina, M., Xin, M.M., Cosson, J., Linhart, O., 2021 a. Optimization of sperm storage 
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and fertilization in zebrafish Danio rerio (Hamilton). Animals, 11, 1558. 
https://doi.org/10.3390/ani11061558 

Cheng, Y., Vechtova, P., Fussy, Z., Sterba, J., Linhartová, Z., Rodina, M., Tučková V., Gela D., Samarin, A.M., 
Lebeda, I., Xin, M.M., Zhang, S., Rahi, D., Linhart, O., 2021 b. Changes in phenotypes and DNA 
methylation of in vitro aging sperm in common carp. International Journal of Molecular Sciences, 22, 
5925, https://doi.org/10.3390/ijms22115925. 

Cheng, Y., Zhang, S., Linhartová, Z., Linhart, O., 2022. Common carp (Cyprinus carpio) sperm reduction 
during short-term in vitro storage at 4 °C. Animal Reproduction Science, 243, 107017. 
https://doi.org/10.1016/j.anireprosci.2022.107017 

Cheng, Y., Zhang, S., Nayak, R., Vechtova, P., Schumacher, F., Linhartová, P., Gazo, J., Linhartová, Z., 
Waghmare, S.G., Kleuser, B., Dey, A., Rodinová, V., Rodina, M., Sterba, J., Alavi, S.M.H., Labbé, C., 
Linhart, O., 2024. Fertilization by short-term stored sperm alters DNA methylation patterns at single-
base resolution in common carp embryos. Reviews in Fish Biology and Fisheries. 
https://doi.org/10.1007/s11160-024-09866-y 

Cheng, Y., Alavi, S.M.H., Zhang, S., Nayak, R., Waghmare, S.G., Rahi, D., Ma, Z., Shazada, N.E., Linhart, O., 
Linhartová, Z., 2025. Comprehensive multi-omics analysis uncovers potential risks of aged sperm on 
offspring development after short-term storage. BMC Biology, 23, 264. 
https://doi.org/10.1186/s12915-025-02379-5 

Hossain, S., Ma, Z., Shazada, N.E., Zhang, S., Konar, E.S.M., Boryshpolets, S., Siddique, M.A.M., Shirupa, 
S., Policar, T., Linhart, O., 2026. Short-term preservation techniques for zebrafish (Danio rerio) sperm. 
Animal Reproduction Science, 292, 108254. https://doi.org/10.1016/j.anireprosci.2026.108254 

Ma, Z., Zhang, S., Hossain, S., Mohammad, Y., Alavi, S.M.H., Linhartová, Z., Dzyuba, V., Shazada, N.E., Gela, 
D., Linhart, O., 2026 a. Management of common carp (Cyprinus carpio L.) milt storage for genetic 
breeding programs: The role of extender and temperature. Aquaculture Reports, 48, 103602. 
https://doi.org/10.1016/j.aqrep.2026.103602 

Ma, Z., Zhang, S., Alavi, S.M.H., Linhartová, P., Cheng, Y., Boryshpolets, S., Dzyuba, B., Shazada, N.E., 
Linhart, O., 2026 b. The sperm RNA payload in fishes: A vector for paternal inheritance and memory. 
Aquaculture Reports, 47, 103490.     https: //doi.org/10.1016/j.aqrep.2026.103490 

Zhang, S., Cheng, Y., Alavi, S.M.H., Shazada, N.E., Linhartová, Z., Rodinová, V., Linhart, O., 2023. Elevated 
temperature promotes spermatozoa motility kinetics and fertilizing ability following short-term 
storage: An implication for artificial reproduction of common carp (Cyprinus carpio) in a hatchery. 
Aquaculture, 565, 739126. https://doi.org/10.1016/j.aquaculture.2022.739126 

Zhang, S., Bondarenko, O., Shazada, N.E., Cheng, Y., Rahi, D., Rodina, M., Gazi, I., Linhartová, Z., Siddique, 
M.A.M., Alavi, S.M.H., Boryshpolets, S., Dzyuba, B., Linhart, O., 2024. Plasma membrane contributes to 
temperature-induced spermatozoa motility kinetics in short-term stored sperm of common carp 
(Cyprinus carpio). Aquaculture, 583, 740588. https://doi.org/10.1016/j.aquaculture.2024.740588 

Zhang, S., Waghmare, S.G., Alavi, S.M.H., Shazada, N.E., Cheng, Y., Muthu, K.E.S., Vechtova, P., Brionne, 
A., Nayak, R., Ma, Z., Labbé, C., Linhart, O., Linhartová, Z., 2025. High temperature induces motility of 
zebrafish sperm after short-term storage. Aquaculture, 595, 741623. 
https://doi.org/10.1016/j.aquaculture.2024.741623 
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Supervisor: Jan Štundl, Ph.D. 

Contact 

E-mail: jstundl@caltech.edu  
Tel.:  +1 (626) 696-7167 

“Adult stem cells” and regeneration: The role of neural crest-derived Schwann cell 
precursors during the bone regeneration  
„Dospělé kmenové buňky“ a regenerace: Role prekurzorů Schwannových buněk odvozených z neurální 
lišty během regenerace kosti 

DSP: Rybářství / Fishery 
Annotation 

The evolution of vertebrates is closely linked to the emergence of the neural crest, a migratory and 
multipotent stem cell population that gives rise to many vertebrate-specific features, including the 
craniofacial skeleton, peripheral neurons and glia, and numerous other cell types. However, it remains 
unclear whether neural crest stem cells persist in postnatal tissues and, if they do, whether they 
contribute to the regeneration of neural crest-derived tissues. 

Among the neural crest-derived cell types present in postnatal tissues, Schwann cells and their precursors 
(SCPs) retain developmental properties similar to those of their embryonic maternal cells, neural crest 
stem cells. These cells are associated with peripheral nerves and, because of the extensive branching of 
the peripheral nervous system, are widely distributed throughout the body. Their regenerative roles 
following peripheral nerve injury are well documented, as Schwann cells are key contributors to nerve 
repair. However, peripheral nerves are not the only tissues in which neural crest-derived cells play 
important regenerative roles. It has been demonstrated that they are important for the regeneration of 
heart tissue, skin or teeth. 

The bodies of sturgeons are covered by dermal bony scutes, neural crest-derived structures that 
represent an evolutionary remnant of the ancestral dermoskeleton of early vertebrates. Because these 
scutes retain a clear neural crest origin and possess regenerative capacity, sturgeons provide a unique 
opportunity to investigate whether SCPs contribute to the regeneration of neural crest-derived dermal 
bone.  

The main hypothesis 

• Schwann cell precursors represent an essential source of stem cell-like cells for the regeneration 
of dermal bones. 

Aim(s) of the Ph.D. thesis 

• To contribute to our understanding of Schwann cell precursors role in the regeneration of 
sturgeon bony scutes but also in general aspects of regeneration. 

Possible approaches to reach the aims / to verify the hypotheses 

• Analyses of bulk RNA-seq and scRNA-seq datasets. 

• Validation of candidate genes using hybridization chain reaction in situ hybridization, 
immunohistochemistry. 

http://www.frov.jcu.cz/
https://www.stundl-evodevo.com/
mailto:jstundl@caltech.edu
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• Functional validation using CRISPR/Cas9 mutagenesis. 

References 

Stundl J, Martik ML, Chen D, Raja DA, Franěk R, Pospisilova A, Pšenička M, Metscher BD, Braasch I, Haitina 
T, Cerny R, Ahlberg PE, Bronner ME. Ancient vertebrate dermal armor evolved from trunk neural crest. 
Proc Natl Acad Sci U S A. 2023 Jul 25;120(30):e2221120120. doi: 10.1073/pnas.2221120120. Epub 
2023 Jul 17. PMID: 37459514; PMCID: PMC10372632. 

Stundl J, Desingu Rajan AR, Bronner ME. Neural crest gene regulatory networks as drivers of 
development, diversification and disease. Nat Rev Mol Cell Biol. 2026 Jun;27(6):467-485. doi: 
10.1038/s41580-026-00949-1. Epub 2026 Mar 4. PMID: 41781486; PMCID: PMC13085950. 

Johnston AP, Yuzwa SA, Carr MJ, Mahmud N, Storer MA, Krause MP, Jones K, Paul S, Kaplan DR, Miller 
FD. Dedifferentiated Schwann Cell Precursors Secreting Paracrine Factors Are Required for 
Regeneration of the Mammalian Digit Tip. Cell Stem Cell. 2016 Oct 6;19(4):433-448. doi: 
10.1016/j.stem.2016.06.002. Epub 2016 Jul 1. PMID: 27376984. 

Kastriti ME, Faure L, Von Ahsen D, Bouderlique TG, Boström J, Solovieva T, Jackson C, Bronner M, Meijer 
D, Hadjab S, Lallemend F, Erickson A, Kaucka M, Dyachuk V, Perlmann T, Lahti L, Krivanek J, Brunet JF, 
Fried K, Adameyko I. Schwann cell precursors represent a neural crest-like state with biased 
multipotency. EMBO J. 2022 Sep 1;41(17):e108780. doi: 10.15252/embj.2021108780. Epub 2022 Jul 
11. PMID: 35815410; PMCID: PMC9434083. 
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Supervisor: Quang Hung Tran, Ph.D. 

Contact 

E-mail: htranquang@frov.jcu.cz  

Tel. +420 389 034 682 

Deep Learning-Based Analysis of Feed Palatability in Aquaculture Species  
Analýza Chutnosti Krmiva U Akvakulturních Druhů Založená Na Hlubokém Učení 

DSP: Rybářství / Fishery 
Annotation 
Over the past decade, the aquafeed industry has undergone a substantial transition from fishmeal and 
fish oil derived from marine forage fish to terrestrial protein sources and, more recently, to alternative 
and novel protein ingredients (Cottrell et al., 2020; Froehlich et al., 2018; Liu et al., 2025). This shift has 
reduced pressure on marine resources while supporting the expansion of aquaculture to meet the 
increasing global demand for seafood driven by population growth (Hua et al., 2019; Panteli et al., 2025). 

Although alternative ingredients have been shown to maintain the production performance of 
aquaculture species at certain inclusion levels (Cottrell et al., 2020; Mugwanya et al., 2023; Qian et al., 
2024; Tran et al., 2022), the palatability of these materials remains a challenge for feed acceptance in 
some fish species. Feed ingredients of aquatic animal origin, such as fishmeal, are rich in chemical 
compounds including free amino acids, nucleotides, amines, and nucleosides, which are readily detected 
by the chemosensory systems of aquatic animals during food detection and ingestion. In contrast, 
alternative protein sources are generally lower levels of these compounds, limiting their capacity to fully 
replace fishmeal in aquaculture feeds (Dong et al., 2016; Soengas et al., 2025; Suresh et al., 2011; Terrey 
et al., 2021). Therefore, improving the inclusion of unconventional protein sources in aquafeeds while 
maintaining feed acceptance requires the selection of suitable ingredients for specific species, additional 
ingredient processing, or the incorporation of feed attractants (Alves et al., 2020; Dong et al., 2016; 
Hossain et al., 2024; Terrey et al., 2021). 

Feed palatability in aquaculture species has been evaluated using various assessment methods, including 
manual observation in multi-chamber tanks (Suresh et al., 2011), Y-maze systems (Jingting et al., 2020), 
self-feeding approaches (Roy et al., 2020), and hydrophone-based monitoring (Araujo et al., 2026). More 
recently, deep-learning-based techniques have emerged as valuable tools for investigating feed 
palatability in aquatic animals (Janssens et al., 2026; Tran et al., 2026). These approaches enable the 
analysis of behavioural indicators such as swimming speed, pellet ingestion dynamics, movement 
heatmaps, and feeding responses. However, the palatability of feeds containing alternative proteins and 
attractants has so far been insufficiently investigated using precise and lightweight deep learning 
approaches in the context of unconventional feed ingredients.    

http://www.frov.jcu.cz/
https://www.jcu.cz/en/university/staff/person?identita=Tran_Quang_Hung_95482
https://www.jcu.cz/en/university/staff/person?identita=Tran_Quang_Hung_95482
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The main hypothesis 

• The palatability of unconventional feed ingredients varies considerably in aquatic species. 

• The use of attractants may enhance the palatability of feed ingredients with low acceptability. 

• Free amino acids, nucleotides, and amines are the primary drivers of feed palatability. 

Aim(s) of the Ph.D. thesis 

• To evaluate feed palatability through fish behavior while fed unconventional protein sources, 
using a deep learning technique. 

• To assess different commercial feed attractants on fish behavior using a deep learning technique 

• To evaluate whether a specific attractant enhances the palatability of a low-palatability feed 
ingredient. 

Possible approaches to reach the aims / to verify the hypotheses 

• Three experiments will be conducted. 

o Experiment 1: A feeding trial will evaluate three protein sources, insect meal, fungal meal, 
and bacterial meal, as replacements for fishmeal in comparison with a control diet. 

o Experiment 2: A second feeding trial will evaluate three feed attractants in comparison 
with a control diet without attractants. 

o Experiment 3: One of the low-palatability diets identified in Experiment 1 will be used as 
a reference diet, while the remaining diets will be supplemented with a promising 
candidate identified in Experiment 2. 

• In these experiments, the tested animals will be maintained under both normal and stressful 
conditions, such as hypoxia and crowding. Tank designs will range from conventional tanks to Y-
maze and multi-chamber systems. Feed intake and fish behavior will be analyzed using a deep 
learning approach as previously described (Tran et al., 2026). Diets and ingredients will be 
analyzed for nutritional composition and specific palatability-related compounds. Fish will also be 
evaluated for physiological responses, including neurotransmitters, taste receptors, and related 
parameters. 
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Supervisor: Radek Gebauer, Ph.D. 

Contact 

E-mail: rgebauer@frov.jcu.cz  

Tel. +420 389 034 647 

Sustainable Recovery and Valorization of Pond Sediment in Circular Bioeconomy 
Udržitelné využití a zhodnocení rybničního sedimentu v podmínkách cirkulární bioekonomiky 

DSP: Rybářství / Fishery 
Annotation 
In Central Europe, fishpond management is associated with the long-term accumulation of organic 
matter, nutrients, suspended solids, and various contaminants originating from fish production, 
agricultural runoff, and surrounding catchments. Regular sediment removal is necessary to maintain 
pond functionality, water quality, and ecological stability. However, dredged pond sediments are 
frequently classified as waste materials, creating economic and environmental burdens related to their 
disposal and management. At the same time, these sediments contain substantial amounts of organic 
carbon, nitrogen, phosphorus, and micronutrients, indicating significant potential for reuse within 
circular bioeconomy systems (Drozdz et al., 2020). 
Increasing environmental pressure, stricter European legislation, and the need to reduce dependency on 
mineral fertilizers highlight the urgent necessity to develop safe and sustainable strategies for sediment 
valorization. Current knowledge concerning the environmental risks, treatment efficiency, and long-term 
impacts of sediment application on soil and aquatic ecosystems remains fragmented and insufficiently 
standardized. Furthermore, there is limited understanding of how treatment technologies such as 
composting, anaerobic digestion, pyrolysis, hydrothermal carbonization, or biochar stabilization 
influence contaminant mobility, nutrient availability, and the overall environmental footprint of sediment 
utilization (Drozdz et al., 2020; Marval et al. 2020)). 
Within this framework, pond sediments could become an important source of bio-based fertilizers, soil 
amendments, substrates for ecological restoration, or raw materials for industrial applications (Drozdz et 
al., 2020). However, successful implementation requires comprehensive evaluation of sediment quality, 
environmental safety, treatment technologies, economic feasibility, and stakeholder acceptance. 
The main hypothesis 

• Appropriately treated pond sediments can serve as a safe and effective secondary resource for 
nutrient recovery and agricultural applications within circular bioeconomy systems.  

• Advanced sediment treatment technologies (e.g., composting, pyrolysis, hydrothermal 
carbonization, or biochar stabilization) significantly reduce the environmental risks associated 
with pond sediments, including contaminant mobility. 

• The valorization of pond sediments through circular bioeconomy approaches provides 
measurable environmental and economic benefits compared to conventional sediment disposal, 
including reduced waste generation, improved nutrient recycling efficiency, and lower 
environmental footprint. 
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Aim(s) of the Ph.D. thesis 

• To characterize the physicochemical, microbiological, and contaminant profile of pond sediments 
originating from different aquaculture management systems, with emphasis on nutrient content, 
heavy metals, and micropollutants. 

• To evaluate and optimize sustainable treatment and valorization technologies for pond 
sediments, including biological, thermochemical, and stabilization approaches, in order to 
improve nutrient availability and reduce environmental and health risks.  

• To assess the environmental, agronomic, and economic potential of treated pond sediments 
within circular bioeconomy applications using integrated sustainability indicators, including 
nutrient recovery efficiency, ecotoxicological safety, and life cycle assessment (LCA). 

Possible approaches to reach the aims / to verify the hypotheses 

• Collection of sediment samples from different aquaculture systems followed by physicochemical, 
microbiological, and contaminant analyses, including nutrients, organic matter, heavy metals, 
micropollutants. 

• Testing of treatment and stabilization technologies: Evaluation and optimization of sustainable 
sediment treatment methods such as composting, vermicomposting, anaerobic digestion, 
pyrolysis, hydrothermal carbonization, and biochar-based stabilization to reduce environmental 
risks and improve nutrient recovery. 

• Assessment of agronomic and environmental safety: Performance of germination, phytotoxicity, 
and plant growth experiments to evaluate nutrient availability, soil improvement potential, 
contaminant mobility, and possible ecological risks associated with sediment application. 

• Sustainability and circular bioeconomy evaluation: Application of life cycle assessment (LCA), 
nutrient flow analysis, and economic assessment to compare conventional sediment disposal with 
circular valorization pathways and identify sustainable utilization strategies. 
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Supervisor: Koushik Roy, Ph.D. 

Contact 

E-mail: kroy@frov.jcu.cz     

Tel. +420 389 034 648 

Carbohydrates in the pond food web, their interactions with fish nutrition and water 
quality  
Sacharidy v potravní síti rybníka, jejich interakce s výživou ryb a kvalitou vody 

DSP: Rybářství / Fishery 
Annotation 
Carbohydrates constitute one of the major macronutrient fractions of natural food web components in 
pond aquaculture, including algae, zooplankton and benthic invertebrates. Their nutritional value 
depends not on total abundance but on carbohydrate typology, digestibility and fermentability. The 
composition, availability, digestibility and bioenergetic significance of aquatic carbohydrates in pond food 
web remain largely unexplored from a fish nutritional point of view, limiting the development of precision 
pond feeds. Natural food organisms frequently contain large proportions of recalcitrant carbohydrates, 
collectively termed non-starch polysaccharides (NSPs), including chitin, cellulose, hemicellulose, pectin, 
lignin and β-glucans, which are generally resistant to digestion by fish. For example, carbohydrates in 
zooplankton and benthic invertebrates are often dominated by chitin, whereas aged algal and microbial 
biomasses may contain substantial quantities of cellulose and hemicellulose. This creates a mismatch 
between carbohydrate abundance and digestible non-protein energy availability within pond food webs. 
Such mechanisms partly explain the long-standing success of traditional grain-fed European carp ponds, 
where supplementary cereals provide readily digestible carbohydrates and non-protein energy that was 
otherwise limited in natural food/ pond ecosystem. Under conditions where lipid-rich natural food 
resources do not dominate carp diets, digestible carbohydrates do represent an important source of non-
protein energy. The pond-reared common carp (Cyprinus carpio) may break down complex NSP fractions 
through synergistic digestibility effect of pond ecosystem and extract energy. But beyond energy supply, 
the interplay of carbohydrates type may strongly influence excretion, gut fullness, lipid digestibility, 
protein sparing, feed intake regulation, grazing pressure on natural food and nutrient cycling within pond 
ecosystems. 

The main hypothesis 
• Carbohydrate types including their stoichiometries represent an overlooked determinant of fish 

growth, supplementary feed efficiency, natural food grazing pressure and water quality in pond 
aquaculture.  

Aim(s) of the Ph.D. thesis 

• To investigate the seasonal dynamics of carbohydrate fractions and non-protein energy supplied 
by carp gill-filterable plankton communities and zoobenthic organisms throughout the vegetative 
season in temperate European fishponds. 
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• To investigate the interactions between different non-starch polysaccharide (NSP) fractions and 
the digestion/ absorption of other nutrients in fish, with particular emphasis on highly demanding 
digestion process of lipids. 

• To determine the optimal carbohydrate composition of supplementary feeds for enhancing 
zooplankton abundance, improving fish bioenergetic efficiency, and reducing eutrophication risk 
in pond ecosystems. 

• To quantify the capacity of pond aquaculture systems to convert recalcitrant carbohydrate inputs 
into human-edible fish biomass without increasing eutrophication or harmful algal bloom risk, 
relative to traditional grain-feeding systems. 

Possible approaches to reach the aims / to verify the hypotheses 

• Fish digestibility and nutritional bioenergetics trial in Guelph-RAS system.  
• Pond trial with plankton net, Eckman grab operation. 
• Pond water mesocosms, aquaponic sludge digestors (bioreactors).  
• FOSS FibreTec analyses (for NDF, ADF, ADL analyses). 
• LC-MS, UV-VIS spectrophotometry (for glycogen, sugar, starch analyses) 
• Knowledge of using specialized GPTs (OpenAI Data analyst) and Rstudio in tandem.   
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Effects of alternative feed ingredients on flesh quality, organoleptic properties, 
physicochemical characteristics and shelf life of farmed fish 
Vliv alternativních krmných surovin na kvalitu svaloviny, senzorické (organoleptické) vlastnosti, 
fyzikálně-chemické parametry a skladovatelnost ryb 

DSP: Rybářství / Fishery 
Annotation 
The increasing demand for alternative feed ingredients, including insect meals, fermented plant proteins, 
plant protein isolates, mycoproteins, and bacterial (single-cell) proteins has stimulated extensive 
research into their nutritional value and environmental sustainability in aquafeeds (Tran et al., 2022). 
While considerable attention has been devoted to evaluating growth performance, nutrient digestibility, 
and immune responses, the effects of these novel ingredients on final product quality remain 
comparatively underexplored. From a consumer perspective, the acceptability of farmed fish is primarily 
determined by sensory attributes such as colour, odour, texture, and flavour, alongside physicochemical 
parameters including pH, water-holding capacity, lipid oxidation, and fatty acid composition. These 
factors collectively influence shelf life and overall marketability (Alfnes et al., 2006; Gasco et al., 2019; 
Stejskal et al., 2019; Stejskal et al., 2011; Vácha et al., 2013). 

Existing evidence suggests that the inclusion of insect meals can modify fillet fatty acid profiles and alter 
sensory characteristics, with high substitution levels occasionally leading to the development of off-
flavour (Tran et al., 2025). Fermented plant proteins are known to reduce anti-nutritional factors and 
improve gut health; however, their downstream effects on muscle biochemistry and post-harvest storage 
stability remain insufficiently characterized. Likewise, mycoproteins and bacterial single-cell proteins 
have attracted interest due to their balanced amino acid composition and relatively low environmental 
footprint (Hooft et al., 2025). Emerging developments also include bacterial protein sources capable of 
producing natural pigments, which may contribute to desirable fillet coloration and enhance product 
visual quality when incorporated into aquafeeds. Despite this, their influence on key quality parameters, 
such as lipid oxidation, textural properties, and microbial spoilage during chilled or frozen storage has not 
been systematically evaluated across aquaculture species (Alfnes et al., 2006). 

In the context of increasing regulatory and market pressure to diversify aquafeed formulations without 
compromising consumer acceptance, there is a clear need for a comprehensive and systematic 
assessment of how these alternative protein sources affect flesh quality, organoleptic attributes, 
physicochemical properties, and product shelf life. 

The main hypothesis 
• Novel feed ingredients including insect meals, fermented plant proteins, plant protein isolates, 

mycoproteins, and bacterial meals can partially or fully replace conventional fishmeal and 
soybean meal without adversely affecting the sensory quality of fish flesh. 
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• The dietary inclusion of these alternative ingredients influences muscle physicochemical 
properties, including proximate composition, fatty acid profile, pH, water-holding capacity, and 
textural characteristics. 

• Novel feed ingredients modulate lipid oxidative stability and microbial spoilage dynamics during 
chilled and frozen storage, thereby affecting product shelf life. 

• The extent and direction of these effects are dependent on the type of ingredient, its inclusion 
level, and the processing or fermentation methods applied. 

• Bacterial meals containing pigment-producing compounds (e.g., carotenoids) can enhance fillet 
coloration and improve visual quality of fish products. 

Aim(s) of the Ph.D. thesis 

• To assess the impact of these alternative ingredients on the organoleptic properties of fish flesh, 
including colour, odour, texture, and flavour. 

• To determine their influence on key physicochemical characteristics of muscle tissue, including 
proximate composition, fatty acid profile, pH, water-holding capacity, and textural parameters. 

• To evaluate the effects of dietary treatments on product shelf life, with particular emphasis on 
lipid oxidation (e.g., TBARS, peroxide value), microbial spoilage indicators, and sensory changes 
during chilled and frozen storage. 

• To compare quality outcomes across different ingredient types, inclusion levels, and processing 
or fermentation methods in order to identify optimal feed formulations that preserve product 
quality. 

• To investigate the potential of pigment-producing bacterial meals (e.g., carotenoid-rich biomass) 
to enhance fillet coloration and improve visual quality of aquaculture products. 

Possible approaches to reach the aims / to verify the hypotheses 

• A systematic meta-analysis of published studies reporting the effects of novel feed ingredients on 
fillet quality parameters. 

• Controlled feeding trials will be conducted using selected fish species, in which experimental diets 
containing graded inclusion levels of insect meals, fermented plant proteins, plant protein 
isolates, mycoproteins, or bacterial meals are compared with conventional fishmeal/soybean 
meal-based controls. The inclusion levels will be defined based on prior meta-analysis, selecting 
maximum inclusion thresholds at which no significant reduction in growth performance has been 
reported, with the aim of rearing animals to market size under practical production conditions 

• Sensory evaluation conducted by trained panels employing descriptive analysis methods, 
including quantitative descriptive analysis (QDA) and temporal dominance of sensations (TDS), to 
assess colour, odour, texture, and flavour of both raw and cooked products. 

• Comprehensive physicochemical characterization of muscle tissue, including proximate 
composition, fatty acid profiling , pH, water-holding capacity, cooking loss, instrumental texture 
analysis, and colour measurement using the CIE Lab* system and Salmofan. 

• Assessment of lipid oxidation and shelf life through determination of thiobarbituric acid reactive 
substances (TBARS), peroxide value, free fatty acids during chilled (4°C) and frozen (−20°C) 
storage. 

• Microbiological analyses, including total viable counts and enumeration of specific spoilage 
organisms, to characterize microbial spoilage dynamics throughout storage 

• Statistical analysis using appropriate models and tests, including general linear models (GLM), 
analysis of variance (ANOVA), non-parametric tests (e.g., Kruskal–Wallis), post hoc comparisons, 
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principal component analysis (PCA), and correlation analyses to identify relationships between 
diet composition and quality attributes.   
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Spatiotemporal dynamics of fish movement: The role of orientation, temperature, and 
hydrology in habitat selection 
Časoprostorová dynamika pohybů ryb: role orientace, teploty a hydrologických poměrů na výběru 
habitatu 

DSP: Rybářství / Fishery 
Annotation 

River fragmentation caused by dams, weirs, and hydropower plants represents one of the most critical 
threats to freshwater biodiversity globally (Birnie-Gauvin et al., 2017). While engineering solutions such 
as fishways and bypass channels are widely implemented to restore longitudinal connectivity, their 
biological effectiveness is often surprisingly low (Birnie-Gauvin et al., 2017). A major reason for this failure 
is the discrepancy between hydraulic design and fish behavior. Traditional management focuses on 
"swimming performance" (can the fish physically swim through?) (Castro-Santos & Haro, 2010), ignoring 
the critical aspect of "orientation and navigation" (can the fish find the entrance?). Without 
understanding the mechanisms determining how fish select and utilize their environment (Nathan et al., 
2008), conservation efforts in regulated rivers like the Danube remain inefficient. 

To improve passage efficiency, we must first understand the baseline spatial strategies of fish in 
unfragmented or semi-natural environments. Current knowledge of how fish perceive space, maintain 
headings, and select specific habitats is limited, often relying on coarse-scale data (Hussey et al., 2015). 
This thesis utilizes high-resolution telemetry from lentic systems (reservoirs) to establish a fundamental 
understanding of how navigation underpins habitat selection (Rodríguez et al., 2021). By analyzing fine-
scale trajectories of model species (e.g., pikeperch Sander lucioperca, wels catfish Silurus glanis, pike Esox 
lucius), it is possible to define the natural rules of habitat use (how fish search for resting or foraging sites 
and respond to environmental cues), which serves as a necessary control for understanding their 
behavior in anthropogenically altered systems (Edelhoff et al., 2016; Říha et al., 2022). 

In regulated rivers, these natural selection strategies confront artificial barriers. The complex hydro-
morphology of the Danube (Gabčíkovo-Čunovo system) creates a "sensory trap" where altered flow 
regimes and depth profiles disrupt migration routes (Kubala et al., 2019). Here, the challenge shifts from 
theoretical orientation to practical passability. Rheophilic fish species must not only possess the 
motivation to migrate but also the ability to select the correct path towards bypass entrances amidst 
turbulent tailraces. The problem is exacerbated by the lack of knowledge regarding vertical microhabitat 
selection; a fish preferring near-bottom structures may simply miss a surface-oriented fishway, regardless 
of its motivation. 

This doctoral research addresses the urgent need to integrate behavioral ecology into river management. 
By combining the study of fundamental navigation principles with applied telemetry of barrier crossing 
success, the project aims to identify the specific behavioral bottlenecks limiting connectivity. The analysis 
of depth selection, thermal habitat preferences, and passage efficiency at key obstacles will provide direct 
recommendations for optimizing fishway attraction flows. Ultimately, the thesis demonstrates that 
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successful restoration of migration corridors requires a holistic approach that considers not just the 
physical permeability of barriers, but the spatiotemporal dynamics of habitat selection of the species 
attempting to cross them. 

 

The main hypothesis 

•  In featureless lentic environments, fish rely on allocentric cognitive maps. We hypothesize that 
navigation towards known habitats is precise and goal-directed regardless of the starting position, 
significantly exceeding the efficiency of random walk or simple beaconing models. 

•  In lotic systems, vertical space use is determined by species-specific ecomorphological traits. We 
hypothesize strict vertical niche partitioning: while pelagic predators as asp (Leuciscus aspius) utilize 
the upper water column, benthic species as starlet (Acipenser ruthenus) or barbell (Barbus barbus) 
are obligatorily bound to the riverbed boundary layer, causing them to approach migration barriers 
at significantly different depth strata.  It can caused species-specific differences in barrier 
permeability. 

 

Aim(s) of the Ph.D. thesis 

•  To characterize fine-scale movement trajectories and homing precision of different fish species in 
reservoirs, aiming to confirm the existence of map-like navigation and identify the behavioral rules 
used for orientation in the absence of flow. 

•  To assess the spatiotemporal dynamics of rheophilic species (Acipenser ruthenus, Leuciscus aspius, 
Barbus barbus) in the Danube, with a specific focus on how vertical space use (depth selection) 
changes in response to discharge, temperature, and migration phase. 

•   To quantify the passability of the Gabčíkovo-Čunovo waterworks for the target species and identify 
behavioral bottlenecks (e.g., depth mismatch at fishway entrances) that limit successful migration. 

•  To quantify the passability of the Gabčíkovo-Čunovo waterworks in relation to species-specific 
vertical distribution, and to identify behavioral bottlenecks caused by the mismatch between the 
preferred swimming depths and the vertical position of fishway entrances. 

 

Possible approaches to reach the aims / to verify the hypotheses 

•  Data Acquisition: Combine high-resolution 3D telemetry (reservoirs) with large-scale linear arrays   
equipped with depth and temperature sensors (Danube). 

•  Statistical Framework: Perform all analyses in R (e.g., actel, moveHMM) using Hidden Markov 
Models to segment behavioral states, circular statistics for navigation precision, and GLMMs to test 
abiotic drivers. 

•  Habitat Modelling: Apply Habitat Selection Models (HSM), specifically Resource Selection Functions 
(RSF) or Step Selection Functions (SSF), to quantify the selection of microhabitats (depth strata, 
flow classes) relative to their availability. 

•  Barrier Assessment: Evaluate passage efficiency using event-time analysis and compare fish vertical 
profiles with fishway hydraulics to identify migration bottlenecks. 
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