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Summary 

 This thesis investigates the impacts of environmental factors, parasitic infections, 

pollutants, and biological invasions on the morphology, physiology, and behavior of aquatic 

organisms, with a focus on fish in the Western Ghats of India and invasive species in Central 

Europe. The research reveals how environmental pressures drive adaptive changes in species 

and how human-induced pollutants and invasive species disrupt ecosystem dynamics. 

 The study first examines micro-adaptations in the lepidophagous catfish Pachypterus 

khavalchor, highlighting how ecological competition shapes specialized feeding adaptations. 

This species evolved unique morphological features, such as specialized dentition, allowing it 

to feed on scales and reduce food competition. This adaptation underscores the role of 

ecological pressures in driving morphological evolution. The thesis also explores the 

physiological costs of parasitism, focusing on Contracaecum nematode infections in hillstream 

loaches. These parasites induce oxidative stress and muscle damage, impairing host mobility 

and increasing vulnerability to predators. The research emphasizes the importance of parasitic 

interactions in influencing host health and behavior, with implications for population 

dynamics. 

 Pollution effects on aquatic organisms were another major focus, revealing how 

microplastics, pharmaceuticals, and phthalates disrupt vital behaviors and physiological 

functions. Microplastic contamination was prevalent in river and coastal sediments, with eco-

morphological features influencing ingestion rates in species like mudskippers. Pollutants like 

diethyl phthalate affected predator-prey interactions in loaches and impaired regeneration in 

planarians, demonstrating how chemical contaminants can undermine survival and 

reproduction. Lastly, the thesis addresses biological invasions, documenting the detection of 

the invasive Chinese sleeper in Czechia through eDNA methods. This invasive species poses 

a threat to native ecosystems by altering food web dynamics and competing with indigenous 

species. 

 In summary, this research provides a detailed view of the multifaceted pressures on 

aquatic ecosystems, highlighting the need for integrated environmental management and 

conservation strategies to mitigate these impacts and protect biodiversity. 
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1.1. General structure and function of aquatic ecosystem 

Aquatic ecosystems are dynamic and complex systems that consist of interactions 

between biological communities and their water environments. These ecosystems are 

crucial for maintaining ecological balance as they perform various essential functions, 

such as recycling nutrients, purifying and storing water, maintaining stream flow, and 

providing habitats for diverse organisms (Schindler & Scheuerell, 2002). Aquatic 

ecosystems are broadly classified into two primary types: marine ecosystems and 

freshwater ecosystems (Barange et al., 2010). Marine ecosystems, which cover more than 

70% of the Earth’s surface, include oceans, coral reefs, estuaries, and coastal areas. On the 

other hand, freshwater ecosystems, covering less than 1% of the Earth’s surface, consist 

of lentic (still water), lotic (flowing water), and wetland systems. Despite their smaller 

coverage, both types of ecosystems are vital to global ecological processes, contributing 

to nearly half of the world's net primary production (Alexander, 1999). Marine ecosystems, 

due to their vast coverage, play a significant role in regulating the Earth's climate and 

supporting global biodiversity. They are key players in carbon cycling, with marine 

organisms such as phytoplankton contributing to oxygen production through 

photosynthesis, helping to regulate atmospheric carbon dioxide levels. Similarly, 

freshwater ecosystems are essential in providing resources such as drinking water, 

sanitation, and agricultural irrigation, making them vital for both ecological balance and 

human survival. Given their roles in maintaining biodiversity, regulating climate, and 

supporting life, aquatic ecosystems are recognized as critical components of the Earth's 

ecological infrastructure. However, human activities such as pollution, overexploitation, 

and habitat destruction have severely impacted these ecosystems, making their 

conservation and sustainable management a global priority (Eugene & Oh, 2004; Griffith 

et al., 2005; Verhougstraete et al., 2015; Beiras, 2018). 

Aquatic ecosystems also serve as a source of food, transportation, and recreation. 

Marine ecosystems provide raw materials for fertilizers, additives, and cosmetics, while 

freshwater ecosystems are critical for providing potable water for various human activities, 

including agriculture and industry. The importance of aquatic ecosystems in providing 

ecosystem services and supporting biodiversity cannot be overstated. The continued 

degradation of these systems could result in a loss of biodiversity, diminished water 

quality, and reduced ecosystem services, affecting not only aquatic life but also human 

populations that depend on these resources (Chivian, E., 2002; Rotter, A. et al., 2021;). 
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Fig.1. Schematic of an aquatic ecosystem showing few environmental (green) and 

anthropogenic (orange) factors affecting aquatic life. 

Aquatic organisms play a fundamental role in the functioning of aquatic 

ecosystems, contributing to both ecological processes and food webs. The diversity of 

organisms found in aquatic environments is vast, ranging from microorganisms such as 

bacteria and phytoplankton to larger species such as fish, birds, and marine mammals 

(Postel et al., 2012). Phytoplankton, for example, are tiny plants that perform 

photosynthesis, producing approximately 50% of the world's oxygen and forming the base 

of aquatic food chains. Zooplankton, small animals that feed on phytoplankton, are critical 

intermediaries in the transfer of energy and nutrients through aquatic food webs. Other 

aquatic organisms, including invertebrates, fish, and mammals, rely on these lower trophic 

levels for sustenance, highlighting the importance of maintaining biodiversity in these 

ecosystems (Karlusich et al., 2020; Dahlin et al., 2021). Microbes are another essential 

component of aquatic biodiversity, as they play significant roles in biogeochemical cycles, 

including the cycling of carbon, nitrogen, phosphorus, and sulfur. Microbial communities 

facilitate the transport of nutrients and the degradation of organic matter, contributing to 

the overall health of aquatic ecosystems (Simon et al., 2002; Sang et al., 2018). The 

structure and function of these microbial communities are closely linked to the 

environmental conditions within an ecosystem, influencing nutrient cycling and pollutant 

mitigation. The diversity of these microbial communities ensures that ecosystems remain 
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resilient in the face of environmental stressors, making them a critical focus for ecological 

research (Huang et al., 2022). 

In addition to their ecological importance, aquatic organisms are economically 

valuable. Fisheries, which rely on healthy populations of aquatic species, provide food and 

livelihoods for millions of people worldwide (Finegold, C., 2009). However, overfishing 

and unsustainable fishing practices threaten the balance of these ecosystems by depleting 

key species and disrupting food webs (Sumaila, U., 2020). For example, the depletion of 

predatory fish can lead to an overabundance of smaller species, which in turn affects the 

entire food chain. Sustainable practices, including the establishment of marine protected 

areas and the implementation of fishing quotas, are essential to preserving aquatic 

biodiversity and ensuring the continued provision of ecosystem services (Sumaila, U., 

2020). Aquatic ecosystems, through their biological diversity and ecological functions, 

maintain the health of global ecosystems. Organisms at different trophic levels, from 

phytoplankton to top predators, interact in complex ways that sustain life and contribute 

to the overall functioning of these ecosystems. Understanding these interactions and the 

role of various species in the food web is essential for managing aquatic environments 

sustainably (Dahlin et al., 2021). As the pressures on aquatic ecosystems continue to 

increase due to human activities, the need for conservation efforts that address both 

ecological and economic concerns becomes even more critical. 

 

1.2. Role of physical factors in aquatic ecosystem 

Water temperature plays a critical role in the metabolic processes, growth, and 

reproductive cycles of aquatic organisms. According to Shelford’s law of tolerance, each 

organism has an optimal environmental range in which it can thrive, including a specific 

temperature range (Dong & Tian, 2023). When temperatures fall outside this range, 

organisms may experience stress, leading to decreased growth rates and lower survival. 

Changes in water temperature can affect not only individual organisms but also broader 

ecosystems, including the dynamics of food chains and energy flow. For instance, 

increased water temperatures can result in oxidative stress for aquatic organisms, 

influencing their physiological responses and immune systems, especially in the 

interconnected food web of plankton, invertebrates, and fish (Lydy et al., 1999). Climate 

change has significantly influenced temperature patterns in aquatic environments, leading 
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to warming surface waters and shifts in species distributions (Benedetti et al., 2021). As 

temperatures rise, the metabolic rates of aquatic organisms increase, which can alter their 

life cycles and reproduction timings. For species that rely on specific temperature 

conditions, such as certain fish during spawning seasons, these shifts can disrupt their 

reproductive success (Reid et al., 2019). Moreover, higher temperatures have been linked 

to increased prevalence of marine diseases and a higher risk of hypoxia in aquatic 

ecosystems. This underscores the urgency of understanding temperature-induced changes 

and developing strategies to mitigate their impact on aquatic ecosystems. 

Dissolved oxygen is another crucial factor that directly affects the survival and 

behavior of aquatic organisms. Oxygen is required for respiration, which sustains the 

metabolism of most aquatic species. However, dissolved oxygen levels can fluctuate due 

to various factors such as temperature, salinity, and water movement. Lower oxygen 

levels, often caused by increased water temperature, can lead to hypoxic conditions, which 

have profound effects on the health of aquatic ecosystems (Domenici et al., 2007). 

Hypoxia forces fish and other species to exhibit stress behaviors, such as moving to the 

water’s surface to obtain oxygen, which increases their vulnerability to predators. In 

environments with low oxygen levels, fish and other aquatic species face physiological 

challenges that limit their ability to escape from predators or efficiently hunt prey. Hypoxic 

waters create scenarios where predator-prey dynamics are altered, often to the detriment 

of prey species, which are less capable of escaping predation (Meager & Batty, 2007). 

Hence, understanding the dynamics of dissolved oxygen levels and their effect on aquatic 

species is essential in addressing the increasing stress on aquatic ecosystems due to 

environmental changes. The pH of water is a significant environmental factor in aquatic 

ecosystems, influencing the survival of organisms and the overall health of ecosystems. 

Acidic waters, caused by acid rain or industrial pollutants, lower the pH and can lead to 

harmful ecological changes, including the degradation of water quality and the loss of 

biodiversity. When the pH drops too low, it can increase the solubility of toxic metals, 

such as aluminum, which can be lethal to fish and invertebrates (Driscoll, & Wang, 2019). 

Additionally, organisms sensitive to pH fluctuations, like certain fish species and plankton, 

may experience physiological stress, impacting their reproduction and survival. 

Acidification is closely linked to the broader issue of climate change, as increased carbon 

dioxide levels lead to the formation of carbonic acid in water, lowering pH levels (Reid et 

al., 2019). Acidified waters particularly affect calcifying organisms, such as mollusks and 
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corals, which rely on calcium carbonate to build their shells and skeletons. These 

organisms are especially vulnerable to reduced pH levels, as it impedes their ability to 

grow and survive (Doney et al., 2009; Van de Waal et al., 2013). Consequently, 

acidification is a growing concern for aquatic ecosystems, as it poses long-term threats to 

biodiversity and ecosystem stability. 

Light availability plays a crucial role in photosynthesis, which is vital for aquatic 

plants and phytoplankton, the primary producers in aquatic ecosystems. Photosynthesis 

supports oxygen production and forms the basis of aquatic food webs. However, light 

penetration can be reduced by factors like water turbidity and sedimentation, affecting 

submerged vegetation and limiting photosynthesis (Lehtiniemi et al., 2005). Reduced light 

availability not only affects photosynthetic organisms but also impacts predator-prey 

interactions by diminishing visibility, especially for predators relying on visual cues 

(Meager & Batty, 2007). Eutrophication, driven by excessive nutrient input such as 

nitrogen and phosphorus, exacerbates this issue by promoting dense algal blooms. These 

blooms reduce water clarity, limiting light penetration and further restricting 

photosynthetic activity. Human-induced eutrophication, or cultural eutrophication, leads 

to widespread consequences, including algal blooms, degraded water quality, and hypoxic 

conditions harmful to aquatic ecosystems (Carpenter et al., 1998; Schindler, 2006; Bhat et 

al., 2017). As algal blooms block light, they harm the growth of aquatic plants in littoral 

zones and reduce predator efficiency in locating prey, compounding the detrimental effects 

of reduced light availability (Lehtiniemi et al., 2005). 

 

1.3. Predators and parasites in aquatic ecosystem 

Biotic factors, such as predation pressure and competition for food, can profoundly 

affect the morphology and behavior of organisms. In scale-eating cichlids like Perissodus 

microlepis from Lake Tanganyika, food competition has led to morphological adaptations, 

notably craniofacial asymmetry. This asymmetry improves feeding efficiency by 

expanding the contact area between the predator’s teeth and the prey’s scales. Over time, 

successful predation has also been associated with the development of behavioral 

lateralization, where individual fish exhibit a preference for attacking prey from a specific 

side, either left or right, thereby improving foraging efficiency in a resource-scarce 

environment (Takeuchi et al., 2016). 
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Additionally, species of Roeboides consume scales selectively during the low-

water season when competition for insect prey is intense (Peterson and Winemiller, 1997; 

Peterson and McIntyre, 1998). This suggests that heightened food competition may also 

increase aggression and promote lepidophagy. These morphological and behavioral 

changes illustrate how biotic factors like food competition shape predator-prey 

interactions, driving evolutionary adaptations. 

Parasites play a crucial role in aquatic ecosystems, representing one of the most 

successful modes of life in nature (Poulin and Morand, 2000). They have independently 

evolved across multiple phyla, forming extensive host-parasite relationships that impact 

ecosystem dynamics. Parasitism is widespread, constituting a significant proportion of 

global biodiversity and influencing biomass, abundance, and productivity in various 

ecosystems (Dobson et al., 2008; Hechinger et al., 2011). These relationships are shaped 

by antagonistic coevolution, where parasites adapt to exploit specific biological traits of 

their hosts, ensuring successful transmission and survival. Consequently, parasites impact 

host organisms at multiple levels, from gene expression to population dynamics, 

influencing host morphology, reproduction, behavior, and overall survival (Marcogliese, 

2004). Aquatic ecosystems, in particular, are vulnerable to parasitic infections due to the 

strong interconnectivity between organisms in the food web. Fish parasites, a major 

component of aquatic biodiversity, often become involved in the host’s ecological 

processes, serving as bioindicators of environmental changes. Parasites can provide 

valuable insights into the feeding, migration, and population structure of their hosts. 

Furthermore, parasites are sensitive to environmental stressors such as pollutants and 

eutrophication, which makes them useful tools for monitoring ecosystem health (H.W. 

Palm, 2011). As global warming alters aquatic environments, parasites, along with their 

hosts, are subjected to changing conditions. These shifts can either increase or decrease 

parasitic burdens depending on the species and environmental factors involved, further 

demonstrating the importance of assessing parasites' role in ecosystems (Marcogliese, D. 

J., 2001; Cable et al., 2017). 

 Parasites impose significant energetic costs on their hosts, which can lead to 

pathological, immunological, and physiological effects. In fish, parasitic infections can 

cause oxidative stress, impair immune function, and alter essential behaviors such as 

predator avoidance and feeding. For example, studies have shown that parasites can reduce 

host fitness by disrupting normal physiological processes, manipulating host behavior, and 
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increasing host vulnerability to predation (Sures et al., 2001; Münderle et al., 2004; Gérard 

et al., 2016). This can have cascading effects on fish populations and the broader aquatic 

community. Fish heavily infected with parasites may experience a reduction in fecundity, 

altered reproductive cycles, and increased mortality rates, particularly if the parasites cause 

significant pathological damage or act as endocrine disruptors (Sokolowski and Dove, 

2006; Trubiroha et al., 2010). Additionally, parasites that alter host behavior to increase 

susceptibility to predation can drastically affect predator-prey dynamics within an 

ecosystem (Lafferty and Morris, 1996). One of the critical impacts of parasites on fish 

physiology is their role in inducing oxidative stress. Oxidative stress occurs when the 

balance between reactive oxygen species (ROS) production and antioxidant defenses is 

disrupted, leading to cellular damage. Parasites, like other environmental stressors, can 

elevate ROS levels in fish, resulting in lipid peroxidation, protein oxidation, and DNA 

damage (Belló et al., 2000; Sures et al., 2017). This oxidative stress can severely impact 

fish health by weakening their immune defenses and impairing nutrient absorption (Kiron, 

2012). The response of fish to oxidative stress involves a range of antioxidant defense 

mechanisms, including enzymatic systems such as superoxide dismutase (SOD), catalase 

(CAT), and glutathione peroxidase (GPx) (Di Giulio and Meyer, 2008; Folgueira et al., 

2019). These enzymes play a crucial role in neutralizing ROS and preventing damage to 

cellular macromolecules. For instance, SOD catalyzes the dismutation of superoxide 

radicals into hydrogen peroxide, which is then converted to water by catalase, thereby 

protecting cells from oxidative damage (Folgueira et al., 2019). 

 In addition to oxidative stress, parasitic infections can interfere with 

neurotransmitter functions and stress responses in fish. Acetylcholinesterase (AChE), an 

enzyme responsible for breaking down the neurotransmitter acetylcholine, is often used as 

a biomarker to assess neurotoxic effects in fish (Adams, 2001). Parasite-induced 

disruptions to AChE activity can affect locomotion, balance, and predator-avoidance 

behaviors, leaving fish more vulnerable to predation and other environmental stressors 

(Bretaud et al., 2000). Such disruptions in normal physiological responses highlight the 

far-reaching effects of parasitic infections on fish health and survival, especially in 

ecosystems where environmental stressors like pollution exacerbate these impacts. The 

cumulative effects of parasitic infections on fish health underscore the importance of 

understanding how parasitic infections impact fish physiology and behavior is crucial for 

managing aquatic ecosystems, particularly as environmental changes continue to 
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exacerbate stressors. The role of parasites as both stressors and bioindicators in aquatic 

environments makes them a critical area of study, with significant implications for 

biodiversity conservation (Lushchak, V. I., 2011;Valavanidis et al., 2006; Chowdhury et 

al., 2020) 

 

1.4. Pollution in aquatic ecosystem 

 Aquatic pollution has emerged as a major global issue, significantly affecting the 

health and sustainability of aquatic ecosystems. These ecosystems, which include both 

marine and freshwater environments, are crucial for maintaining biodiversity and 

providing essential ecosystem services such as food, water, and economic resources 

(Barange et al., 2010). Unfortunately, anthropogenic activities, such as industrialization, 

agriculture, and urbanization, have led to the introduction of numerous pollutants into 

these systems. These pollutants, including agrochemicals, heavy metals, industrial 

solvents, and household waste, pose serious threats to aquatic organisms and disrupt 

ecosystem functions (Verhougstraete et al., 2015; Beiras, 2018). Polluted water bodies not 

only endanger the supply of clean drinking water but also degrade ecosystem processes, 

impacting the health of aquatic organisms and reducing biodiversity (Hampel et al., 2015). 

The sources of aquatic pollution are varied, with agriculture, industrial effluents, and urban 

runoff being the main contributors. Agriculture, responsible for 70% of global water usage, 

is a significant contributor to aquatic pollution through the discharge of fertilizers, 

pesticides, and organic matter into water bodies (Mateo-Sagasta et al., 2017). These 

pollutants degrade water quality and pose risks to both aquatic life and human health. For 

instance, pesticides such as insecticides, herbicides, and fungicides are washed into aquatic 

systems, where they accumulate in organisms, leading to toxic effects that propagate 

through the food chain and may eventually impact human populations (Mateo-Sagasta et 

al., 2017). Industrial waste, including heavy metals like cadmium, mercury, and lead, as 

well as volatile organic compounds, is another major source of contamination. These 

chemicals are often discharged into water bodies without adequate treatment, resulting in 

the bioaccumulation of toxic substances in aquatic organisms, which can lead to long-term 

environmental damage (Demirak et al., 2006; Hampel et al., 2015). 

 Sewage is one of the largest contributors to aquatic pollution and has a profound 

impact on freshwater ecosystems. It is estimated that 58% of urban wastewater and 81% 
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of industrial waste is discharged into water bodies without proper treatment, leading to the 

contamination of approximately 73% of water bodies globally (Vargas-Gonzalez et al., 

2014). Sewage contains a mix of organic matter, heavy metals, nutrients, pharmaceuticals, 

and personal care products that contribute to eutrophication and oxygen depletion in water 

bodies (Akpor & Muchie, 2011; Bhat et al., 2017). The high organic load of sewage 

increases the biological oxygen demand (BOD), which in turn lowers dissolved oxygen 

(DO) levels in aquatic systems. Low DO levels, often below 5 mg/L, can impair the 

functioning of fish and other aquatic organisms, leading to population declines and altering 

ecosystem dynamics (Momba et al., 2006). Additionally, eutrophication caused by 

excessive nutrient input from sewage and agricultural runoff results in harmful algal 

blooms, further reducing water quality and biodiversity (Schindler, 2006). The impact of 

pollutants on aquatic organisms is multifaceted, affecting their physiology, behavior, and 

overall survival. For instance, heavy metals can accumulate in fish and other organisms, 

causing oxidative stress, cellular damage, and reproductive dysfunction (Bhat et al., 2017). 

Pesticides may induce neurotoxic effects, impairing the ability of fish to navigate, avoid 

predators, or find food (Schreinemachers & Tipraqsa, 2012). Sewage-induced 

eutrophication disrupts the base of aquatic food webs by reducing light availability and 

oxygen levels, which directly affect photosynthetic organisms such as phytoplankton 

(Carpenter et al., 1998). These changes have cascading effects throughout the food web, 

impacting higher trophic levels such as zooplankton, fish, and marine mammals, ultimately 

threatening the stability and functioning of aquatic ecosystems (Bhat et al., 2017). 

 In recent years, plastic pollution has become an increasingly critical concern for 

aquatic environments, particularly microplastics. These small plastic particles, resulting 

from the breakdown of larger debris, are ubiquitous in both marine and freshwater systems 

(Hampel et al., 2015). Microplastics are ingested by various aquatic organisms, leading to 

physical harm, reduced feeding efficiency, and behavioral changes. Moreover, plastics can 

adsorb and transport toxic chemicals, such as heavy metals and persistent organic 

pollutants, further exacerbating their detrimental effects on aquatic organisms (Mateo-

Sagasta et al., 2017). Plastic pollution presents a growing challenge that requires urgent 

attention, as its long-term impact on aquatic ecosystems remains largely uncharted. 

 Plastic pollution has become one of the most significant environmental challenges 

for aquatic ecosystems, with microplastics and plastic additives posing serious threats to 

marine and freshwater organisms. Plastics, while beneficial to society due to their 
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durability and versatility, accumulate extensively in natural habitats as a result of 

unsustainable use and poor waste management (Andrady & Neal, 2009; Barnes et al., 

2009). Plastic debris has permeated nearly every part of the aquatic environment, including 

oceans, rivers, lakes, and even the deep sea (Cole et al., 2011; Van Cauwenberghe et al., 

2013). Rivers play a critical role in transporting large amounts of plastics from inland 

sources to marine environments, significantly contributing to marine plastic pollution 

(Moore et al., 2005; Lechner et al., 2014). Once in aquatic environments, larger plastic 

items break down into microplastics (MPs), which are smaller than 5 mm in diameter and 

are considered an emerging global environmental issue (Sutherland et al., 2010; Depledge 

et al., 2013; GESAMP, 2010; UNEP, 2011). Microplastics are widely distributed across 

various ecosystems, including marine, freshwater, sediment, and even polar regions 

(Andrady, 2011; Auta et al., 2017). Numerous aquatic organisms ingest microplastics, 

ranging from zooplankton (Jemec et al., 2016) and shellfish (Su et al., 2016) to fish (Jabeen 

et al., 2017; Zhang et al., 2017) and marine mammals (Hutton et al., 2008). The ingestion 

of microplastics leads to several adverse outcomes for aquatic species, including 

mechanical injuries, reduced growth rates, decreased reproductive success, and increased 

morbidity (Jackson et al., 2000; Cannon et al., 2016; Nadal et al., 2016). For example, 

microplastics can cause blockages in the digestive systems of fish, affecting their ability 

to feed properly and reducing their overall fitness. In addition to physical damage, 

microplastics can leach toxic chemicals used as additives during plastic production, such 

as plasticizers, and adsorb pollutants from the surrounding environment, which can further 

harm aquatic organisms (Ward & Kach, 2009). 

 Plasticizers, which are chemicals added to plastics to increase flexibility and 

durability, pose another significant threat to aquatic ecosystems. These substances, 

particularly phthalates like di-(2-ethylhexyl) phthalate (DEHP), di-n-butyl phthalate 

(DBP), and butyl benzyl phthalate (BBP), are known to disrupt endocrine functions in 

aquatic organisms (Paluselli et al., 2018). Phthalates interfere with hormone regulation, 

leading to reproductive issues and developmental problems in fish and other species. For 

example, fish exposed to phthalates experience impaired reproduction, altered sex ratios, 

and reduced fertility, threatening the stability of fish populations (Paluselli et al., 2018). 

Due to their harmful effects, the use of certain phthalates, such as DEHP and DBP, has 

been regulated or banned in regions such as the European Union, the United States, and 

Japan (European Union, 2007). In addition to phthalates, other plastic additives like 
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polyethylene (PE)-based plasticizers are widespread pollutants in aquatic environments. 

PEs, which are added to products such as food packaging, medical devices, and personal 

care items, have a global production exceeding 6 million tons annually (Wang et al., 2018; 

Seyoum & Pradhan, 2019). These plasticizers are not chemically bound to the polymers 

they are mixed with, allowing them to easily leach into aquatic ecosystems during 

production, use, or disposal (Vats et al., 2013; Henkel et al., 2019). Once in the water, PEs 

can bioaccumulate in aquatic organisms and move up the food chain, potentially impacting 

humans as well (Arambourou et al., 2019). The widespread contamination of aquatic 

ecosystems with plasticizers has been documented in various environments, including 

rivers, lakes, wetlands, and marine environments (Salaudeen et al., 2018; Zhang et al., 

2021). 

 Plastic pollution also affects the behavior and physiology of aquatic organisms. 

Fish exposed to microplastics and plasticizers exhibit altered behaviors, such as reduced 

predator avoidance and impaired foraging abilities (Jabeen et al., 2017). These behavioral 

changes increase the vulnerability of fish to predation and reduce their overall fitness. 

Furthermore, plastic pollution induces oxidative stress in aquatic organisms, leading to 

cellular damage and reduced immune function (Koniecki et al., 2011; Chi & Gao, 2015). 

The breakdown of plastics in the environment accelerates the release of harmful plastic 

additives, exacerbating their impact on aquatic life (Gao & Wen, 2016). The ingestion of 

microplastics, combined with the leaching of toxic additives like phthalates and PEs, leads 

to physiological and behavioral disruptions in aquatic organisms, reducing their growth, 

reproduction, and survival rates. Given the widespread distribution of plastic pollutants, 

urgent action is required to mitigate their impact on aquatic ecosystems through further 

research on the long-term effects of plastic pollution (Carnevali et al., 2010; Forner-Piquer 

et al., 2019). 

 

1.5. Biological invasions in aquatic environment 

Biological invasions pose a significant threat to aquatic ecosystems globally. The 

introduction of non-native species into freshwater and marine environments, often 

facilitated by human activities such as long-distance trade and habitat modifications, 

disrupts ecological balance by introducing new functional components and triggering 

trophic cascades (Sala et al., 2000; Kolar & Lodge, 2000). While many introduced species 
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fail to establish, those that succeed often have profound ecological impacts, altering 

community structure, increasing competition, and introducing predation pressures on 

native species (Ricciardi & Rasmussen, 1999). Invasive species can cause direct 

interactions with resident organisms, such as competition for resources or predation, and 

indirect changes in habitat conditions, such as increased turbidity or altered habitat 

structure (Crooks, 2002). For example, the introduction of Peacock Bass (Cichla spp.) in 

Lake Gatun, Panama, significantly simplified the food web, reducing mosquitofish 

(Gambusia affinis) populations and indirectly leading to an increase in mosquitoes and 

mosquito-borne illnesses (Zaret & Paine, 1973). Similarly, the introduction of zebra 

mussels (Dreissena polymorpha) has drastically reduced phytoplankton and small 

zooplankton populations, causing disruptions at higher trophic levels (Ward & Ricciardi, 

2007). Invasive species have profound effects on native fish populations by disrupting 

predator-prey relationships, introducing new competition, and altering the food web. For 

instance, the introduction of zooplanktivorous fish like Rutilus rutilus and Alburnus 

alburnus into Spanish reservoirs led to a decline in large-bodied zooplankton populations, 

which subsequently released phytoplankton from grazing pressure, resulting in an increase 

in primary production (Ordoñez et al., 2010). Such shifts have cascading effects on the 

ecosystem, including the survival and reproduction of native species. Filter feeders like 

zebra mussels can further disrupt ecosystems by filtering out key primary producers, 

leading to bottom-up disruptions in food availability for higher trophic levels (Ward & 

Ricciardi, 2007). These changes underscore the need for early detection and rapid response 

to invasive species before they can cause irreversible damage to biodiversity and 

ecosystem functioning. 

 Early detection of invasive species is critical for preventing widespread ecological 

damage and enabling timely management interventions. The sooner invasive species are 

identified, the more effective the management response can be, whether through physical 

removal, habitat restoration, or containment measures (Anderson, 2005). Delayed 

detection allows invasive species to establish and spread, making eradication efforts 

significantly more challenging and costly. As a result, modern techniques such as 

environmental DNA (eDNA) analysis have emerged as highly effective tools for early 

detection of aquatic invasive species (Jerde et al., 2011; Goldberg et al., 2013). Traditional 

methods like visual surveys or physical captures are labor-intensive, costly, and often fail 

to detect species at low densities, making eDNA a more efficient and sensitive approach 



15 
 

(Ficetola et al., 2008). eDNA technology has revolutionized the detection and monitoring 

of invasive species, particularly in aquatic environments where conventional methods may 

fail to detect elusive or low-density populations. eDNA sampling involves collecting water 

samples and filtering them to capture DNA shed by organisms, such as from skin cells or 

excretions (Ficetola et al., 2008). After the DNA is collected, quantitative real-time 

polymerase chain reaction (qPCR) analysis can be used to detect specific invasive species 

(Goldberg et al., 2013). This method is highly sensitive and allows for the early detection 

of invasive species, even before they are visually or physically detectable (Jerde et al., 

2011).  

 The primary advantage of eDNA is its ability to detect invasive species with 

minimal environmental disruption and reduced labor compared to traditional methods like 

netting or electrofishing. Additionally, eDNA sampling can cover large geographic areas, 

making it a valuable tool for widespread monitoring efforts. However, one of the 

limitations of traditional qPCR analysis is the time delay involved, as samples are often 

processed in laboratory settings, which can take days or weeks (Egan et al., 2015). Despite 

this, advancements in field-based eDNA tools and real-time qPCR technologies are 

improving the method's efficiency, enabling faster detection and immediate management 

responses. As these technologies continue to evolve, they offer the potential to 

revolutionize invasive species management, allowing for more proactive and cost-

effective strategies to protect aquatic biodiversity (Thomas et al., 2020). 

 Aquatic ecosystems are increasingly under threat from human-induced 

environmental changes, including pollution, habitat destruction, and the introduction of 

invasive species. These pressures disrupt the natural balance, leading to altered behaviors, 

physiological stress, and even species declines, which in turn affect the entire ecosystem's 

health and biodiversity. The importance of this study lies in its holistic approach to 

understanding the multifaceted impacts of environmental characteristics and human 

activities on aquatic fauna. By investigating key areas such as micro-adaptations in fish in 

response to environmental pressures, the physiological effects of parasites, the behavioral 

and physiological changes induced by pollutants like plastics and plasticizers, and the 

ecological consequences of biological invasions, this research offers comprehensive 

insights into how aquatic animals adapt and respond to various stressors. Given the 

increasing anthropogenic pressures on aquatic ecosystems, such as pollution, habitat 

alteration, and species invasions, this study is critical for informing conservation strategies 
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and management practices. It highlights the urgent need for targeted interventions to 

preserve biodiversity, maintain ecosystem balance, and ensure the health and sustainability 

of aquatic ecosystems in the face of ongoing environmental change. 
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Hypothesis 

1. Particular anthropogenic activities affect the morphology, behaviour and 

physiology of aquatic animals. 

2. Particular environmental factor plays an important role in shaping the morphology 

of aquatic organisms. 

 

 

Objectives 

1. Study of micro adaptations in fishes and its correlation with environmental 

factors. 

2. Evaluation of effects of parasites on the behavious and physiology of aquatic 

fauna. 

3. Evaluation of effects of pollutants on the physiology of aquatic fauna. 

4. Assesment of biological invasion on native aquatic organism. 

5. Application of eDNA method for early detection of living threats to aquatic life. 
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Chapter 3 

 

Micro adaptations in fish: correlation with 

environmental factors 
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This chapter investigates the role of micro-adaptations in fishes, focusing on the 

correlation between these adaptations and environmental factors, such as competition for 

food. Predation is an influential biotic factor in aquatic ecosystems, shaping the 

evolutionary trajectories of both predators and prey. Predators exert direct pressure on prey 

populations by consuming them, while prey evolve specific survival mechanisms to evade 

capture. However, in some instances, the reverse can occur, where predators adapt in 

response to prey due to competition for food. These adaptations, both morphological and 

behavioural, help predators improve their efficiency. For example, scale-eating cichlids 

have developed craniofacial asymmetry, which enhances their feeding abilities (Takeuchi 

et al., 2016). Furthermore, predator species often modify their behaviour to increase 

hunting success, such as the lateralized behaviour seen in some fish, which improves their 

foraging effectiveness (Peterson & Winemiller, 1997). These evolutionary interactions 

highlight the critical role of predation in shaping specialized traits within fish populations. 

 The present study focuses explicitly on Pachypterus khavalchor, a 

lepidophagous (scale-eating) catfish from the Horabagridae family, native to the Western 

Ghats of India. Through a detailed osteological analysis, using clearing and double-

staining methods, P. khavalchor was examined. The study revealed several key 

adaptations that enable this species to efficiently feed on the scales of other fish. These 

included a straight dorsal roof to the cranium, a long premaxilla equipped with outward-

facing villiform teeth, and a spoon-shaped lower jaw also bearing villiform teeth. A unique 

feature of this species is the presence of five long, ossified ceratobranchials, with the fifth 

containing a set of 80-90 conical teeth, which likely facilitate scale consumption. This 

outward-facing arrangement of teeth, distinct from the inward-facing teeth seen in most 

catfish species, suggests a specialized adaptation for lepidophagy. These findings not only 

shed light on the evolutionary pathway that has driven lepidophagy in this species but also 

provide valuable baseline data for further research into the Horabagridae family.  

 In conclusion, the micro-adaptations observed in P. khavalchor, notably the 

specialized dental and jaw structures, illustrate a clear example of how environmental 

pressures, such as competition, drive evolutionary changes. The detailed anatomical study 

presented here contributes significantly to understanding the interplay between 

morphology and ecology in fish species and lays the groundwork for future taxonomic and 

ecological studies within the family. 
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3.1. Osteological description of Indian lepidophagous catfish Pachypterus 

khavalchor (Siluriformes: Horabagridae) from the Western Ghats of India 
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Chapter 4 

 

Effect of parasites on fish physiology 
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This chapter explores the physiological impacts of parasitic infections on aquatic 

fauna, particularly fish. Parasites are among the most successful life forms, influencing a 

wide range of host organisms across various ecosystems (Poulin & Morand, 2000; Dobson 

et al., 2008). Parasites can exert profound effects on their hosts, including altered 

morphology, reproduction, behaviour, and survival (Marcogliese, 2004). In aquatic 

environments, fish parasites are a significant part of biodiversity, often serving as 

biological indicators of ecosystem health, as they reflect environmental conditions and 

anthropogenic changes such as pollution (Palm, 2011). Fish parasites can cause lethal and 

sublethal effects, with the latter notably altering host behavior and physiology, thereby 

influencing population dynamics and ecosystem structure. For example, parasites often 

manipulate their host’s behaviour to make them more susceptible to predation, thus 

completing their complex life cycles (Lafferty & Morris, 1996). This manipulation can 

affect predator-prey interactions, as parasitized fish exhibit altered foraging and locomotor 

behaviours, making them easier prey for predators (Barber et al., 2000). 

The study presented in this chapter investigates the detection and effects of 

nematode parasites, specifically from the genus Contracaecum (family Anisakidae), on 

hillstream loaches (families Cobitidae and Nemacheilidae) in the northern Western Ghats 

of India. These nematodes use fish as intermediate hosts, infecting fish-eating birds and 

mammals through the food chain. The study utilized modern methods to identify the 

parasites. Results revealed the presence of Contracaecum in the muscles of infected 

loaches, leading to oxidative stress in the host fish. This oxidative stress, driven by elevated 

levels of reactive oxygen species (ROS), caused membrane damage in the infected fish 

tissues, affecting their physiological homeostasis. Such stress could be linked to increasing 

pollution and habitat degradation, suggesting that environmental factors have contributed 

to the rising incidence of parasitic infections in the region over the past decade. The chapter 

also addresses the potential health risks for local tribal communities, who often consume 

loaches without proper gutting or cooking, increasing their susceptibility to parasitic 

infections. Molecular analysis of the nematodes suggests that the Indian isolate could 

represent a new, undescribed strain, although further research is needed to confirm this. In 

conclusion, parasitic infections have significant physiological effects on aquatic fauna, 

impacting individual fish and broader ecosystem dynamics. This study underscores the 

importance of understanding the link between parasitic infections and environmental 

factors, particularly in light of anthropogenic stressors like pollution. 
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4.1 Contracaecum nematode parasites in hillstream loaches of the Western Ghats, 

India 
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Chapter 5 

 

Effects of pollutants on behaviour and 

physiology of aquatic fauna 
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This chapter addresses the impact of pollutants like microplastics and associated 

pollutants and nano particles on the behavior and physiology of aquatic organisms, 

particularly fish, planktons, and flatworms, in freshwater, estuarine, and marine 

environments. Aquatic ecosystems face increasing threats from pollutants like 

microplastics, plasticizers, and nanoparticles, which affect aquatic organisms in various 

ways. Microplastics, formed from the degradation of larger plastic materials, are 

particularly concerning due to their widespread presence and detrimental effects on aquatic 

species. These pollutants are ingested by organisms, leading to physiological stress, 

reduced growth, reproductive issues, and changes in behavior. In this chapter, we examine 

how these pollutants impact the survival mechanisms, stress responses, and habitat 

colonization patterns of aquatic fauna in different environments. 

In the Ulhas River, a heavily polluted waterway in India, microplastic 

concentrations ranging from 40 to 600 particles per kilogram of sediment were observed, 

with contaminants such as low-density polyethylene (LDPE), high-density polyethylene 

(HDPE), polypropylene, and polystyrene. These microplastics, coupled with biofilm 

formations, highlight the advanced degradation of plastic debris and its growing impact on 

environmental health. Further downstream, in the coastal waters and estuaries of 

Maharashtra, significant contamination from microplastics, plasticizers, and 

pharmaceuticals was detected. Over 70% of these areas posed ecological risks, especially 

for fish and crustaceans. The presence of plastispheres—biofilm-covered microplastic 

particles—demonstrates how microplastics serve as new habitats for microorganisms like 

fungi and diatoms, further disrupting ecosystem balance by influencing habitat 

colonization and microbial interactions. 

The impact of microplastics and plasticizers, such as diethyl phthalate (DEP), on 

aquatic organisms is profound. Fish species like the common spiny loach displayed 

impaired predator recognition abilities after exposure to DEP, leading to reduced anti-

predator responses and lower survival rates. These behavioral disruptions compromise 

essential survival mechanisms and reduce overall fitness. Similarly, freshwater flatworms 

suffered from neurotoxic effects, including reduced locomotion and impaired 

regeneration, further threatening biodiversity and ecosystem stability. In addition, 

mudskippers exposed to microplastics in the Ulhas River estuary experienced 

physiological burdens, such as liver damage and reduced body condition, while 

microplastics acted as vectors for heavy metals, compounding the health risks for aquatic 
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fauna. Due to microplastic pollution, many aquatic organisms are using these particles to 

adhere and colonize, forming what is known as the plastisphere. This phenomenon has led 

to the creation of novel microhabitats, where biofilm-covered microplastics provide 

surfaces for microbial colonization, altering natural habitat selection and further 

complicating ecological dynamics. 

Alongside these chemical pollutants, carbon nanofibers have emerged as a new 

class of contaminants affecting bottom-dwelling species like the spiny loach. Exposure to 

carbon nanofibers increased oxidative stress markers, causing hepatic damage and 

impairing detoxification processes. Additionally, these fibers disrupted predator-

recognition abilities, leaving fish more vulnerable to predation. This emerging pollutant 

poses a serious risk to aquatic species, adding to the complex and multifaceted threats 

posed by environmental contaminants in aquatic ecosystems. 
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5.1. Microplastic contamination in Ulhas River flowing through india’s most populous 

metropolitan area 
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5.2. Contaminants and their ecological risk assessment in beach sediments and water along 

the Maharashtra coast of India: A comprehensive approach using microplastics, heavy 

metal(loid)s, pharmaceuticals, personal care products and plasticisers 
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5.3. Big eyes can't see microplastics: Feeding selectivity and eco-morphological 

adaptations in oral cavity affect microplastic uptake in mud-dwelling amphibious 

mudskipper fish 
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5.4. Effect of diethyl phthalate on predator–prey chemo‑ecology in Lepidocephalichthys 

thermalis 
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5.5. Impact of diethyl phthalate on freshwater planarian behaviour, regeneration, 

and antioxidant defence  
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5.6 Occurrence and distribution of plastispheres in coastal sediments and waters 

along the maharashtra coast, India  
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Chapter 6 

 

Biological invasion in aquatic ecosystem 
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Biological invasions have become a critical global issue, with aquatic ecosystems 

being particularly vulnerable to the spread of invasive species. Human activities, such as 

global trade and habitat modifications, have broken down natural biogeographic barriers, 

allowing non-native species to establish themselves in new environments. While many 

introduced species do not thrive, those that do can have significant ecological and 

economic impacts. Invasive species often disrupt native communities by altering food 

webs, introducing new predator-prey dynamics, and changing habitat structures. These 

disruptions are especially concerning in aquatic ecosystems, where strong trophic 

interactions make the effects of invasive species more profound, potentially leading to 

biodiversity loss and ecosystem degradation. Effective assessment and management of 

invasive species are essential to prevent these ecological disruptions. Modern techniques, 

such as environmental DNA (eDNA) analysis and iEcology, provide valuable tools for 

early detection and monitoring of invasive species. These methods offer increased 

accuracy and speed, allowing for timely interventions and better management strategies to 

mitigate the spread and impact of invasive species. By using eDNA analysis, researchers 

can detect the presence of invasive species through genetic material in the environment, 

even when the organisms themselves are not observed. Such methods are becoming 

indispensable in managing biological invasions and maintaining ecosystem balance. 

In this chapter, two studies are presented focusing on the identification of the 

invasive fish species Perccottus glenii (Chinese sleeper) in Czechia. The first study marked 

the initial discovery of P. glenii in the Elbe River basin. The species was identified using 

iEcology methods when a fisherman posted an image of the fish on social media. This 

prompted further investigation, leading to the confirmation that the species had been 

present in interconnected ponds and streams for nearly a decade. P. glenii poses a serious 

ecological threat due to its predatory nature, capable of significantly altering the 

ecosystems it invades. Early detection and control measures are critical to prevent its 

further spread across Czech waters. 

 To support the management of this invasive species, a second study developed a 

species-specific environmental DNA (eDNA) assay for rapid detection of P. glenii. This 

assay targeted a specific genetic marker (COI region) and demonstrated high sensitivity 

in detecting the presence of the species in water samples. Tests from various water 

bodies, including the Klabava Reservoir and Karásek Pond, successfully amplified P. 

glenii eDNA, confirming the species' presence. However, no evidence of P. glenii was 
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found in Loukotovský Pond. These findings suggest an expanding invasion range in 

Czechia and highlight the importance of continuous monitoring. The eDNA-based 

method proved to be an effective and reliable tool for early detection, facilitating the 

timely implementation of management strategies. This method has potential applications 

across Europe for monitoring invasive species, reinforcing the importance of proactive 

measures to protect aquatic ecosystems from the negative effects of biological invasions. 
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6.1. First record of highly invasive Chinese sleeper Perccottus glenii Dybowski, 1877 

(Perciformes: Odontobutidae) in the Elbe River Basin, Czechia  
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6.2. Species-Specific eDNA based Detection of the Recently Identified Invasive 

Chinese Sleeper Perccottus glenii (Perciformes) in Czechia 
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Abstract 

Aquatic biodiversity is being threatened by invasive non-native fish species (INFS). Of 

particular concern in Europe is the Chinese sleeper (Perccottus glenii), which has a broad 

predatory niche and has the potential to modify invaded ecosystems. P. glenii is a species 

that originated in East Asia and has spread quickly throughout Europe, mainly due to 

human introduction. This work aimed to develop a sensitive and quick eDNA assay for P. 

glenii early detection in freshwater systems in Czechia. A 124 bp amplicon was produced 

by designing a species-specific primer that targets the COI region. The assay was then 

optimised to achieve high detection efficiency. Perccottus glenii eDNA was amplified 

positively in environmental samples from Klabava Reservoir and Karásek Pond, indicating 

the presence of this invasive species; but no amplification was seen in samples from 

Loukotovský Pond. The findings imply an increasing invasion range in Czech waters and 

are consistent with recent reports of P. glenii presence in the upper Elbe River basin. With 

its excellent sensitivity and specificity, our eDNA-based approach provides a valuable tool 

for the early identification and control of P. glenii invasions. The method has the potential 

for broader use in other regions of Europe. 

 

Key Words 

Environmental DNA, Invasion, Quantitative PCR, Czech Republic, Rotan  

 

Introduction 

Invasive non-native fish species (INFS) belong to one of the greatest threats to 

freshwater biodiversity. INFS affect ecosystems through predation, competition, and 

parasite transmission (Clavero & García-Berthou 2005, García-Berthou 2007). One of the 

INFS threatening the freshwater biodiversity in Europe is the Chinese sleeper (Perccottus 

glenii Dybowski, 1877) (European Union 2017, Verreycken 2015). The natural 

distribution of this species is in East Asia, ranging from the Amur Basin in Russia through 

north-eastern China to the north of the Korean Peninsula (Berg 1949, Elovenko 1981). P. 

glenii is a small fish species reaching a maximum total length of 25 cm found in 

macrophyte-rich stagnant and slow-running waters (Verreycken 2015). Its adaptation to 

small floodplain pools involves anaerobic metabolism during periods of anoxia and 

hibernation in mud during droughts of up to several months (Bogutskaya & Naseka, 2002).  
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Chinese sleeper was introduced from its original range to Saint Petersburg and 

Moscow in 1916 and 1940, respectively (Reshetnikov 2004), with a likely source of 

aquaria release. Subsequently, it has spread to Belarus (Lukina 2011), Ukraine (Kvach 

2012), Lithuania (Reshetnikov 2010), Poland (Grabowska et al. 2009), Latvia, Hungary 

(Harka 1998), Slovakia (Koščo et al. 2003), Romania (Nalbant et al. 2004), Serbia 

(Gergely & Tucakov 2003), Bulgaria (Jurajda et al. 2006), Estonia (Tambets & Järvekülg 

2005), Moldova (Mosu 2007), Croatia (Ćaleta et al. 2011), Germany (Nehring & Steinhof 

2015, Reshetnikov & Schliewen 2013), Finland (Pihlström et al. 2022), and Czechia 

(Šmejkal et al. 2023), and the majority of invasion history in more detail is reviewed in 

(Reshetnikov 2010).  

The main pathways for the spread of P. glenii are human-induced introductions, 

including the release of baitfish by anglers (Kalous et al. 2013, Reshetnikov 2013), the 

ornamental fish trade (Reshetnikov, 2004), and, in particular, accidental introductions with 

aquaculture stocks (Reshetnikov 2013, 2010). Established populations tend to disperse 

downstream, especially during periods of high flow (Reshetnikov 2013). 

The invasion of P. glenii into small wetland ecosystems poses significant threats 

to biodiversity, primarily due to its broad predatory behaviour across multiple trophic 

levels (Reshetnikov 2001, 2003). This species' predation has been linked to the local 

extirpation of amphibians such as newts (Triturus cristatus, Lissotriton vulgaris) and frogs 

(Rana sp., Pelophylax lessonae), and a decline in insect diversity, particularly among 

dragonfly larvae and aquatic beetles (Reshetnikov 2003). Within EU wetlands, P. glenii 

particularly endangers three native fish species: the European mudminnow (Umbra 

krameri), crucian carp (Carassius carassius), and sunbleak (Leucaspius delineatus), all of 

which have seen declines in conservation status at both national and international levels 

(Carpentier et al., 2008; Freyhof, 2011; Kottelat and Freyhof, 2007; Šmejkal et al., 2024). 

The presence of P. glenii leads to interspecific competition and predation on eggs and 

juvenile stages of these vulnerable species (Grabowska et al. 2009, Koščo et al. 2008, 

Reshetnikov 2001, 2008). Additionally, P. glenii serves as a vector for non-native fish 

parasites, potentially exacerbating impacts on native fish populations (Ondračková et al. 

2012). 

Due to the numerous threats posed by INFS, early detection is vital for effective 

management. Recently, alongside traditional methods, many researchers have begun using 

environmental DNA (eDNA) for early INFS detection. Various studies have utilised 

eDNA samples to detect the presence of P. glenii in different European regions (Clusa et 
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al. 2021, Jeunen et al. 2022, Czeglédi et al. 2021), employing metabarcoding approaches 

for analysis. The eDNA assessment has frequently outperformed traditional ichthyological 

surveys (Hänfling et al. 2016, Cilleros et al. 2019), and the targeted amplification for active 

surveillance has demonstrated increased detection sensitivity for rare species compared to 

metabarcoding (Harper et al. 2018, Bylemans et al. 2019). Early detection of INFS through 

aquatic eDNA, focusing on targeted species-specific assays, has shown higher detection 

probability and sensitivity than traditional monitoring methods (Ardura et al. 2015, 

Dougherty et al. 2016, Simpfendorfer et al. 2016). 

To our knowledge, only one study from Canada has focused on species-specific 

eDNA approaches (Roy et al. 2018), with no similar efforts reported for European waters. 

Roy et al. (2018) developed a species-specific qPCR assay for detecting P. glenii using the 

Cytochrome oxidase gene. However, considering local species diversity is crucial for 

designing primers with better specificity. Considering the vitality of the species-specific 

detection system, we designed a new pair of primers tailored to the fish species found in 

the Czechia. 

The objective of this study is to develop a rapid eDNA assay to facilitate an investigation 

into the extent of the spread of invasive P. glenii, with a view to applying eradication 

measures and testing this method at the sites of its first occurrence in Czechia. 

 

Materials and methods 

Primer designing and screening 

The species-specific primers targeting the mitochondrial 'Cytochrome oxidase 

subunit I' (COI) were designed using the partial COI sequence of P. glenii (OQ561461, 

recently detected invasion in Czech waters). The primers were designed using Geneious 

Prime 2024 (https://www.geneious.com/). The COI sequences of all fish species in 

Czechia were also considered to ensure the primer specificity to P. glenii. An in-silico 

assessment using Sequence Manipulation Suite: PCR products 

(https://www.bioinformatics.org/sms2/pcr_products.html) was performed to ensure the 

specificity of the designed primers. Primers that amplified other sympatric species were 

discarded. Details of the final primer pair are provided in Table 1. 

In vitro primer testing and optimisation of real-time qPCR 

The designed primers were evaluated for specificity and sensitivity using genomic 

DNA extracted from P. glenii tissue. DNA was extracted using the QIAamp® DNA Mini 

Kit as per the provided protocol. The DNAs' quality and quantity were verified by agarose 

https://www.geneious.com/
https://www.bioinformatics.org/sms2/pcr_products.html
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gel electrophoresis and a Micro UV-Vis Spectrophotometer (Hangzhou LifeReal 

Biotechnology Co., Ltd), respectively. Specificity testing was conducted via PCR with 

VWR Taq plus DNA polymerase master mix (VWR Life Sciences, USA) following the 

manufacturer's instructions. PCR reactions were performed using a CFX 96 Real-Time 

PCR detection system (Biorad, USA). The optimal annealing temperature was determined 

using a thermocycler temperature gradient. The PCR protocol included initial denaturation 

at 94°C for 5 minutes, followed by 40 cycles of 94°C for 30 seconds, annealing 

temperatures ranging from 60°C to 46°C for 30 seconds, 72°C for 1 minute, and a final 

extension at 72°C for 10 minutes. PCR products were visualised on a 2% agarose gel. The 

annealing temperature that yielded a single, sharp band with the highest fluorescence was 

selected, and the bulk PCR product was obtained using this optimised temperature. 

To optimise the qPCR assay, the bulk product was purified using the QIAquick 

Gel Extraction Kit (Qiagen, Redwood City, CA) as per the manufacturer's instructions and 

quantified with the Micro UV-Vis Spectrophotometer (Hangzhou LifeReal Biotechnology 

Co. Ltd). The amplicon copy number was calculated using the DNA concentration and 

amplicon size with an online calculator (https://www.omnicalculator.com/). The purified 

DNA was serially diluted to create standards ranging from 100 to 106 copies per reaction. 

The limit of detection (LOD) and limit of quantification (LOQ) were determined from the 

standard curve. The qPCR reactions were conducted with the KAPA SYBR FAST qPCR 

Kit Master Mix (2X) Universal (Roche; SFUKB) under the following conditions: initial 

denaturation at 94°C for 5 minutes, followed by 35 cycles of 94°C for 10 seconds and 

51.6°C (optimised annealing temperature) for 30 seconds, concluding with a melt curve 

analysis.  

Water Sampling and isolation of eDNA 

Water samples were collected from three distinct waterbodies located in the 

Berounka River sub-basin of the Elbe River, western Bohemia, Czech Republic: Karásek 

Pond (KP) (49.773 N, 13.588 E), Loukotovský Pond (LP) (49.77 N, 13.587 E), and 

Klabava Reservoir (KR) (49.753 N, 13.559 E) (Fig. 1b & c). Notably, Karásek Pond has 

recently recorded the presence of P. glenii Šmejkal et al. (2023). Samples were collected 

in sterile 2.5-litre glass bottles, sealed in plastic bags, and transported in an icebox. 

Samples were processed within four hours of collection. High turbidity samples were 

prefiltered using a series of 38- and 21-micron plastic filters. Additionally, a water sample 

from the tank where a single P. glenii specimen was maintained for 15 days was taken as 

a positive control (PC), whereas normal water was used as a negative control (NC). 

https://www.omnicalculator.com/
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Each water sample, ranging from 250-500 ml, was filtered through a Nalgene® 

analytical filter funnel with a pore size of 0.45 μm. DNA was extracted using the DNeasy 

PowerWater Kit (Qiagen, Hilden, Germany, product code 14900-100-NF) following the 

manufacturer's instructions. The extracted DNA was quantified using a Micro UV-Vis 

Spectrophotometer (Hangzhou LifeReal Biotechnology Co., Ltd) and subsequently used 

as a template for further assays. 

qPCR analysis of isolated eDNA samples 

The eDNA samples isolated from each location were tested in three technical 

replicates, along with positive and negative controls. Quantification was performed using 

the previously optimised qPCR assay. The target DNA copy number in the samples was 

calculated based on the standard curve generated in earlier steps. 

Results 

Following the methodological parameters, the primer pair targeting the COI region 

of P. glenii was designed (Table 1), yielding a PCR product with a 124 bp amplicon. 

Primer specificity tests showed a single distinct band at approximately 150 bp for P. glenii, 

with no bands for non-target species. A standard curve for qPCR optimisation was 

established using a concentration gradient of copy numbers. This standard curve 

demonstrated an efficiency of 96.15% and an R² value of 0.992 (Fig. 1d). According to the 

standard curve, a single target copy corresponded to a Cq value of 31.24. The assay's 

sensitivity determined the limit of detection (LOD) and limit of quantification (LOQ) to 

be six and twelve copies, respectively. 

From the collected water samples, eDNA from Klabava Reservoir and Karásek 

Pond showed amplified products, consistent with positive controls. However, eDNA from 

Loukotovský Pond showed no amplification (Fig. 1e). The copy numbers for positive 

samples exceeded the detection and quantification limits, confirming the presence of P. 

glenii. No amplification was observed in the environmental negative control and the blank 

template control. 

 

Discussion 

Our investigation confirms the ongoing invasion of P. glenii in Czechia. A previous 

study reported its sporadic presence in the Labutěnka, Loukotovský, and Karásek ponds 

(Šmejkal et al. 2024), and we chose sampling sites in the present study based on these 

findings. 
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Our results confirmed the presence of P. glenii eDNA in the Karásek pond, 

indicating that the fish persists at this site despite apparently insufficient control measures 

implemented by the Nature Conservation Agency of the Czech Republic (NCA). Of 

greater concern is the corroboration of previously expressed apprehensions by Šmejkal et 

al. (2024) that P. glenii could potentially enter a much larger aquatic habitat downstream. 

Our survey results confirmed the presence of P. glenii eDNA in the Klabava Reservoir. 

However, whether the fish was already present in the reservoir before its discovery in the 

Karásek pond in 2023 remains unresolved despite evidence suggesting otherwise. The 

negative signal for the occurrence of eDNA of P. glenii in Loukotovský pond, which is 

situated downstream of Karásek Pond, may be attributed to the absence of this fish in this 

water body as a consequence of eradication measures implemented in the year 2023 (NCA, 

personal communication). Nevertheless, the absence of eDNA does not entirely preclude 

the possibility of the presence of P. glenii individuals. If the fish abundance is significantly 

reduced, the resulting eDNA concentrations may fall below the detection threshold, 

thereby explaining the absence of a positive eDNA signal (Takahara et al. 2012). 

Additionally, environmental conditions such as shallow depth, greater temperature 

fluctuation, and increased UV light can accelerate the degradation of DNA molecules in 

the pond water (Strickler et al. 2015, Robson et al. 2016, Buxton et al. 2017, Goldberg et 

al. 2018).  

The rich riparian vegetation of the Klabava Reservoir provides a suitable habitat 

for P. glenii to establish, making its eradication from this site much more challenging, if 

not impossible. The Klabava Reservoir thus represents a potential source for further 

spread, mainly because recreational fishing occurs there, and anglers are known to 

effectively spread non-native species (Kalous et al. 2013). 

This method can be effectively used to confirm the presence of P. glenii at the 

mentioned sites and other potential locations in Czechia, as well as in nearby Central 

European waters. The current study holds significant importance due to its strong focus on 

regional applicability. The methodology was developed using a P. glenii specimen sourced 

from the location of its initial detection in Czechia, ensuring that our approach is finely 

tuned to the local fauna and conditions. This region-specific adaptation makes our 

detection method particularly effective and readily applicable in the areas where this 

invasive species has recently been detected.  

Species-specific eDNA analysis offers a cost-effective and efficient tool for 

monitoring aquatic habitats in the region and detecting P. glenii. Implementing this method 
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could enable early detection and management of this invasive species. Early detection is 

widely recognised as a critical factor in the successful eradication of invasive species (Hill 

&Sowards, 2015). Therefore, it is essential to act promptly, as the invasion of P. glenii in 

Czechia is likely expanding but is still at an early stage. 
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Table 1 

Designed and finalised primer pair  

Primer Sequence 5'→3' Length 
Tm 

(°C) 

Amplicon 

length 

PercCOI-

154F 
TCCTCCTTCACTACTCCTAC 20 bp 52.3 

124 bp 
PercCOI-

277R 
GGTAAGGTCTACAGATGCTC 20 bp 51.9 
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Figure 1 a. Photograph of a Perccottus glenii collected at Karásek Pond; b. Map 

illustrating the position of the sampling sites in the Elbe River Basin, Czech Republic; c. 

Specific sampling sites; d. standard curve generated by linear regression from the 

amplification of tenfold serial dilutions, ranging from 1 to 106 copies, with the Cq (crossing 

point) value representing the cycle threshold for quantification; e. Average initial target 

DNA copy number per reaction for each sample:, Positive control (PC), Negative control 

(NC), Loukotovský Pond (LP), Klabava Reservoir (KR) and Karásek Pond (KP). 
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The environmental pressures in aquatic ecosystems play a critical role in shaping 

the morphological adaptations in fish, particularly in response to dietary requirements and 

competition for resources. Environmental factors, such as prey availability and 

interspecies competition, drive specific structural adaptations in fish, enabling them to 

occupy unique niches and reduce resource overlap (Peterson and Winemiller, 1997). For 

instance, certain carnivorous fish species, including the scale-eating or lepidophagous 

varieties, have evolved to exploit unique food sources by consuming parts of other fish, 

such as scales, skin, or fins (Sazima, 1980). This adaptation is particularly evident in P. 

khavalchor, a predatory catfish whose morphological and anatomical features have 

evolved to support scale-feeding, potentially as a response to competitive pressures from 

other predators in its environment (Gosavi et al., 2018). 

In P. khavalchor, specialized adaptations like the ventrally positioned, wide mouth, 

and outward-facing premaxillary teeth facilitate efficient scale-eating. This unique 

dentition pattern, different from typical inward-facing teeth observed in other catfish 

species like Pangasius macronema and Hypostomus pantherinus, highlights an 

evolutionary shift towards lepidophagy (Mercy & Pillai, 1985; Diogo & Diogo, 2007; 

Pereira & Zanata, 2014; Zawadzki et al., 2021). Such morphological changes, including 

the asymmetric jaw structure (where the upper jaw is longer than the lower jaw), enhance 

the fish's ability to scrape scales from prey, underscoring the influence of ecological 

pressures on the development of functional anatomical traits (Peterson & Winemiller, 

1997). This adaptation in P. khavalchor aligns with a broader evolutionary trend, where 

specialized feeding strategies such as lepidophagy are conserved within select fish families 

across freshwater and marine environments. As noted by Gosavi et al. (2018), these 

modifications are not only morphological but are also supported by behavioral and 

physiological changes, illustrating how species like P. khavalchor optimize both their 

structure and feeding techniques to exploit specific dietary niches. 

Parasites are integral components of aquatic ecosystems, significantly influencing 

host physiology, behavior, and ecosystem dynamics. Representing one of nature's most 

prevalent modes of life, parasites have evolved across various taxa, adapting to exploit 

specific biological traits of their hosts (Poulin & Morand, 2000). In aquatic environments, 

the complex food web interconnects organisms, making them particularly susceptible to 

parasitic infections. These infections can alter host physiology and behavior, thereby 

affecting population dynamics, community structures, and even ecosystem health (Dobson 
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et al., 2008; Hechinger et al., 2011). Parasites often serve as bioindicators of environmental 

health due to their sensitivity to ecological stressors, such as pollution and habitat changes 

(H.W.Palm, 2011). Furthermore, global environmental changes, including warming, have 

impacted parasite-host interactions, sometimes leading to increased parasitic loads that add 

further stress to aquatic organisms (Marcogliese, 2001; Cable et al., 2017). In our study of 

loach fish species from the northern Western Ghats of India, we observed a noticeable 

incidence of nematode infections, specifically Contracaecum nematodes, in loaches since 

2010. This trend aligns with observations by Kumar et al. (2019), who reported 

increased Contracaecum infections in pelicans in southern India. Environmental 

pollutants, including heavy metals and organic waste from domestic sources, which are 

prevalent in the study area (Abhyankar et al., 2020; Gosavi et al., 2020; Nawani et al., 

2016), may contribute to this rise in parasitic infections. Heavy metals and organic waste 

can disrupt the ecological balance, making organisms more vulnerable to parasitic 

infections (Marcogliese & Cone, 2001; Schludermann et al., 2003; Williams & 

MacKenzie, 2003). 

Physiologically, the presence of Contracaecum nematodes in loaches was 

associated with oxidative stress, as indicated by elevated antioxidant enzyme activities and 

increased lipid peroxidation in infected fish. These findings suggest that the fish host is 

experiencing oxidative stress, a condition known to compromise immune defenses and 

overall health (Kiron, 2012). Histological examinations further revealed muscle damage 

in infected loaches, which could impair their swimming efficiency and increase 

vulnerability to predators. Similar effects have been documented in other studies, where 

muscle damage by parasitic infections reduced host mobility and survival rates (Ackman 

& Gjelstad, 1975). This impact on muscle function could also interfere with the loaches' 

migratory behavior, potentially affecting their breeding success. Our research also 

provided the first molecular data on Contracaecum from the Indian subcontinent, with 

phylogenetic analysis indicating a distinct clade within the genus, possibly an undescribed 

endemic strain. Contracaecum nematodes have been reported in various fish species 

across marine, brackish, and freshwater environments globally (Chaturvedi & Kansal, 

1977; Aydogdu et al., 2011; Sood, 2017). However, this is the first report 

of Contracaecum in the family Nemacheilidae, suggesting a previously unrecorded host-

parasite relationship within this region. 
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The public health implications of Contracaecum infections are also noteworthy, as 

consumption of raw or undercooked infected fish can lead to anisakidosis in humans, a 

painful condition caused by nematode larvae (Buchmann & Mehrdana, 2016). In 

Maharashtra, where loaches are consumed by local tribal communities, the risk of human 

infection may be heightened due to traditional cooking practices that may not eliminate 

parasitic larvae effectively. This underscores the importance of monitoring parasitic 

infections, both for the health of aquatic ecosystems and for public health, particularly in 

rural areas where awareness and healthcare resources may be limited. 

Pollutants, particularly microplastics (MPs), heavy metals (HMs), 

pharmaceuticals, and personal care products (PPCPs), pose substantial threats to aquatic 

organisms by impacting their behavior and physiology (Horký et al., 2021; Cerveny et al., 

2021). These contaminants, primarily derived from urban and industrial activities, 

accumulate in rivers and coastal areas, creating significant stressors for the fauna. In our 

study, we found that microplastic contamination was widespread in sediment samples from 

the Ulhas River and in beach sediments along the Maharashtra coast. The presence of MPs, 

alongside various chemical pollutants, raises serious concerns as these contaminants 

disrupt the biological functions and behaviors of aquatic organisms. 

Microplastics have become pervasive in aquatic ecosystems, with ingestion by 

aquatic organisms leading to various adverse physiological and behavioral effects. In our 

study, MP contamination levels in the Ulhas River varied significantly across sampling 

locations, with the highest concentration recorded near heavily industrialized zones. The 

Ulhas River, recognized as one of Maharashtra's most polluted rivers, showed MP 

concentrations as high as 600 particles per kilogram of sediment in some sub-basins, 

reflecting the extensive pollution from industrial and residential waste (Raut et al., 2019; 

Kumkar et al., 2021). Similarly, MP contamination in coastal sediments displayed 

variability, with the highest concentrations observed at Suruchi Beach, likely due to its 

proximity to the Ulhas River’s mouth where pollutants from the river are discharged into 

the sea. Ingested MPs can physically damage the digestive tracts of aquatic organisms and 

may create a false sense of satiation, thus reducing feeding efficiency and nutritional 

intake. Moreover, MPs act as vectors for additional pollutants, including heavy metals and 

PPCPs, due to their high affinity for hydrophobic chemicals, which adhere to their 

surfaces. Studies have demonstrated that MPs can absorb HMs and PPCPs from their 

surroundings, leading to bioaccumulation in organisms that ingest these MPs (Atugoda et 
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al., 2021; Liu et al., 2021). This is particularly concerning as MPs with adsorbed toxicants, 

such as bisphenols and phthalates, can cause endocrine disruption, reproductive toxicity, 

and other physiological effects in aquatic organisms (Khalid et al., 2021; Wagstaff et al., 

2022). Our study revealed that MPs collected from Maharashtra’s northern coastal zone 

contained plasticizers like B2EHP and DBP, compounds known for their potential to 

disrupt hormonal regulation and developmental processes in marine life (Net et al., 2015; 

Zhang et al., 2018). 

Pharmaceuticals and personal care products (PPCPs) are increasingly prevalent in 

aquatic environments (Grabicová et al., 2020), largely due to high usage rates and 

inadequate wastewater treatment facilities. In our research, we detected six PPCPs in the 

coastal waters of Maharashtra, including metoprolol, tramadol, venlafaxine, triclosan, 

bisphenol A, and bisphenol S. Among these, metoprolol a commonly used beta-blocker—

was found in concentrations considerably higher than reported in other regions, 

highlighting the scale of pharmaceutical pollution along the Indian coast (Maszkowska et 

al., 2014; Gu et al., 2012; Godoy et al., 2015). Pharmaceutical contaminants can interfere 

with various physiological processes in aquatic organisms, including behaviors related to 

predator avoidance, reproductive cycles, and feeding. For instance, metoprolol impacts 

cardiac function and energy expenditure in fish, potentially reducing their ability to evade 

predators. Similarly, tramadol, observed at concentrations higher than those reported 

elsewhere, can disrupt the nervous system, potentially altering behavior, mobility, and 

environmental responsiveness (Edmondson et al., 2012; Rúa-Gómez & Püttmann, 2013). 

Triclosan, an antimicrobial agent widely found in consumer products, was recorded at high 

levels in our study and is known to interfere with endocrine function in fish, disrupting 

thyroid hormones essential for growth and metabolism (Ramaswamy et al., 2011; Wang, 

2024). Heavy metals (HMs) constitute another major class of pollutants with severe 

ecological implications. While HMs are naturally occurring elements, industrial activities 

have significantly increased their concentrations in aquatic environments. Although our 

study did not find significant differences in HM concentrations across various zones along 

the Maharashtra coast, the presence of HMs in conjunction with MPs and other pollutants 

highlights the potential for combined, deleterious impacts on aquatic life (Foshtomi et al., 

2019). HMs, such as lead, mercury, and cadmium, disrupt essential biochemical processes 

in fish, causing oxidative stress, immunosuppression, and neurotoxicity. Oxidative stress 

arises from an imbalance between reactive oxygen species (ROS) production and the 
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organism’s antioxidant defenses, leading to cellular damage. Fish exposed to both HMs 

and MPs may experience elevated ROS production, which weakens immune responses and 

makes them more susceptible to infections (Di Giulio & Meyer, 2008; Folgueira et al., 

2019). Moreover, HMs can attach to MPs, facilitating the entry of toxic metals into the 

food web when aquatic organisms ingest contaminated plastics, with implications for 

higher trophic levels. 

The presence of pollutants, such as MPs, HMs, and PPCPs, often results in 

behavioral and physiological changes in aquatic organisms. Pollutants can impair critical 

behaviors, including mobility, predator evasion, and feeding. Exposure to neuroactive 

compounds like tramadol and metoprolol may alter swimming patterns and reduce 

alertness, thus increasing the likelihood of predation (Bretaud et al., 2000; Rúa-Gómez & 

Püttmann, 2013). Triclosan disrupts endocrine signaling, leading to impaired reproduction 

and developmental abnormalities in fish (Wang, 2024). The combination of these 

pollutants in aquatic ecosystems creates a highly stressful environment where organisms 

exhibit altered behaviors that may reduce their chances of survival and reproductive 

success. The findings from our study along the Maharashtra coast illustrate the extensive 

and varied impact of pollution on aquatic organisms, ranging from oxidative stress due to 

heavy metals to endocrine disruption caused by plasticizers and PPCPs. The heterogeneous 

distribution of pollutants, with hotspots near urban and industrial areas, highlights the need 

for targeted pollution management strategies. For example, the elevated MP levels 

observed at Suruchi Beach, likely due to its proximity to the polluted Ulhas River, 

emphasize the importance of monitoring riverine inputs into coastal systems. 

The presence of pollutants, such as microplastics (MPs), phthalates, and other 

chemical contaminants, exerts significant physiological and behavioral impacts on aquatic 

fauna. In our study, the examination of mudskipper fish revealed a high prevalence of 

microplastic ingestion, with 74% of sampled fish containing MPs in their digestive tracts. 

The average number of plastic microparticles per fish ranged from approximately 3.75 to 

6.11 particles. This frequency of plastic ingestion is notably higher than previous studies, 

such as the findings of Robin et al. (2020) along the southwest coast of India, where only 

one fish had ingested four particles. The morphological adaptations in the oral cavity of 

mudskippers, specifically in the Boleophthalmus genus, seem to play a role in their 

selectivity, as only fibrous types of MPs were observed in their guts. These findings 

suggest that unique anatomical features, such as the pharyngeal structure and specialized 
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dentition, allow mudskippers to selectively filter and retain certain microplastic forms, thus 

shaping their exposure and potential impact from MPs (Farrell & Nelson, 2013; Naidoo et 

al., 2016; Polgar et al., 2017). 

Pollutants also interfere with predator-prey interactions, as evidenced by studies 

on L. thermalis, a loach species exposed to diethyl phthalate (DEP). This phthalate 

significantly alters the chemical cues involved in predator recognition and avoidance 

behavior. Under typical conditions, L. thermalis utilizes chemical cues, including 

kairomones and alarm signals, to detect native predators such as the dwarf snakehead 

(Tapkir et al., 2017, 2019; Gosavi et al., 2020). However, exposure to DEP was found to 

impair these chemosensory capabilities, resulting in diminished anti-predator responses. 

Such impairment in detecting and reacting to predatory threats heightens the vulnerability 

of exposed fish, potentially disrupting the ecological balance by altering predator-prey 

dynamics (Kaplan et al., 2013; McIntyre et al., 2012). Similar studies have reported the 

chemosensory disruption caused by phthalates and other pollutants in various fish species, 

affecting their ability to make critical ecological decisions, such as shoaling and predator 

evasion, thereby increasing predation risk (Tierney et al., 2010; Sovová et al., 2014). 

The impact of DEP on invertebrate physiology, particularly in freshwater 

planarians, provides further insights into pollutant effects on aquatic organisms. Planarians 

are often used as model organisms due to their regenerative capabilities and sensitivity to 

pollutants. In our study, DEP exposure in planarians caused a reduction in regeneration 

abilities, attributed to the suppression of pluripotent stem cells known as neoblasts, which 

are essential for tissue repair and growth. When pollutants disrupt the functioning of these 

stem cells, planarians experience diminished regenerative capacity, which may result in a 

compromised response to environmental injuries or stressors. Furthermore, DEP exposure 

leads to oxidative stress, marked by the overproduction of reactive oxygen species (ROS) 

and a consequent increase in antioxidant enzyme activity as the organism attempts to 

neutralize free radicals. This heightened ROS activity can impair cellular functions and 

exacerbate tissue damage, revealing a cascading effect of pollutants on organismal health 

(Kumkar et al., 2022). 

The role of plastispheres biofilms formed on the surfaces of microplastics 

highlights another dimension of pollutant impact. Microplastics in the Maharashtra coastal 

waters exhibited microbial colonization, leading to the formation of biofilms that include 
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diverse microbial communities, such as autotrophs, bacteria, and algae (Oberbeckmann et 

al., 2015; Frère et al., 2018). The formation of these biofilms not only affects the 

microplastics' physical properties but also potentially alters their ecological role, as 

plastispheres can facilitate the transport of harmful microbes and increase the ingestion 

risk for aquatic species. Studies indicate that the type of polymer influences microbial 

colonization patterns, with polystyrene (PS) favoring bacterial growth and polyvinyl 

chloride (PVC) favoring algal communities (Eich et al., 2015; Miao et al., 2021). This 

microbial colonization can transform MPs into vectors for pathogenic organisms, further 

complicating the environmental and health risks associated with microplastics in aquatic 

ecosystems. 

In summary, pollutants such as MPs, DEP, and other contaminants exert 

multifaceted effects on aquatic organisms, ranging from physical and chemical disruption 

to alterations in behavior and ecological interactions. These findings underscore the 

importance of assessing the complex interactions between pollutants and aquatic fauna, 

especially in regions like Maharashtra's coastal waters, where contamination levels are 

alarmingly high. Continued research into the effects of pollutants on physiology and 

behavior will be crucial for understanding the long-term ecological consequences of 

contamination in aquatic ecosystems. 

. 
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 This thesis provides a comprehensive analysis of how environmental factors, 

parasitic infections, pollution, and biological invasions influence the morphology, 

physiology, and behavior of various aquatic organisms. By examining fish species in the 

Western Ghats of India and invasive species in Central Europe, this work sheds light on 

the complexity of aquatic ecosystems and the numerous pressures impacting them. 

 The study's osteological examination of P. khavalchor, an endemic lepidophagous 

catfish, revealed unique structural adaptations that support its scale-eating behavior. These 

include the outward orientation of premaxillary teeth and specialized dentition, which help 

the species efficiently consume the scales of other fish, reducing competition for food. The 

lack of detailed information about the osteological aspects of the Horabagridae family 

limited comparative analysis. Nevertheless, this research establishes a foundational 

understanding of the morphological adaptations in P. khavalchor, showing how 

evolutionary pressures shape anatomical features to support unique feeding strategies. This 

is especially relevant in environments with high competition for resources, where 

ecological adaptations enable species to exploit specific niches effectively. 

 Parasitic infections are another significant factor influencing the health and 

behavior of aquatic species. The study documented Contracaecum nematode infections in 

hillstream loaches, which are commonly consumed by local communities in the Western 

Ghats. Histological and genetic analyses identified the nematodes in muscle tissues, 

causing oxidative stress and muscle damage that could impair the mobility and survival of 

infected loaches. This finding raises potential health concerns, as these fish are often 

consumed without degutting, posing a risk of human infection. The gradual increase in 

parasite infections observed in recent years could be attributed to anthropogenic stressors 

that degrade riverine habitats. This study underscores the importance of monitoring 

parasitic infections, as they not only impact fish health but also pose indirect risks to human 

populations that rely on these fish as a food source. 

 Pollution, especially from microplastics (MPs), heavy metals (HMs), 

pharmaceuticals, and plasticizers, has emerged as a major stressor in aquatic environments. 

This thesis presents the first comprehensive data on MP contamination in the Ulhas River, 

identifying hotspots along the river where pollution control measures should be prioritized. 

Microplastics in coastal regions were found to interact with other contaminants, acting as 

carriers for HMs and plasticizers, thereby intensifying the risks these pollutants pose to 
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aquatic fauna. MPs have also shown bioaccumulation potential, posing serious long-term 

health risks for both marine life and human consumers of seafood. The study's findings on 

the occurrence of emerging contaminants along the Maharashtra coast reveal high levels 

of pharmaceutical pollutants, such as metoprolol, tramadol, and triclosan, which are 

present in concentrations exceeding those reported in other parts of the world. These 

compounds impact different trophic levels, from algae to fish and crustaceans, and 

highlight the alarming ecological risks posed by pharmaceutical pollution. The potential 

for bioaccumulation and the observed synergistic effects of pollutants emphasize the need 

for stricter regulation and management strategies to protect coastal and marine ecosystems. 

Furthermore, the high contamination levels found in mudskippers, a popular food fish, 

indicate the risk posed to human health, especially among local populations with a diet 

reliant on seafood. 

 The study also documents the invasion of the Chinese sleeper (P. glenii) in 

European waters, a species capable of significantly altering the local ecosystem structure 

due to its broad predatory niche. Using eDNA techniques, the research successfully 

detected the presence of P. glenii in the Elbe River Basin, providing a tool for early 

detection and control of invasive species. This work underscores the importance of rapid-

response management strategies in addressing invasive species that threaten biodiversity 

and ecosystem stability. The rapid spread of P. glenii in European waters highlights the 

need for vigilant monitoring and proactive measures to prevent further ecological damage. 

 This thesis illustrates the interconnectedness of environmental, biological, and 

anthropogenic factors in shaping the lives of aquatic organisms. The findings emphasize 

the need for integrated approaches to conservation that address both natural and human-

induced stressors. The adaptation of P. khavalchor to a scale-eating diet, the physiological 

cost of parasitic infections in loaches, the multifaceted impact of pollution on aquatic 

species, and the spread of invasive species all point to the complexities and vulnerabilities 

of aquatic ecosystems in the face of global environmental change. For policymakers and 

conservationists, this research provides critical data to inform strategies for managing 

aquatic biodiversity. Measures such as improved pollution monitoring, habitat protection, 

and early detection of invasive species are essential for mitigating the effects of these 

stressors. The implications for public health, particularly with regard to the contamination 

of fish consumed by local populations, highlight the urgent need for effective pollution 

control and regulatory policies. Moreover, this research suggests that collaborative efforts 
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involving local communities, governments, and industry stakeholders are crucial for 

achieving sustainable ecosystem management and protecting both biodiversity and human 

health. 

 Overall, this thesis advances our understanding of how aquatic species respond to 

and are impacted by a range of ecological pressures, offering insights that are crucial for 

preserving biodiversity and ecological balance in freshwater and marine ecosystems. 

Continued research in these areas, coupled with targeted conservation efforts, will be 

essential for safeguarding aquatic environments and the diverse life forms they support. 
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