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1. Overview of Nitrogen in Aquatic Ecosystems

Lake ecosystems are complex realms and important biological hotspots
in aquatic ecosystems. One of the critical components of these ecosystems
is the sediment-water interface, which plays a vital role in the cycling and
dynamics of nutrients, particularly nitrogen. Nitrogen is a key element
for aquatic life, influencing primary productivity, species composition,
and overall ecosystem health. Understanding the dynamics of nitrogen
at the sediment-water interface is essential for managing and preserving
lake ecosystems. This interface acts as a zone of intense microbial activity,
where various forms of nitrogen are transformed through processes such as
nitrification, denitrification, and ammonification. These processes regulate
the availability of nitrogen in the water column, thereby affecting the growth
of aquatic organisms and the quality of water. Consequently, studying the
nitrogen dynamics at the sediment-water interface provides insights into
nutrient cycling and helps in the development of strategies for the effective
management of lake ecosystems.

Sediment refers to all solid inorganic and organic materials that can be
transported by erosive processes and deposited afterwards. The composition
of a lake or reservoir’s sediment depends on geography, land cover, and the
type of soil in its upstream catchment area. Over time, these solid particles
accumulate in sediment layers, reducing the lake’s volume and potentially
harming the ecosystem and all life forms within, on, and around the lake.

Sediment can act as either a source or a trap in the process of nutrient
release back into the water. There are several accepted methods for analyzing
the fractions of nitrogen and phosphorus in sediments, including:

1. Nitrate-nitrogen (NO,-N)
2. Ammonium-nitrogen (NH,-N)
3. Phosphate-phosphorus (PO,-P) (Kelsey, 2015).

Amonium adsorption is generally associated with the organic matter
content of sediment; organic-rich sediments retain nitrogen by absorbing
it within their structures. Nitrogen release in wetlands occurs through
sedimentation of various nitrogen forms and their re-suspension. As
ammonium is a positively charged ion, it adsorbs onto particles in the
sediment. The level of adsorbed ammonium is in equilibrium with the
ammonium concentration in the water, and any changes in water chemistry
can result in its release into the water (Delince, 1992; Hakanson and Jansson,
2002).

Eutrophication can cause odor and taste problems in aquatic ecosystems
and lead to significant issues by reducing dissolved oxygen levels, which can
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severely affect lake ecology. In this context, the concentrations of nutrients
such as nitrogen and phosphorus in lakes and reservoirs provide insights into
the health of the water body and form a good basis for management decisions.
In eutrophic lakes, it has long been known that nitrogen cycling processes in
sediment greatly affect water quality and sediment characteristics (Bruesewitz
et al., 2012; Yao et al., 2018).

With the increase in human activities, there has been a worldwide loss of
underwater macrophytes and an increase in underwater turbidity (Jeppesen et
al., 1998; Schefter, 1998; Kérner, 2002; Wang et al., 2014). Excessive phosphorus
input is speculated as the underlying cause of this phenomenon (Scheffer,
1998; Carpenter, 2003; Sand-Jensen et al., 2008), but the role of nitrogen (N)
in the recession of macrophytes has recently drawn attention (Moss, 2001;
Jeppesen et al., 2007; Moss et al., 2013).

According to Farshay and Dodson (2011), information on the effect
of underwater plant cover on nitrogen cycling processes and associated
microorganisms in sediment, which are closely related to the efficiency of
lake ecosystems in removing nitrogen from the environment and their self-
cleansing capacity, is limited (Yao et al., 2018).

2. Nitrogen Cycling in the Sediment-Water Interface: Role of Key
Factors

Nitrogen is transferred from sediment to overlying water through
diffusion, sediment resuspension, and bioturbation and is absorbed by plants
as ammonium. The diffusion of dissolved NH4-nitrogen into the water at the
sediment-water interface is the most important pathway for nitrogen release,
potentially leading to ammonium release and the water becoming eutrophic
and it is a complex transition involving nitrification, denitrification, and
ammonification processes. The release of nutrients from sediment to water
is considered an important process in nutrient balance for many aquatic
systems (Hale, 1975; Gardner et al., 2006; Gardner and McCarty, 2009). In
shallow and eutrophic lakes, hydrodynamics can induce the distribution of
nutrient release in sediment. Factors such as water depth, types of nutrients,
water temperature, pH, concentration gradient, redox potential, and
organisms present in the environment also influence the salinity affected by
hydrodynamics (Wu et al., 2019).

Interactions at the sediment-water interface play a critical role in dissolved
and particulate organic nitrogen mineralization processes (including
ammonification, nitrification, and denitrification) in aquatic ecosystems.
Within these interactions, nutrient immobilization in sediment, regeneration
rates, and some physicochemical and metabolic processes are involved. At
this stage, dissolved oxygen concentration, redox potential, and pH levels
in overlying sediment water are effective. Generally, ammonium acts as a
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source and nitrate as a trap in sediment nitrogen. The source of ammonium
in sediment pore water is generally associated with two important biological
processes: bacterial decomposition of organic matter and metabolic waste
produced by benthic organisms. Ammonium release in aquatic environments
is governed by various factors such as sediment type, oxidation of organic
matter, temperature, and dissolved oxygen concentration.

Temperature is one of the most important environmental variables
governing microbial denitrification and anaerobic conditions in sediment
(Batty et al., 2017). Nitrous oxide in greenhouse gases is produced during
denitrification, but information on anaerobic ammonium oxidation and how
these pathways respond to global warming is still limited.

o Case studies

Baiyangdian Lake in China was the subject of a comprehensive study
on nitrogen distribution and ammonia release in sediment, where water and
sediment samples were collected from a rapidly urbanizing area (Zhu et al.,
2019). The mean concentrations of ammonium (NH,+N), NO,-N, and TP
in water samples were analyzed as 0.36, 0.12, and 2.22 mg/l, respectively.
Nitrogen concentrations in the water gradually increased from the northern to
the southern part of the lake. About 90% of sediment samples from sampling
areas were found to comply with the moderately or heavily polluted class
(1000-2000 mg/kg) as defined by the U.S. Environmental Protection Agency
TN pollution standards. The release of NH,+N from sediment to water in the
lake was determined to range from 5.35 to 48.76 mg/m?/day.

Hou et al. (2013) investigated the impact of environmental factors
on nutrient release in the sediment of Daihai, a shallow lake, located in
northwest China. Nutrients in the lake indirectly affected nitrogen and
phosphorus release. The researchers reported that light increased algal
biomass and reduced nitrogen and phosphorus concentrations in the water,
thereby indirectly inhibiting nutrient release. They also noted that high pH
promoted release. Nitrate, due to its high solubility in water, is one of the most
common groundwater pollutants on a global scale and poses a serious threat
to human health, contributing to eutrophication. Among various treatment
technologies for nitrate removal, adsorption studies have yielded satisfactory
results, particularly with mineral-based and/or surface-modified adsorbents.

Szogi et al. (2003) investigated the combined effects of ammonium-
nitrogen concentration in sediment pore water and nitrogen loading values
in an artificial wetland used for the disposal of animal farm wastewater,
which contained high nitrogen content. They reported that the high level
of ammonium-nitrogen (>200 mg/l) detected in sediment pore water could
adversely affect the long-term functionality of the artificial wetland system.
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Monthly and seasonal changes in nitrogen in lake water and sediment pore
water were monitored in the shallow eutrophic Chaohu Lake in China. Nitrate
nitrogen was found to be the dominant nitrogen form in overlying sediment
water, while ammonium was dominant in sediment pore water. This suggests
the occurrence of strong oxidative nutrient degradation at the sediment-water
interface. The positive correlationbetweenammoniumrelease and temperature
indicates the relationship between increasing temperature and intensified
ammonification and nitrate reduction. Ammonium release increases with
water temperature, algae biomass, and chlorophyll concentrations, while it
decreases with increasing dissolved oxygen levels. This study concluded that
there is a negative correlation between ammonium concentration in sediment
and dissolved oxygen concentration; the increasing ammonium release is not
only due to the increasing level of organic matter ammonification in sediment
but also due to the decrease in the rate of nitrification associated with low
dissolved oxygen levels (Zhang et al. 2008).

Zhong et al. (2021) investigated the long-term effects of nitrogen loading
in eutrophic Taihu Lake in Meiling Bay using sediment screening method
at the sediment-water interface (SWI). This study suggested methods to
reduce organic matter and total nitrogen in sediment, including nitrogen
mineralization, nitrogen fixation, denitrification, and anaerobic ammonia
oxidation (anammox). Additionally, the enrichment of sediment with organic
matter and nitrogen accelerated nitrogen cycling processes at the sediment-
water interface. Sediment screening method studies provided benefits such
as increasing the redox potential at the sediment-water interface with a
reduction in organic matter and total nitrogen content in surface sediment.
Thus, the study demonstrated that sediment screening method practices are
both advantageous and disadvantageous in controlling internal nitrogen
loading in shallow lakes. While these practices help reduce inorganic nitrogen
flux at the sediment-water interface and facilitate nitrogen removal through
denitrification and anammox, measures to prevent particle input and retention
are also necessary.

Miiller et al. (2021) conducted research to identify differences in
nitrogen removal efficiency between the eutrophic Baldegg Lake and the
oligotrophic Sarnen Lake in Switzerland. The researchers found a significant
connection between annual nitrogen loading and removal rates in eutrophic
lakes, and there was a statistically significant correlation between nitrate
concentration in overlying sediment water and nitrogen removal. Nitrogen
release showed significant seasonal variations in eutrophic Baldegg Lake but
not in oligotrophic Sarnen Lake. According to the researchers, the increase in
seasonal nitrogen removal rates was associated with seasonal oxygen release
values at the sediment-water interface in eutrophic lakes. The increased
oxygen levels were reported to enhance sediment mineralization, indirectly

*5
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promoting denitrification activity.

Lee et al. (2019) conducted a modeling study based on a three-way
hydrodynamic and transport model to determine the effect of internal nutrient
loading from sediment on water quality in Euiam Lake, South Korea. While
NH, release in the lake was generally positive, indicating a large amount of
nitrate transported to the sediment, NO, release was negative, suggesting that
sediment-water nitrification, which transports a small amount of ammonia to
overlying sediment water, is dominant.

Wau et al. (2019) conducted a study on the spatial distribution of nitrogen
and phosphorusin the sediment of Taihu Lake from a hydrodynamic transport
perspective. They found that hydrodynamics play a significant role in nutrient
dynamics in lakes with large surface areas, shallow depths, and eutrophic
conditions. In their study, field observations of nitrogen and phosphorus
in Taihu Lake sediment were compared with hydrodynamic transport
perspectives based on numerical simulations and long-term ecological data
analysis. During the field study, six sediment samples were collected (0-1 cm,
1-2 cm, 2-3 cm, 3-4 cm, 4-6 cm, and 6-10 cm depths). The total nitrogen (TN)
content in sediment ranged from 319.4 to 3123.8 mg kg™, with the highest rates
observed in Zhushan, Meiliang, and East Taihu Bay. It was found that most
dissolved nitrogen is found in surface water and is horizontally transported to
areas with weak biomass levels by lake currents. Enrichment from horizontally
transported nitrogen led to changes in hydrodynamic regulation through
nitrogen release from sediment via bioaccumulation. The phosphorus (TP)
content in sediment varied between 382.6 and 1314.1 mg kg', with high
phosphorus areas located near river mouths. Unlike nitrogen, phosphorus
enrichment occurred mainly through physical means in sediment, and
accumulation was chemical. Surface waves had a weaker effect on phosphorus
transport to overlying water compared to nitrogen. Parameters such as total
organic carbon (TOC), ammonia (NH,), nitrite (NO,), water content, and dry
weight were calculated in sediment samples. The TOC content ranged from
1.28% to 3.52%, with an average of 1.87%, and the N ratio ranged from 0.7 to
6.7 with an average of 2.6. Higher values were observed in the western and
southeastern regions of the lake. Dissolved nitrogen was transported by lake
currents, while phosphorus was mainly accumulated in sediment through
physicochemical processes, and nitrogen exchange depended on sediment
depth, coinciding with seasonal cyanobacterial blooms.

Maslukah et al. (2018) emphasize the significance of nitrogen and
phosphorus release from sediment to water of Wiso and Serang Rivers in
Indonesia. The mechanism of release varies based on concentration differences
between sediment pore water and overlying water, relying on diffusion
processes. Effective factors influencing the control of nutrient release include
sediment particle size, distribution, water depth, salinity, pH, and dissolved
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oxygen, among other environmental parameters. The research concluded
that there was no significant difference in nitrogen release between the two
regions.

Tan et al. (2020) demonstrated in their study that warming directly
triggered N,O production during denitrification in subtropical sediment and
that the reaction rate for N O production was higher with warming. Moreover,
they showed that nitrogen release from sediment could be suppressed at
high temperatures, indicating that denitrifying factors are thermotolerant.
This study contributed to the literature regarding the response of nitrogen
accumulation in sediment to climate change. The anthropogenic production
of reactive nitrogen has increased tenfold over the past century, correlating
with population growth and its potential to impact aquatic ecosystems.
The impact of anthropogenic nitrogen on ecosystems and biogeochemical
cycles has become the second most serious environmental problem globally.
Concurrently, it is predicted that climate change will be a significant driver
of species extinction and biodiversity loss in the coming century, with
species with low thermotolerance being the most likely groups affected
by global warming. Studies indicate that sediment denitrification in most
aquatic ecosystems is temperature-dependent. In a study by Tan et al. (2020)
conducted on sediment samples collected from various shallow water systems
in the subtropical region of southern China, the effects of temperature on
nitrogen release from sediment were investigated, with seasonal comparisons
made between six stations during summer and winter. It was reported that
N,O production, a byproduct of denitrification, increased in both seasons. An
optimal temperature range of 16-24°C was deemed acceptable for nitrogen
release in sediment, while temperatures of 30-37°C were considered critical
(Batty et al., 2017).

Yao et al. (2018) conducted a seasonal and spatial investigation of potential
nitrification, denitrification, and N,O production rates in sediment cages
for fish farming in Honghu Lake. They used five functional gene markers
to assess microbial abundance during the nitrification and denitrification
processes in sediment. Results indicated that sediment without vegetation
supported denitrification rates, while the presence of floating aquatic plants
had no significant effect on denitrification and N,O production. The highest
nitrification was observed in September, and the highest denitrification in
December. The results suggested that vegetation restoration in eutrophic lakes
improved water quality but did not have a positive effect on nitrogen removal
efficiency or microbial presence in sediment. This research highlighted the
need for lake management practices to focus on preventing external nutrient
inputs to reduce nitrogen levels in eutrophic lakes.
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3. External and Internal Nitrogen Sources in Lake Ecosystems

Excessive nitrogen flux can easily pass into sediment and accumulate,
converting sediment into a potential nitrogen source. Accumulation of nitrogen
in sediment, exacerbated by activities such as livestock and poultry farming
discharges, can negatively affect benthic species distribution and also lead to
year-round eutrophication if external nutrient input is controlled. In a study,
average NH, and TN concentrations in water were found to be 0.36 mg/l and
2.22 mg/l, respectively. The total nitrogen concentration was higher compared
to lakes in eastern China and was categorized as “poor level” according to
Chinese Water Quality Standards. Considering TN concentrations in sediment
samples from the lake, they could be classified as belonging to the “moderately
polluted” class according to the U.S. Environmental Protection Agency
standards. Levels of NH,-N and NH,-N in sediment pore water negatively
affected benthic biodiversity in most sampling areas. Therefore, focusing on
the effects of nitrogen on benthic species is crucial. Data on nitrogen forms
in lake water and sediment concentrations provide a basis for future studies
aimed at controlling lake water quality. It has been suggested that efforts should
focus on implementing lake restoration measures to remove nitrogen from the
environment or prevent NH, +N release from sediment.

In China, over 90% of lakes are eutrophic due to high levels of nitrogen
and phosphorus content (Yang et al., 2013). High nitrogen concentrations in
lakes can lead to eutrophication, resulting in hypoxic or anoxic conditions due
to the decomposition of phytoplankton and algae (Bhatnagar and Sillanpa,
2011; Liu et al., 2012; Davis et al., 2015). Elevated nitrogen levels in water
can easily be transferred to sediment under suitable conditions, becoming a
potential nitrogen source as it accumulates in the sediment (Wu et al., 2001;
Ni and Wang, 2015). Sediment plays significant roles in physicochemical
and biological processes involved in the nitrogen cycle (Li et al., 2012). The
release of nitrogen from sediment to water also affects nitrogen concentration
in water, and if external nutrient loading is controlled, it can lead to year-
round eutrophication of the lake (Xie et al., 2003; Jin et al., 2006). Among
nutrient salts, nitrogen is the main pollutant in sediment in Baiyangdian Lake
(Shu et al., 2010). Nitrogen in sediment and water is mainly incorporated
into the system as ammonium NH, +N released from sediment to overlying
water through diffusion, resuspension of sediment, and bioaccumulation by
plants (Hu et al., 2001). The diffusion of dissolved NH,+N into the water at the
sediment-water interface is an important pathway for the release of internally
derived nitrogen, and as the potential for NH AN release increases, the risk of
water eutrophication also increases accordingly.

Low ammonium nitrogen concentrations indicate nitrogen balance
in the nitrogen cycle, where microbial committees, including nitrification,
denitrification, and anaerobic oxidation of ammonia, are stable.
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e Case studies

The input of nitrogen into Lake Victoria through biological nitrogen
fixation has been studied, characterizing the lake basin climate into two
different seasons: a dry period from June to September and two wet periods
from October to February (lightly rainy) and March to May (heavy rainy).
Lake Victoria, the second-largest freshwater lake globally, is heavily impacted
by anthropogenic activities and intensifies among countries surrounding its
coastal waters. The source of nutrients in sediment and the importance of
nitrogen fixation were investigated by Shayo and Limbu (2018). Sediment
samples were collected by scuba diving from three bays of the lake (Magu,
Mwanza, Kayenze bays), and nitrogen fixation rates were measured using
the acetylene reduction technique. Lake Victoria is highly affected by urban/
industrial waste discharges, surface runoff, and agricultural activities
conducted in the coastal areas and nearby catchment areas. Wastewaters
from urban areas and industries are often discharged into the environment
without treatment, thus acting as primary nutrient sources and leading to
eutrophication in surface waters of the lake (Nyenje et al., 2010). This study
suggested that anthropogenic activities could be significant sources of nutrient
enrichment in sediment and surface waters.

Three different depths of water samples were taken at depths of 0.5 m, 5
m, and 10 m to determine the vertial distributions of nitrogen releases. The
study revealed significant differences in NO, flux concentrations between
three different regions at the sediment-water interface. In Kayenze Bay,
where anthropogenic input is high, the NO, ratio is high (p<0.001). While
differences among the three sampling regions were significantly detected in
terms of NH, +N release, total nitrogen concentrations also showed significant
differences in all three regions. The differences observed in the concentrations
of NO,,NH,, and TN released from sediment among the regions indicated the
lake’s susceptibility to anthropogenic activities. It was noted that sediments
in Mwanza and Magu bays, heavily impacted by human activities, are rich
in nutrients, while Kayenze Bay, which is away from human activities,
remains relatively unaffected compared to the other two sampling areas. It
was reported that agriculture and livestock activities were the main sources of
nitrogen contribution to the lake, accounting for 69% to 85% of the primary
nitrogen release. The results of this study support the notion that internal
nutrient loads in lakes may have a significant impact on nutrient levels in lakes
experiencing high external nutrient loads (Shayo and Limbu 2018).

In a study by Zhang et al. (2015), spatio-temporal distribution was
investigated and results demonstrated that urbanization around the lake
resulting in high nutrient input. The overall low nitrate concentration in the
lake was attributed to microbial denitrification. In this study, seasonal changes
remarkably in nitrogen and changes in nitrate were noted, but no significant
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seasonal changes were observed in either. Seasonal changes in the sediment-
water interface in Chaohu Lake were linked to mineralization processes.

Ezzati et al. (2020) reported that phosphorus input from agricultural
activities triggers eutrophication in water sources. In light of this information,
in Ireland, the main objective within the framework of the Nitrate Directive is
to regulate the use of phosphorus fertilizers on farms in terms of exposure to
nutrient loads in aquatic systems and sediment losses. The parameter EPC" is
often used in freshwater systems to determine the sediment’s ability to absorb/
desorb phosphorus. These measurements are conducted to determine whether
sediment samples are a source or a sink of phosphorus. If the measured EPC°
in the sediment is higher than the DRP (dissolved reactive phosphorus) value
in the water, phosphorus release can occur to establish equilibrium in terms of
concentration. Conversely, if the sediment’s EPC° value is lower than the DRP
value in the water, phosphorus adsorption from water to sediment is triggered
to maintain the concentration level in the solution.

4. Effective Bio-factorsinNitrogen Cycle Influencing Euthrophication

Aquatic macrophytes play a crucial role in regulating the eutrophication
status of lakes and rivers. Many plants utilize nitrogen and phosphorus in
water for growth and nutrition. Nutrient elements reach these aquatic systems
either internally (via release from sediment-water interface) or externally
(due to agricultural and urban activities). There are three main mechanisms
through which nitrogen affects underwater plants such as macrophytes in
aquatic systems:

i- By promoting growth and shading phytoplankton,
ii- Shading periphyton,

iii- Applying toxic stress through oxidative stress in plant metabolism,
inhibiting photosynthesis, leading to growth suppression and resulting in
chlorosis in leaves.

Nitrogen release from anoxic sediment to the water column was
investigated through microcosm experiments. Mesocosm experiments and
field studies in shallow lakes in Denmark have shown that when the total
nitrogen concentration exceeds 1.2-2 mg/l, the risk of overall loss of submerged
macrophytes significantly increases (Sagrario et al., 2005). It was noted in the
study that the total phosphorus concentration exceeded 0.1-0.2 mg/1.

In shallow and eutrophic lakes, the formation of eutrophication and the
proliferation of cyanobacteria pose a significant threat to the ecological health
and sustainable ecosystem development of many lakes worldwide, irrespective
of geography (Bunting et al., 2007; Yamamoto, 2011; Stone, 2011; O’Neil et
al., 2012; Cozar et al., 2012; Higgins et al., 2017; Matisoff et al., 2017; Payton
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et al., 2017; Wu et al., 2019). Sediment biogeochemistry constitutes a major
component of the elemental cycling; in shallow systems like these, around
30% of the organically produced matter through photosynthesis accumulates
in sediment and is subsequently released back into the water. Oxygen
consumption in the circulation of organic matter leads to either the source
or trap of nutrient elements in the water column. Some of the organic matter
is re-mineralized via denitrification, facilitating the formation of biologically
unused nitrogen gas. Denitrification in coastal waters is crucial for nitrogen
removal. Under low oxygen conditions, nitrification-denitrification in
sediment is inhibited, and re-mineralized nitrogen transitions to NH y form,
readily available for primary producers’ use, thus exacerbating eutrophication
(Laurent et al., 2016).

During seasons of algal blooms, dissolved inorganic nitrogen decreases,
limiting nitrogen utilization in the water. Experimental studies have shown that
algal blooms can be significantly reduced, and nitrogen deficiency may vary
across different layers, affecting key mechanisms. While assimilation serves as
a way to reduce nitrogen in the upper layers of the water, denitrification plays a
significant role at the sediment-water interface and in surface sediment. Stable
nitrogen isotope experiments have demonstrated that nitrate reduction at the
sediment-water interface is hindered by the Microcystis population density,
while denitrification rates are triggered by the formation of dark and oxygen-
deprived conditions during Microcystis blooms. Nitrogen dynamics in
eutrophic lakes vary seasonally, with nitrogen limitation typically occurring
in summer and autumn. The results of this study demonstrated that ideal
conditions for denitrification occur at the sediment-water interface and in
surface sediment during algal bloom periods, facilitating nitrogen reduction
(Shen et al., 2020).

e Case studies

Enrich et al. (2016) emphasize the significant role of aerobic organic
matter mineralization regulation concerning oxygen consumption and
substrate availability in controlling nitrogen dynamics in coastal tropical
ecosystems. The presence of microbial activity in sediment contributes to the
regulation of oxygen consumption and nitrogen concentration due to organic
matter assimilation, impacting nitrogen transformation rates. The study
suggests that nitrogen is a limiting factor in the examined field samples, with
NO, concentration being the regulatory primary factor.

Mu et al. (2007) investigated nitrogen, phosphorus, and silicon exchange
at the sediment-water interface in Bohai Bay, Tianjin coast. The concentration
of dissolved oxygen in the sediment-water interface reflects the redox
potential, affecting the transition of ammonium, nitrate, and nitrite nitrogen.
Nitrification occurs easily under oxygenated conditions, leading to an increase

<11
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in nitrate nitrogen concentration in sediment and subsequent release from
sediment to overlying water. Under anoxic conditions, denitrification occurs
while restricting nitrification, resulting in a decrease in nitrate nitrogen and
an increase in NO and N, molecules. Redox conditions in coastal sediments
affect the adsorption of ammonium nitrogen, with increased desorption and
ammonium nitrogen release under anoxic conditions.

In New Zealand, seasonal variations in sediment release rates of SRP and
ammonium were studied in Rotorua Lake, a large shallow polymictic lake
with benthic ring incubation. The high amount of ammonium release during
the summer period was found to be associated with the high organic matter
content of the sediment. While the high nutrient element release in this lake
has been attributed to high external nutrient loading for many years, the high
level of organic matter in the sediment and the anoxic nature of the sediment
have also been found to be effective factors. It is thought that the significant
reduction in external nutrient loading could provide a breakthrough in the
nutrient accumulation cycle (Burger et al., 2007).

5. Concluding remarks

Nitrogen dynamics at the sediment-water interface are complex and have
significant implications for lake ecosystems. In the context of eutrophication
studies in stagnant aquatic systems, both the importance of sediment and its
role on nutrient dynamics at the sediment-water interface is a key actor in
eutrophication scenario.

In wetlands, the sedimentation and resuspension of N types determine
the direction of nitrogen dynamics. While the accumulation of organic
nitrogen in the sediment reduces the availability of nitrogen for aquatic
organisms, the release of nitrogen from biomass through decomposition
provides nutrients reusable. Sediments can serve as both a sink and a source
of ammonium. Sediments can release nutrients into the overlying water,
contributing to eutrophication and impacting water quality. The release of
ammonium in aquatic environments is governed by various factors such
as sediment type, organic matter oxidation, temperature, and dissolved
oxygen concentration.

Nitrogen dynamics change seasonally, with nitrogen limitation typically
occurring in wet/anoxic and dry/oxic periods in eutrophic lakes. The
components of the nitrogen cycle, nitrification, and denitrification events
are temperature-dependent, and during periods of high temperature, the
denitrification of nitrate to gaseous forms of nitrogen (N, and N,O) and
ammonium leads to a decrease in nitrate levels in sediment pore water. The
nitrogen mobility has a direct interaction with the lake mobility in case of
static condition, the ammonia nitrogen release was mainly through molecular
diffusion where as in disturbance conditions, the change in hydrodynamics
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had more influence on ammonia nitrogen release. This issue can be analysed
as the stronger disturbance leads to greater amount of release.

The internal and external factors such as climate change, land use
change, and water pollution and the integrity of the sediment can alter the
functioning of the sedimentary nitrogen cycle. Coping with the challenges of
various pollution inputs by sustainable applications and effective management
strategies, conservation of lake ecosystems could be enabled.

+ 13
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1. Introduction

Findings regarding the length-weight relationship are very important
in terms of fish biology and fisheries management. The length-weight
relationship parameters (a and b) allow the weight of the fish to be estimated
from its length, the condition index to be calculated, and the morphology
and life processes of populations in different habitats to be compared (ilhan
and Ilhan, 2018; Saylar et al., 2020). Determining the morphometric and
meristic characteristics of fish in different water systems within the scope
of their biological characteristics is important for ichthyofauna. In order to
reveal the ichthyofauna in a wetland, the biological characteristics of all fish
species must be known and periodic monitoring studies must be carried out.
Determining the morphometric and meristic characteristics and the length-
weight relationships within the scope of their biological characteristics will be
important for ichthyofauna in different water systems. These measurements
also form the basis for explaining the evolutionary relationships and taxonomy
of fish (Gl et al., 2017).

The distribution center of the Cyprinion genus is the southern regions of
western Asia. Some species are reported to be in Syria, Arabia, Mesopotamia,
Iran, the desert regions of India, Pakistan and Afghanistan (Kuru, 1975;
Dagli, 2013). There are two species of the Cyprinion genus in the inland waters
of Tiirkiye, Cyprinion macrostomum and Cyprinion kais (Geldiay and Balik,
2009; Cigek et al., 2015). C. macrostomum is a natural and endemic species
of the Tigris-Euphrates basins and is distributed up to the upper Euphrates
basin (Banarescu and Strachil, 1995; Coad, 1996; Geldiay and Balik, 2009). It
is stated that C. macrostomum individuals in Topardi¢ Creek and Kangal fish
hot spring (Sivas) pools have adapted up to 35 celsius (Metin and Akpinar,
2000; Dastan et al., 2012; Duman and Sahan, 2014). According to Fricke et
al. (2007), the conservation status of C. macrostomum in Tirkiye is in the
endangered species group. Yilmaz et al. (2015) revealed some biochemical
blood parameters of C. macrostomum in Adiyaman region, Kara and Giines
(2015) revealed the distribution and some morphometric characteristics of this
species in streams and lakes of Adiyaman region; Uckun and Gokge (2015)
revealed the growth and reproduction characteristics of C. macrostomum
and C. kais in Karakaya dam lake (Euphrates River). In addition, there are
also studies on the genetic diversity (Dastan et al. 2012), reproductive biology
(Faghani and Mousavi, 2018), and some morphological features (Dagli, 2013)
of C. macrostomus in Tiirkiye.

The genus Alburnus has 39 species in Europe and Asia (Falahatkar et.
al., 2015). There are 27 species of the genus Alburnus in Tiirkiye, 18 of which
are endemic (Mangit and Yerli, 2018; Cicek et al., 2018; Baygelebi, 2020), and
Tiirkiye is a speciation center for this genus (Ozulug and Freyhof, 2007).
A. mossulensis is distributed in the upper branches of the Tigris-Euphrates,
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Tiirkiye, Iran and Hormuz Basins (Esmaeili et al. 2010, 2015; Keivany et
al. 2016; Kuru, 1979; Bogutskaya, 1997; Coad, 2010). The distribution of A.
mossulensis in Tirkiye is the Eastern and Southeastern Anatolia regions,
especially the Tigris and Euphrates river systems (Geliday and Balik, 2007).
In the Atatiirk Dam Lake, it is a commercially important fish species (Bayhan
and Gocer, 2012).

In this chapter, variations of meristic traits in regarding to length-
weight relationship for Cyprinion macrostomus (Heckel, 1843) and Alburnus
mossulensis (Heckel, 1843) in the middle Euphrates Basin (Adiyaman,
Tiirkiye) are presented.

2. Material and Methods
2.1. Sampling, sampling area, and fish species:

Fish samples were captured using electroshock from different branches
of the Middle Euphrates River (in the Adiyaman region: May 2012- October
2013, Figure 1). Measurements were made on 83 individuals of the C.
macrostomus species and 24 individuals of the A. mossulensis species. The
specimen measured in this study were provided from a research project
that was supported by the Adiyaman University Scientific Research Projects
(BAP) Coordination Unit, Project No. 2012/001, and was carried out with the
legal consent of the Ministry of Food, Agriculture, and Livestock, General
Directorate of Fisheries and Aquaculture (permission date 05.04.2012;
permission number: 01515).

Middle Euphrates River is considered the most important river in
Adryaman province. It is 180 km long within the province and forms a border
with Sanliurfa and Diyarbakir provinces. Kahta, Kalburcu and Goksu are the
main tributaries of the Euphrates River. Its length is 45.5 km. Goksu Stream
emerges from the Kahramanmaras province and passes through Erkenek,
Tut and Akdere. After receiving the Sofraz water, it flows into the Euphrates
River west of Glimiigkaya. Its length within the province is 90 km. Sofraz
Stream emerges from the Toklu Village of Besni district and mixes with
Goksu Stream near Akdere after taking Keysun Suyu near Hacihalil Village.
Its length within the province is 51 km. Ziyaret Stream originates from the
waters of Cebel and Zey Villages and flows into the Atatiirk Reservoir near
Ipekli Village (Kara and Can, 2023).
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Figure 1. Map of sampling area from a research project that was supported by the
Adiyaman University Scientific Research Projects (BAP) Coordination Unit, Project No.
2012/001.

C. macrostomum individuals have high bodies and large scales. The
mouth is in a ventral position, the lower and upper lips are thick. There is a
pair of very short barbs around the mouth. The posterior edge of the longest
bony ray of the dorsal fin is highly serrated. The caudal fin is deeply forked
and the tips of the tail lobes are pointed (Figure 2).

Figure 2. C. macrostomum  specimen (Total length: 7.13 cm, Ziyaret Stream,
Adiyaman).
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Alburnus mossulensis is known by locals as the “freshwater silver fish”.
Its body is long and thin and slightly flattened from the sides. Their length is
around 10-12 cm. Their bodies are grayish white. Fins are usually colorless.
The mouth is lower positioned and has no whiskers (Figure3). This species is
found in both lentic and lotic environments.

Figure 3. A. mossulensis specimen (Total length:8.05 cm, Sofraz Stream, Besni,
Adyaman).

2.2. Measurement and data analysis

Caught fishes were brought to the laboratory in plastic containers
containing 4% formaldehyde. Each sample was measured for fork length (+1
mm) and total weight (£1 g). The length-weight equation W = a L® was used
to estimate the relationship between the weight (g) and fork length (cm). In
the formula, ‘@’ and “b” represent the intercept and slope of the relationship,
respectively. When applying this formula on sampled fish, b may deviate
from the “ideal value” of 3 that represents an isometric growth, less than 3,
fish become slimmer with increasing length, and growth will be negatively
allometric. When b is greater than 3.0, fish become heavier showing a positive
allometric growth and reflecting optimum conditions for growth. Confidence
intervals were used to verify if b for each fish species is statistically significantly
different from the isometric growth (b = 3). The coefficient of determination
(R-square) was used to assess the relationship strength between length and
weight (Jisr et. al., 2018). Data was analyzed using R version 4.1.0. (R Core
Team, 2022) and Jamovi version 2.4 (The Jamovi project, 2023).

3. Results
3.1.Length-Weight Relationship

The b (+ se) coefficient in the length-weight relationship is 2.99+ 0.06
(confidence limit: 2.87-3.11, R-squared= 0.9635) and 3.24+ 0.10 (confidence
limit: 3.03-3.45, R squared=0.9426) for C. macrostomus and A. mossulensis
species, respectively (Figure 4, 5). It is seen that the growth is isometric for the
C. macrostomus species and positive allometric for the A. mossulensis.
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Figure 5. Length-weight relationship for A. mossulensis.

3.2. Metric Variations
3.2.1. Metric Variations for Alburnus mossulensis

For this species, inter-individual variations were observed in the number
of linea lateral scales, the number of caudal fin spine rays, and the number of
anal, ventral and pectoral fin rays. The most variation (13 categories) among
individuals of this species was observed in the number of linea lateral scales
(between 63-89) and it was determined that the 72-scale category was the
most represented category with 22 percent. It was observed that the individual
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containing 84 scales in the lateral line was the largest individual in terms of
length and weight (Tablel, Figure 6.

Table 1. Some descriptive statistics of variations in meristic traits of sampled individuals
for A. mossulensis and C. macrostomus species.

A. mossulensis C. macrostomus
Category N (N%) TL+sd TWxsd N (N%) TL+sd TWxtsd
Linea letaral Category Linea letaral
63 1(4%)  80.1+£0.00 2.9+0.00 | 41 23(28%) 123+22.8 22+11.6
65 1 (4%) 76.8£0.00  2.5£0.00 | 40 12(15%) 125+22.4 23.3+11.3
70 3(13%) 123+£25.7  13.7£9.53 | 39 2(2%) 92.3+8.56 8.65+2.9
72 5(22%) 130+12.1 13.1+2.39 | 42 25(30%) 123+17.5 21.1+£9.76
73 2 (9%) 1224227 11.5%1.13 | 43 14(17%) 150+22.1 38.5+15.6
74 2 (9%) 104+0.50  6.55+0.07 | 38 5(6%) 112+12.5 16.5+4.78
75 3(13%) 135+12.7 15.9+4.57 | 36 1(6%) 114+0.00 16.1£0.00
82 1(4%) 125+0.00  13.8+0.00
84 1(4%) 155+0.00  28.8+0.00
85 1(4%) 110+£0.00  8.1+0.00 Number of dorsal fin bony rays
87 1(4%) 123+0.00 11.3£0.00 | 4  63(77%) 123+21 21.8+10.7
88 1(4%) 117£0.00  9.4+0.00 3 19(23%) 138+26.4 31.2+17.6
89 1(4%) 112+0.00  8.9+0.00
Number of caudal fin bony rays Number of dorsal fin soft rays
5 2(9%) 78.4+2.32 274030 | 15 61(74%) 126+23.9  23.8+13.9
8 21(91%) 125%15.6  12.9+5.79 | 14 4(5%) 110+22.6  15.7+8.99
5  14(17%) 131+17.3  26.5+10.3
Number of anal fin soft rays 13 3(4%) 140+24.2 27.5+11.8
10 4(17%) 116+5.46  9.43+1.36
11 10(43%) 127+15.4 13.8+6.01 Number of anal fin soft rays
12 9(39%) 11627 11.1£7.60 | 7  71(87%) 129423 25.3+13.50
8  11(13%) 109+14.2 15.7+5.56
Number of venal fin soft rays
7 2(9%)  78.4+2.32  2.7+0.30 Number of pectoral fin soft rays
8 21(91%) 125%15.6  12.9+5.79 | 12 26(45%) 128+18.4 23.8+10.5
13 37(32%) 120+22.3 20.5£10.8
Number of pectoral fin bony rays 14  19(23%) 138+26.4 31.2+17.6
13 2(9%) 78.4+2.32  2.7+0.28
14 2(9%) 140+£21.6  21.3£10.6

15 19(83%) 123+14.7 12+4.72
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terms of the number of linea lateral scales within the scope of length-weight relationship.

Two categories (5 and 8) were observed in the number of caudal fin spine
rays, it was determined that the number of individuals with 8 rays constituted
91 % of the sampled individuals, and individuals with 5 spine rays had lower
average values in terms of length and weight (Tablel, Figure 7).
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Figure 7. Distribution of A. mossulensis individuals according to their categories
in terms of the number of caudal fin spine ray within the scope of length-weight
relationship.
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A. mossulensis individual were into 3 categories in the number of anal fin
soft ray (10, 11 and12), and the average length and weight of individuals with
the 11-ray category were higher than that of other categories (Tablel, Figure 8).
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Figure 8. Distribution of A. mossulensis individuals according to their categories in
terms of the number of anal fin soft ray within the scope of length-weight relationship.

Two ventral soft ray categories with 7 (9 %) and 8 (91 %) were determined
in the sampled individuals, and it was observed that individuals with 8 rays
were larger in average length and weight (Table 1, Figure 9).
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Figure 9. Distribution of A. mossulensis individuals according to their categories
in terms of the number of ventral fin soft ray within the scope of length-weight
relationship.
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Three categories were determined in terms of the number of soft pectoral
rays (13, 14 and 15). Individuals with 15 rays constituted 82 percent, and
individuals with 14 rays were larger in length and weight (Table 1, Figure 10).
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Figure 10. Distribution of A. mossulensis individuals according to their categories
in terms of the number of pectoral fin soft rays within the scope of length-weight
relationship

3.2.2. Metric Variations for Cyprinion macrostomus

For the C. macrostomus, variations were observed in the number of linea
lateral scales, dorsal fin, spine and soft ray numbers, and anal and pectoral fin
soft ray numbers. Eight categories were determined in terms of the number
of linea lateral scales of C. macrostomus individuals, and the group with 42
scales was represented at the highest percent with 30 %, and the individuals
with the highest average length and weight were in the group with 43 scales,
and the lowest individuals were in the group with 39 scales (Table 1, Figurell).
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Figure 11. Distribution of C. macrostomus individuals according to their categories in
terms of the number of linea lateral scales within the scope of length-weight relationship.

It was determined that the sampled individuals were in 2 categories (3
and 4) in terms of the number of dorsal fin spine rays (individuals with 4 rays
were represented by 77 %), and individuals with 3 rays had a higher average
value both length and weight (Table 1, Figure 12).
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Figure 12. Distribution of C. macrostomus individuals according to their categories
in terms of the number of dorsal fin spine rays within the scope of length-weight
relationship.
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It was determined that there were 4 categories in terms of the number of
dorsal fin soft rays (3,13,14,15). Among them the number of individuals with
15 rays was higher (74 %), but individuals with 13 rays were larger in length
and weight (Table 1, Figure 13).
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Figure 13. Distribution of C. macrostomus individuals according to their categories
in terms of the number of dorsal fin soft rays within the scope of length-weight
relationship.

There were two anal fin soft ray number categories (7 with 87 %, and 8
with 13 %), and individuals with 7 rays were found to be larger on average
length and weight (Table 1, Figure 14).
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Figure 14. Distribution of C. macrostomus individuals according to their categories in
terms of the number of anal fin soft rays within the scope of length-weight relationship.

There are 3 categories (12.,13.,14) in terms of the number of pectoral
fin soft rays, and it was determined that individuals with 13 rays were most
represented by 45 %, and individuals with 14 rays were larger in terms of
average height and weight (Table 1, Figure 15).
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Figure 15. Distribution of A. mossulensis individuals according to their categories
in terms of the number of pectoral fin soft rays within the scope of length-weight
relationship.

4. Discussion

The b value in the length-weight relationship of fish not only gives
information about the environmental conditions, but also gives information
about the body shape of the fish. It is stated that in a fish population, if b=3
there is isometric growth, if b>3 there is positive allometric growth, and if b<3
there is negative allometric growth (Avsar, 1998). Growth in fish; it is thought
that factors such as physical and chemical properties of water systems, genetic
structure of the population, interspecific competition and hunting pressure
may be effective. Table 2. shows the findings regarding the length-weight
relationship of different researchers for C. macrostomus and A. mossulensis
species.

The b (+ se) coefficient in the length-weight relationship was 2.99+ 0.06
(confidence limit:2.87-3.11, R-squared =0.98) and 3.24+ 0.10 (confidence
limit: 3.03-3.45, R- squared = 0.97) for C. macrostomus and A. mossulensis
species, respectively. It could be said that the regional conditions are suitable
for the populations of both species. However, it is reported that this value
varies depending on many conditions such as the number of samples, fishing
season, characteristics of the aquatic ecosystem, gonadosomatic index value
and nutrition (Bagenal and Tesch, 1978).
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As is known, body measurements in fish are widely used in characterizing
stocks, fisheries biology and taxonomy. It has been reported by various
researchers that changes in morphological characters are reflected in the
phenotype, but changes in meristic characters are transferred to the genotype,
thus morphometric characters reflect more phenotypic characteristics of
the fish, while meristic characters reflect genotypic characteristics (Coskun,
2019). It has been emphasized that the variations observed between meristic
characteristics in different populations of the same fish species in various
freshwater systems may be a result of differences in the biotic and abiotic
conditions of the habitats where the fish live (Giil et.al., 2017).

Table 2. Findings on length-weight relationship by different researchers for both species.

Author Study area Species Sex N a b R?
Bibak et.al.  Dalaki River,  C. macrostomus 0.015 3.129 098
(2013) Iran
Bibak et.al. ~ Shahpur River, C. macrostomus 0.027 2935 0.9
(2013) Iran
Alkan Karakaya C. macrostomus 9 83 1,32 295 088
Ugkun Dam Lake a 70 0.607 2.86 0.93
and Gokee  (Euphrates Q+34 153 0,72 292 0.87
(2015) River), Turkey
Alkan Karakaya C. kais Q 59  0.549 3.01 091
Ucgkun Dam Lake J 55 0.354 3.04 095
and Gok¢e  (Euphrates Q+Jd 114 0417 3.02 093
(2015) River), Turkey
Present Q+J 83 299  0.963
study
A.mossulensis
Parmaksiz et Q 3.295  0.959
al (2018) 3 3211 0.948
Q+d 3269 0.956
Pulimur A.mossulensis Q 304 0,0105 2,86 0,92

Ozcan et Nehri,
al.(2021). Tunceli

3 213 0,0160 2,70 0,93
Q+d 517 00126 2,79 0,92

Bagusta Keban Baraj  A.mossulensis Q 0,000004 3,126
(2000) Goli 3 0,00003 3,144
Tiirkmen Karasu Irmag1 A.mossulensis Q 0,008 3,082
and Akyurt, a 0,01 2,828
(2000)

Bagusta Atatiirk Baraj ~ A.mossulensis Q+d 0,00395 3,313
and Cicek,  Golu

(2006)

Ozcan, Murat River A.mossulensis Q 0,0131 2,80

(2019) 3 00125 2,82
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Fazli et Azad Dam Q+J4 522 0.0003 2.743  0.8983
al.(2019) Reservoir,

fran
Present River Q+3 24 3.24 0.9426
study Euphrates,

Adryaman

region

5. Brief overview

In this chapter, variations of meristic traits in regarding to length-weight
relationship for Cyprinion macrostomus (Heckel, 1843) and Alburnus mossulensis
(Heckel, 1843) in the Middle Euphrates Basin (Adryaman, Tiirkiye) are presented.
Fish samples were caught from streams and lakes in Adiyaman region (Tiirkiye).
The coefficient b (£ se) for length-weight relationships was estimated as 2.99+
0.06 (confidence limit: 2.87-3.11, R-squared= 0.98) and 3.24+ 0.10 (confidence
limit: 3.03-3.45, R-squared= 0.97) for C. macrostomus and A. mossulensis,
respectively. Variations were observed in the number of linea lateral scales, the
number of spine and soft rays in dorsal fins, and the number of soft rays in anal
and pectoral fins among individuals of C. macrostomus. The highest meristic
variation for this species was determined in the number of linea lateral scales (7
categories), and among the categories of scale numbers in the linea lateral, it was
determined that the 42 scale number categories were represented the most with
77%. Among A. mossulensis individuals, variations were observed in the number
of linea lateral scales, the number of caudal fin bony rays, and the number of
anal, ventral and pectoral fin rays. The highest variation (13 categories) for this
species was observed in the number of Linea lateral scales, and it was determined
that the 72-scale category was the most represented category with 22%.
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1. Introduction

Age information is crucial for estimating growth rates, mortality rates,
and productivity in fisheries and ecology. A range of methods are used to
determine the age of fish, including tag-recapture experiments, which mark
and recapture fish in order to assess population dynamics, and radiochemical
decay rates, which provide precise age estimates. The most commonly used
method is incremental counting of features such as otoliths, scales, fin rays,
and bones. Otoliths are selected for their unique growth rings. These age
data enable the understanding of population dynamics, the identification
of sustainable crops and the management of environmental assessments,
This additionally encourages effective supervision of fisheries and efforts to
conserve (Campana, 2001).

Fish can mature in different ways. While recapture tags are considered
the most accurate method of age determination in natural environments,
their widespread use in fisheries is limited by time and cost. Another method
is length-frequency data analysis, which is effective for species that reproduce
annually but does not provide an age range for individual fish. The anatomical
technique involves the examination of annual rings on bony structures such
as scales, otoliths, surgical bones, vertebrae and fin rays. Age is calculated
by comparing readings from different readers and structures. Assessing the
precision of the chosen bone structure and accounting for aging imperfections
are important considerations when selecting a method, as the most reliable
technique may vary depending on the piece (Polat et al., 2001).

It can be difficult to determine the age of Chondrichthyes, because,
unlike telo fishes, they lack otoliths or ordinary scales. Therefore, in the aging
studies of chondricht, a number of techniques were used, such as: B. caudal
spines, radiography, eye lens weight, spinal spines, and frequency of tooth
replacement. In contrast, the majority of studies on chondrichtyan aging rely
on a cyclical increase in spinal centers. The age-defining technique is used by
researchers studying fish biology, ecology and population dynamics in the
Osteichthyes and Chondrichthyes orders. With an accurate assessment of the
age of fish, scientists and resource managers can make informed decisions
that ensure long-term sustainability and maintenance of aquatic ecosystems
(Basusta et al., 2017).

2. The Significance of Fish Ageing

Assessing the health of a population depends on the age of fish, which can
be determined using calcified structures such as fin rays, otoliths, and scales.
Age and growth statistics are essential for comprehending demographics,
such as longevity, recruitment age, and mortality, according to Panfili et al.
(2002). A broad age profile is indicative of a healthy population; an absence
of older fish could be a sign of excessive harvesting, while a lack of younger
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fish could be a sign of problems with recruitment.Research on overfished
populations focuses on sustainable resource extraction, with age data crucial
to stock evaluations. According to some scientist correct age-length data is
crucial for efficient management and conservation, particularly in situations
where stock numbers are low, as these studies seek to assess stock conditions
against historical benchmarks and management aims (Vitale et al., 2019).

3. What are Chondrichthyes and Osteichthyes?

Fish are divided into two main taxonomic groups: the Osteichthyes and the
chondrichthyans, which correspond to the cartilaginous and bony fishes. Taken
together, these two species account for nearly all known fish species on Earth.
The total number of bony and cartilaginous fish species is about 28,000.

Sharks, rays, and skates are examples of cartilaginous fish, whereas
hagfish and lampreys are examples of agnatha or jawless fish. (A fourth class,
the armored fish Placoderms, is now extinct, and most experts include the
spiny sharks Acanthodes under the Osteichthyes classification.

Chondrichthyes: These species belong to the class of cartilaginous
fishes called chondrichthyes, and their skeletons are primarily composed of
cartilage .Chondrichthyes are jawed vertebrates that have paired fins, paired
nares, scales, and a series-chambered heart. The Chondrichthyes family of
marine animals includes about the 10 cm (3.9 in) finless sleeping ray and the
10 m (32 ft.) whale shark.

- Sharks, chimaeras, skates, and rays are all members of the class
Chondrichthyes. Since their skeletons are composed of cartilage rather than
bone, they are categorized as jawed vertebrates. The two subclasses that
comprise the class are Holocephali (chimaeras) and Elasmobranchii (sharks,
rays, skates, and sawfish).

Osteichthyes: Osteichthyes, a complex superclass of vertebrates that is
commonly referred to as “bony fish,” have skeletons mostly made of bone
tissue. of contrast, the majority of the skeletons of the Chondrichthyes are
made of cartilage. The Osteichthyes order, which has 28,000 species and 45
orders dispersed through 435 families, is home to the majority of fish species.
Right now, it is the largest class of vertebrates.

- The Osteichthyes fishes with bony skeletons comprises the
Sarcopterygii (coelacanth and lungfishes) and the Actinopterygii, the latter
of which includes the largest class of vertebrates, the Teleostei.

- Some Examples of Osteichthyes and Chondrichthyes

- steichthyes:(Salmon,Tuna, Trout,Perch,Cod,Angelfish,Barramundi,
Mackerel, Sardines, Guppies, Catfish, Piranha, Grouper, Herring, Bass, Aquar-
ium Bony Fishes,Bony,Ray-finned Fish,Fish with Lobe-fins,Lungfishes etc...)
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Chondrichthyes:

(Sharks,Rays ,Skates,Sawfish,Chimaeras, Dogfish,Sawfishes,Chimaeras
etc...)

4. Age Determination in Osteichthyes (Bony fish)
4.1.0toliths

The majority of fish have their ages determined using the sagittal otolith.
It is found in the inner ear’s sacculus. Depending on the kind of fish, there are
many ways to cut into its head and remove it. It also depends on whether the
fish are going to be sold later, in which case there needs to be as little damage
done to the fish as possible.

4.1.1.Taking sample of otoliths

Otoliths from “roundfish,” such as gadoids, can be removed using a vari-
ety of techniques. The most basic is to make a longitudinal cut acrossthe head,
just behind the eyes, deep enough into the skull to allow the head to be broken
open (Figure 1). acrossthe head, just behind the eyes, deep enough into the

Figure 1. Otolith extraction (URL 1, 2024).

For smaller fish, a knife or scalpel can be used; however, for larger fish,
a standard metal kacksaw facilitates a rapid and simple process. While the
proper technique is quickly learned, an untrained worker can easily cut too
deeply and injure the otoliths. An further technique is to elevate the cranium.
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This is a less likely way to damage the otoliths, but it is more challenging,
especially with larger fish. It is feasible to remove the otoliths from under the
gill or from the roof of the mouth if doing so is necessary without appearing
to harm the fish.

4.1.2. Preparation of otoliths

The simplest method, which works for most species, is to clean the
otoliths well before storing them dry in paper envelopes or plastic bags
that are the right size and are stacked in boxes with labels. The best liquid
should be used and small sample tubes of the right size should be used if it
is important to keep the otoliths fresh. It is possible to use creosote, alcohol,
glycerine, or a combination of the two, although caution must be exercised
to prevent damage to or loss of the otolith’s ring structure from improper
storage. Using formalin is not suggested. It is a good idea to frequently assess
the liquid’s effect on the otolith’s appearance, regardless of the choice for the
storage medium. The clarity of the ring structure may gradually deteriorate
after a brief time of storage, even though in certain situations it may make
the rings easier to read. Mounting a succession of small otoliths, such those
from sandeels or mackerel, in resin on a microscope slide makes handling and
storing them convenient.

4.1.3. The structure of the otolith

Otoliths are three-dimensional in nature structures, as was previously
mentioned, but their growth rates are not always uniform across all
dimensions. If the otolith exhibits any pattern at all, it will consist of several
concentric shells with various radii.

The two types of zones or rings must never be referred to as “light” and
“dark”. This only creates confusion, because the method of illuminating the
otolith determines whether a zone appears as dark or light ring (Figure 2).
The terms “summer zones” and “winter zones” should also be avoided. It is
also best to avoid the term annuli unless it is certain that the rings or zones
are annual.

apague Zone

Figure 2. Showing (light and dark) zone of otolith (URL, 2, 2024).
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4.1.4. Viewing the fresh otolith

The ring structure may become clearest as soon as the fish’s otoliths are
removed. If that’s the case, then it would be best to read them at that time. It
can be the only moment that certain species are readable.

4.1.5.Viewing the whole otolith

Otoliths can be viewed in several ways, the simplest being to illuminate
it from above while immersed in a clear liquid (e.g. water) and against a dark
background. This method works well for thin, clear otoliths with challenging
rings. Narrow outer rings, on the other hand, can be blurry and only become
visible in cross section when the fish’s growth slows. Before determining age,
it is important to look for these narrow rings in cross section to avoid age
determination. While grinding the otolith surface may increase transparency,
not all rings on the underside may still be visible, requiring a cross-section to
accurately determine age.

4.1.6. Preparing a cross-section of an otolith

One can examine longitudinal, transverse, or diagonal incisions while
examining otoliths in cross-section. All methods of age determination
must be taken into account. Cutting through the center of the nucleus is
essential, as skipping it can result in misunderstandings. If the incision goes
into the nucleus, an incorrect identification of the first ring could lead to an
overestimation of age. Another piece that can cause confusion is one that only
displays the tip of the nucleus, altering the ring’s form. Correct evaluation
requires a clear visualization of the nucleus and rings, which is best achieved
when the slice goes through the center of the nucleus (Vitale et al., 2019).

4.1.7. The burning technique of otolith

Some fish, including soles (Solea solea), have otolith rings that are hidden
from view without assistance. Others, such as plaice (Pleuronectes platessa)
and turbot (Psetta marina), can have shattered or narrow outer rings that are
hard to see. A cross-section can be made more visible by slowly burning it over
a low flame until a black ring forms. Removing the core from the flame after
it has darkened; if needed, you can return it to the flame to continue burning
(Figure 3). After that, arrange the otolith on plasticine so that it may be easily
seen under a microscope.
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Figure 3. Burning of otolith (URL, 2, 2024).

It is often helpful to use a range of viewing approaches, such as showing
the otolith whole, lighted from above against a dark background, and sectioned
burned or unburned. Sometimes, queries arising from the first technique can
be addressed by using the alternative procedure on the second otolith of the
pair (Christensen, 1964).

4.2, Scales

Scales cover the body’s exoskeleton, providing protection. Scale structure
is helpful for broad group classification. Thus, among fish, higher teleosts
have cycloid and ctenoid scales, whereas placoid scales are indicative of
Chondrichthyes, early bony fish have ganoid scales, and fish with placoid
scales are those seen in primitive fish. The scales can be helpful in classifying
families and orders at times. since of this, siluroid fishes may be identified from
cyprinoids since they lack scales. Scales are a valuable resource for learning
about fossilised fish and for categorising edible middens of extinct humans.
Scales are helpful for researching piscivorous species’ habits of consumption.
Numerous species are identified in taxonomic studies by counting the scales
around the body and along the lateral line. Fish scales, such as cycloid and
etenoid, are very useful in determining the age and growth rate of fish. The
lines of growth on the scale show that many species have seasonal growth. It
is possible to determine the number of times a fish has spawned by looking
for spawning marks on its scales, which are visible in some species like Salmo.
Scales change in proportion to the fish as it grows (Khan and Khan, 2009).

- Scale method fish scale showing growth rings (Figure 4)

1. The focus, which is chosen initially, shows the beginning size of a scale
as it develops.

2. New structures are added, fulfilling their functions as ages of scale. The
grooves and circuli are representations of growth action.
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3. They also exhibit osteoblastic action, which results in the secretion and
deposition of material around the focal point. In this way, a number of these
circuli and grooves are produced each year.

4. Ichthylepidin, an original bone material, deposits on circuli, increasing
their height; this process is reliant on mineralization.

5. Although anuli grow slowly throughout a year, they dramatically improve
in many fish during the winter and are added to the fish as it grows each year.

6. Because of this, annuli can be used as year markers on a scale and are
very useful for estimating the age of fish. The annuli are particularly noticeable
at the front of the scale (Ilies et al., 2014)

(a) Arca of scale
Opercle collection Lateral line
¢ ;

i =
Pectoral fin Anal fin

(b)

Figure 4. Scale sampling. (a) Schematic drawing of Apteronotus leptorhynchus,
illustrating the location from whichthe scales were collected. (b) Typical body scale
of A. leptorhynchus from the pectoral region (Ilies et al. 2014).

4.2.1. Scale preparation and reading techniques

In the area of the pectoral fin tip, above the lateral line, scales were
removed. After removing mucus and extraneous materials by washing the
scales in tap water and rubbing them in between the finger tips, the scales
were cleaned, dried, and examined as dry mounts. If the scales are large, they
can be dipped in a mild solution (1%) of potassium hydroxide (KOH) for 5 to
10 minutes, followed by washing with tap water and allowed to dry in the air.
Using a compound microscope, small scales were placed between two glass
slides and examined (Khan and Khan, 2009).
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4.2.3. The structure of the scale

Scales are structures that are nearly two-dimensional. A number of
sclerites that extend from the scale’s centre in a regular structure create the
anterior section. Should they fail to do so and show confusion or irregularities,
it is highly likely that the scale is a replacement item and should not be utilised
for determining an individual’s age. As already mentioned, the term “annuli”
should not be used because it accepts that the rings are annual. The structural
discontinuities used for age determination are caused by irregularities in the
pattern of the sclerites; they may be slightly distorted or they may be slightly
closer spaced than the majority of the sclerites. Typically, the discontinuities
are narrow and are called “rings.” As a result, the scale displays another image
to the otoliths (Nakamura et al., 1998).

4.3. Vertebrae

According to reports, in Nile perch skeletons, vertebrae are the most
trusted component for determining age (Polat et al., 2001).compared different
bony parts of north Atlantic flounder, Pleuronectes flesus luscus (Pallas) for
determining age and found that the most dependable structure with the least
amount of ageing error was the vertebrae. In Burbot, Lota lota, otoliths and
vertebrae provided comparable age estimations (Linnaeus). When comparing
vertebrae, otoliths, and scales for ageing the autumn season chum salmon,
Oncorhynchus keta (Walbaum), sectioning otoliths and vertebrae improved
the ability to identify opaque zones in otoliths and understand growth checks
in vertebrae, and produced higher age estimates than those obtained from
whole vertebrae and otoliths. The golden snapper, Lutjanus johnii (Bloch). The
researcher came to the conclusion that although vertebrae required 20 times
more time to process and read than scales, they were the most precise and
accurate of the three structures studied due to their high degree of accuracy.
Hardly have vertebrae used in research on fish age estimation when the fish
has clear development signs in other ageing components that cause minimal
or no damage on the fish. The rings on the vertebral centra in the current
study were not specially clear and had a number of tiny marks unrelated to
cyclic situations, which corroborates with the observations made by (Khan
and Khan, 2009).

4.3.1. Vertebrae preparation and reading techniques

Vertebrae (4th to 10th) were removed and placed in boiling water for
10-15 min to clear the attached muscles. Vertebrae were then dried for 2
weeks to count annual rings (Figure 5). Vertebrae were examined by shining
a fiber-optic light near the bottom of the structure to illuminate annuli under
dissecting microscope (Khan and Khan, 2009).
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Figure 5. Washing and cleaning of Vertebrae (Rashid, 2017).

4.4. Opercular

The hard, bony plates called opercula (operculum singular) serve as a
protective covering for the gills of bony fish (Figure 6). Their otoliths are so
little that they are among the most prevalent ways to age. it has to cut the
fish’s bone in order to remove the opercula. After the bone is removed, all
associated flesh must be cleansed off of it and accomplish this by carefully
removing the flesh with a tooth brush after boiling the skeletal framework. It
is ready to be aged once the operculum is clean.

Figure 6. Showing opercular for age determination (Rashid, 2017).

4.4.1 Opercular bone preparation and reading techniques

The opercular bone were detached with the help of scalpel and dipped in
boiling water for few minutes to remove extraneous tissue. A bristled brush
was used to remove tissue that boiling water did not loosen. Cleaned opercular
bones were dried at room temperature and examined under transmitted
fluorescent light with naked eye (Phelps et al., 2007).
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5. Age determination in Chondrichthyes
5.1. Vertebrae

Chondrichthyes have been aged using whole vertebral centra, as well
as transverse and sagittally (i.e., longitudinally) sectioned centra (Figure 7).
When lit from below, transverse sectioning will keep bands on opposite halves
from hiding from one another. The age of older animals can still be difficult
to determine, though, because bands at the outer edge of vertebrae grow more
tightly packed. Also, if transverse sections or complete centra are used for
ageing, the bands can accidentally be aggregated and tallied together, leading
to an underestimation of age. Therefore, unless it can be proven beyond a
reasonable doubt that complete centra from a given species can consistently
yield comparable ages, sagittally sectioned vertebrae should be utilised for
ageing (Campana, 2001).

Transwverse

__Longitudinal
or Sagittal

Figure 7. The two sectioning planes that can be used on vertebral centra (Goldman et
al. 2012).

5.1.1. Taking Samples

The location of the ageing samples’ collection in the vertebral column can
statistically significantly affect the number of steps. Therefore, for age studies,
it is essential to use the larger, more anterior (thoracic) centra because smaller
centra from the caudal area might not have all of the bands. This highlights
the significance of standardising the vertebral sample region for all ageing
studies, enabling more accurate comparisons between populations as well as
precise, valid comparisons among individuals within a community .Centra
devoid of tissue are necessary for all ageing processes; nonetheless, multiple
centra should retain their neural arches (Khan and Khan, 2009).

5.1.2. Whole Vertebrae

For some species, accurate age determination can be achieved by
examining their united vertebrae. Unlike otoliths, which grow proportionally
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with body size, older, sexually mature elasmobranchs show limited vertebral
growth. This limited growth is typically observed in vertebral parts but is
much harder to assess in complete vertebrae. In contrast, intact vertebrae are
reliable for determining the age of young, rapidly developing species, such as
the blue shark (Prionace glauca) (MacNeil and Campana, 2002) (Figure 8).
Whole vertebrae need to be dried and free of any attached tissue in order to
age. Growth bands in bigger species are frequently apparent to the unaided
eye, although age determination is more precise when using a digital camera
or a low magnification dissecting microscope. For this, a standard digital
camera on a pedestal works great. Sufficient lighting is essential; utilizing low-
angle, oblique lighting from both sides of a fiber optic light source improves
contrast. When taking pictures, it’s crucial to make sure that all growth axes
are in the same focal plane or, for precision, to take multiple pictures at various
focal planes (Campana, 2014).

Figure 8. Comparison of annual growth bands visible in a single Prionace glauca
vertebraafter sectioning (A) and as viewed whole (B); annual growth bands are
indicated (Campana, 2014).

5.2 . Spines

Fin spines can be used to determine age because they have annual growth
bands, similar to those of the spiny dogfish (Squalus acanthias). First dorsal
spines, which frequently wear down and cause underestimations, are preferable
to second dorsal spines. Spine wear can be compensated for by correction
factors. Without needing a lot of preparing, treatments like longitudinal cuts
or wet sanding can help reveal growth bands. Age determination in several
chimaeras and squaloids has also been achieved using cross-sectioned dorsal
spines, providing valuable information on their life histories.

5.2.1. Sample collection

Dorsal fin spine and vertebrae dissection. A) A downward incision is
made posterior to the dorsal fi n spine, followed by B) a horizontal incision
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ventral to the vertebral column, and finally C) an upward incision is made
to simultaneously remove the spine and a portion of vertebral column. D)
Excess tissue is removed from the spine and vertebrae to produce E) a single
sample ready to be frozen until further processing in the laboratory is possible
(Figure 9).

Figure 9. Taking sample of dorsal fin spine (Tribuzio et al., 2016).

5.5.2. Specimen Preparation
5.2.2.1. Dorsal Fin Spines

Spines can be prepared for age determination using a variety of methods
and equipments. To prevent tissue degeneration of the vertebrae prior to
processing, it is desirable to separate the frozen spines and vertebrae and
keep the vertebrae for further processing, as detailed in the following section.
This should be done with the structures frozen or partially frozen. To help
remove tissue from the spine, it must be heated carefully so as not to harm the
foundation structure or the spine’s enamel. It is advised to process beneath
a fume hood or in a well-ventilated location because heating will produce a
strong odour.

6. Conclusion

Age determination in chondrichthyans (cartilage fish) and o Osteichthyes
(bony fish) presents particular challenges due to their anatomical features. In
chondrichthyans, They lack development rings, therefore age is ascertained
indirectly by more advanced techniques like size measurement or spine
inspection. Despite these challenges, contemporary techniques such as genetic
analysis and high-resolution imaging are crucial. Understanding the age
structure of fish is essential to ensure the preservation and long-term viability
of fisheries, which underlines the need for interdisciplinary cooperation in
marine science.
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1. INTRODUCTION

Fish parasitic Annelida primarily refers to certain species of leeches (class
Hirudinea) that parasitize fish. They have a worldwide distribution in marine
and freshwater environments and attach to their hosts, feeding on blood and
body fluids. They can potentially affect the health of fish in a variety of ways
and the most common way is their vector role of other infectious agents in host-
parasite interactions. While freshwater leeches, such as Piscicola geometra, are
most abundant in temperate lakes, ponds, and streams worldwide, marine
ones are most abundant on primarily demersal fishes in polar to temperate
regions such as Trachelobdella lubrica (Williams et al. 1994; Burreson, 2006,
Kaygorodova and Matveenko, 2023).

Euglenozoaisamonophyleticgroup offlagellated protists thatencompasses
free-living, symbiotic, and parasitic species. This phylum is divided into
three distinct lineages: euglenids, kinetoplastids, and diplonemids. Each
lineage exhibits different life strategies and unique morphologies, but they
share several common characteristics (Berman, 2012; Kostygov et al. 2021).
Fish euglenoid parasites are parasitic members of the Euglenozoa group that
infect fish. These parasites, such as Ichthyobodo, Trypanosoma, and Cryptobia,
typically belong to the subgroup Kinetoplastida, which includes species that
can cause diseases in various aquatic hosts (Simpson et al. 2006; Tikhonenkov
etal. 2021).

Myzozoa is a diverse and complex group of single-celled eukaryotic
organisms within the Alveolata superphylum which includes several
important and well-known subgroups such as dinoflagellates, apicomplexans,
and certain parasitic protozoans (Cavalier-Smith et al. 2004). Members of
Dinoflagellates, such as Amyloodinium ocellatum, and Apicomplexans,
such as Eimeria sardinae, are among the most known parasites (Noga and
Levy, 2006; Bachvaroff et al. 2014; Ozer et al. 2014; Gomez and Gast, 2018).
Dinoflagellates mainly inhabit aquatic environments, including both marine
and freshwater ecosystems. In contrast, apicomplexans are obligate parasites
equipped with specialized structures that allow them to invade and feed on
host cells (Frenal and Soldati-Favre, 2009).

Members of the phylum Microsporidia are important parasites that
impact fish health, affecting both wild and aquaculture populations. These
microorganisms are notable for their ability to infect a wide range of
hosts, including fish. Several microsporidian species infect fish, including
Pleistophora, Glugea, Nosema, and Loma (Lom, 2002; Stentiford et al. 2013).

Metamonada is a group of unicellular, flagellated protists. Notable genera
that infect fish include Spironucleus and Hexamita, and some members, such
as Hexamita spp, are known to infect fish, leading to various health issues.
They can infect a wide range of freshwater and marine fish species, including
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salmonids, cichlids, and ornamental fish (Post, 1987).

Mollusca is a diverse phylum that includes snails, clams, squids, and
octopuses (Brusca et al. 2016). They inhabit a wide range of environments,
from deep oceans to freshwater bodies and terrestrial habitats (Haszprunar
and Wanninger, 2012). Some mollusks, such as glochidia (larval stage of
freshwater mussels, can act as parasites on fish by attaching to the gills or fins
of fish, where they encyst and develop before detaching and settling into the
substrate to grow into adult mussels (Rock et al. 2022).

Choanozoa are an important component of marine and freshwater
environments. While choanoflagellates themselves do not directly interact
with fish in significant ways (e.g., as parasites or pathogens), they are part
of the broader plankton community that serves as a primary food source for
many fish, especially in their larval stages (Fonseca et al. 2023). Outbreaks of
disease caused by Sphaerothecum destruens have been documented in both
wild and farmed salmonid fish along the West Coast of the USA, and it has
also been identified as a factor in the decline of endemic fish species in Tiirkiye
(Harrel et al. 1986; Ercan et al. 2015)

Research on fish parasites from the phyla Annelida, Euglenozoa,
Myzozoa, Microsporidia, Metamonada, Mollusca, and Choanozoa in both
freshwater and marine environments in Tiirkiye has resulted in numerous
papers and several checklists (Oktener, 2003, 2005, 2014; Ozer, 2019, 2020,
2022; Ozer et al., 2014, 2015; Ozer and Oztiirk, 2017). Ozer (2021) published
the first comprehensive checklist book detailing host-parasite and parasite-
host relationships based on all prior reports in Tiirkiye. This chapter on the
parasites belonging to minor taxa of fish in Tiirkiye is derived from the data
presented in this recent book, which compiles all individual publications on
each nematode parasite species..

2. MINOR PARASITIC TAXA DIVERSITY OF FISHES IN
TURKIYE

According to Ozer (2021), in addition to the members of the main
parasitic taxa, 46 parasite species belonging to phyla Annelida, Euglenozoa,
Myzozoa, Microsporidia, Metamonada, Mollusca, and Choanozoa have also
been reported from marine, freshwater, and brackish water fish species in
Tirkiye corresponding with 6% of the whole parasite species reported from
fishes in Tirkiye (Figure 1). The numbers and percentages of all parasites
belonging to phylum mentioned above are provided in Figure 1.
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Figure 1. Total number and percentage of minor parasite taxa reported from fishes in

Tiirkiye

The numbers of the parasite species of the phyla Annelida and Euglenozoa

were higher than those of others as can be seen in Figures 2, 3. Of the reported
46 parasite species, details are also provided in Figure 3.
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3. MINOR PARASITIC TAXA DIVERSITY OF MARINE FISHES
3.1. Wild marine fishes

Among the seven minor parasitic taxa, four included at least one parasite
species (Figure 4). Annelida had the highest number of parasite species in
marine environments, with seven species, while Microspora, Mollusca, and
Myzozoa each had only one species, as shown in Figure 4. Ozer (2021) noted
that the only Mollusc and Microspora species reported were from the Sea of
Marmara (Glochidia larvae from Mugil cephalus) and the Black Sea (Loma sp.
from Mullus barbatus), respectively. There are no reports of any Euglenozoa,
Choanozoa, or Metamonada species.

Figure 5A illustrates that the thornback ray (Raja clavata) served as the
host for two parasitic annelid species, while five other fish species were each
infected by only one annelid species. Considering the annelid species infecting
marine host fishes, Trachelobdella lubrica was the most frequently reported,
found in six different marine host species. This was followed by Pontobdella
muricata, which infected five host species, Stibarobdella moorei with three
hosts, and S. macrothela with one host, as shown in Figure 5B.
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3.2. Cultured marine fishes

Fish culture in marine environments in Tiirkiye is growing fast and
cultured species are mainly European seabass Dicentarchus labrax and
gilthead seabream Sparus aurata along with some other alternate species such
as common dentex Dentex dentex. Reports on parasites from cultured fishes
are from the members of the families Euglenozoa and Myzozoa (Figure 6)
along with Metamonada.

Number of parasite species
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0 . . .

Annelida  Microspora Mollusca ~ Myzozoa Choanozoa Euglenozoa Metamonada
Parasite taxon

mBlack Sea ® Aegean Sea M Sea of Marmara Mediterranean Sea

Figure 4. The number of minor parasite taxa species reported from wild marine fish
species inhabited the surrounding seas of Tiirkiye
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Rainbow trout Oncorhynchus mykiss from culture cages in the Black Sea
was also reported to be infected by 1 myzozoan parasite species Spironucleus
salmonicida.

4. MINOR PARASITIC TAXA DIVERSITY OF FRESHWATER
FISHES

4.1. Wild freshwater fish

Out of the seven minor parasitic taxa, four included at least one parasite
species (Figure 7). Annelida had the largest number of parasite species in
marine environments, with eight species, while Mollusca had only two species,
asillustrated in Figures 7 and 8. Ozer (2021) also reported only one member of
the phylum Choanozoa, Sphaerothecum destruens from Pseudorasbora parva
while there is no report for any Microspora, Myzozoa, and Metamonada
species.

Figure 7A shows the number of annelid species infesting wild freshwater
fish hosts and that northern pike Esox Lucius, common carp Cyprinus carpio,
and common roach Rutilus rutilus were the hosts for 4, 3, and 2 annelid
species, respectively, followed by other 10 fish species infected by only one
annelid species. When the Annelid species infecting freshwater host fishes
are considered, Piscicola geometra was the highest reported species from 13
different host species, and the rest were from 2, and 1 host species (Figure 7B).
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Figure 7. A) The number of wild freshwater host fish species infected by the members of
the phylum Annelida in Tiirkiye, B) The number of Annelida species infecting the wild
freshwater host fishes in Tiirkiye

Figure 8A displays the number of mollusk species infesting wild
freshwater fish hosts. It shows that white bream (Blicca bjoerkna), common
roach (Rutilus rutilus), rudd (Scardinius erythrophthalmus), and tench (Tinca
tinca) each served as hosts for two mollusk species, while 14 other fish species
were infected by only one mollusk species. When the Annelid species infecting
freshwater host fishes are considered, Piscicola geometra was the highest
reported species from 13 different host species, and the rest were from 2, and
1 host species (Figure 7B).
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Figure 8. A) The number of wild freshwater host fish species infected by the members of
the phylum Mollusca in Tiirkiye, B) The number of Mollusca species infecting the wild
freshwater host fishes in Tiirkiye

4.2. Cultured freshwater fish

Of the 7 minor parasitic taxa, only 2, one of which was named
Euglenozoa, were represented by 1 parasite species each (Figure 9). Ozer
(2021) also reported only one member of the phylum Metamonada, Hexamita
salmonis from Oncorhynchus mykiss while there is no report for any Annelida,
Mollusca, Microspora, Myzozoa, and Choanozoa species.

Rainbow trout Oncorhynchus mykiss is the most intensively cultured
commercial freshwater species in different types of freshwater environments
such as rivers, streams, and lakes either in concrete pools or cages in Tiirkiye.
Figure 9 shows the number of Euglenozoa species infesting wild freshwater
fish hosts, and 2 salmonid species were the hosts for 1 euglenozoid species,
even though one other species reported in genus level belongs to the species
level identified parasite.
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5. MINOR PARASITIC TAXA DIVERSITY OF AQUARIUM FISHES

According to Ozer (2021), a total of 32 ornamental fish species have been
reported in Tiirkiye, and among them, only 9 and 2 have been reported to
be infested by the members of Euglenozoa (Figure 10) and Metamonada,
respectively. Among them, Carassius auratus, Carassius sp, and Poecilia
reticulata were reported to host only 2 and the others had only one euglenozoid
parasite species (Figure 10). On the other hand, Hexamita sp, a member of the
phylum Metamonada, was reported from Pterophyllum scalare and Carassius
auratus (Ozer, 2021).
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Figure 9. A) The number of cultured freshwater host fish species infected by the
members of the phylum Euglenozoa in Tiirkiye, B) The number of Euglenozoa species
infecting the cultured freshwater host fishes in Tiirkiye
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Figure 10. A) The number of aquarium fish host species infected by the members of
the phylum Euglenozoa in Tiirkiye, B) The number of Euglenozoa species infesting
aquarium host fishes in Tiirkiye

6. CONCLUSION

The ornamental fish sector is one of the most attractive and growing ones
among other fisheries-related sectors. This chapter provided currentknowledge
on the minor taxa parasites belonging to phyla Annelida, Euglenozoa,
Myzozoa, Microsporidia, Metamonada, Mollusca, and Choanozoa of wild,
cultured, and ornamental fish hosts in Tiirkiye based on the comprehensive
work conducted by Ozer (2021). Members of these parasitic taxa corresponded
with 6% of the whole parasite species reported from fishes in Tirkiye with a
total of 46 parasite species. Wild marine and wild freshwater host fishes had
more diverse parasite species than those of cultured and ornamental hosts
(Ozer, 2021) and these numbers are very low when considering the reported
561 marine and 401 freshwater fish species in Tiirkiye by Froese & Pauly
(2022). It is not known what the actual number of parasite species belonging
to the above-mentioned taxa infecting host fishes in marine and inland waters
of Tirkiye, in the future, however, more studies will yield more numbers of
parasite species along with their expanded number of host species.
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Introduction

The exacerbation of the eutrophication problem in lakes is mainly due to
increases in point and non-point inputs of nitrogen (N) and phosphorus (P) in
lake water, and in recent years climate change hasalso triggered eutrophication.
To improve and protect the quality of water resources, it is crucial to identify
and control non-point source pollutants, which, along with point source
pollutants, have a significant impact on water and watershed pollution. After
the effective control of point source pollution through various methods (such
as the treatment of urban sewage and industrial wastewater), the contribution
of non-point source pollutants (from agricultural activities, atmospheric
deposition, and rural populations) in lake watersheds has become the primary
cause of water quality deterioration (Ma and Wang 2015; Wang et al. 2015).
In this context, the arrival of nitrogen and phosphorus to receiving waters
through irrigation or precipitation-runoft results in various dimensions of
eutrophication in lakes (Ma et al. 2011; Chen et al. 2013). In estimating diffuse
pollution loads, the following methods are used: a) using GIS or satellite maps
to determine area values, b) conducting regular measurements in the receiving
environment, ¢) using models, and d) utilizing existing area data (Biger 2011).

Water pollution loads are primarily estimated through the mechanism
model (MM) and the export coeflicient model (ECM). Hydrological and
water quality mechanism models such as SWAT, SWMM, STORM, HSPF,
ANSWERS, CREAMS, EPDC, AGNPS, and GLEAMS are used to: 1) simulate
and predict pollution loads, 2) analyze the temporal and spatial characteristics
of pollution, 3) identify major pollution source areas and pathways, and 4)
assess the impact of pollution loads on water bodies (Yang et al. 2020, 2022). In
principle, hydrological models provide the necessary tools for managing river
basins. These models enable the simulation of the effects of potential pollution
management strategies, climate change impacts, and land use changes on
water quality and quantity. However, compared to complex mechanistic
models and regression models, the ECM has been recognized as viable and
acceptable for modeling non-point source (NPS) pollution (Ding et al. 2010).

The export coefficient model (ECM) was initially developed in North
America to estimate nutrient export from watersheds and nutrient inputs
to lakes and rivers (Reckhow and Simpson 1980; Johnes 1996). The export
coeflicients describe the rates at which nutrients are lost from each source
to the surface drainage network and are often obtained from the literature
and some field studies (Johnes 1996). The reliability of the ECM in modeling
nutrient pollution at the watershed scale has been demonstrated by various
studies (Ma and Wang 2015; Wu et al. 2015; Ma et al. 2016). It has also been
reported that the ECM method, which requires less data input and uses fewer
parameters compared to deterministic models, is simpler than process-based
models (Ma et al. 2011). It has been reported that the ECM method does
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not simulate complex processes such as nutrient generation, transport, and
transformation, but it possesses acceptable accuracy on a large scale and is
particularly useful in areas with limited observed data (Wu et al. 2015; Li and
Zhang 2019).

Early studies using the ECM predicted nutrient export solely as a
function of different land use types such as cultivated land, pasture, and
forested areas. In contrast, some later studies have also considered factors
from non-point sources—such as livestock activities, rural households, and
atmospheric deposition—as well as point sources—such as sewage treatment
facilities and industrial wastewater discharges. Moreover, these studies have
shown that agriculture, residential population, and livestock are generally
the main sources of nitrogen (N) and phosphorus (P) in watersheds, and that
different watersheds have different dominant sources. Additionally, some
researchers have modified the ECM by incorporating influential factors such
as precipitation and land use, and have tested the suitability of the enhanced
model through empirical studies (Ding et al. 2010; Wang et al. 2015). Beyond
revealing past nutrient emission models, the ECM has also been used to
simulate future nutrient pollution scenarios under different watershed
management scenarios.

Eutrophication of lakes is a significant water quality issue that poses
major environmental, economic, and social threats. Since phosphorus is
a limiting nutrient in freshwater systems, controlling phosphorus inputs is
crucial for preventing eutrophication in freshwater lakes. Understanding
phosphorus export and loading from different regions and sources within a
lake watershed is important for developing policies aimed at preserving lake
water quality and managing the watershed environment sustainably.

The rapid and uncontrolled growth of the Golbasi district in Ankara
has led to intense pollution pressure on Mogan and Eymir Lakes, which
are key attractions within the district. In Mogan Lake (Ankara), which is
an eutrophic and shallow lake, extensive eutrophication-focused studies
have been conducted for years, and management activities in the lake and
its watershed, especially since the 2000s, have also gained momentum.
Important components of eutrophication reduction practices for the lake
include efforts to reduce external nutrient loadings and sediment removal
(dredging) activities. Following these activities, some recent studies have also
been conducted in the lake (Topgu and Pulatsii 2017; Kiigiikosmanoglu and
Filazi 2020; Binici et al., 2021; Topgu and Atlig 2023).

In the Mogan Lake Basin, studies have been conducted in recent years
utilizing various hydrological and water quality models. Ozcan et al. (2016)
employed the deterministic distributed watershed model SWAT, along with
nonlinear optimization models, in the semi-arid region of the Mogan Lake
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Basin. Ozcan et al. (2017a, b) evaluated the effectiveness of agricultural
BMPs in the basin using the SWAT Model again, and they suggested that the
calibrated SWAT model could provide useful information for comparing the
effects of different management practices on widespread pollution and water
quality in the basin.

This study focuses on estimating the phosphorus load from point
and various non-point sources in the Mogan Lake Basin using the export
coefficient model (ECM). In this context, potential export coeflicients based
on findings from studies conducted in different receiving environments in
Turkey and in the Mogan Lake Basin were used. The study’s findings have
been compared with the results of the Dillon-Rigler (1975) Model applied to
the lake approximately 30 years ago. It is intended that the methodologies
presented in the study will contribute to the decision-making process for
controlling pollution in the lake basin.

Material and Method
Material

The Mogan and Eymir Lakes basin is an ecological system with a very
delicate balance, characterized by its water resources, topography, soil and
terrain structure, climate features, and living organisms. To protect the lakes,
an area of 245 km?, including the Gélbagi district center and 10 settlements,
was designated as a Special Environmental Protection Area by a Council of
Ministers decision on October 22, 1990. All planning and oversight authority
for this area was transferred to the Special Environmental Protection Agency
(Directorate General for the Protection of Natural Assets). Mogan Lake is a
natural reservoir lake formed behind alluvial barriers at the lower end of a
generally flat to moderately rugged basin. Its surface area is approximately 5.6
km? The lake drains into Eymir Lake, located 2 km to the south, which has a
1.25 km? area and is situated 5 meters lower in elevation. Eymir Lake features
a wetland transition zone both underground and on the surface (Anonymous
2024a). In the Mogan Lake Basin, there are also the Ikizce (Topakli) and
Dikilitas reservoirs, constructed for irrigation purposes.

Method

In this study, the main diffuse (non-point) and point source phosphorus
inputs in the basin were considered in estimating the total phosphorus load
reaching Lake Mogan.

- Estimation of diffuse phosphorus loads

The non-point sources of phosphorus in the basin have been classified
as land use, agricultural activities (fertilization), livestock activities, and
septic effluents. Atmospheric deposition, which is also a non-point source,
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has been disregarded. As is known, the sources of diffuse pollution loads
from atmospheric transport and air pollution include industrial activities,
fossil fuels used for heating in residential areas, and exhaust gases from motor
vehicles. These pollutants not only cause air pollution but also contaminate
water sources in the basin through rain. Due to atmospheric accumulation,
phosphorus loads do not generally form from emissions related to heating,
industrial activities, or traffic. In studies conducted on a basin scale in
Turkey, NOx and NH, parameters have been evaluated as pollutants in terms
of atmospheric accumulation when estimating diffuse loads (Anonymous
2024b).

The values used for the different sources considered in the study are
explained below (Table 1). The general form of the model is as follows, in
accordance with the principles outlined by Johnes (1996) and Hou et al. (2017):

m
L,=% E xA, 1)
i=1

L,,= TP load (kg/year)

i = The land use type with a total of m species

E, = The export coeflicient of pollutants j in land use type i (kg/km?),
the excretion coefficient of each livestock and poultry of type i (kg/year),
or the export coeflicient per person (kg/year)

A, =The area of land use type i in the catchment

The phosphorus load calculated according to Equation (1) corresponds
to the amount of phosphorus in the soil resulting from activities from
different sources. Subsequently, it is necessary to determine the extent to
which the estimated phosphorus load reaches the receiving environment. For
this purpose, possible attainment values provided in the literature for each
phosphorus source have been accepted.

Diffuse loads from land use: All pollutants entering the receiving
environment as distributed pollutants arrive through surface runoff, and to
estimate these loads, information on land types and their areas is required.
The five different land use types (water/wetland, forest, agriculture, meadow,
unused land) selected for the Mogan Lake basin and their areas are presented
in Table 1. For this category, the transport coefficient value of 0.25 proposed
by Hou et al. (2017) has been used.
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Diffuse loads from agricultural activities: : In this category, phosphorus
from fertilizer use in agricultural activities has been specifically considered.
Ozcan et al. (2017b) reported that four types of fertilizers—urea, ammonium
nitrate, ammonium sulfate, and diammonium phosphate—are used in
the agricultural lands of the basin, and that fertilizers used to increase the
growth of wheat are mostly nitrogen-based. They also reported that 25 kg
of Diammonium phosphate (18-46-00) fertilizer is applied per decare before
or during planting. Therefore, in the estimation of phosphorus loads from
fertilization, the pure phosphorus content of this fertilizer has been taken into
account. For losses due to leaching and surface runoft, it has been assumed
that 5% of the applied phosphorus reaches the receiving environment (Tanik
et al. 2010; Haksevenler and Ayaz 2021).

Diffuse loads from livestock activities: Despite the rapid reduction of
agriculturallands, smalland largelivestock farming remains quite widespread.
In addition to livestock farming, poultry farming and beekeeping are also
practiced (Anonymous 2024a). The basin has 28,948 large cattle, 167,301
small ruminants, and 501,693 poultry (TURKSTAT 2024). To determine the
accepted excretion coeflicients for each livestock group, the average live animal
weights were assumed to be 500 kg for cattle, 45 kg for small ruminants, and
2 kg for poultry. The load from livestock activities was estimated based on
the principles reported by Haksevenler and Ayaz (2021) and Tirink (2021).
In this study, based on the assumption that farms use their own fertilizers
by spreading them on their fields, the percentage of phosphorus reaching the
receiving environment was assumed to be 5%.

Diffuse loads from septic tank leachate: Generally, rural settlements
use either leaky or non-leaky septic tanks. For the Golbas: District, the rural
population is 10,088 people, and the total number of septic tanks where the
district’s wastewater is stored is reported to be 27 (Anonymous 2023). The value
required for leachate from wastewaters to reach the receiving environment
was accepted as 0.30 as suggested by Hou et al. (2017).

- Estimation of point phosphorus load

Regarding the basin, only urban wastewater from point sources has
been considered. Golbast hosts numerous medium and large-scale industrial
facilities. Most of these facilities, located mainly along the Konya Road and
Haymana Road, are engaged in food, electronics, and construction activities.
Additionally, andesite stone manufacturing facilities are located within the
boundaries of Gerder Neighborhood (Anonymous 2024a). In this study, it is
assumed that the industrial facility discharges, which fall under point source
pollutants, are directed to the wastewater treatment plant, and thus, only a
single point source of pollution is considered for the basin.
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Point phosphorus load from urban wastewater: It is reported that
the urban population of Golbas1 District, one of the twenty-five districts in
Ankara, was 128,856 as of 2022 (Anonymous 2023). The district, located
within the boundaries of the Ankara Metropolitan Municipality, is connected
to the sewer system managed by the ASKI General Directorate. Wastewater
from the district is treated at the central wastewater treatment plant located in
the Tatlar area of Sincan District and then discharged into the Ankara Stream
(Anonymous 2024a). The Ankara Central Wastewater Treatment Plant is the
largest wastewater treatment facility in Turkey, with a capacity of 765,000
m’/day, and it only performs carbon removal. The plant is designed as a
‘Classical Activated Sludge Process’. According to Anonymous (2010), the TP
(total phosphorus) value for areas with a population range of 50,000-100,000
is reported to be 1.1 g/person-day. The efficiency of phosphorus removal in
the existing urban wastewater treatment plant is assumed to be 10%. The
transport coefficient for the urban population connected to the wastewater
treatment plant was assumed to be 1 (Hou et al. 2017).

Table 1. Export coefficients of total phosphorus (TP) sources used for Lake Mogan

watershed
TP source A Export Coefficient
Land use class Area Unit Reference
(km?) kg/ha/year
Water/Wetland 11.74 0.36
Forest 18.62 0.42 Ozcan et al. (2016),
Agriculture 297.69 0.07 Ozcan etal. (2017a)
Meadow 408.95 0.13
Unused land 33.85 0.36
Agricultural activities 29.52 250 kg/ha/year Ozcan et al. (2017a)
(DAP application)
Livestock activities Haksevenler and Ayaz
Number kg/animal/year (2021),
Cattle 28.948 0.91 Tirink (2021),
Small ruminat 167.301 0.05 TURKSTAT (2024)
Poultry 501.693 0.08
Septic tank leachate Hou et al. (2017),
Population (g/person/day) Anonymous (2023),
10.088 0.7 Haksevenler and Ayaz

(2021)
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Results and Discussion

In accordance with the principles provided in the Materials and Methods
section, the estimated total phosphorus load values, based on Equation (1) and
the load values reaching the receiving environment, are presented in Table 2.
As shown in the table, the diffuse phosphorus load is 117.13 tons/year, which
significantly exceeds the estimated point phosphorus load value (5.17 tons/
year) in this study.

The methodology for estimating export coeflicients for nutrient elements,
particularly nitrogen and phosphorus, that trigger eutrophication is largely
dependent on the spatial values of different land use activities, population,
and unit loads related to various activities. In this study, the EC value (0.07
kg TP/ha/year) reported by Ozcan et al. (2016) is specific to agricultural
land within the basin. The researchers estimated the unit total nitrogen and
phosphorus loads from the basin during rainy periods to be 0.46 kg TN/
ha/year and 0.07 kg TP/ha/year, respectively. They also pointed out that the
estimated unit nutrient loads, both at the basin scale and for different land use
categories, could be used to assess common pollution control measures for
similar regions with semi-arid conditions and intensive agricultural activities.

Table 2. Estimated total phosphorus (TP) load from non-point and point sources in

Lake Mogan watershed
TP source Load,,
(ton/year)

Non-point sources

Land use class 2.46
Agricultural activities 75.26
Livestock activities 38.64
Septic tank leachate 0.77
Total diffuse load 117.13
Point source 5.17
Total phosphorus load (L) 122.30

Empirical nutrient balance models are commonly used to predict in-
lake nutrient concentrations based on nutrient loading to lakes. Among the
best-known empirical models are those published by Dillon and Rigler (1975)
and Vollenweider (1976). These models combine nutrient budget data with
information on lake morphometry and water budget. One of the lakes where
the Dillon-Rigler model, based on phosphorus load estimation, has been
successfully applied is Mogan Lake. Using this model, Pulatsii and Aydin
(1997) determined the terrestrial load values as 126.61 kg/year for 1993 and
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112.40 kg/year for 1994. In another study in the same field using the same
model (Fakioglu and Pulatsii 2005), the terrestrial phosphorus load was
estimated to be 2,668.88 kg for the year 2003. In both studies, phosphorus
transport coefficients for the rivers feeding the lake in the basin (Sukesen,
Yavrucak, Colova, Bagpinar) were used for estimating terrestrial load. In
this study, however, a more detailed approach was taken by considering
four different categories and export coefficients contributing to non-point
phosphorus loads. The diffuse phosphorus load was estimated as 117.13 tons/
year, providing a general quantitative approach for the basin.

In determining the artificial phosphorus load reaching the lake for
the years 1992-1994, Pulatsii and Aydin (1997) used the value of 0.80 kg/
capita/year reported by Dillon and Rigler (1975), as a reliable coefficient for
phosphorus per household had not yet been established. They estimated the
artificial phosphorus load to be 2,998 kg/year. Fakioglu and Pulatsii (2005),
based on the average phosphorus value of 3.5 g per person per day given
in the Bank of Provinces Wastewater Treatment Facility Process General
Specifications, calculated the artificial phosphorus load as 8084 kg/year.
In this study, however, there has been approximately a 2.5-fold increase
in the district’s population over the past twenty years, and the amount of
phosphorus discharged per person has been determined as 5.7 tons per year,
based on a value of 1.1 g/person/day according to the “Wastewater Treatment
Facilities Technical Communique” (Anonymous 2010). In other words, the
point source phosphorus load has been found to be lower when considering
the methodological differences and estimated diffuse phosphorus load. In
this context, the main factor for the relatively low level of anthropogenic
phosphorus load seems to be that a significant portion of the district’s point
source wastewater is connected to the sewage system of the ASKI General
Directorate.

While Fakioglu and Pulatsii (2005) determined the total phosphorus load
reaching Lake Mogan to be 10,941 kg/year, this study, which uses the ECM
Model and particularly addresses diffuse sources in detail, estimates it to be
122.30 tons/year based on current data. This quantitative approach, which can
describe in general terms, reflects the basin-based pressure on the lake over
the past twenty years.

The most suitable scale for monitoring all effects of interventions in
areas where different sectors and resource users are considered together, and
threats and opportunities are evaluated in the long term, is the watershed.
In Turkey, knowing the current water resources and water quality in
watersheds is a prerequisite for making future projections; therefore, both at
the provincial and watershed levels, quantity and quality assessments have
been conducted comprehensively (Pulatsii et al. 2014). Additionally, there are
studies specifically focused on agricultural and rural non-point source (NPS)
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pollution in Turkey (Tanik et al. 2010, 2013; Katip and Karaer 2013; Derin et al.
2019; Hacisalihoglu and Karaer 2020; Cebe and Uysal 2024). A common point
of these studies is that, considering all variables, each watershed has a unique
phosphorus budget. In this context, the fundamental watershed components
and load values of Lake Mogan have also shown variability.

With this study, the higher determination of agricultural diffuse pollution
compared to other categories in the Lake Mogan Watershed (75.26 tons/year)
supports the importance of BMPs for agricultural diffuse pollution in the
watershed, as reported in studies conducted by Ozcan et al. (2016, 2017a, b).

There are also recent studies in Turkey focusing on the calculation of
diffuse TN (Total Nitrogen) and TP (Total Phosphorus) loads resulting
from livestock activities among non-point source pollutants (Yetis et al.
2018; Kumas and Akyiiz 2020; Tirink 2021; Ertop et al. 2022). For the Lake
Mogan Watershed, the estimated diffuse livestock load (38.64 tons/year)
is lower compared to the total phosphorus loads identified in most of the
aforementioned studies, but it remains the most significant category among
non-point sources after agricultural activities. In this context, as reported
by Ertop et al. (2022), it is important to establish an integrated database to
track changes in animal numbers and pollutant diffuse loads. Additionally,
Arata et al. (2022) emphasized the assumption that there is no phosphorus
loss in animal shelters due to impermeable manure collection systems such
as concrete floors or sludge channels, or that there is no runoft from manure
storage facilities that are of sufficient size and assumed to have leakage.

In estimating the diffuse phosphorus load from septic system leachate
at the watershed level, attention should be paid to whether settlements are
connected to a sewage system. It has been reported that septic systems are
used in some rural areas of the Lake Mogan Watershed (Anonymous 2023).
Therefore, a portion of rural discharges has been considered as a diffuse
source; however, due to the low population in the rural areas, the load value for
this category (0.77 tons/year) is found to be relatively low compared to other
categories. In addition, as reported by Tanik et al. (2010), many factors, such
as soil properties, climatic conditions, the specific characteristics of fertilizers
and forest components (decomposing material, topsoil, etc.), and the behavior
of nutrients transported in the soil, influence the transport mechanisms in
the soil.

Generally, it is anticipated that point source pollutants are relatively easier
to control compared to diffuse pollutants, as their sources can be observed
at the watershed level. In the facility reported as Turkey’s largest wastewater
treatment plant, which treats the sewage from the Golbas: District, a large
portion of phosphorus cannot be removed. In other words, the point source
phosphorus load, which is estimated to be lower compared to diffuse pollutant
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sources in the watershed, will continue to pose a significant threat, especially
when considering urban population projections.

Conclusion

- Factors such as the increasing population, urbanization, changes
in land use, sediment transport, the rise in agricultural pesticide use, and
mining activities, along with climate change, have made annual changes in
water and sediment quality in Lake Mogan (Ankara) inevitable. In this study
of the Lake Mogan Watershed, it has been possible to approximately estimate
the non-point (diffuse) and point phosphorus loads using the ECM Model.

- Watersheds will clearly exhibit a wide range of variability in nutrient
export due to their specific climatological and physiographic characteristics, as
well as differing agricultural and urban land uses. In this context, identifying
possible regional trends in EMCs and the use of “localized” values are of
particular importance.

- Based on the diffuse and point phosphorus load values in the
Lake Mogan watershed, it has been demonstrated that the most significant
reduction in phosphorus load can be achieved through organic farming
and livestock practices. However, to identify the most realistic measures for
reducing diffuse loads, more detailed investigations throughout the entire
watershed will be necessary in the future.

- For reducing diffuse pollutants in the watershed, the implementation
of best agricultural practices such as irrigation techniques, crop selection,
timing, frequency, and amount of fertilizer applications, transitioning to
organic farming that avoids pesticides and commercial fertilizers, appropriate
reuse of animal waste in agriculture, and controlling non-agricultural areas
play a crucial role.

- Increasing awareness among farmers about diffuse loads and
educating them on best management practices are also urgent matters. There
is a need for long-term protective measures to ensure the sustainability of
Lake Mogan.
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