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Abstract

We explained the methodology used in setting the basic and supplementary measures for diffuse
pollutants at Kiicitk Menderes Basin. As the majority of diffuse pollutants arise from livestock breeding
and agricultural activities, we focused to propose measures regarded with tackling the pollution from
agricultural activities. The types and distribution of diffuse loads were expressed by total nitrogen and
phosphorous parameters. We used the results of a yearlong surface water quality monitoring involving
physico-chemical, chemical and biological parameters with specific pollutants and priority substances,
set in the European Union Water Framework Directive as the AquaTool input data. The AquaTool
model was run for attaining the outcomes of a series of measures determined according to the ecological
sensitivity of each water body. The removal efficiency of pollution loads provided by the best
management practices in agricultural activities and livestock breeding were compiled from literature,
and typical removal rates were further determined for the basin. We produced nine alternative scenarios
at first cycle for determining compliance measures for mitigating point and diffuse sources of pollution

*Corresponding author
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in surface water bodies, and water quality improvements observed in the Model were reported. A
number of exemptions were defined for some of the water bodies that could not achieve the
environmental objectives at the end of first implementation cycle. 759 proposed measures for tackling
diffuse pollution were 81% of the total measures considered. Additionally, the measures for mitigating
diffuse agricultural pollution were almost equal to half of the diffuse pollutant measures, and 40% of
the overall measures listed.

Keywords: Diffuse pollutants, basic measures, total nitrogen, total phosphorus

Oz

Tiirkiye'nin batisinda yer alan Kiigiik Menderes Havzasi'nda 6zellikle yayili tarimsal kirleticiler i¢in
temel ve tamamlayici tedbirlerin belirlenmesinde kullanilan metodolojiyi agikladik. Havzadaki yayili
kirleticilerin biiyiik kism1 hayvancilik ve tarimsal faaliyetlerden kaynaklandigindan, makalede tarimsal
faaliyetlerden kaynaklanan kirlilikle miicadele ile ilgili tedbirlere odaklanilmistir. Yayili yiiklerin tipleri
ve dagilimi toplam azot ve fosfor parametreleri ile ifade edilmistir. AquaTool girdi verileri olarak
Avrupa Birligi Su Cergeve Direktifi'nde belirlenen spesifik kirleticiler ve dncelikli maddelerle birlikte
fiziko-kimyasal, kimyasal ve biyolojik parametreleri iceren bir yillik yiizeysel su kalitesi izleme
sonuglart kullanilmistir. AquaTool modeli, her bir su kiitlesinin ekolojik duyarliligina gore belirlenen
bir dizi 6nlemin sonuglarina ulagsmak i¢in calistirilmistir. Tarimsal faaliyetlerde ve hayvancilikta en iyi
yonetim uygulamalar1 kullanilarak belirlenen kirlilik yiiklerinin giderim verimi literatiirden derlenmis
ve havza igin tipik giderme oranlari ayrica belirlenmistir. Yiizey suyu kiitlelerinde noktasal ve yayili
kirlilik kaynaklarinin azaltilmasia yonelik uygun tedbirlerin belirlenmesi i¢in ilk dongiide dokuz
alternatif senaryo ftretilmis ve AquaTool modelinde gozlenen su kalitesindeki iyilesmeler
raporlanmistir. {lk dongiiniin sonunda cevresel hedefe ulasamayan su kiitleleri igin muafiyetler
tanimlanmustir. Yayili kirlilikle miicadele i¢in 759 6nlem Onerilmis ve bu miktar havzada belirlenen
tim o6nlemlerin %81'ini olusturmustur. Ek olarak, yayili tarimsal kirliligin azaltilmasina yonelik
onlemler, yay1l kirleticilerin 6nlenmesi ile ilgili tiim 6nlemlerin neredeyse yarisina ve listelenen genel
onlemlerin %40'ma esittir.
Anahtar kelimeler: Yayili kirleticiler, temel tedbirler, toplam azot, toplam fosfor

Introduction

In Article 11 of European Union Water Framework Directive ( EU WFD) the
Member States should establish programme of measures (PoMs) for each river basin
(European Commission [EC], 2000; EC, 2012). With the assessment of pressure-
impact-risk analyses coupled with water quality analyses conducted within the
framework of preparing the River Basin Management Plans (RBMPs), it is intended
to achieve environmental objectives by setting the necessary basic and supplementary
measures for tackling water pollution. It is aimed to take measures based on the
requirements of the legislation in force for effective, efficient and sustainable water
usage as well as the protection of water quality, and prevention of point/non-point
(diffuse) pollution.

The implementation of the relevant current laws for the protection of water
resources is basic before determining other measures. Directives related with urban
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wastewater, nitrate, industrial emissions, drinking water, bathing water are among
those directives that need to be fully applied. The best environmental implementation
for controlling the diffuse pollutants are the licenses based on the binding rule or the
records (EC, 2012). Supplementary measures can bring stricter limit values than the
measures specified in the EU legislation, and stricter controls may be required
particularly for agricultural activities involving crop production and animal raising.
When selecting the combination of supplementary measures for a water body, the
criteria of technical appropriateness of the measures and the achievement of the
objective within the determined time should be taken into account. Additionally, it is
also necessary to reveal how to implement the measures more cost effective and
consistent. If the implementation of the measure within the specified period results in
uneven costs or if it is not technically feasible, an exemption may be defined for
extending the period to the next planning cycle as depicted in EU WFD.

Different mechanisms are available in the process of setting measures in various
countries. These mechanisms can be economic instruments, negotiated agreements,
and methods for increasing water efficiency, training programs and research,
development and implementation projects as experienced especially by developed
countries of the Member States who have already completed their first cycle in the
implementation of the measures. Recent studies from Europe refer to the lessons-
learnt from the experiences of the first cycle implementation; a few examples from
Germany (Evers, 2016; Taha et al., 2019), Denmark (Baattrup-Pedersen et al., 2018),
England (Giakoumis & Voulvoulis, 2019) and the Netherlands (den Haan et al., 2019)
may be cited.

Turkey as a candidate country of EU, has been preparing river basin
management plans for main 25 river basins of the country. Detailed and up-dated
information on Turkey’s water resources have been compiled in the recently published
book (Harmancioglu & Altinbilek, 2020) in which a chapter was devoted to river basin
management efforts (B. Selek & Z. Selek, 2020). Turkey, forming a bridge between
the two continents; Europe and Asia, lies within a strategic geographical location,
bears variable geographical, topographical, hydrological, geological and climatic
properties representing different characteristics in its water basins. Rapid population
increase, inefficient use of water resources, climate change effects and environmental
degradation due to human-induced activities necessitate implementation of
sustainable management strategies against further deterioration of the basins.

In this study, the basic aim is to mention the methodology used to set the
measures in handling diffuse pollution, especially diffuse agricultural pollution with a
case study (Kiicliik Menderes Basin [KMB], located on the Aegean Sea coast) in main




Aysegiil Tanik, Asude Hanedar, Emine Girgin, El¢in Giines, Erdem Gorgiin, Nusret Karakaya,
Gokgen Gokdereli, Burhan Fuat Cankaya, Taner Kimence, Yakup Karaaslan
Turkish Journal of Water Science & Management 5 (2) (2021) / 148 - 177

river basins of the country. RBMP of this basin has recently been prepared and
approved by the Republic of Turkey, Ministry of Agriculture and Forestry (MAF)
according to the requirements of the EU WFD (Kiiclik Menderes River Basin
Management Plan [KMRBMP], 2020). Determination of the pollution sources that
arise due to various land-use activities, evaluation of pressures/impacts/risks based on
the ecological targets, review of existing evaluations of hot spots, investigating the
suitability of the existing pollution control measures, reviewing the current
regulations, policies and strategies have been addressed within this comprehensive
study.

Method
Study Area

KMB locates in Western Turkey and drains off its water into Kiigiik Menderes
River and other streams. The geographical location of the basin in Turkey and its
surface water bodies are shown in Figure 1. It has a total area of 6963.25 km? and
consists of 5 sub-basins with a total population of 3.5 million. The most important
river of the basin is Kii¢iik Menderes River. According to the Master Plan study of the
basin (State Hydraulic Works [SHW], 2016), water potentials calculated by taking the
weighted average-based values on the sub-basins are given in Table 1.

The Mediterranean climate, characterized by dry summers and mild, wet
winters, dominates the majority of the KMB. Generally, drought is not experienced
much in the basin. The total rainfall amount in the east and southeast of the basin
presenting a sub-humid region is higher than the rainfall in the other parts of the
region. The average basin temperature is calculated and determined as 16.8°C. As seen
from Table 1, the annual average precipitation has been determined as 693 mm;
however, the average of the total evaporation values of the basin is calculated as 1.525
mm. According to CORINE 2018 land-use distribution data, almost half of the basin
is covered by forests and semi-natural areas followed by agricultural areas occupying
40% of the total area. Residential and industrial areas constitute only 6% of the entire
basin.

According to WFD, surface water resources should be divided into 3 groups
such as natural, artificial and heavily modified according to their physical and
morphological characteristics classified under 4 different categories of river, lake,
coastal and transitional waters (EC, 2003). Based on this categorization, there are 38
rivers and 13 lakes in the basin. 19 of 38 river water bodies are classified as heavily
modified because of their structural changes. Only two of the 13 lakes are classified
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as natural. The rest of the lakes consisting of dams and ponds are heavily modified.
Five dams are operated for providing domestic water needs. As a result of in-depth
investigation, it has been observed that the water bodies of KMB are highly
contaminated physico-chemically and chemically as well as in terms of their
biological quality elements. Detailed information on the characteristics of the basin
can be found in KMRBMP (2020).

Figure 1

Geographical Location of the Basin and Its Surface Water Bodies

Table 1

Surface Water Potential of the Basin

Basin Hydraulic Properties Unit Values
Area km? 6963
Surface Water hm®/year 624
Current Water Consumption hm?/year 223
Current Water Potential hm?3/year 401
Water Consumption with Source Development hm?3/year 311
Annual Average Rainfall mm 693
Average Flow Capacity vs/km? 2.84
Average Flow/Rainfall Ratio - 0.13
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Monitoring and Modelling Studies
Current Pollution Profile of the Basin

According to the risk assessment profile of the surface water bodies in the RBMP,
29 water bodies are “at high risk” whereas 16 of the water bodies are “at moderate
risk” in the basin. The current pollution regarding point and diffuse sources of
pollutants are calculated and estimated, respectively. The distribution of these two
major types of pollution is expressed by the two nutrient parameters of total nitrogen
(TN) and total phosphorous (TP). The pollution loads and their distribution in the
current situation are given in Table 2.

Table 2

Pollution Loads and Their Distribution in the Basin

Pollution Types Total Point Pollutant Loads Total Diffuse Pollutant Loads

Parameter COD TN TP COD TN TP
Load (tons/year) 11548 1024 123 4474 7731 655
% Distribution 72 12 16 28 88 84

COD: Chemical Oxygen Demand; TN: total nitrogen; TP: total phosphorous

Evaluation of the data given in Table 2 clearly indicates that the basin suffers
mainly from diffuse pollutants, as in the most of the watersheds of the country. Turkey
is still an agricultural producing country even though it accelerates and deepens the
industrialization efforts. Therefore, we emphasize to select the most suitable and
efficient measures, either structural or non-structural, for meeting the environmental
objectives. Accordingly, it is important to know the sources and the distribution of
different types of diffuse loads in the whole basin. In Table 3 we show the distribution
of diffuse loads based on the two significant parameters of TN and TP.

Agricultural activities due to fertile soil types of the Aegean Region coupled
with favorable climatic conditions for intensive agriculture and livestock breeding
make the basin a highly prioritized one regarding its high point and diffuse pollutant
loads. In this basin, agro-industrial activities and mining operations are equally
important economic activities due to high level of ease of moving goods and services,
ease of access and connectivity. This transportation opportunity makes it very
attractive region for economic activities. The major sources of diffuse loads arise from
livestock breeding and agricultural activities in forestry, meadows, pastures, etc. The
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leading diffuse load generated by livestock breeding on the basis of two nutrient
parameters (TN and TP) are 43% and 55%, respectively. This type of diffuse pollution
is followed by agricultural activities where excess chemical fertilizer use constitutes
the majority of diffuse loads. These ratios are 25% and 27% for TN and TP,
respectively. This trend indicates the requirement of applying Best Management
Practices (BMP) and Integrated Manure Management (IMM) in the PoM.

Table 3

Distribution of Diffuse Loads in the Basin

Land-use activities causing diffuse TN TP
pollution (% distribution) (% distribution)
Fertilizer application 25 27
Livestock breeding 43 55
Meadows, pastures, forestry 24 14
Unsanitary Landfill 6 2
Septic Tanks 1 2
Atmospheric Deposition 1 -

Surface Water Quality Monitoring

Within the context of the RBMP of the basin, water quality monitoring studies
have been lasted for 12 months (September 2017- September 2018). The results were
used as input data in water quality modelling via AquaTool Model. 79 water quality
monitoring points have been identified within its 56 surface water bodies, of which 38
are within rivers, 13 are on lakes/dams, 4 are on coast and 1 are within transitional
water. The frequency of measurements is twice (spring and autumn) in this period for
biological factors and from 1 to 12 times (every month) in this period for physic-
chemical parameters and lastly from 1 to 4 times (each season) in this period for
hydromorphological monitoring. Ecological status of the surface water bodies based
on WFD is summarized in Table 4.
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Table 4

Ecological Status of Its Surface Water Bodies

River Water Lake water

Status Body body Coastal water body Total
Bad 20 1 0 21
Poor 3 1 1 5
Moderate 4 11 3 18
Dry 9 0 0 9
No Monitoring 2 0 0 2
Total 38 13 4 55

Modelling of Surface Water Bodies

AquaTool model is used for the development and analysis of decision support
systems for the planning and management of the PoM. Modules that can be used
within the Aquatool model program are listed below.

* SIMGES Module (Water allocation module)
* SIMGES Module (Water quality module)
* EVALHID Module (Rainfall runoff model - Hydrological model)

At the initial stage of the modelling studies, hydrological modelling was carried
out in four sub-basins (one of the sub-basins does not bear any water bodies) and the
model was calibrated. Hydrological modelling studies were conducted between 2000
and 2018, and temperature, precipitation and potential evapotranspiration data were
used as input data. Following the hydrological modelling, we studied intensively on
water quality modelling. At this stage, water pollution from point and diffuse sources
were taken into consideration. There is no monitoring studies on industrial discharges,
because the values of these discharges are accepted in compliance with the legislation.
The results of the monitoring studies carried out for a yearlong were utilized for the
calibration of the AquaTool model.

AquaTool model was operated until the end of 2031 with the monthly average
flow rates of the last five years. The efficiency (output) of the results of the proposed
measure scenarios based on the parameters exceeding the environmental objectives
has been evaluated via the model. It is need to fulfil the environmental objectives for
the water bodies in the upstream of the Kiicliik Menderes sub-basin; they cannot be
achieved in some parameters despite all the measures taken as the sub-basin that is the
most polluted one among the others. This situation is still valid even some
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supplementary measures were also proposed to protect the basin. This is an indication
that industrial activities are also highly active in addition to agricultural activities in
water bodies approaching downstream in this sub-basin. Although advanced treatment
technologies were proposed for the industry, the pollutants that discharge to the same
water mass exceed the carrying capacity of the water. At this stage, no other measures
were proposed in the first cycle concerning the parameters that do not meet the
environmental objectives. However, monitoring these specific parameters in the first
cycle can be continued and additional measures may be introduced if found necessary
in the second cycle. Exemptions have been defined for the first cycle in the KMRBMP.

Measures Identified In the Basin

First, gap analysis (between measured concentration and environmental
objectives for the pollutant) was conducted to achieve the environmental targets. Then,
each of the basic measures were applied and further tested with the AquaTool model.
The need for supplementary measures were then determined, and each of these
additional measures were applied separately. Every time, model was run to obtain the
results and this procedure continued until the environmental objectives are met. The
list of measures identified as appropriate for the basin is given in Table 5.

Table 5

The List of Measures Identified As Appropriate for the Basin

AAT construction in direct discharges
S1 Rehabilitation of Irregular Solid Waste Landfill
Controlled use of animal manure

S2 S 1 + Management of nutrient and pesticide use

S3 S2 + Terracing in Agricultural Lands

s4 S3 + Measures for Olive Cultivation Enterprises
¥ Cycle S3 + Measures for Gas Stations

S5 S4 + Advanced Treatment in Industrial Facilities

36 S5 + Nutrient Removal of all OSBs

S5 + Nutrient Removal in Urban AATs

S7 S6 + Vegetative Barrier

S8 S7 + Crop Rotation

S9 S8 + Green Belt (Through the stream)
2™ Cycle S10 S9 + Environmental Flow Measure
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Methodology of Selecting Measures for Diffuse Pollutants

Within the period of determining the measures for diffuse pollutants, we aimed
to select in compliance with both the overall WFD approach and the related national
legislation such as;

e Regulation on Surface Water Quality,
e Regulation on Good Agricultural Practices,

e Code on the Good Agricultural Practices for the Prevention of Nitrate Pollution
(CGAP).

National regulation on the Protection of Waters against Nitrate Pollution from
Agricultural Sources states that nitrate sensitive areas should be determined initially
to fix the respective measures and their order of application. The necessary measures
to improve the water quality in sensitive water bodies have been determined at first.
Additionally, good agricultural practices have been taken as a basis for the prevention
of agricultural pollution in nitrate sensitive areas according to the national regulation
on the Determination of Sensitive Water Bodies and the Areas Affecting Them and
the Improvement of Water Quality. The Regulation on the Control of Solid Wastes
also provides a basis for the closure and rehabilitation of existing unsanitary solid
waste depots in the basin and for the establishment of solid waste sanitary landfills.

As the majority sources of diffuse pollutants arise from livestock breeding and
agricultural activities, the measures concerning these practices will be the focus of this
article.

Code on the Good Agricultural Practices

National regulation on Good Agricultural Practices was published in 2010 to
conduct rules and procedures for an agricultural production method allowing
traceability, sustainability and food safety in agriculture without harming the human
health, animal health and environment. Organic substances positively affect physical,
chemical and biological properties of soil For instance, water retention and aeration
properties of soil are improved, the penetration of plant roots in soil gets easy and the
water penetration into soil increases. 92% of Turkey’s soil is lack of sufficient organic
matter; whereas, farmyard manure contains many nutrients for macro and micro plants
like nitrogen, phosphorus, calcium and sulphur (Konca & Uzun, 2012).

The removal efficiency of TN and TP loads provided by the Best Management
Practices (BMP) for agricultural activities are compiled from literature and displayed
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in Table 6. Typical removal rates were further selected for KMB during the selection

of the PoMs.

The main measures proposed for agricultural production for KMB as mentioned

in the Code of Good Agricultural Practices were as follows;

e The high slope (12-20%) and extremely high slope (>20%) areas for terrace
farming in the basin

[ ]

[ ]

e Vegetative barrier practices

e Crop rotation (alternation)
Table 6

Management of nutrient and pesticide uses
Riparian forest buffers on lakes and river banks

Removal Efficiency of Nutrients in the Best Management Practices (BMPs) For
Agricultural Land-Use Activities (Tavsan, 2008)

Nutrient Removals (%)

BMPs ™ TP Reference
Management of Nutrients 21 6 USEPA (2003)
Management of Nutrients 20-90 Novotny (2003)
Organic Agriculture 40-64 No data available g i1, bba and Hatam (2002)
for P removal
46 (clayed soil) .

Organic Agriculture 10-35 Nodataavailable . o a1 (2005)

. for P removal

(sandy soil)

. Ritter and Shirmohammadi,
Terracing 3692 (2001); Cestti et al. (2003)
Terracing 30-70 Novotny (2003)

Change in the Surface Flow
Direction (diversions) 20-45 Novotny (2003)
Riparian Forest Buffers on Lake
and River Sides 80-90 50-75 Novotny (2003)
Vegetative Filter Strips 50-80 50-80 Grismer et al. (2006)
Vegetative Filter Strips 35-90 5-50 Novotny (2003)
Vegetative barriers 70 70 Blanco-Canqui et al. (2004)
Conservation tillage No data available 50 Fawecett (2005)
for N removal
Conservation tillage 50-80 35-85 Novotny (2003)
. No data available .
Crop rotation (clover-potato) for N removal 12-33 Lauringson et al. (2004)
Crop rotation 50 30 Novotny (2003)
. . No data available
Strip cropping systems for N removal 50 Novotny (2003)
Crop Pattern No data available 30-50 Novotny (2003)

for N removal
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Terracing.

Terracing is a method of soil protection applied to prevent accumulation and
erosion as a result of surface flow caused by precipitation on sloping land (Wheaton
& Monke, 2001). Terraces change the land slope and reduce the surface flow rate
(Novotny, 2003). Thus, it reduces the erosion rate in the upper layer of soil, the amount
of sediment drifted by erosion and the amount of pollutants that may be related to them
in surface flow (Cestti et al., 2003; Novotny, 2003). Terracing prevents 94-95% of soil
loss, 56-92% of nutrient loss, and 73-88% of surface flow volume (Ritter &
Shirmohammadi, 2001; Cestti et al., 2003). According to Novotny (2003), these rates
can rise up to 95% for sediment and vary between 30-70% for nutrients. Terraces
block the surface flow and store sediments and pollutants by holding them.

Terracing within the agricultural areas is determined as a basic measure to
prevent the movement of priority substances, certain pollutants and nutrients towards
water resources in KMB. For this purpose, firstly the slope categorization of the basin
has been determined. In this categorization, agricultural production areas have been
categorized based on this:

* Low slope (<6%),

* Medium slope (6% -12%),

* High slope (12% -20%) and

* Extremely high slope (> 20%).

For each agricultural land, terracing is considered at high and extremely high
slope (including pastures, olive groves and continuously irrigated vegetable land). The
reduction rates of TN and TP from the diffuse sources were differently foreseen
according to the slope. Criteria to take measures for terracing were as follows:

1. In the water bodies there must be pollutants that cannot be associated with
point sources,

2. The slope of agricultural areas (including pasture, olive grove and irrigated
vegetable land) must be greater than 12%,

3. The ratio of total water bodies within the total agricultural land having the
slope above 12% should be at least 5% or more.

4. Ifitis required, green belt should also be considered for these water bodies as
a policy.
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Nutrient Management.

If an excessive amount of nutrients is present in the soil, they will be moved
from the soil to the water environment through erosion, surface flow, penetration and
evaporation and become harmful (United States Environmental Protection Agency
[USEPA], 2007). Nutrient management is one of the ‘control at source’ practices that
aim to optimize the crop productivity and quality, to reduce the manure costs and
protect the water and soil quality (Hilliard & Reedky, 2000), and to reduce the
formation of excess nutrients and their access to water resources (Natural Resources
Conservation Services [NRCS], 2002; Cestti et al., 2003; Novotny, 2003; NRSC,
2007; USEPA, 2007).

Suitable time, quantity, and application methods should be used to minimize the
environmental losses while maximizing crop productivity. Time and frequency of
application are mainly determined by the climatic conditions that affect the growth of
crops, nutrient requirement and transfer of nutrients (USEPA, 2007). Nutrient
management and application are particularly effective in controlling dissolved forms
of nutrients and provide 20-90% removal in N and P (Novotny, 2003).

Within the scope of nutrient management, the provincial directorate of the MAF
allocates budget to inform and train farmers about the suitable time, quantity and
frequency of nutrient application. In this way, it is expected to plan the manure use
and decrease the N by 20% and P by 10%. In this context, training and awareness
raising activities will be conducted throughout the basin.

Pesticide Management.

Pesticide management is a burden of practices that minimize the pollution
caused by the chemicals used to control the creatures that give harm to the crops
(Novotny, 2003). In this field, management is achieved in two ways; ‘control at
source’ and ‘structural control’.

Control at source: This management way involves (Novotny, 2003);

- Proper application ratios,

- Modern application equipment,

- Suitable timing and frequency,

- Selection of suitable pesticides (the least toxic and most easily biodegradable)
for crops.
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The selection of pesticides, prohibited or approved is determined by the
legislations and they are updated regularly in parallel with other practices and
experiments around the world. The General Directorate of Food and Control of the
MAF have developed a database on the Plant Protection Products. In the related
website, the information such as active substance types required for the harmful
organism, application dose and the dates are existed (https://bku.tarim.gov.tr).

Structural Controls: Protective buffer zone applications (green belt, vegetative
barriers, etc.) from “Good Agricultural Practices” are also used for pesticide and
nutrient control. Thanks to the protective buffer zones, removal is achieved for
different pesticide species at the ratios of 10 to 95% (United States Department of
Agriculture [USDA], 2000). The pesticides exceeding Environmental Quality
Standards (EQS) in each water body have been identified. The measures taken for the
pesticide species detected in the water bodies were as follows:

1. Pesticide species detected in water bodies are compared with the “Prohibited
Pesticides List” of MAF.

2. Some pesticides have been encountered in water resources of the basin in a
large number and quantity. These non-prohibited species will be replaced with
their substitutes.

3. Pesticide species that cannot be removed by items (1) and (2) will be captured
by the measures such as terracing, vegetative barrier or green belt.

Vegetative Barriers.

Vegetative barriers are narrow parallel bands that consist of plants cultivated on
a steep, hard and dense way in the areas close to the land border. Their difference from
classical plant filter bands is that they are narrower (less than 1.5 m in width) and they
have a steep and hard vegetation throughout the year. Their benefits are listed as
follows (Los, 2001; USEPA, 2007);

e They control erosion, hold the sediments in surface flow, and prevent them
from reaching the receiving water environment.

e They allow the sediments to accumulate in the upper slopes of the barriers, by
slowing down the speed of the water coming in surface flow.

e They increase the efficiency of other protective applications.

e They reduce the total amount of water in surface flow by increasing the water
filtration capacity.
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It is recommended to apply vegetative barrier on the riverbanks of the
agricultural areas to provide effective N and P removal of water bodies in KMB. The
guidance of agricultural engineers is needed in the cultivation of plants that are dense,
evergreen, less water consuming, specific to the region and taller than the plants in the
cultivated agricultural land. In this way, not only nutrients, but also specific and
priority pollutants will be held in these barriers. The removal efficiency will be 70%
based on TN and TP parameters as suggested by Blanco-Canqui et al. (2004). It can
be applied at a width of 1 m to the borders of agricultural land. Its application is easy
and very little space is needed. Therefore, vegetation barriers are proposed for some
water bodies where terracing is not sufficient.

Crop Rotation.

Crop rotation is the cultivation of different crops on the same land in an annual
or periodically planned sequence. By this application, the quality of soil is improved
while the natural degradation of weeds, insects and other residues reduces the need of
manure. The inclusion of foliage (grass, green grass) or legumes in crop rotation will
improve soil quality and reduce erosion (Cestti, 2003; Xie et al., 2015). Moreover,
since legumes meet their own N needs and provide extra N to the soil by fixation, the
manure usage in the cultivated crop will be quite low (Cestti, 2003). In Estonia, for
example, it was observed that the P requirement in the soil decreased by 12-33% in a
crop rotation by first planting alfalfa and then potatoes (Lauringson, 2004). According
to Novotny (2003), TN and TP can be reduced by 50 % and 30%, respectively. One
of the most important benefits of crop rotation is the control of the organisms that may
give damage to the crops and soil without using pesticides (Xie et al., 2015) and
improves surface water quality by reducing sediment loss, pesticide applications and
dissolved or soil-bound particulate nutrients and pesticide losses (Cestti, 2003).

Crop rotation in KMB is recommended when the basic measures in the basin are
insufficient to achieve the EQS. In addition to this, the criteria of selection of crops
are directly related with the water availability in the provinces and districts in KMB
and also the crops in rotation should be selected taking into consideration the
Agricultural Basin Production and Support Model of Turkey, started in 2017.

Lake and River Bank Forest Buffer Zones (Green Belt-Buffer Zones).

Lake and riverside forest buffers are afforestation areas close to the riversides,
and forms a transition between water and soil. The most effective type of the riverside
buffers (riparian buffers) is forests. They contribute to the improvement of water
quality while being a habitat for wild animals and fishes. Tree roots absorb the
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nutrients and other pollutants carried by surface flow. In this way, tree roots grow the
fastest and the holding water capacity of roots increases (Campbell et al., 2004).
According to Novotny (2003), riverside buffers remove 80-90% of sediments, 50-75%
of TP and 80-90% of TN.

In some water bodies in the basin, green belt has been proposed as a basic
measure within the scope of “Good Agricultural Practices”. This measure has been
carried out in the limited amount of areas considering some criteria listed below
because of two main problems: Its high cost and high compensation paid to property
owners for land expropriation.

1. If the water body is a lake used for supplying drinking water, a 10 m wide
forest buffer surrounding the lake is proposed.

2. If the water body is a river and if terracing cannot be done due to slope and if
vegetation barrier measure cannot be applied as it passes through the
agricultural land, a 5 m wide forest buffer at each site along the part of stream
passing the agricultural land is proposed.

3. [If the water body is also a river and if it is passing through an active mining
site, a 5 m wide forest buffer is proposed at each site along the part of the river
passing the mining site.

On the other hand, the green belt measure was not proposed for those water
bodies, which have been already surrounded by green belts as a result of deciding with
analysing the satellite images. Upon an in-depth review of the nutrient removal rates
to be attained via various BMPs, Table 7, including the removal rates selected for the
KMB, was prepared. In Figure 2, a map of basic control measures for reducing the
agricultural diffuse in the basin was shown (except for animal manure control).

Animal Manure Control.

For the reason that increase in the impairment effects of chemical fertilizers used
in agricultural activities on the human health, ecological agricultural practices, based
on the animal manure use that has the same functions with the chemical ones have
been developed at the second half of the last century. The fertility of agricultural areas
cannot be sustained, especially with the use of chemical fertilizers. Using poultry
manure, for example, positively affects the structure of soil, and provides the
necessary nutrients for growing the plants (Soyergin, 2003).

If the necessary attention and care are not paid after the removal of the cow
manure and if the required precautions are not taken, the loss of liquid faeces
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containing 50% of the plant nutrients before moving to the field becomes an important
problem. If not enough bearing is used, it may leak from the cowshed floor and can
be significantly lost under the manure pile. Moreover, if the manure taken from the
cowshed is left in open air and in loose piles, the loss may reach a significant size
(Soyergin, 2003).

The amount of use of commercial (synthetic) fertilizers in agricultural areas in
Turkey varies by the amount and types of the planted crops, climatic conditions, and
soil features. Data on the amount of synthetic fertilizers used in 2016 has been
obtained from the 4. Regional Directorate of MAF. On the other hand, the amount of
manure generated in the basin that shows an important potential in terms of the use of
organic manure in agricultural applications is obtained again from the same
directorate. The number of cows and cattle, sheep and goats, and poultry based on a
village is used to determine the natural nitrogen manure that can be used in sustainable
agricultural practices.

Figure 2

Map of the Control Measures for Reducing Agricultural Diffuse in the Basin (Except
For Animal Manure Control)
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Table 7

Selected Removal Rates for BMPs

Range of TN Selected TN Range of TP Selected TP

removal (%) removal (%) removal (%) removal (%)
Nutrient 20-90 30 20-90 20
Management
Crop Rotation 50 50 30 30
Green Barrier 80-90 70 50-75 70
Vegetative Barrier 70 70 70 70
Terracing 30-70 70* 30-70 70%

*The ratio of agricultural land to be terraced/total agricultural land is considered.

Within the scope of good agricultural practices, manure management planning
should be established in nitrate sensitive regions that produce 1600 kg N/year and
more, and in non-nitrate sensitive regions that produce 3500 kg N/year and more. The
unit N loads given in Table 8§ are used the calculation of the N amount produced by
the livestock breeding.

Table 8

Unit N Load Arising From Livestock Activities (MoEF, 2010)

Animal Category Nitrogen (kg/ton animal/day)
Cattle and cows 0.3
Sheep and goat 0.42
Poultry 0.52

Nitrogen unit (kg/day) is calculated based upon cows and cattles, taken as 500
kg, sheep and goats as 45 kg and poultry as 2 kg (MoEF, 2010). The total amount of
organic N in manure is calculated annually based upon the unit loads of the
settlements/villages and the number of animals. If sufficient measures are not taken
during or after animal manure collected from barns, some of its value will be lost prior
to carrying it to agricultural fields, and this amount is determined as 15% in the
calculations. In addition to that, the organic substance of the manure, which has to be
kept for a while in the sealed tank before starting an application, will be lost over time
and this amount is accepted as 35%. Considering these losses, the amount of natural
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manure that can be safely applied has been determined based upon each water body.
It is foreseen that the losses will decrease in the following years with the awareness
raising activities, developments in application techniques and the measures to be taken
during its transportation.

The settlements where animal manure will be correctly applied, are marked on
Figure 3. Even if the animal manure is applied on agricultural areas, the use of
chemical manure is still need to meet the N requirement of soil. The amount of
chemical fertilizer after the application of animal manure has decreased compared
with the chemical fertilizer amount used at present. The total amount of N from animal
manure and chemical fertilizer based upon water bodies is given in Table 9. The
amount of natural manure to be generated from animal breeding activities in the basin
has the potential to significantly reduce the use of chemical fertilizers when it is used
within the context of good agricultural practices. Fertilizer need of some water bodies
can be met only with animal manure, but in the first cycle, the farmers' tendency to
continue using chemical fertilizer is taken into consideration and the assessment is
made based on the entire basin. Accordingly, the average use of animal manure
throughout the basin was calculated as approximately 52%.

Figure 3

Settlements Where It is Recommended to Place Manure Tanks

Location of Manure Tanks in the Basin
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Results and Discussion

In this study, initially gap analysis was conducted to achieve Environmental
Quality Standards (EQSs). Then, each applied measure was tested by the AquaTool
model. At the stage of the determination of measures, basic measure scenarios were
entered into the model and the need for supplementary measures was determined by
evaluating the results obtained. In the second stage, complementary measures were
entered respectively, and lastly the program for measures was created.

The total number of the measures including point and diffuse sources of
pollutants together with hydromorphological and geothermal measures, and measures
on coastal bodies, on mining areas was 932. Out of this huge number of measures,
diffuse pollutant measures recommended were 759 constituting 81% of the total
measures considered. Within this profile, agricultural measures were 373 that are
almost equal to half of the diffuse pollutant measures, and 40% of the overall measures
listed. The list of measures regarding with agricultural diffuse pollution is given in
Table 10.

The majority of diffuse pollutant measures were structural measures (except
nutrient and pesticide measurement); therefore, the related ones are either basic or
supplementary depending on the sensitivity of the water body. As the river basin
management plans are the initial trials of the country, their implementation and results
will be observed and evaluated within the first cycle.

Agricultural diffuse pollution mitigation poses a significant policy challenge
across Europe and particularly in the UK. Prevailing legislation and volunteer studies
in the UK are not enough to get necessary environmental outcomes due to several
reasons (Collins et al., 2016). Thus, it is important to identify specific measures for
on-farm towards whose farmers express positive attitudes for higher nutrient uptake
rates. Accordingly, an attitudinal survey was carried out among farmers in England on
those measures. The results suggest that mitigation measures that farmers are
motivated to implement in the future to improve the environmental performance of
agriculture in England and Wales are those that cost lowest per hectare of arable land.
This outcome of the survey conducted in England actually holds true all over the
world, no matter the development level of the country. In that sense, understanding
farmer receptiveness and attitudes towards on-farm diffuse pollution mitigation
options is critical in developing a comprehensive approach to control negative impacts
of farming on environmental quality as underlined by Blackstock et al. (2010) and
Buckley (2012).
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Table 9

Animal Manure and Chemical Fertilizer Uses Based Upon Good Agricultural
Practices in Water Bodies

Water body Total chemical Total Total amount Required chemical Use of
fertilizer usage amount of of applicable fertilizer amount animal

in present natural natural manure  after the application manure

condition manure (ton/year) of animal manure (%)

(ton/year) (ton/year) (ton)

sk

KMN 011 675 227 227 448 34
KMN 013 1 940 180 180 760 19
KMN 012 2,023 875 875 1,149 43
KMN 010 1,268 1,119 1,119 148 88
KMN_002* 1,154 1,014 1,014 140 88
KMG _008* 120 238 120.3 - 100
KMN 017 2 652 135 135 517 21
KMN 033 0.9 6 0.9 - 100
KMN_026 4.5 26 4.5 - 100
KMN 013 2 1,110 90 90 1,021 8
KMN 001 1,374 2,871 1,374 - 100
KMN 015 2,010 229 229 1,781 11
KMG 001 472 36 36 436 8
KMN 021 106 58 58 48 55
KMN 017 1 372 40.6 40.6 331 11
KMG 010 27 26.7 26.7 0.3 99
KMN 023 53 107.5 52.7 - 100
KMN_022 30 4.6 4.6 25 15
KMN 016 1,207 352.1 352.1 855.2 29
KMG_006 40.8 2.9 2.9 37.8 7
KMN_007 2,153 3,240 2,153 - 100
KMN_008 633 286 286 347 45
KMN 024 5.9 14.8 5.9 - 100
KMN_003* 466 287 287 179 62
KMN_006 597 265 265 331 44
KMG 013 407 76 76 331 19
KMN_004 381 463 381 - 100
KMN_009 698 230 230 468 33
KMN_005* 400 579 400 - 100
Total 19,379 13,080 10,027 9,353 52
*Sensitive Water Body

**The losses foreseen for the 1st cycle are not taken into consideration
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Table 10

Number of Agricultural Measures for Non-Point (Diffuse) Pollutants

Agricultural measures for non-Point Number Unit Basic (B)/
(Diffuse) Pollutant of Supplementary
Measures (S)
Application of animal manure in a controlled way to 279 settlement B/S
agricultural land
Terracing 17 water body B/S
Nutrient and pesticide management 57 water body B/S
Setting vegetative barrier 5 water body B/S
Conducting crop rotation 6 water body B/S
Setting green belt 9 water body B/S
Total 373

Nowadays, social science linked watershed management recognized the need
for voluntary action by farmers in the context of environmental regulation and
government subsidies to reduce agricultural diffuse pollutants as proved by Collins et
al. (2016) who have conducted a detailed survey among a group of farmers. Therefore,
coping with agricultural diffuse pollutants seems to be a long-lasting issue especially
in developing countries that face economic constraints in implementing the measures.

Within the context of measures program, basic measures to be followed in all
the water bodies and supplementary measures in the required ones were proposed. It
is expected that the strict implementation of these measures in the first cycle of the
river basin management plan will improve or tend to improve the quality of surface
water bodies. Measures for reducing point and non-point pollutants in surface water
bodies at the first cycle covering the years 2020-2025 and at the second cycle covering
the years 2026-2031, were proposed and improvements observed in water quality via
the AquaTool model were reported. By applying the so-called measures in the first
and second implementation cycles, the model has given the final ecological and
chemical status of the water bodies as shown in Table 11. As can be seen from the
table, a total number of 27 water bodies still “do not meet the good status”.
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Table 11

Ecological and Chemical Status of the Water Bodies after Implementing the Measures
in Two Cycles (2020-2025 and 2026-2031)

Ecological Status Chemical Status
o Modelling Results . Modelling Results
Monitoring . . Monitoring . .
Status (after implementing Status (after implementing
results results
the measures) the measures)
Bad 21 15 .
Poor 5 ) Failed 38 27
Moderate 14 10
Good 4 10 Passed 6 10
Dry 9 9 Dry 9 9
No > 5 No
Monitoring Monitoring 2
No 7 No i 7
modelling modelling
Total 55 55 Total 55 55

Conclusion

The ultimate goal in national and international legislation is to achieve ‘good
water’ status in all water bodies. As stated in all relevant regulations, guidance
documents and practices some strategies need to be developed in order to prevent and
control the pollution of water bodies. In this context, the measures program was
prepared by taking into consideration the results of the monitoring program conducted
from September 2017 to August 2018 for surface water bodies. Within the scope of
the preparation of KMRBMP, surface water bodies were studied in a holistic manner.
The measures to be taken to improve the surface water bodies interacting with each
other in the basin were evaluated.

Both basic and supplementary measures were proposed and tested via the
AquaTool model for the first and second implementation cycles covering the years
2020-2025 and 2026-2031. Despite the so-called measures taken within these two
cycles, 27 water bodies out of 55 failed in satisfying the ‘good ecological and chemical
status’. This situation implies that even though a series of basic and supplementary
measures were considered, a considerable number of water bodies do not meet the
requirements. Therefore, it is important to apply and realize all the referred measures
in time to reach a better environmental condition in the basin in future.
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Extended Turkish Abstract
(Genisletilmis Tiirk¢e Ozet)

Kiiciik Menderes Havzasi’nda Tarimsal Kaynakh Yayih Kirlilik Tedbirlerinin Belirlenmesi

Kiigciik Menderes Havzasi, Tiirkiye’nin batisinda Gediz ve Biiyilkk Menderes Havzalari
arasinda, sularmi Kiiciik Menderes Nehri ve diger akarsularla Ege Denizi’ne bosaltan alani
kapsamaktadir. Toplam alan1 6963.25 km? ve toplam niifusu 3,5 milyonun iizerinde olan 5 alt havzadan
olugsmaktadir. Havzanin en 6nemli nehri Kiigiik Menderes Nehri'dir. Havza toplam alaninin %40'1 tarim
alanlari ile kaplidir. Yerlesim ve sanayi alanlari tiim havzanin %6'sin1 olusturmaktadir. Avrupa Birligi
Su Cergeve Direktifi (AB SCD)’nin siniflandirmasina gore, havzada 38 nehir ve 13 g6l bulunmaktadir.
38 nehir suyu kiitlesinden 19'u biiyiik 6l¢iide degistirilmis su kiitlesi sinifina dahildir. 13 gol suyu
kiitlesinden sadece ikisi dogal g6l sinifindadir. Gollerin geri kalani biiyiik 6l¢iide degistirilmis, baraj
veya golet insa edilmistir. Havzada evsel su ihtiyacinin karsilanmasi i¢in 5 baraj igletilmektedir. Havza
icin hazirlanan nehir havza yénetim planinda: insan faaliyetlerinden kaynakl kirlilik yiikleri, ekolojik
hedeflerle ilgili baski ve etkiler, mevcut sicak noktalar, mevcut kirlilikle kontrol yontemleri ve
onlemler, mevcut yasal diizenlemeler, politikalar ve stratejiler gozden gecirilmistir. Havza yonetim
plant sonuglarma gore Kiiciik Menderes Havzasi su kiitlelerinin fiziko-kimyasal ve kimyasal olarak ve
de biyolojik kalite unsurlart agisindan oldukga kirlenmis olduklart goriilmistir. Havzada 9 nitrata
hassas alan ile 16 kentsel hassas alan bulunmaktadir. Bu ¢alismada, Kii¢ciik Menderes Havzasi'ndaki su
kiitleleri ile ilgili 6zellikle yayili kaynak kirliliginin 6nlenmesi igin gereken temel ve tamamlayici
tedbirlerin belirlenmesi i¢in kullanilan metodoloji anlatilmistir.

Calismada yayili kirlilik kaynaklarina yonelik tedbirlerin belirlenmesinde, tedbirlerin AB SCD
ile uyumlu olmas1 gézetilmis, Yeriistii Su Kalitesi Yonetmeligi, Iyi Tarim Uygulamalar1 Hakkinda
Yonetmelik ve Sularda Tarimsal Faaliyetlerden Kaynaklanan Nitrat Kirliliginin Onlenmesine Y&nelik
Iyi Tarim Uygulamalar1 Kodu Tebligi temel alinmistir. Su kiitlelerinde yayili azot ve fosfor yiiklerine
kars1 alinacak tedbirler ile belirlenen nitrata hassas bdlgeler i¢in tedbirler ortaya konmustur.

Havza yonetim planinda oncelikle mevcut Kkirlilik profili ortaya konmustur. Risk
degerlendirme ¢aligmasinin sonuglarina gore toplam 29 su kiitlesi “yiiksek risk altinda” ve 16 su kiitlesi
“orta risk altinda” olarak bulunmustur. Risk degerlendirmede noktasal ve yayili kaynaktan gelen ytikler
degerlendirilmistir. Yayili kaynak kirliligine neden olan en dnemli iki kirletici parametre, toplam azot
(TN) ve toplam fosfor (TP)’dur. Havzadaki veriler degerlendirildiginde, havzanin 6zellikle yayili
kaynak kirligine bagli TN ve TP ag¢isindan oldukga kirlenmis oldugu goriilmiistiir. TN ve TP agisindan
kirlenmenin dagilimi sirastyla %88 ve %84 olarak belirlenmistir. TN ve TP agisindan kirlilik kaynaklar1
basta hayvancilik, asir1 ve kontrolsiiz giibre kullanim1 olmak iizere arazi kullanim sekli, fosseptikler ve
kat1 atik sahalar1 oldugu tespit edilmistir.

Havza yonetim planinda izleme ¢aligmalar1 Eyliil 2017-Eyliil 2018 arasinda 12 ay boyunca
yapilmustir. Izleme sonuglara gore havzada 21 kétii, 6 zayif, 18 orta, 9 kuru durumda olan ve 2 adet
izlenemeyen su kaynagi bulunmaktadir. Calismada su kaynaklarinin yonetim alternatiflerinin
belirlenmesi ve gerekli verilerin diizenlenmesi icin AQUATOOL programi kullanilmistir.

Mevcut durum dikkate alinarak havzada noktasal ve yayili kaynaklarin kontrolii i¢in tedbirler
belirlenmistir. Oncelikle bosluk analizi yapilmistir; yani l¢iilen konsantrasyonlar ile cevresel hedefler
arasindaki farklar belirlenmistir. Bdylece alici ortamin istenen su kalitesine ulagmak i¢in gerekli olan
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ayr1 uygulanmistir. Her seferinde tedbirlerin sonuglarini elde etmek i¢in model yeniden galistirilmis ve
bu prosediir ¢evresel hedeflere ulasilincaya kadar devam etmistir. Havzada 1. ve 2. dongii i¢in farklt
kombinasyonlardaki tedbirler toplam 10 baslik altinda degerlendirilmistir.

Yayili kirletici kaynaklarin biiylik cogunlugu hayvancilik ve tarimsal faaliyetlerden
kaynaklandigindan c¢aligmada, bu uygulamalara iligkin tedbirler iizerinde durulmustur. Kiigiik
Menderes Havzasi i¢in tarimsal iiretim i¢in Onerilen temel tedbirler sunlardir:

- Yiksek egimli ve ¢ok yiiksek egimli tarimsal {iretim alanlarinda teraslama
- Besi maddesi ve pestisit yonetimi,

- GOl ve nehir kiyisina tampon bdlgeler,

- Bitkisel bariyer uygulamalari,

- Uriin rotasyonu.

Tiim bu tedbirler egim, besi maddesi ve pestisit kullanim miktar ve davranislari, iiriin bilgileri,
su kiitlesi 6zellikleri vb. dikkate alinarak havzada her bir su kiitlesi igin ayr1 ayr1 belirlenmistir.

Hayvan giibresinin kontrollii kullanimi1 6nemli tedbirlerdendir. Havza bazinda ortalama
hayvan giibresi kullanimi yaklagik %52'dir. Yapilan hesaplamalarda havzadaki hayvancilik
faaliyetlerinden iiretilecek dogal giibre miktari, iyi tarim uygulamalari kapsaminda kullanildiginda
kimyasal giibre kullanimini 6nemli 6l¢giide azaltma potansiyeline sahip oldugu gorilmistiir.

Sonug olarak havzada 6nerilen toplam tedbir sayisi (noktasal ve yayili kaynaklar ile birlikte
hidromorfolojik ve jeotermal 6nlemler ile madencilik ve kiy1 alanlarindaki 6nlemler de dahil) 932'dir.
Tavsiye edilen yayili kaynak tedbirlerinin sayisi, toplam tedbirlerin %81'ini olusturan 759'dur. Bu
profilde tarimsal tedbirler, yayili kaynak kirliligi i¢in dnerilen tedbirlerin neredeyse yarisina esit olup
373’tiir ve yayili kaynak tedbirlerinin %40"d1r. Yayili kirletici tedbirlerinin ¢ogu yapisal tedbirlerdir;
bu nedenle, su kiitlesinin 6zelinde belirlenen tedbirler hassasiyetine bagli olarak temel veya
tamamlayicidir. Yonetim planlarinin bu sekilde hazirlanmasi iilkenin ilk denemeleri oldugundan,
bunlarin uygulanmasi ile ortaya ¢ikan faydalar ilk dongiide gézlemlenecek ve degerlendirilecektir.

Tedbirler programi dahilinde tiim su kiitlelerinde uygulanmasi gereken temel ve tamamlayici
tedbirler belirlenmistir. Nehir havzasi yonetim planinin ilk dongiisiinde bu 6nlemlerin sik1 bir sekilde
uygulanmasinin yeriistii suyu kiitlelerinin kalitesini iyilestirmesi veya iyilestirme egiliminde olmasi
beklenmektedir. 2020-2025 yillarin1 kapsayan birinci dongii ve 2026-2031 yillarii kapsayan ikinci
dongii sonunda yeriistii kiitlelerinde noktasal ve noktasal olmayan kirleticiler i¢in belirlenen tedbirlerin
uygulanmasi sonucunda ulasilacak bu sonuglar AquaTool ile modellenmistir. Elde dilen sonuglara gére
tim havzada tedbirler sonunda hedefe yani “iyi durum” a ulasamayan 27 su kiitlesinin bulunacagi
belirlenmistir. Bu sonuglar havzada onerilen tim zorunlu ve tamamlayici tedbirlerin zamaninda
uygulanmasinin dnemini gostermektedir. Boylelikle havza ilk iki dongili sonrasinda giiniimiizdeki
durumdan daha iyi kosullara kavusmus olacaktir.
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Abstract

Turkish lakes have different morphometry and hydrology as a result of different climate types and
noticeable altitude differences, which provide different habitats for algal diversity. In the last 40 years,
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the total number of algae taxa in the flora of Turkey has increased due to the studies on phytoplankton
taxonomy and ecology. This study aims to describe new planktonic algal taxa for the Turkish
freshwater algal flora. A total of 63 Miozoa and 2 Haptophyta taxa were determined in the project
conducted from 2017 to 2019 in lakes of 25 river basins of Turkey. Our study was done as a part of
the Project, namely “Establishment of Reference Monitoring Network in Turkey”, financially and
technically supported by the Ministry of Agriculture and Forestry, Directorate General for Water
Management. In each lake, phytoplankton was sampled with water samplers from three depths
(surface, middle, and bottom) of the euphotic zone, and then the water samples taken from these three
depths were mixed for obtaining subsamples. Plankton net with a pore diameter of 50 pm was also
used for sampling. Identification of the algal taxa was performed with various compound and inverted
microscopes in many laboratories. During this study, 26 Miozoa and 2 Haptophyta taxa were found
as new records for the freshwater algal flora of Turkey.
Keywords: Miozoa, Haptophyta, Turkish freshwater, algae, new record

Oz

Tiirkiye golleri, Tiirkiye farkli iklim tiplerine ev sahipligi yaptigindan ve cografik olarak yiikseklik
farkliliklar1 bulundurdugundan dolay: farkli morfometrik ve hidrolojik yapiya sahip olup, bu durum
alglerin biyocesitliligi i¢in farkli habitat tipleri saglamaktadir. Son 40 yilda, fitoplankton taksonomisi
ve ekolojisi alaninda yapilan ¢alismalar sebebiyle Tiirkiye florasindaki toplam alg taksonu sayisi
artmistir. Bu ¢aligma, Tiirkiye tath su alg florasi i¢in yeni planktonik alg taksonlarini tanimlamay1
amagclamaktadir. 2017 ve 2019 yillart arasinda Tiirkiye’deki 25 nehir havzasinda yapilan ¢alismada
Miozoa divizyosuna ait 63, Haptophyta divizyosuna ait 2 takson tanimlanmistir. Bu ¢aligma Tarim
ve Orman Bakanligi Su Yonetimi Genel Miidiirliigi (SYGM) tarafindan finansal ve teknik olarak
desteklenen “Tiirkiye’de Referans izleme Aginin Kurulmasi” adli proje kapsaminda
gergeklestirilmistir. Her gélde fitoplankton 6fotik derinligin 3 farkli bolgesinden (yiizey, orta, dip) su
ornekleyicisi ile alinarak Orneklenmistir. Daha sonra bu {i¢ derinlikten alinan su Ornekleri
karistirtlarak su numunesi alinmigtir. 50 um g6z agikligina sahip plankton kepgesi de 6rnekleme
sirasinda ayrica kullanilmistir. Alg taksonlarinin teshisi farkli laboratuvarlardaki 1sik ve ters
mikroskoplar kullanilarak gergeklestirilmistir. Calismada, Tiirkiye tatli su alg florasi i¢in Miozoa
divizyosuna ait 26 takson, Haptophyta divizyosuna ait 2 yeni takson bulunmustur.

Anahtar kelimeler: Miozoa, Haptophyta, Tiirk tath sulari, alg, yeni kayit

Introduction

The number of studies on phytoplankton taxonomy and ecology, which is
accepted as one of the biological quality elements according to the EU Water
Framework Directive (WFD) (EC Parliament & Council, 2000), have increased in
recent years in Turkey. Due to the compatibility process with European Union,
several projects have been implemented, taking into account biological quality
components funded by the Ministry of Agriculture and Forestry, Directorate General
for Water Management (DGWM), and General Directorate of State Hydraulic Works
(DSI). Many water quality monitoring studies on different river basins, some lake
management planning studies, and some index development projects to determine
water quality using biological quality components have been completed (Directorate
General for Water Management [DGWM], 2020). This study is also a part of the
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“Establishment of Reference Monitoring Network in Turkey” project which is
financially and technically supported by DGWM. In this project, 275 lakes in 25
river basins were studied, and a total of 1363 phytoplankton taxa were detected.
Among these taxa, 63 Miozoa, and 2 Haptophyta taxa were determined.

Until now, more than 3550 Miozoa and 773 Haptophyta taxa were listed in
previous studies in the world (Guiry & Guiry, 2020). Most of the species of Miozoa
are free-swimming, unicellular organisms, and members of this group in fresh waters
are found in plankton of both large bodies of water such as lakes and reservoirs, and
smaller water bodies such as pools. Members of Haptophyta which have a unique
organelle haptonema, are common in marine waters. Few planktonic species are
known from freshwater habitats (John et al., 2003).

In the flora of Turkey, 235 Miozoa and 5 Haptophyta taxa were recorded in
previous studies. However, only 45 Miozoa taxa were identified and no species were
found in Haptophyta as freshwater taxa (Taskin et al., 2019; Maraslioglu & Goniilol,
2020). Due to the effects of four different types of climate, and noticeable altitude
differences, Turkish lakes have different morphometry and hydrology that support
distinct algal diversity. In recent years, many new records were given for the algal
flora of Turkey (Aysel et al., 1993; Oztiirk et al., 1995a, 1995b; Sahin, 2000, 2002,
2007, 2009; Yagcr & Turna, 2002; Atici, 2002; Baykal et al., 2009; Sevindik et al.,
2010,2011,2015,2017; Ozer et al., 2012; Akar & Sahin, 2014; Yiice & Ertan, 2014;
Varol & Fucikova, 2015; Varol & Sen, 2016; Maraslioglu & Soylu, 2018), and the
total number of taxa have increased (Taskin et al., 2019; Maraslioglu & Goniilol,
2020). The present study aims to contribute to the algal flora of Turkey. Therefore,
26 Miozoa and 2 Haptophyta were described in this paper as new records for Turkish
freshwater algae.

Materials and Methods
Study Area

Turkey has 25 river basins (Figure 1), and inland water bodies in these basins,
consist of 200 natural lakes, 806 reservoirs, and 1000 ponds (Foreign Relation Office
of General Directorate of State Hydraulic Works [DSI], 2014). Considering the areas
of river basins, the annual amount of water produced per unit area is the lowest in
Akarcay Basin with 64,430 m3/km?, and the highest in Dogu Karadeniz Basin with
618,850 m3/km? (Foreign Relation Office of DSI, 2014). However, Lakes Region
(Burdur Basin), South Marmara (Susurluk Basin), Lake Van and its surroundings
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(Lake Van Basin), Lake Tuz, and its surroundings (Konya Basin) were the regions
where the natural lakes are gathered (Hosgoren, 1994).

Figure 1
River Basins of Turkey
25°0'0"E 30°0'0"E 35°0'0"E 40°0'0"E 45°0'0"E

40°0'0"N
40°0'0"N

£
z [
) e
) 0 75 150 300 450 600 e
in I T —
(]
30°0'0"E 35°0'0"E 40°0'0"E 45°0'0'E

A total of 275 lakes, including reservoirs, were sampled during the study in
25 river basins. The number of studied lakes in the river basins was given in Table
1.These lakes are grouped in 22 lake typologies based on altitude (R), lake depth (D),
lake size (A), and geology (J) (DGWM, 2015), and they are located between the
longitudes of 26° 19" and 43° 54’E and the latitudes of 35° 56" and 42 ° 00'N. The
altitudes of the sampled lakes vary between sea level (Lake Gala) and 2757 m (Lake
Camlu).
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Table 1

Number of Studied Lakes in 25 River Basins

Basins

The number of studied lakes

Name of lake

Burdur

Akargay

Sakarya

Bat1 Karadeniz

Dogu Karadeniz

Yesilirmak

Kizilirmak

Meric-Ergene

Marmara

Antalya

Bat1 Akdeniz

6

10

23

14

14

23

13

Acigdl L., Burdur L., Karatag L, Salda L., Tefenni P.,
Kegiborlu Giineykent Uzundere P.

Aksehir L., Eber L., Akdegirmen R., 26 Agustos TP L.,
Karamik R., Agzikara P., Tmaztepe P., Gezler P., Sehit Uz.
Cvs. Nurullah Oymak P., Tazlar Sat1 Gelin P.

Taskisig1 L., Akgol 2 L., Cubuk L., Poyrazlar L., Sapanca
L., Istk Dagi Karagdl L., Cavuscu L., Mogan L.,
Uglerkayast P., Cubuk Karagél L., Eymir L., Akgél 1 L.,
Kigiik Akgol L., Avdan L., Kayuslu L., Karamurat L.,
Ciineyt Sonmez P., Cilgmnlar P., Yildirim Evci P., Ovacik
L., Siliikli L., Camkoru TP P., Anagdl L.

Nazli L., Biiyiik L., Derin L., Parcayir L., Abant L., Dipsiz
L., Goleiik L., Keci L., Yenicaga L., Kuyudiizii L., Erze L.,
Koca L., Kuru L. Natural Park, Sazli L.

Gaga L., Sera L., Ulugdl L., Uzungél L., Camlu L., Cakir
L., Limni L.

Akgol L., Asagitepecik (Golova) L., Boraboy P., Biiyiik L.,
Diiden L., Kaz L., Ladik L., Uyuz L., Karacaéren Mevki
L., Dipsiz L. 2, Sarigigek L., Yenihayat R., Dipsiz L. 1,
Zinav L.

Golbel L., Ulas L.-2, Biiyiik Lota L., Hafik L., Kii¢iik Lota
L., Todiirge L., Art L., Aygir L., Bakkal L., Dipsiz L.,
Elekci L., Ulas L.-1, Ulag L.-3, Deniz L., Yesilgol 1 L.,
Bardakeilt Mevki L., Yenidanisment Mevki L., Palanga L.,
Sugiylan Mevki L., Kayabasi L., Kuru L., Swa¢ L.,
Kizilgam L.

Gala L., Sigirc1 L., Pamuklu L., Uskiip Sulama P., Domuz
L.

Habibler Mevki P., Great Dipsiz L., iznik L., Koca L.,
Karamaden L., Danamandira L.-1, Danamandira L.-2,
Small Dipsiz L., Sinekli L.

Egirdir L., Kovada L., Gélciik L., Cemalalan1 L., Duruca
L., Egri L., Kiilli L., Titreyen L., Diiden L.

Golhisar L., Girdev L., Avlan L., Dalaman Wetlands,
Denizcik L., Kocagdl L., Kusuru L., Ko&ycegiz L.,
Kigiikdalyan L., Yesilgol L., Yazir L., Baranda L., Pozan
L.
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Table 1
(Continued)
Basins The number of studied lakes Name of lake
Nazli L., Biiyiik L., Derin L., Pargayir L., Abant L., Dipsiz
Biiyiik Menderes 13 L., Golciik L., Kegi L., Yenicaga L., Kuyudiizii L., Erze L.,
Koca L., Kuru L. Natural Park, Sazli L.
Gediz 6 Golcik L., Demirkdprii R., Marmara L., Gordes R.,
Karagdl L., Kiigiikler R.
Kuzey Ege 5 Boz L., Giizelhisar R., Karag6l L., Sevisler R., Tepe L.
o Catal L., Tahtali1 R., Alagat1 R., Belevi L., Gebekirse L.,
Kii¢iik Menderes 6 Urkmez R.
Sariot L., Beysehir L., Tuz L., Siileymanhaci L., G6k
Konya 18 (Kozanli) L., Meke L. (Meke Maart), Gavur L., Dipsiz L.,
Acigdl L. 2, Baki L., Uyuz L., Acigél L. 1, Kay1 L., Diiden
L., Kovali L., Kopek L., Kiigiik L., Stliikli L.
Susurluk 9 Manyas L., Uluabat L., Adsiz-1 L., Golbasi L., Golciik L.,
Ikizcetepeler R., Karagél L., Kilimli L., Niltfer R.
Aras 3 Aktas L., Cildir L., Aygir L.
Coruh 3 Adsiz L., Boga L., Balik L., S"avsat Karagol L., Cil L.,
Borcka Karagdl L., Tortum L., Urtinlii P.
Kaz L., Ahir L., Hachi L., Korlu L., Hazar L., Karagol L.,
. Yesildere P., Palandoken P., Giiroymak R., Kalecik R.,
Firat-Dicle 17 Kapiagmaz P., Dedeyolu P., Giizelyurt Sulama P.,
Hasancik P., incesu P., Otlukbeli L., Siverek Yeleken P.
Akgol L., Ergek L., Bostanigi P., Arin L., Aygir L., Van L.,
Van 7 .
Nazik L.
Asi ] Reyhanlt (Yenihisar) L., Yayla(.l.ag R., Tahtakdpri R.,
Karagol L., Adsiz L., Yarseli R., Ugpmar P., Sapkanli P.
Golbag1 L., Kartalkaya R., Kara L., B. Yapalak P.,
Korkmaz P., Zorkun P., Merk P., Yamagoba P., Kizilinis
Ceyhan 18 P., Arklikas P., Karacaéren P., Meletmez P,
Postkabasakal P., Bagtepe P., Zerdali P., Kozan Aydimn P.,
Yumurtalik Zeytinbeli P., Yumurtalik Ayvalik P.
Aygir L., Uzun L., Degirmendere P., Cemilli Cevlik P.,
Dogu Akdeniz 12 Hacinuhlu Kelce P., Akin P., Kizil6z P., Bagyayla P.,
Goktepe P., Bagbasi R., Yassibag P., Hadim-Inonii P.
Bahgelik R., Tufanbeyli Demiroluk P., Adsiz L., Pekmezli-
Seyhan 12 Catalcam P.:, Tu.fanbeyli Doganbeyli P., Gﬁmiisér.en R.,
Sihli P., Délekli P., Kilight P., Topacik P., Hiisniye P.,
Cavuslu P.
Total 275

L: Lake; P: Pond; R: Reservoir; R: Reeds
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Sampling and Identification

Phytoplankton was sampled three times (spring, summer, and fall) a year
between 2017 and 2019 at the one, two, or three monitoring stations in each lake.
Station numbers were determined as one for lakes which have a surface area smaller
than 50 ha, two for lakes which have a surface area between 50 and 500 ha and, three
for lakes which have a surface area higher than 500 ha (Yer Ustii Sular1, Yer Alti
Sular1 ve Sedimentten Numune Alma ve Biyolojik Ornekleme Tebligi, 2015). One
of the selected stations was determined at the deepest point of the lake.
Phytoplankton was sampled with water samplers from three depths (surface, middle,
and bottom) of the euphotic zone, and then the water samples taken from these three
depths were mixed for obtaining subsamples. Plankton net with a pore diameter of
50 um was also used for sampling. Samples were fixed with Lugol’s solution.
Identification of the algal taxa was performed with various compound and inverted
microscopes according to the Huber-Pestalozzi (1976) and John et al. (2003).
Identified taxa were checked with the checklist of Aysel (2005), Taskin et al. (2019),
and the database of Turkish algae (Maraslioglu & Goniilol, 2020), and then
determined as new taxa for Turkish freshwater algal flora. The currently accepted
nomenclature and distribution of taxa have been given according to Guiry & Guiry
(2020). Taxa were photographed with a camera attached to various microscopes.

Results
A total of 28 taxa (26 Miozoa, and 2 Haptophyta) are described below.

Phylum: Miozoa
Class: Dinophyceae
Order: Suessiales
Family: Suessiaceae
Genus: Biecheleria

Species: Biecheleria ordinata (Skuja) Moestrup 2018 (Figure 2a)

Synonyms: Gymnodinium ordinatum Skuja 1939, Woloszynskia ordinata (Skuja)
Thompson 1950

Description: Cells flattened dorsoventrally, symmetrical when viewed from the
front, broad oval, 18 pm long, 14 pm wide, and about 8 um thick. Epivalva slightly
larger, with a regular semicircular apex. Hypovalva somewhat smaller and slightly
pointed dome-shaped towards the rear. Cingulum rather deep, very little below the
middle or almost median. Sulcus limited to the hypovalva, well developed.
Ecology: This is freshwater species. The water quality indicator is sensitive.
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Distribution: Europe: Britain, Netherlands, Romania, Scandinavia, Slovakia, Spain,
Sweden. North America: Northwest Territories. Australia and New Zealand:
Queensland, New Zealand.

Occurrence: It has been detected in freshwater habitats (lakes) in Bat1 Akdeniz,
Sakarya, and Akargay basins.

Family: Borghiellaceae

Genus: Borghiella

Species: Borghiella woloszynskae (Pascher) Moestrup 2018 (Figure 2b)
Synonyms: Gymnodinium woloszynskae Pascher 1923, G. veris Lindemann 1925
Description: Cells oval, 20 pm long, 18 pm wide. Epivalva conical with slightly
convex edges. Hypovalva large, broadly rounded at the Antapex. Cingulum
equatorial, broad, almost circular, slightly winding to the left. Sulcus limited to the
hypovalva, also fairly wide, deeply incised, has a comb-like ridge on its right side.
Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Germany. North America: Northwest Territories. Asia: Japan.
Occurrence: It has been detected in freshwater habitats (lakes) in Sakarya and Firat-
Dicle basins.

Order: Dinophyceae ordo incertae sedis
Family: Dinophyceae familia incertae sedis
Genus: Glenoaulax

Species: Glenoaulax inaequalis (Schmarda) Diesing 1866 (Figure 2¢)

Synonym: Glenodinium inaequale Schmarda

Description: Cells ovoid, 22 um long, 18 pm wide. Epivalva considerably reduced
in size than Hypovalva. Epivalva head-shaped to low dome-shaped, narrower, only
about 1/3 as high as the Hypovalva. Hypovalva rounded, asymmetrical, bluntly
pointed towards the Antapex. Cingulum quite broad; Sulcus widened backward.
Ecology: This is freshwater species. The water quality indicator is sensitive/tolerant.
Distribution: --

Occurrence: It has been detected in freshwater habitats (lakes) in the Sakarya basin.

Order: Gymnodiniales
Family: Gymnodiniaceae
Genus: Gymnodinium

Species: Gymnodinium albulum Lindemann 1928 (Figure 2d)
Synonym: Gymnodinium profundum Schiller 1932
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Description: Apical part of the cell hemispherical, the same width or wider than the
antapical part. Antapex narrowly rounded. Cingulum equatorial, circular, broad.
Sulcus uncertain. Cells 17 pm in diameter.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: FEurope: Austria, Baltic Sea, Black Sea, Britain, Germany,
Mediterranean, Scandinavia, Spain. North America: Maryland, Northwest
Territories. Asia: Russia (Far East).

Occurrence: It has been detected in freshwater habitats (lakes) in Sakarya and Firat-
Dicle basins.

Species: Gymnodinium eurytopum Skuja 1948 (Figure 2e)

Synonym: --

Description: Cells broadly ellipsoidal, slightly flattened, 25 pm long, 20 pm wide.
Cingulum well defined, sharply demarcated towards the Epivalva, almost equatorial,
slightly twisted to the right. Sulcus almost restricted to the Hypovalva, rather deep,
little pronounced towards the front. Epivalva almost hemispherical, somewhat less
arched on the left than on the right. Hypovalva hemispherical.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Black Sea, Latvia, Portugal, Scandinavia, Slovakia, Sweden.
Occurrence: It has been detected in freshwater habitats (lakes) in the Firat-Dicle
basin.

Species: Gymnodinium inversum Nygaard 1929 (Figure 2f)

Synonym: --

Description: Cells ellipsoidal, very little flattened dorsoventrally, 30 um long, wide
27 um. Epivalva and Hypovalva broad, irregularly rounded, Hypovalva considerably
larger than Epivalva. Cingulum broad, not very deep, twisting to the left. The sulcus
is rather narrow, extends to the Antapex, and protrudes into the Epivalva. Nucleus
broadly oval lies partly under the Cingulum.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Black Sea, Britain, Denmark, Scandinavia, Slovakia. North
America: Northwest Territories.

Occurrence: It has been detected in freshwater habitats (lakes) in Bat1 Akdeniz and
Firat-Dicle basins.

Species: Gymnodinium inversum var. elongatum Nygaard 1950 (Figure 2g)
Synonym: --

Description: Cells elongate, longer than type, 35 um long, wide 26 um. Epivalva
and Hypovalva equal in size. Epivalva subconical, narrowly rounded at the Apex,
Hypovalva semi-oval. Nucleus central, broadly elliptical.
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Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Britain, Denmark, Scandinavia.

Occurrence: It has been detected in freshwater habitats (lakes) in the Firat-Dicle
basin.

Species: Gymnodinium lantzschii Utermdhl 1925 (Figure 2h)

Synonym: Gymnodinium minimum Lantzsch 1914

Description: Cells small, rounded, 15 pm long, 13 pm wide. Apical part is rounded
at the front, conical, with convex borders, Antapical part broad and flat rounded,
slightly smaller than the Apical part. Cingulum clear, apparently twisted to the left.
Sulcus only indicated. Nucleus central.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: FEurope: Netherlands, Austria, Baltic Sea, Black Sea, Germany,
Scandinavia, Switzerland. Australia and New Zealand: Australia.

Occurrence: It has been detected in freshwater habitats (lakes) in Batt Akdeniz and
Firat-Dicle basins.

Species: Gymnodinium mitratum Schiller 1932 (Figure 21)

Synonym: --

Description: Cells oval, not flattened, circular in cross-section, 25 um long, 15 pm
wide. Apex half-ovoid, longer than the Antapex. Cingulum exactly circular,
somewhat behind the equator, fairly broad and deep, the upper edge somewhat
protruding. Sulcus relatively wider than Cingulum, not reaching Antapex. Nucleus
oval.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Austria, Germany, Mediterranean, Romania. North America:
Mexico (Atlantic, Pacific). Middle East: Egypt. Asia: China.

Occurrence: It has been detected in freshwater habitats (lakes) in Bat1 Akdeniz and
Akarcay basins.

Species: Gymnodinium palustre Schilling 1891 (Figure 2j)

Synonyms: Gymnodinium carinatum Schilling 1891, G. zachariasii Lemmermann
1900

Description: Cells elongated elliptical, 30 um long, 20 um wide. Apex considerably
larger, elongated, bell-shaped, regularly rounded. Antapex short and broad.
Cingulum circular, broad, and + deeply sunk. Sulcus forming a deep, narrow groove.
Nucleus central.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Mediterranean, Black Sea, Britain, Denmark, Germany,
Poland, Slovakia, Sweden. North America: Laurentian Great Lakes. Asia: Japan.

187




188

Tugba Ongun Sevindik, Elif Neyran Soylu, Ayse Nilsun Demir, Abuzer Celekli, Hagim Sémek,
Burak Oterler, Tolga Coskun, Ciineyt Nadir Solak, Faruk Maraslioglu, Tolga Cetin,
Yakup Karaaslan, Hatice Tunca, Ugur Giizel
Turkish Journal of Water Science & Management 5 (2) (2021) /178 - 203

Occurrence: It has been detected in freshwater habitats (lakes) in the Dogu Akdeniz
basin.

Species: Gymnodinium saginatum Harris 1940 (Figure 2k)

Synonym: --

Description: Cells very rounded, 24 um long, 20 um wide. Epivalva and Hypovalva
equal in size, separated by a narrow, deep cingulum; Sulcus rather narrow, extends
to the base of Hypovalva; cell wall quite firm.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Britain.

Occurrence: It has been detected in freshwater habitats (lakes) in the Konya basin.

Species: Gymnodinium tatricum Woloszynska 1919 (Figure 21)

Synonym: --

Description: Cells oval, very slightly flattened, with broadly rounded Epi- and
Hypovalva, 37 um long, 30 um wide. Epivalva semi-oval, Hypovalva not entirely
hemispherical. Epivalva larger and somewhat less flattened dorsoventrally than
Hypovalva. Cingulum broad, slightly twisting to the left. Sulcus incised deep into
the Hypovalva, with a ridged left margin. Nucleus large, oval.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Austria, Poland, Slovakia.

Occurrence: It has been detected in freshwater habitats (lakes) in the Firat-Dicle
basin.

Genus: Nusuttodinium

Species: Nusuttodinium acidotum (Nygaard) Takano & Horiguchi 2014 (Figure 2m)
Synonym: Gymnodinium acidotum Nygaard 1950

Description: Cells broadly pear-shaped, slightly flattened dorsoventrally, 31 um
long, 29 um wide. Epivalva conical, with a narrowly rounded Apex. Hypovalva
about the same size briefly pointed at the Antapex. Cingulum equatorial, broad,
slightly winding to the left. Sulcus straight, running in the middle line of the cell,
narrow, reaching to Antapex. Nucleus median, ellipsoidal.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: FEurope: Netherlands, Denmark. North America: Northwest
Territories, Louisiana, Missouri. Asia: Taiwan, Japan.

Occurrence: It has been detected in freshwater habitats (lakes) in the Firat-Dicle
basin.

Species: Nusuttodinium aeruginosum (Stein) Takano & Horiguchi 2014 (Figure 2n)
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Synonym: Gymnodinium aeruginosum Stein 1883

Description: Cells elongated, dorsoventrally flattened, 20 um long, 16 um wide.
Epivalva larger and slimmer, bell-shaped, rounded. Hypovalva also bell-shaped, but
broader, often slightly indented Antapex. Cingulum completely encircles the body,
slightly post-median, deeply sunk. Sulcus spanning far into the Apical part, reaching
to the rear end.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Baltic Sea, Black Sea, Austria, Czech Republic, Britain,
France, Italy, Germany, Romania, Netherlands, Portugal, Scandinavia, Slovakia,
Denmark, Sweden, Finland. North America: Québec, Tennessee, Maryland. South
America: Argentina, Brazil. Asia: China, Japan, Taiwan, Tajikistan. Australia and
New Zealand: New South Wales, New Zealand, Queensland, Tasmania.
Occurrence: It has been detected in freshwater habitats (lakes) in Sakarya, Akarcay,
and Firat-Dicle basins.

Order: Peridiniales
Family: Peridiniales incertae sedis
Genus: Glenodinium

Species: Glenodinium paululum Lindemann 1928 (Figure 20)

Synonym: --

Description: Cells oval, dorsoventrally hardly flattened, 17 pm long, 9 um wide.
Epivalva conically pointed. Cingulum is relatively broad, circular, slightly
subequatorial. Sulcus very indistinct, on the Epivalva it is only slightly developed,
on the Hypovalva the Sulcus region slopes downwards.

Ecology: This is freshwater species. The water quality indicator is sensitive/tolerant.
Distribution: Europe: Baltic Sea, Black Sea, Romania, Scandinavia.

Occurrence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.

Family: Peridiniaceae
Genus: Parvodinium

Species: Parvodinium africanum var. tatricum (Woloszynska) Moestrup 2018
(Figure 2p)

Synonym: Peridinium africanum var. tatricum (Woloszynska) Schiller 1935
Description: Cells elongated ovate, somewhat slimmer than the type, 32 um long,
24 um wide. The median Apical plate is enclosed by the 4 Apical plates. Hypovalva
with three blunt corners, each with a short spine. Right Antapical plate large. On the
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Hypovalva, the left edge of the lower cingulate ring is covered with few delicate
spines. The right edge of the Sulcus has a larger sting. Nucleus oval, central.
Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Slovakia, Poland, Russia. 4sia: Taiwan.

Occurrence: It has been detected in freshwater habitats (lakes) in Sakarya and Firat-
Dicle basins.

Species: Parvodinium centenniale (Playfair) Carty 2008 (Figure 3a)

Synonym: Peridinium centenniale (Playfair) Lefevre 1932

Description: Cells almost spherical, very weakly flattened dorsoventrally, 45 pm
long, 41 um wide. Epivalva hemispherical, considerably larger than Hypovalva.
Cingulum strongly twisted to the left, with noticeably thick margins. Sulcus spanning
very little over the Epivalva, slightly widening towards the rear.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Netherlands, Slovakia, Spain, France, Poland. Australia and
New Zealand: New South Wales, Queensland, Tasmania. Central America: Belize.
Africa: Ivory Coast, Madagascar. South-east Asia: Indonesia, Sumatra.
Occurrence: It has been detected in freshwater habitats (lakes) in the Sakarya basin.

Species: Parvodinium lubieniense (Woloszynska) Carty 2008 (Figure 3b)
Synonym: Peridinium lubieniense Wolszynska 1916

Description: Cells oval, hardly flattened dorsoventrally, 33 um long, 28 um wide.
Apex opening present. Cingulum broad, very slightly twisting to the left. Sulcus
extends little to the Epivalva, widens very little backward, and does not reach to
Antapical pole. Epivalva bell-shaped, somewhat larger than Hypovalva. Hypovalva
conical, with 5 post-equatorial plates + 2 Antapical plates of equal size. Nucleus
oval, central.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Netherlands, Scandinavia, Spain, Sweden, Black Sea, France,
Germany, Poland, Romania, Ukraine.

Occurrence: It has been detected in freshwater habitats (lakes) in Akargay and Firat-
Dicle basins.

Genus: Peridinium

Species: Peridinium gatunense Nygaard 1925 (Figure 3c¢)

Synonym: Peridinium cinctum var. gatunense (Nygaard) Nygaard 1932
Description: Cells round, slightly wider than long, 42 um long, 40 um wide, very
little flattened dorsoventrally. Epi- and Hypovalva roughly the same size, both are
truncated, conical, with a humped contour. Cingulum strongly twisted to the left,
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broad, at the edges wide hyaline ridges. Sulcus very little, encompassing the
Epivalva, widening little backward, not reaching the Antapical pole. Antapical plates
are always very large and often of the same size.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Netherlands, Sweden, Ukraine. Australia and New Zealand:
New South Wales, Northern Territory, Tasmania, Western Australia. America:
Laurentian Great Lakes, Québec, Tennessee, Belize, Cuba, Argentina, Brazil. Middle
East: Iraq. Asia: China, Myanmar (Burma), Singapore.

Occurrence: It has been detected in freshwater habitats (lakes) in Susurluk,
Kizilirmak, Bat1 Karadeniz, Burdur, Seyhan, Dogu Akdeniz basins.

Species: Peridinium gatunense f. majus Lefévre (Figure 3d)

Synonym: --

Description: Larger than type, 75 um long, without hyaline crests on the edges of
the Cingulum.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: --

Occurrence: It has been detected in freshwater habitats (lakes) in the Firat-Dicle
basin.

Species: Peridinium gutwinskii Woloszynska 1912 (Figure 3e)

Synonym: --

Description: Cells oval, almost circular in cross-section, 35 um long, 30 um wide.
Apex opening present. Epivalva conical. Cingulum deep, divides the cell into an
almost equally large Epivalva and Hypovalva. Sulcus extends to the Epivalva,
expands backward, but does not reach to the rear margin.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: FEurope: Netherlands. South America: Brazil. South-west Asia:
Khandesh. Australia and New Zealand: Northern Territory.

Occurrence: It has been detected in freshwater habitats (lakes) in the Asi basin.

Species: Peridinium volzii var. cyclicum Lindemann (Figure 3f)

Synonym: --

Description: Differs from the main type only in the mutual location of the Apical
plates. The ventral and median apical Plates are as long as wide; they are arranged
more circularly and smaller than the type. Cell 56 um long, 50 um wide.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: --

Occurrence: It has been detected in freshwater habitats (lakes) in the Sakarya basin.
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Family: Peridiniopsidaceae
Genus: Peridiniopsis

Species: Peridiniopsis armata (Levander) Stein & Borden 1980 (Figure 3g)
Synonym: Glenodinium armatum Levander 1900

Description: Cells almost spherical, 19 um long, 18 um wide, with a short sting on
the left side of the rear edge. Epivalva significantly larger than Hypovalva. Cingulum
slightly twisting to the left. Sulcus limited to the Hypovalva, running to the rear end.
Nucleus oval, located in Antapical part.

Ecology: This is freshwater species. The water quality indicator is sensitive/tolerant.
Distribution: Europe: Baltic Sea, Scandinavia. North America: Laurentian Great
Lakes, Québec. Middle East: Traq. Asia: Russia (Far East).

Occurrence: It has been detected in freshwater habitats (lakes) in Batt Akdeniz and
Burdur basins.

Species: Peridiniopsis kulczynskii (Woloszynska) Bourrelly 1968 (Figure 3h)
Synonym: Peridinium kulczynskii Woloszynska 1916

Description: Cells oval, slightly flattened dorsoventrally, Apex opening present, 36
um long, 31 pm wide. Cingulum twisting to the left. Sulcus slightly overlapping the
Epivalva, expanded on Hypovalva, reaching to the rear end. Valves in the same size.
Epivalva and Hypovalva rounded. Nucleus oval, central.

Ecology: This is freshwater species. The water quality indicator is sensitive/tolerant.
Distribution: Europe: Denmark, Poland. North America: Laurentian Great Lakes,
Kansas. Middle East: Iraq.

Occurrence: It has been detected in freshwater habitats (lakes) in Burdur and
Seyhan basins.

Species: Peridiniopsis pygmaea var. brigantina (Lind.) Moestrup & Calado 2018
(Figure 31)

Synonym: Peridinium pygmaeum f. brigantinum Lindemann 1923

Description: Differs from the main type in the considerable reduction in the size of
the 3 Apical plates. Cell 50 pum long, 36 pm wide.

Ecology: This is freshwater species. The water quality indicator is sensitive/tolerant.
Distribution: --

Occurrence: It has been detected in freshwater habitats (lakes) in the Firat-Dicle
basin.

Family: Protoperidiniaceae
Genus: Protoperidinium
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Species: Protoperidinium achromaticum (Levander) Balech 1974 (Figure 3j)
Synonym: Peridinium achromaticum Levander 1902

Description: Cells rhombic, dorsoventrally slightly flattened, marginalized at the
rear end, 28 um long, 30 um wide. Apex opening present. Cingulum almost circular.
Sulcus limited to the Hypovalva, broad, carrying a small spine on the right, ending
on the posterior end of the Hypovalva with a clearly defined, arched ridge. Epivalva
conical. Nucleus elongated kidney-shaped, central.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: FEurope: Latvia, Netherlands, Baltic Sea, Black Sea, Britain,
Helgoland, Scandinavia. North America: Mexico. South America: Brazil. South-west
Asia: Lebanon. Asia: Caspian Sea, China, Russia (Far East), Tajikistan. Australia
and New Zealand: Australia.

Occurrence: It has been detected in freshwater habitats (lakes) in the Susurluk basin.

Phylum: Haptophyta

Class: Coccolithophyceae
Order: Prymnesiales

Family: Chrysochromulinaceae
Genus: Chrysochromulina

Species: Chrysochromulina parva Lackey 1939 (Figure 3k)

Synonym: Erkenia subaequiciliata Skuja 1948

Description: Cells ovoidal, 5 um wide and 3 um thick; flagella two per cell, 10 pm
long; chloroplasts two.

Ecology: This is freshwater species. The water quality indicator is tolerant.
Distribution: Arctic: Svalbard (Spitsbergen). Europe: Black Sea, Britain, Germany,
Netherlands, Romania, Scandinavia, Slovakia, Sweden, Spain. North America:
Arkansas, Northwest Territories, Ontario, Québec. South America: Brazil. Asia:
India, China. Middle East: Israel.

Occurrence: It has been detected in freshwater habitats (lakes) in the Antalya basin.

Order: Coccolithales
Family: Hymenomonadaceae
Genus: Hymenomonas

Species: Hymenomonas roseola Stein 1878 (Figure 31)

Synonym: Hymenomonas stagnicola (Chodat & Rosillo) Kamptner

Description: Motile cells metabolic, ellipsoidal, 25 um long, 12 um wide; slightly
emarginate at anterior end; flagella two per cell; haptonema short; coccoliths circular
with a jagged top.

193




194

Tugba Ongun Sevindik, Elif Neyran Soylu, Ayse Nilsun Demir, Abuzer Celekli, Hagim Sémek,
Burak Oterler, Tolga Coskun, Ciineyt Nadir Solak, Faruk Maraslioglu, Tolga Cetin,
Yakup Karaaslan, Hatice Tunca, Ugur Giizel
Turkish Journal of Water Science & Management 5 (2) (2021) /178 - 203

Ecology: This is brackish water species. The water quality indicator is tolerant.
Distribution: Europe: Britain, Czech Republic, Germany, Netherlands, Romania,
Scandinavia, Slovakia, Sweden. Caribbean Islands: Cuba.

Occurrence: It has been detected in brackish water habitats (lakes) in the Antalya

basin.

Figure 2

Sixteen New Records of Miozoa Taxa

Note. a. Biecheleria ordinata, b. Borghiella woloszynskae, ¢. Glenoaulax inaequalis, d. Gymnodinium
albulum, e. Gymnodinium eurytopum, f. Gymnodinium inversum, g. Gymnodinium inversum var.
elongatum, h. Gymnodinium lantzschii, i. Gymnodinium mitratum, j. Gymnodinium palustre,
k. Gymnodinium saginatum, 1. Gymnodinium tatricum, m. Nusuttodinium acidotum, n. Nusuttodinium
aeruginosum, o. Glenodinium paululum, p. Parvodinium africanum var. tatricum.
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Figure 3

Ten New Records of Miozoa and Two New Records of Haptophyta Taxa

Note. a. Parvodinium centenniale, b. Parvodinium lubieniense, c. Peridinium gatunense,
d. Peridinium gatunense f. majus, e. Peridinium gutwinskii, f. Peridinium volzii var. cyclicum,
g. Peridiniopsis armata, h. Peridiniopsis kulczynskii, 1. Peridiniopsis pygmaea var. brigantina,
J. Protoperidinium achromaticum, k. Chrysochromulina parva, 1. Hymenomonas roseola.
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Discussion and Conclusion

A total of 28 taxa were determined as new records for Turkish freshwater
algae in the divisions of Miozoa, and Haptophyta.

Miozoa contributes to the new records with 26 taxa and these taxa are into
genus Biechleria, Borghiella, Glenoaulax, Gymnodinium (9), Nusuttodinium (2),
Glenodinium, Parvodinium (3), Peridinium (4), Peridiniopsis (3), and
Protoperidinium. The species of Miozoa are found in marine waters as well as fresh
waters as planktonic and rarely parasitic species (Keshri et al., 2013; Gémez, 2012).
Rawson (1956) determined the members of Miozoa in mesotrophic waters. Their
ecological states are generally sensitive, but Glenoaulax inaequalis, Glenodinium
paululum, Peridiniopsis armata, Peridiniopsis kulczynskii, and Peridiniopsis
pyvgmaea var. brigantina are sensitive/tolerant.

Although all of them were recorded in Europe, some species were found in
Australia and New Zealand, Asia, North and South America. Only Parvodinium
centenniale were determined in Africa (Guiry & Guiry, 2020). The identified
members are freshwater species in Kizilirmak, Burdur, Seyhan, Bati Akdeniz,
Konya, Susurluk, Sakarya, Yesilirmak, Bati Karadeniz, Akarcay, Dogu Akdeniz,
Firat-Dicle, and Asi basins.

The two taxa (Chrysochromulina parva and Hymenomonas roseola) were
recorded as new records in Haptophyta. These taxa were the first record identified in
freshwater and brackish water habitats in Turkey. Both species were found in the
Antalya basin. C. parva is a cosmopolitan species and has been observed almost
worldwide (Kristiansen, 1971; Diaz & Lorenzo, 1990; Wujek & Saha, 1991). Hansen
et al. (1994) have reported that this species can grow in mass development, and this
feature caused to toxic effects for fishes. C. parva has been found in the Arctic,
Europe, North America, South America, China, and Middle East (Guiry & Guiry,
2020). H. roseola inhabits highly eutrophic waters such as polluted rivers but this
species have been observed in various ponds and small lakes (Lackey, 1939; Huber-
Pestalozzi 1941; Bourrelly, 1968). The species generally prefers the brackish waters.
The distribution of H. roseola is in Europe and the Caribbean Islands (Guiry &
Guiry, 2020).

In conclusion, 28 new records were added to the freshwater algal flora of
Turkey with this study. It was observed that these taxa were distributed in different
regions of the world. The number of new records for the algal flora of Turkey is
expected to increase in the future.
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Extended Turkish Abstract
(Genisletilmis Tiirk¢e Ozet)

Tiirkiye’deki 25 Nehir Havzasindan Tiirkiye Tath Su Alg Florasi i¢in Yeni Kayitlar, Boliim
II1: Miozoa, Haptophyta

Avrupa Birligi Su Cergeve Direktifi'ne (SCD) gore biyolojik kalite bilesenlerinden biri
olarak kabul edilen fitoplankton izerine Tiirkiye’de yapilan taksonomik ve ekolojik ¢alismalarin
sayis1 her gegen giin artmaktadir. Avrupa Birligi’ne uyum ¢ergevesinde Tarim ve Orman Bakanligi
Su Yénetimi Genel Miidiirliigii (SYGM) ve bagl kurulusu Devlet Su Isleri (DSI) tarafindan biyolojik
kalite bilesenleri de dikkate alinarak gerceklestirilen ¢ok sayida proje bulunmaktadir. Birgok farkli
nehir havzasinda yapilan su kalitesi izleme ¢alismalari, bazi gdl yonetim plani ¢alismalari, biyolojik
kalite bilesenleri kullanilarak su kalitesini belirlemek icin gelistirilen indeks gelistirme projeleri
tamamlanmistir. “Tiirkiye’de Referans Izleme Agmin Kurulmasi” Projesinin bir pargasi olan bu
calisma Su Yonetimi Genel Miidiirliigii tarafindan mali ve teknik olarak desteklenmistir. Proje
kapsaminda 25 nehir havzasinda 275 gol calisiimis ve toplam 1363 fitoplankton taksonu tespit
edilmistir. Bu taksonlardan 63 tanesi Miozoa, 2 tanesi Haptophyta divizyolarina aittir.

Bugiine kadar diinya genelinde yapilan ¢aligmalarda 3550 Miozoa ve 773 Haptophyta
taksonu tanimlanmistir. Miozoa divizyosunun birgok tiirii serbest yiizen, tek hiicreli organizmalardir
ve bu grubun iyeleri tatli sularda hem gol ve baraj golii gibi biiyiik hacimli su kiitlelerinde hem de
golet gibi daha kiigiik hacimli su kiitlelerinde bulunmaktadir. Haptonema denen essiz bir organele
sahip Haptophyta divizyosu tiyeleri ise denizel ortamlarda yaygindirlar. Tatli su habitatlarinda az
sayida planktonik tiirlin varlig1 bilinmektedir.

Dort farkli iklim tipinin etkisi altinda olmasi ve cografik olarak farkli yiiksekliklerin
bulunmasi sebebiyle Tiirkiye’de bulunan gollerin morfometresi ve hidrolojisi de farkliliklar
gostermektedir ve bu durum alg biyogesitliligini de desteklemektedir. Son yillarda Tiirkiye alg florasi
icin ¢ok sayida yeni kayit bildirilmistir ve tespit edilen toplam alg sayist artis gostermistir. Bu
calismanin amaci da Tiirkiye alg florasina tespit edilen yeni kayitlar ile katkida bulunmaktir.

Tiirkiye’de bulunan 25 nehir havzasinda 200 kadar dogal gol, 806 kadar baraj golii ve 1000
kadar goletin var oldugu tespit edilmistir. 25 nehir havzasinda gergeklestirilen bu galismada ise baraj
golleri de dahil olmak tizere 275 g6l 6rneklenmistir. Calisilan gdllerin 22 gél tipolojisinde gruplandig:
belirlenirken, 26°19" - 43°54’D ve 35°56" - 42°00'K koordinatlar1 arasinda bulunduklar1 tespit
edilmistir. Uzerinde galisma yapilan gollerin cografi olarak deniz seviyesi (Gala Gélii) ile 2757 m
(Camlu Golii) arasindaki farkli yiiksekliklerde dagilim gosterdikleri goriilmektedir.

2017 ve 2019 tarihleri arasinda her bir golde yilda {i¢ defa (ilkbahar, yaz, sonbahar) olmak
iizere bir, iki ya da ti¢ farkli istasyondan fitoplankton 6rneklenmistir. Gol ylizey alan1 50 hektardan
kiigiik goller igin bir, 50 ve 500 hektar arasi olan géller igin iki, 500 hektardan biiyiik géller igin {i¢
ornekleme istasyonu segilmistir. Istasyonlardan biri goliin en derin noktasinda segilmistir. Ofotik
bdlgenin (Secchi diski derinligi x 2.5) {i¢ farkli derinliginden (yiizey, orta ve dip) su 6rnekleyicisi ile
alinan su Ornekleri karistirilarak alt su numunesi alinmistir. 50 pm g6z agikligina sahip plankton
kepgesi de Ornekleme sirasinda ayrica kullanilmistir.  Alg taksonlarmin teshisi  farkli
laboratuvarlardaki 151k ve ters mikroskoplar kullanilarak gergeklestirilmis ve mikroskoplara bagh
kameralar vasitasiyla fotograflari ¢ekilmistir. Taksonlarin yeni kayit olup olmadigi Tirkiye’deki
giincel literatiirlerde yer alan kayitlarla karsilastirilip tespit edilmistir. Ayni zamanda takson
isimlerinin giincelligi kontrol edilip tiirlerin diinyadaki dagilim1 da belirlenmistir.
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Bu ¢alismada Tiirkiye tatli su algleri i¢in yeni kayit olarak 26 Miozoa ve 2 Haptophyta
taksonu tanimlanmistir. Miozoa divizyosunda bulunan taksonlar Biechleria, Borghiella, Glenoaulax,
Gymnodinium (9), Nusuttodinium (2), Glenodinium, Parvodinium (3), Peridinium (4), Peridiniopsis
(3), ve Protoperidinium cinsleri icinde dagilim gostermistir. Miozoa tiirlerinin denizel ekosistemlerin
yaninda tatli su ekosistemlerinde de planktonik ve nadiren de parazitik olarak dagilim gosterdikleri
bilinmektedir. Ayni zamanda daha ¢ok mezotrofik ortamlar: tercih ettikleri tespit edilmistir. Yeni
kayit olarak tespit edilen Miozoa taksonlarinin bitylik cogunlugunun ekolojik durumu hassas olarak
tespit edilmekle birlikte, Glenoaulax inaequalis, Glenodinium paululum, Peridiniopsis armata,
Peridiniopsis kulczynskii ve Peridiniopsis pygmaea var. brigantina taksonlarinin hassas/toleranslt
olduklar1 belirlenmistir.

Her ne kadar tespit edilen taksonlar diinya geneline bakildiginda genellikle Avrupa’da kayit
edilse de bazi tiirlerin Avustralya, Yeni Zelanda, Asya, Kuzey ve Giliney Amerika’da da rapor edildigi
goriilmektedir. Sadece Parvodinium centenniale tirii Afrika’da bulunmustur. Tiirkiye’de bu taksonlar
Kizilirmak, Burdur, Seyhan, Bati Akdeniz, Konya, Susurluk, Sakarya, Yesilirmak, Bat1 Karadeniz,
Akarcay, Dogu Akdeniz, Firat-Dicle ve Asi havzalarinda kayit edilmistir.

Sadece Chrysochromulina parva ve Hymenomonas roseola olarak iki takson Haptophyta
divizyosunda tespit edilmistir. Her iki tiir de Antalya Havzasinda bulunmaktadir. C. parva
kozmopolitan bir tiirdiir ve diinya iizerinde bir¢ok farkli bolgede rapor edilmistir. Kuzey kutbu,
Avrupa, Kuzey Amerika, Giiney Amerika, Cin, orta dogu bu tiiriin tespit edildigi bolgelere 6rnek
olarak verilebilir. Ayrica bu tiiriin asirt gogalma gosterebildigi ve bu durumun baliklar i¢in toksik etki
olusturabildigi bildirilmistir. H. roseola kirli nehirler gibi ¢ok 6trofik ortamlarda bulunabilmektedir
fakat ayn1 zamanda birgok farkli gdlet ve kiigiik golde de tespit edilmistir. Ayn1 zamanda ac1 su
ortamlarini da tercih edebilmektedir. H. roseola tiiriiniin Avrupa’da ve Karayip Adalarinda dagilim
gosterdigi gortilmektedir.

Sonug olarak, bu ¢alisma ile birlikte 28 yeni kayit Tirkiye tatl su alg florasina eklenmistir.
Bu taksonlarin diinyanin farkli bolgelerinde de dagilim gosterdikleri tespit edilmistir. Ilerleyen
yillarda yapilan ¢alismalarda Tiirkiye alg floras1 igin yeni kayitlarin sayisinin artmasit beklenmektedir.
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Abstract

Turkish lakes have different morphometric and hydrological features as a result of different climates
and noticeable altitude differences in Turkey that are necessary conditions to occur different habitats
for algal diversity. The total number of algae taxa in the flora of Turkey has increased due to the
growing number of studies on phytoplankton taxonomy and ecology in the last 40 years. This study
aims to describe new planktonic algal taxa for the Turkish freshwater algal flora. A total of 56
Ochrophyta taxa were determined in this study, conducted from 2017 to 2019 in lakes lies in 25 river
basins of Turkey. In 275 lakes, samples of phytoplankton were collected with water samplers from
three depths (surface, middle, and bottom) of the euphotic zone, and then subsamples were obtained
by mixing the water samples taken from these three depths. The plankton net with a pore diameter of
50 um was also used for collecting samples of phytoplankton. The algal taxa was identified by using
different types of compound and inverted microscopes in many laboratories. 30 Ochrophyta taxa of
which were determined in this study, were reported as a new record for the first time for the freshwater
algal flora of Turkey.
Keywords: Ochrophyta, freshwater algae, new record, Turkey

Oz

Tiirkiye golleri, Tiirkiye farkli iklim tiplerine ev sahipligi yaptigindan ve cografik olarak yiikseklik
farkliliklar1 bulundurdugundan dolay: farkli morfometrik ve hidrolojik yapiya sahip olup, bu durum
alglerin biyocesitliligi i¢in farkli habitat tipleri saglamaktadir. Son 40 yilda, fitoplankton taksonomisi
ve ekolojisi alaninda yapilan ¢alismalarin artmasi sebebiyle Tiirkiye florasindaki toplam alg taksonu
sayist artmistir. Bu c¢alisma, Turkiye tatlhi su alg florasi i¢in yeni planktonik alg taksonlarini
tanimlamay1 amaglamaktadir. 2017 ve 2019 yillart arasinda Tiirkiye’deki 25 nehir havzasinda
bulunan goéllerde yapilan ¢alismada Ochrophyta divizyosuna ait 56 takson tanimlanmistir. 275 gdlde
yapilan bu ¢alismada fitoplankton 6rnekleri 6fotik derinligin 3 farkli bolgesinden (yiizey, orta, dip)
su ornekleyicileri ile toplanmistir. Daha sonra bu {i¢ derinlikten alinan su drnekleri karistirilarak su
numuneleri alinmistir. 50 um g6z agikligina sahip plankton kepgesi de drnekleme sirasinda ayrica
kullanilmistir.  Alg taksonlarmin teshisi farkli laboratuvarlardaki 1sik ve ters mikroskoplari
kullanilarak gerceklestirilmistir. Calisma sirasinda, Tirkiye tatli su alg florast i¢in ilk defa
Ochrophyta divizyosuna ait 30 yeni takson bulunmustur.
Anahtar kelimeler: Ochrophyta, tatl su algi, yeni kayit, Tiirkiye

Introduction

The number of studies on phytoplankton taxonomy and ecology, accepted as
one of the biological quality elements according to the EU Water Framework
Directive (WFD) (European Parliament & Council, 2000), has notably increased in
recent years in Turkey. Due to Turkey’s EU accession process, several projects,
specified for biological quality components and funded by Directorate General for
Water Management (DGWM) and General Directorate of State Hydraulic Works
(DSI) of the Ministry of Agriculture and Forestry, have been implemented
successfully. Many studies for monitoring water quality of different river basins, a
few studies for development and implementation of lake-management plans, and
some index development projects to determine water quality by using biological
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quality components have been completed (DGWM, 2020). This study is an outcome
of one of these projects.

Planktonic Ochrophyta species are mostly unicellular or colonial flagellates,
predominantly occurring in freshwater (John et al., 2003). Chrysophyceae,
Synurophyceae, and Xanthophyceae are the main plankton groups that are found in
a freshwater environment. They were mostly reported in relatively unpolluted
freshwaters and good indicators of water quality (Harper et al., 2012).

Until now, in previous studies, more than 4325 Ochrophyta taxa were listed
in the world (Guiry & Guiry, 2020), while 223 Ochrophyta taxa were recorded in the
flora of Turkey. However, only 51 taxa were identified as freshwater taxa (Tagkin et
al., 2019; Maraslioglu & Goniilol, 2020). In consequence of four different types of
climate and noticeable altitude differences in Turkey, its lakes have different
morphometric and hydrological features that are appropriate conditions for different
algal species. In recent years, many new records were given for the algal flora of
Turkey. A total of 250 new taxa were reported in Bacillariophyta (23), Chlorophyta
(84), Charophyta (68), Cryptophyta (7), Cyanobacteria (22), Euglenozoa (25),
Miozoa (11), Ochrophyta (8), and Rhodophyta (2) divisions. These records were
mainly found in Susurluk, Sakarya, Firat - Dicle, Yesilirmak, Marmara, Dogu
Karadeniz, Coruh, Burdur, and Antalya basins. It has been seen that the contribution
to new records is highest in Sakarya and Firat - Dicle basins which have the largest
surface area (Aysel et al., 1993; Oztiirk et al., 1995a, 1995b; Sahin, 2000, 2002,
2007, 2009; Yagcr & Turna, 2002; Atici, 2002; Baykal et al., 2009; Sevindik et al.,
2010,2011,2015,2017; Ozer et al., 2012; Akar & Sahin, 2014; Yiice & Ertan, 2014;
Varol & Fucikova, 2015; Varol & Sen, 2016; Maraslioglu & Soylu, 2018; Sahin &
Akar, 2019a, 2019b; Morkoyunlu & Aktas, 2020). As a consequence of these studies,
the total number of taxa have increased in Turkey (Tagkin et al., 2019; Maraslioglu
& Gondtilol, 2020). Similar studies were done and new records were recorded in
different parts of the world (Khondker et al., 2006; Alfasane & Khondker, 2007;
Oliveira et al., 2013; Bartozek et al., 2018; Akhtar et al., 2019).

This study is one of the outcomes of the “Establishment of Reference
Monitoring Network in Turkey” project, financially and technically supported by
DGWM. In this project, 275 lakes in 25 river basins were studied, and a total of 1363
phytoplankton taxa were detected. 56 of total taxa were determined as Ochrophyta
and 30 of the total number of Ochrophyta were recorded as new records for Turkish
freshwater algae.
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Materials and Methods
Study Area

Turkey has 25 river basins (Figure 1), and inland water bodies in these basins
consist of 200 natural lakes, 806 reservoirs, and 1000 ponds (Foreign Relation Office
of DSI, 2014). The natural lakes are mainly distributed in Burdur, Susurluk, Van and
Konya basins (Hosgoren, 1994).

Figure 1
River Basins of Turkey
25'00°E 30°0'0"E 35°0'0"E 40°0'0"E 45°0'0"E

40°0'0"N

40°0'0"N

35°0'0"N
35°0'0"N

0 75 150 300 450 600
O S ———
30°00"E 35°00"E 40°0'0"E 45°00"E

A total of 275 lakes, including reservoirs in 25 river basins, were sampled
during the study. These lakes are given in Table 1. These lakes are grouped in 22
lake typologies based on altitude, lake depth, lake size, and geology (DGWM, 2015),
and they are located between the longitudes of 26°19” and 43°54 E and the latitudes
0f 35°56" and 42°00'N. The altitudes of the lakes vary between from sea level (Lake
Gala) and 2757 m (Lake Camlu).
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Table 1

Lakes Where the Research Was Conducted in the 25 River Basins

Basins

The number of studied lakes

Name of lake

Burdur

Akargay

Sakarya

Bat1 Karadeniz

Dogu Karadeniz

Yesilirmak

Kizilirmak

Merig-Ergene

Marmara

Antalya

Bat1 Akdeniz

6

10

23

14

14

23

13

Acigol L., Burdur L., Karatag L, Salda L., Tefenni P.,
Kegiborlu Giineykent Uzundere P.

Aksehir L., Eber L., Akdegirmen R., 26 Agustos TP L.,
Karamik R., Agzikara P., Tiaztepe P., Gezler P., Sehit
Uz. Cvs. Nurullah Oymak P., Tazlar Sat1 Gelin P.

Taskisigi L., Akgol 2 L., Cubuk L., Poyrazlar L.,
Sapanca L., Istk Dagi1 Karag6l L., Cavuscu L., Mogan
L., Uglerkayasi P., Cubuk Karagél L., Eymir L., Akgdl
1 L., Kugik Akgol L., Avdan L., Kayuslu L.,
Karamurat L., Ciineyt S6nmez P., Cilginlar P., Yildirim
Evci P., Ovacik L., Siiliiklii L., Camkoru TP P., Anagol
L.

Nazli L., Biiytik L., Derin L., Parcayir L., Abant L.,
Dipsiz L., Golciik L., Kegi L., Yeni¢aga L., Kuyudiizii
L., Erze L., Koca L., Kuru L. Natural Park, Sazli L.
Gaga L., Sera L., Ulugél L., Uzungdl L., Camlu L.,
Cakir L., Limni L.

Akgol L., Asagitepecik (Golova) L., Boraboy P.,
Biiyiik L., Diiden L., Kaz L., Ladik L., Uyuz L.,
Karacadéren Mevki L., Dipsiz L. 2, Sarigicek L.,
Yenihayat R., Dipsiz L. 1, Zinav L.

Golbel L., Ulas L.-2, Biiyiik Lota L., Hafik L., Kiigiik
Lota L., Todiirge L., Ar1 L., Aygir L., Bakkal L., Dipsiz
L., Elekci L., Ulas L.-1, Ulas L.-3, Deniz L., Yesilgol
1 L., Bardak¢ili Mevki L., Yenidanisment Mevki L.,
Palanga L., Sugiylan Mevki L., Kayabas1 L., Kuru L.,
Sirag L., Kizilgam L.

Gala L., Sigirer L., Pamuklu L., Uskiip Sulama P.,
Domuz L.

Habibler Mevki P., Great Dipsiz L., Iznik L., Koca L.,
Karamaden L., Danamandira L.-1, Danamandira L.-2,
Small Dipsiz L., Sinekli L.

Egirdir L., Kovada L., Golciik L., Cemalalan: L.,
Duruca L., Egri L., Kiillii L., Titreyen L., Diiden L.

Golhisar L., Girdev L., Avlan L., Dalaman Wetlands,
Denizcik L., Kocagdl L., Kusuru L., Kdycegiz L.,
Kiigiikdalyan L., Yesilgdl L., Yazir L., Baranda L.,
Pozan L.
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Table 1
(Continued)
Basins The number of studied lakes Name of lake
Nazli L., Biiylik L., Derin L., Par¢ayir L., Abant L.,
Biiyiik Menderes 13 Dipsiz L., Golciik L., Keci L., Yenigaga L., Kuyudiizii
L., Erze L., Koca L., Kuru L. Natural Park, Sazli L.
. Golciik L., Demirkoprii R., Marmara L., Gordes R.,
Gediz 6 . -
Karagoél L., Kiigiikler R.
Kuzey Ege 5 Boz L., Giizelhisar R., Karagdl L., Sevisler R., Tepe L.
- Catal L., Tahtali R., Alagat1 R., Belevi L., Gebekirse L.,
Kiigiik Menderes 6 Urkmez R.
Sariot L., Beysehir L., Tuz L., Silleymanhaci L., Gok
Konya 13 (Kozanl) L., Meke L. (Meke Maar1), Gavur L., Dipsiz
L., Acigdl L. 2, Baki L., Uyuz L., Acigél L. 1, Kay1 L.,
Diiden L., Kovali L., Kopek L., Kiigiik L., Siiliiklii L.
Manyas L., Uluabat L., Adsiz-1 L., Gélbast L., Golciik
Susurluk 9 g i I -
L., Ikizcetepeler R., Karagol L., Kilimli L., Nilifer R.
Aras 3 Aktag L., Cildir L., Aygir L.
Coruh ] Adsiz L., Boga L., Balik L., Sa\isat Karagol L., Cil L.,
Borcka Karagdl L., Tortum L., Uriinlii P.
Kaz L., Ahir L., Haghi L., Korlu L., Hazar L., Karagol
Firat-Dicle 17 L., Yesildere P., Paland6ken P., Giifoymak R., Kalecik
R., Kapiagmaz P., Dedeyolu P., Giizelyurt Sulama P.,
Hasancik P., incesu P., Otlukbeli L., Siverek Yeleken P.
Van 7 Akgol L., Ergek L., Bostanigi P., Arin L., Aygir L., Van
L., Nazik L.
Reyhanlt (Yenihisar) L., Yayladag R., Tahtakoprii R.,
Asi 8 Karagél L., Adsiz L., Yarseli R., Ugpmar P., Sapkanli
P.
Golbas1 L., Kartalkaya R., Kara L., B. Yapalak P.,
Korkmaz P., Zorkun P., Merk P., Yamacoba P.,
Ceyhan 18 Kizilinis P., Ariklikas P., Karacadren P., Meletmez P.,
Postkabasakal P., Bagtepe P., Zerdali P., Kozan Aydin
P., Yumurtalik Zeytinbeli P., Yumurtalik Ayvalik P.
Aygir L., Uzun L., Degirmendere P., Cemilli Cevlik P.,
Dogu Akdeniz 12 Hacinuhlu Kelce P., Akin P., Kiziloz P., Bagyayla P.,
Goktepe P., Bagbasi R., Yassibag P., Hadim-Inonii P.
Bahgelik R., Tufanbeyli Demiroluk P., Adsiz L.,
Seyhan 12 Peﬂkm"ezuli-(;atalgam P, "l:ufan.beyli Doganbeyli P.,
Glimiisoren R., Sihli P., Délekli P., Kiliglt P., Topacik
P., Hiisniye P., Cavuslu P.
Total 275

L: Lake; P: Pond; R: Reservoir; R: Reeds
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Sampling and Identification

Phytoplankton was sampled three times (spring, summer, and autumn) a year
in 2017, 2018, and 2019 at the one, two, or three monitoring stations in each lake.
The number of stations to be sampled were determined as one station for lakes that
have a surface area smaller than 50 ha, two stations for lakes having a surface area
between 50 and 500 ha, and three stations for lakes with a surface area higher than
500 ha ((Yer Ustii Sular1, Yer Alt1 Sular1 ve Sedimentten Numune Alma ve Biyolojik
Ornekleme Tebligi, 2015). One of the selected stations was determined at the deepest
point of the lake. In 275 lakes, samples of the phytoplankton were collected with a
water sampler from three depths (surface, middle, and bottom) of the euphotic zone
(Secchi disk depth x 2.5), and then subsamples were obtained by mixing the water
samples, taken from these three depths. Plankton net with a pore diameter of 50 pm
was also used for collecting samples of phytoplankton. All samples were fixed with
Lugol’s solution. The algal taxa were identified by using different types of the
compound and inverted microscopes in many laboratories according to the
identification books of Huber-Pestalozzi (1962) and John et al. (2003). Identified
taxa were checked with the checklist of Aysel (2005), Taskin et al. (2019), and the
database of Turkish algae (Maraslioglu & Goniilol, 2020), and then determined as
new taxa for Turkish freshwater algal flora. The currently accepted nomenclature
and distribution of taxa have been given according to Guiry and Guiry (2020). The
new records were photographed with the cameras attached to the microscopes.

Results
A total of 30 Ochrophyta taxa are described below.

Phylum: Ochrophyta
Class: Bikosea
Order: Bicoecida
Family: Bicoecidae
Genus: Bicosoeca

Species: Bicosoeca planctonica Kisselev 1931 (Figure 2a)

Synonym: --

Description: Lorica bell-shaped, with a button-shaped bulge at the base, yellowish,
composed of about 10 rings stacked in parallel, 14 pm long, width at the mouth 13
pm.

Ecology: This is freshwater species. The water quality indicator is tolerant.
Distribution: Europe: France, Romania, Scandinavia, Slovakia, Sweden.
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Occurrence: It has been detected in freshwater habitats (lakes) in the Yesilirmak
basin.

Class: Chrysophyceae
Order: Hibberdiales
Family: Stylococcaceae
Genus: Bitrichia

Species: Bitrichia chodatti (Reverdin) Chodat 1926 (Figure 2b)

Synonym: Diceras chodatii Reverdin 1917

Description: Cells surrounded by a hyaline lorica with 2 curved processes, one often
more curved than the other, 35 um and 20 pm long respectively. Chloroplast single
and without an eyespot. Cells 14 um long, 6 pm wide.

Ecology: This is freshwater species. The water quality indicator is tolerant.
Distribution: FEurope: Netherlands, Slovakia, Baltic Sea, Britain, Germany,
Scandinavia, Spain. North America: Northwest Territories, Québec. Middle East:
Israel.

Occurrence: It has been detected in freshwater habitats (lakes) in the Yesilirmak
basin.

Order: Chromulinales
Family: Chromulinaceae
Genus: Chromulina

Species: Chromulina annulata Conrad 1930 (Figure 2c¢)

Synonym: --

Description: Cells ovate, 1.5 times longer than wide, broadly rounded at the back, 5
pm long, 3 pm wide. Flagella apical, 1.5 times longer than the body. Chloroplast
single, without an eyespot.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: --

Occurrence: It has been detected in freshwater habitats (lakes) in the Sakarya basin.

Species: Chromulina ovalis Klebs 1893 (Figure 2d)

Synonym: --

Description: Cells ellipsoidal, 8 um long, 5 um wide. Flagella 1.5 times longer than
the body. Chloroplast single, with an eyespot, and without a pyrenoid.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Black Sea, Britain, Germany, Latvia, Netherlands, Romania,
Slovakia, Spain, Sweden. North America: Northwest Territories. South America:
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Argentina. Asia: India, China, Japan, Taiwan. Australia and New Zealand: New
South Wales, Queensland.
Occurrence: It has been detected in freshwater habitats (lakes) in the Coruh basin.

Species: Chromulina sphaeridia J. Schiller 1929 (Figure 2e)

Synonym: --

Description: Cells regularly spherical, 7 um in diameter. Flagella 2.5 times longer
than the body. Chloroplast two, without an eyespot.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Slovakia.

Occurrence: It has been detected in freshwater habitats (lakes) in Batt Akdeniz and
Sakarya basins.

Species: Chromulina wislouchiana Bourrelly 1957 (Figure 2f)

Synonym: Chrysoglena verrucosa Wislouch 1914

Description: Cells irregularly ellipsoidal, 20 pm long, 12 pm wide, with walls
densely covered with rounded warts. Flagella one per cell. Chloroplast single and
large, with an eyespot and without a pyrenoid.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Britain

Occurrence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.

Genus: Ochromonas

Species: Ochromonas granulosa H. Meyer 1897 (Figure 2g)

Synonym: --

Description: Cells solitary, naked, with two unequal flagella. Cells ovoid, with
tapered tail, 15 pm long, 8 pm wide. Chloroplast two, small, reduced, with an
eyespot. Main flagellum as long as body-length.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Germany

Occurrence: It has been detected in freshwater habitats (lakes) in Sakarya and
Akarcay basins.

Family: Dinobryaceae
Genus: Chrysococcus

Species: Chrysococcus minutus (F. E. Fritsch) Nygaard 1932 (Figure 2h)
Synonym: Trachelomonas volvocina f. minuta Fritsch 1918
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Description: Lorica spherical, 5,5 um in diameter, brown. Chloroplast single; one
eyespot.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: South-west Asia: India. Arctic: Svalbard (Spitsbergen). Europe: Baltic
Sea, Britain, Germany, Netherlands, Romania, Scandinavia, Spain, Sweden. North
America: Arkansas. Australia and New Zealand: New South Wales, Tasmania.
Occurrence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.

Genus: Dinobryon

Species: Dinobryon cylindricum var. alpinum (O. E. Imhof) H. Bachmann 1911
(Figure 21)

Synonym: --

Description: Lorica 35 um long, not cylindrical but more vase-shaped; colonies
many-celled and rather dense.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Britain, France, Germany, Scandinavia, Spain, Sweden.
North America: Arkansas, Northwest Territories, Québec. South America:
Argentina. Australia and New Zealand: New Zealand, Tasmania.

Occurrence: It has been detected in freshwater habitats (lakes) in the Susurluk basin.

Species: Dinobryon korshikovii Matvienko ex Kapustin 2019 (Figure 2j)
Synonym: Dinobryon elegans Korshikov 1926

Dinobryon elegantissimum Bourrelly 1957
Description: Lorica solitary, the campanulated posterior region gradually
attenuated, lateral margins slightly convex with marked undulations, 40 um long, 10
pm wide.
Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Netherlands, Britain, Bulgaria, Scandinavia. South America:
Brazil. North America: Québec. Asia: Japan.
Occurrence: It has been detected in freshwater habitats (lakes) in Kiiciik Menderes
and Biiyiik Menderes basins.

Genus: Kephyrion

Species: Kephyrion littorale J. W. G. Lund 1942 (Figure 2k)

Synonym: --

Description: Lorica ovoid to bowl-shaped, with a thickening around the mouth, 7
um long, 5 pm wide, brownish; single flagellum.
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Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Britain, Germany, Netherlands, Romania, Scandinavia,
Slovakia, Sweden. Asia: China, Tajikistan.

Occurrence: It has been detected in freshwater habitats (lakes) in Yesilirmak and
Dogu Karadeniz basins.

Species: Kephyrion rubri-claustri Conrad 1939 (Figure 3a)

Synonym: --

Description: Lorica barrel-shaped with an equatorial bulge, 6.5 um long, 5 pm wide;
single flagellum.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Baltic Sea, Black Sea, Britain, Germany, Netherlands,
Romania, Scandinavia, Slovakia, Spain, Sweden, Ukraine. Asia: Taiwan, Tajikistan.
Occurrence: It has been detected in freshwater habitats (lakes) in Bati Akdeniz,
Sakarya, and Akargay basins.

Genus: Kephyriopsis

Species: Kephyriopsis ovum Pascher & Ruttner (Figure 3b)

Synonym: --

Description: Lorica transversely truncated ovoid, a little longer than wide, mostly
with a clear thickening ring, 10 pm long, 9 um wide.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Netherlands

Occurrence: It has been detected in freshwater habitats (lakes) in the Asi basin.

Genus: Pseudokephyrion

Species: Pseudokephyrion cinctum (J. Schiller) Gerlinde Schmid 1939 (Figure 3c)
Synonym: Kephyriopsis cincta J. Schiller 1926

Description: Lorica cylindrical, brownish, rounded at the basal end, slightly
narrowing towards the apical end, 9 um long, 6 um wide; flagella 2, unequal.
Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Slovakia. North America: Arkansas.

Occurrence: It has been detected in freshwater habitats (lakes) in the Sakarya basin.

Species: Pseudokephyrion entzii W. Conrad 1939 (Figure 3d)
Synonym: --
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Description: Lorica elongated, brownish, rather thin-walled, broadly rounded at the
basal end, then rising almost cylindrically, only slightly widening towards the apical
end, 5 pm long, 4 um wide; flagella 2, unequal.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Arctic: Svalbard (Spitsbergen). Europe: Britain, Czech Republic,
Germany, Netherlands, Scandinavia, Slovakia, Sweden. North America: Northwest
Territories, Québec. Asia: Tajikistan.

Occurrence: It has been detected in freshwater habitats (lakes) in Bati1 Karadeniz,
Sakarya, Yesilirmak, Akargay, Firat-Dicle and Asi basins.

Species: Pseudokephyrion minutissimum Conrad (Figure 3e)

Synonym: --

Description: Lorica very small, brown, quite thick, smooth, basal part almost
hemispherical, apical part with a wider narrowed mouth, 5 pm long, 4 pm wide;
single flagellum.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Romania. North America: Québec. Asia: Russia (Far East),
Tajikistan.

Occurrence: It has been detected in freshwater habitats (lakes) in Sakarya, Firat-
Dicle, and Asi basins.

Species: Pseudokephyrion ovum (Pascher & Ruttner) Conrad 1939 (Figure 3f)
Synonym: --

Description: Lorica bowl-shaped, 8 pm long, 5 pm wide, brownish; single
flagellum.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: FEurope: Britain, Germany, Netherlands, Spain, Sweden. North
America: Northwest Territories. Asia: Tajikistan.

Occurrence: It has been detected in freshwater habitats (lakes) in Yesilirmak and
Dogu Karadeniz basins.

Species: Pseudokephyrion pilidium Schiller 1929 (Figure 3g)

Synonym: --

Description: Lorica conical, rounded at the back, side walls below the wide mouth
initially concave, then slightly convex, 12 pm long, 9 um wide; flagella 2, unequal.
Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Germany, Netherlands. North America: Arkansas.
Occurrence: It has been detected in freshwater habitats (lakes) in Bat1 Akdeniz and
Firat-Dicle basins.
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Species: Pseudokephyrion pseudospirale Bourrelly 1957 (Figure 3h)

Synonym: --

Description: Lorica ovoid, broadest at the middle, 7.5 um long, 5 pm wide, with a
helical thickening making 3 turns, brownish; chloroplast single; flagella 2, unequal.
Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Britain, Germany, Netherlands, Slovakia. North America:
Arkansas. 4sia: India. Antarctic and Antarctic islands: Signy Island.

Occurrence: It has been detected in freshwater habitats (lakes) in Bati Akdeniz and
Firat-Dicle basins.

Species: Pseudokephyrion ruttneri (Schiller) Gerlinde Schmidt 1939 (Figure 31)
Synonym: Kephyriopsis ruttneri Schiller 1929

Description: Lorica cylindrical with an apical constriction, transparent, 7 um long,
5 um wide, flagella 2 per cell.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Britain, Spain.

Occurrence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.

Order: Paraphysomonadales
Family: Paraphysomonadaceae
Genus: Chrysosphaerella

Species: Chrysosphaerella longispina Lauterborn 1896 (Figure 3j)

Synonym: --

Description: Cells with their narrowed basal ends are united to form spherical
colonies, which are held together by a gel. Cells ovoid, 8 um long, 6 pm wide.
Colony diameter 60 pm. Flagella 20 - 30 pm.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Britain, Germany, Ireland, Netherlands, Romania, Russia
(Europe), Scandinavia, Sweden. North America: Arkansas, Laurentian Great Lakes,
Newfoundland, Ontario, Québec, Virginia. South America: Argentina. Asia: India,
Russia (Far East). Australia and New Zealand: New Zealand.

Occurrence: It has been detected in freshwater habitats (lakes) in the Asi basin.

Class: Synurophyceae
Order: Synurales

Family: Mallomonadaceae
Genus: Mallomonas
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Species: Mallomonas anglica (N. Carter) Huber-Pestalozzi 1941 (Figure 3k)
Synonym: Pseudomallomonas anglica N. Carter 1937

Description: Cells ellipsoidal, 20 pm long, 8 um wide. Flagella 22 um long, with a
large bluish basal grain at the base. Two chloroplasts, no stigma, no pyrenoid.
Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Britain, Netherlands.

Occurrence: It has been detected in freshwater habitats (lakes) in the Firat-Dicle
basin.

Species: Mallomonas caudata Iwanoff [Ivanov] 1899 (Figure 31)

Synonym: --

Description: Cells elliptical, 25 pm long, 10 um wide. Bristles densely covering
cells, curved and coarsely serrated. Scales large, elliptical, without any visible
structure.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Baltic Sea, Britain, France, Germany, Greece, Netherlands,
Romania, Russia (Europe), Scandinavia, Slovakia, Spain, Sweden, Ukraine. North
America: Arkansas, Florida, Laurentian Great Lakes, Newfoundland, Northwest
Territories, Ontario, Québec, Tennessee. South America: Argentina, Brazil. Middle
East: Iraq. Asia: India, Vietnam, China, Korea, Russia, Taiwan, Tajikistan. Australia
and New Zealand: Queensland, New South Wales.

Occurrence: It has been detected in freshwater habitats (lakes) in the Coruh basin.

Species: Mallomonas majorensis Skuja 1939 (Figure 3m)

Synonym: --

Description: Cells ovoid, 15 pm long, 9 um wide. Flagella 7 pum. Bristles
completely absent.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Britain, Netherlands, Romania, Slovakia, Spain, Sweden.
North America: Arkansas, Québec. 4sia: Russia (Far East).

Occurrence: It has been detected in freshwater habitats (lakes) in the Firat-Dicle
basin.

Species: Mallomonas teilingii Conrad 1927 (Figure 3n)
Synonym: Mallomonas litomesa var. major Teiling 1912
Mallomonas tridentata Nygaard 1949
Description: Cells broadly spindle-shaped, 15 pm long, 7 pm wide. Bristle as long
as body length. Chloroplast two.
Ecology: This is freshwater species. The water quality indicator is sensitive.
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Distribution: FEurope: Netherlands, Britain, Germany, Netherlands, Romania,
Sweden. South America: Brazil.
Occurrence: It has been detected in freshwater habitats (lakes) in the Sakarya basin.

Species: Mallomonas tonsurata Teiling 1912 (Figure 30)

Synonym: Mallomonas heterotricha Nygaard 1949

Description: Cells ovoid, 12 pm long, 7 um wide, bristles forming an apical tuft, a
group of short curved bristles surrounded by some longer straight ones.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Baltic Sea, Britain, France, Germany, Greece, Latvia,
Netherlands, Romania, Scandinavia, Slovakia, Spain, Sweden. North America:
Arkansas, Florida, Laurentian Great Lakes, Québec. South America: Argentina,
Brazil. Asia: China, Japan, Russia, Taiwan, India, Myanmar (Burma), Vietnam.
Australia and New Zealand: Australia, New South Wales, New Zealand, Northern
Territory, Tasmania, Victoria.

Occurrence: It has been detected in freshwater habitats (lakes) in the Yesilirmak
basin.

Order: Chloramoebales
Family: Chloramoebaceae
Genus: Phacomonas

Species: Phacomonas pelagica Lohmann 1903 (Figure 3p)

Synonym: --

Description: Protoplast lens-shaped, broadside almost circular, narrow side
elliptical, 10 pm long, 6 um wide. Chloroplast two.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Britain

Occurrence: It has been detected in freshwater habitats (lakes) in the Firat-Dicle
basin.

Class: Xantophyceae
Order: Mischococcales
Family: Centritractaceae
Genus: Centritractus

Species: Centritractus africanus F. E. Fritsch & M. F. Rich 1930 (Figure 3r)
Synonym: Centritractus lemmermanni Skvortsov & Noda 1969
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Description: Cells solitary, long, cylindrical, slightly curved, with a spine at each
apex, 20 um long, 4 um wide. Cell membrane tough. Spines slightly curved, 22 um
long.

Ecology: This is freshwater species. The water quality indicator is tolerant.
Distribution: Europe: Bulgaria, Germany, Netherlands, Romania, Spain, Ukraine.
America: Brazil, Cuba. Africa: D. R. of Congo. Asia: India. Australia and New
Zealand: New Zealand.

Occurrence: It has been detected in freshwater habitats (lakes) in Sakarya and Asi
basins.

Genus: Pseudotetraédron

Species: Pseudotetraédron neglectum Pascher 1912 (Figure 3s)

Synonym: --

Description: Cells narrowly oblong, 12 pm long, with four spines. Spine length 13
pum.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: Europe: Czech Republic, Netherlands. Asia: Russia (Far East).
Occurrence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.

Family: Botryochloridaceae
Genus: Ducellieria

Species: Ducellieria chodatii var. armata (Skuja) Teiling 1957 (Figure 3t)
Synonym: --

Description: Cells conical, 10 pm in diameter, connected at the hexagonal base by
bridges 7 pm long and 1.5 pm thick. Horn-liked 10-12 pm long extension protruded
from the top of the outer cells. Coenobia 65 pm in size.

Ecology: This is freshwater species. The water quality indicator is sensitive.
Distribution: --

Occurrence: It has been detected in freshwater habitats (lakes) in the Sakarya basin.

Discussion and Conclusion

A total of 30 taxa were determined as new records for Turkish freshwater
algae in the division of Ochrophyta. These taxa were dispersed into genus Bicosoeca,
Bitrichia, Chromulina (4), Ochromonas, Chrysococcus, Dinobryon (2), Kephyrion
(2), Kephyriopsis, Pseudokephyrion (7), Chrysosphaerella, Mallomonas (5),
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Phacomonas, Centritractus, Pseudotetraédron, Ducellieria. Previously 2 taxa in
Bicosoeca, 12 taxa in Dinobryon, 1 taxon in Pseudokephyrion, 4 taxa in Mallomonas,
and 1 taxon in Centritractus genus were recorded in Turkey (Taskin et al., 2019;
Marashoglu & Goniilol, 2020). However, 10 genus (Bitrichia, Chromulina,
Ochromonas,  Chrysococcus, Kephyrion, Kephyriopsis, =~ Chrysosphaerella,
Phacomonas, Pseudotetraédron, Ducellieria) and taxa in these 10 genus were found
as a new record for the first time for algal flora of Turkey.

Only Bicosoeca is in Bikosea class, the others are in Chrysophyceae and
Xantophyceae classes. The members of the Chrysophyceae class have been
determined mostly in freshwaters but few species were found in the snow, soil, and
marine habitats (Harper et al., 2012). A large majority of Xanthophyceae members
were found in freshwater and soil, while some of them have distributed in brackish
and marine habitats (Maistro et al., 2016). The members of freshwater Ochrophyta
are characterized in oligotrophic lakes and ponds. Their ecological status is generally
sensitive, but Bicosoeca planctonica and Bitrichia chodatti are tolerant.

Although these 30 taxa are mostly distributed in Europe, some species have
been found in Australia and New Zealand, Asia, Africa, North and South America.
Only Pseudokephyrion pseudospirale has been determined in Antarctic and
Antarctic islands (Guiry & Guiry, 2020). These new records in Ochrophyta were
found in Bati Akdeniz, Biiyilkk Menderes, Kiiciik Menderes, Susurluk, Sakarya,
Yesilirmak, Dogu Karadeniz, Akarcay, Meri¢ Ergene, Coruh, Firat-Dicle, and Asi
Basins from Turkey.

In conclusion, 30 new records were added to the freshwater algal flora of
Turkey with this study. It was observed that these taxa were distributed in different
regions of the world. The number of new records for the algal flora of Turkey is
expected to increase in the future.
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Figure 2

Eleven New Records of Ochrophyta Taxa

Note. a. Bicosoeca planctonica, b. Bitrichia chodatti, c. Chromulina annulata, d. Chromulina ovalis,
e. Chromulina sphaeridia, f. Chromulina wislouchiana, g. Ochromonas granulosa, h. Chrysococcus
minutus, i. Dinobryon cylindricum var. alpinum, j. Dinobryon korshikovii, k. Kephyrion littorale.
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Figure 3

Nineteen New Records of Ochrophyta Taxa

Note. a. Kephyrion rubri-claustri, b. Kephyriopsis ovum, c. Pseudokephyrion cinctum, d.
Pseudokephyrion entzii, e. Pseudokephyrion minutissimum, f. Pseudokephyrion ovum, g.
Pseudokephyrion pilidium, h. Pseudokephyrion pseudospirale, i. Pseudokephyrion ruttneri, j.
Chrysosphaerella longispina, k. Mallomonas anglica, 1. Mallomonas caudata, m. Mallomonas
majorensis, n. Mallomonas teilingii, o. Mallomonas tonsurata, p. Phacomonas pelagica, T.
Centritractus africanus, s. Pseudotetraédron neglectum, t. Ducellieria chodatii var. armata.

222



Elif Neyran Soylu, Nilsun Demir, Tolga Coskun, Ciineyt Nadir Solak, Abuzer Celekli,
Hasim Somek, Burak Oterler, Faruk Maraglioglu, Tugba Ongun Sevindik,
Tolga Cetin, Yakup Karaaslan, Bengii Temizel, Elif Yilmaz
Turkish Journal of Water Science & Management 5 (2) (2021) /204 - 229

Acknowledgements

This study was financially and technically supported by the Ministry of
Agriculture and Forestry, Directorate General of Water Management of the Republic
of Turkey. We would like to thank the executives and the staff of Cinar Engineering
Consulting Co. who had executed the Project (Establishment of Reference

Monitoring Network in Turkey, 2017-2020).

223




224

Elif Neyran Soylu, Nilsun Demir, Tolga Coskun, Ciineyt Nadir Solak, Abuzer Celekli,
Hasim Somek, Burak Oterler, Faruk Maraslioglu, Tugba Ongun Sevindik,
Tolga Cetin, Yakup Karaaslan, Bengii Temizel, Elif Yilmaz
Turkish Journal of Water Science & Management 5 (2) (2021) /204 - 229

References

Akar, B., & Sahin, B. (2014). New desmid records of Karagdl Lake in Karagol-Sahara National Park
(Savsat-Artvin/Turkey). Turkish Journal of Fisheries and Aquatic Sciences, 14(1), 269-274.
https://doi.org/10.4194/1303-2712-v14_1_29

Akhtar, A., Ayesha, M., Mehnaz, M., Alfasane, M.A., & Begum, Z.T. (2019). New records of
phytoplankton for Bangladesh: Division-Cryptophyta. Bangladesh Journal of Plant Taxonomy,
26(2), 179-182.

Alfasane, M.A., & Khondker, M. (2007). New records of phytoplankton for Bangladesh: Phacus,
Lepocinclis and Pteromonas. Bangladesh Journal of Plant Taxonomy, 14(2), 167-169.

Atici, T. (2002). Nineteen new records from Sartyar Dam Reservoir phytoplankton for Turkish
Freshwater algae. Turkish Journal of Botany, 26(6), 485-490.

Aysel, V. (2005). Check-List of the Freshwater Algae of Turkey. Journal of Black Sea/Mediterranean
Environment, 11, 1-124.

Aysel, V., Dural, B., & Gezerler-Sipal, U. (1993). Two new records of Cyanophyceae for the Algal
Flora of Turkey. Turkish Journal of Botany, 17, 263-266.

Bartozek, E.C.R., Zorzal-Almeida, S., & Bicudo, D.C. (2018). Surface sediment and phytoplankton
diatoms across a trophic gradient in tropical reservoirs: new records for Brazil and Sao Paulo
State. Hoehnea, 45(1), 69-92.

Baykal, T., Akbulut, T., A¢ikgdz, 1., Udoh, A. U., Yildiz, K., & Sen, B. (2009). New Records for the
Freshwater ~ Algae of Turkey. Turkish  Journal of  Botany, 33, 141-152.
https://doi.org/10.3906/bot-0705-10

Directive of the European Parliament and of the Council 2000/60/EC Establishing a Framework for
Community Action in the Field of Water Policy PE-CONS 3639/1/100 Rev 1 European Parliament
& Council. (2000). https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=0J:L:
2000:327:FULL&from=EN

Guiry, M.D., & Guiry, G.M. (2020). AlgaeBase. World-wide electronic publication, National
University of Ireland, Galway. Retrieved May 20, 2020 from http://www.algaebase.org

Harper, M.A., Cassie Cooper, V., Chang, F.H., Nelson, W.A., & Broady, P.A. (2012). Phylum
Ochrophyta: brown and golden-brown algae, diatoms, silicioflagellates, and kin. New Zealand
Inventory of Biodiversity, 3, 114-163.

Hosgoren, M.Y. (1994). Tiirkiye nin Golleri. Tiirk Cografya Dergisi, 29, 19-51.
Huber-Pestalozzi, G. (1962). Das Phytoplankton des SiifSwassers, (Die Binnengewdsser, Band XVI).

Teil 2. (i) Chrysophyceen, Farblose Flagellaten Heterokonten. Stuttgart: E. Schweizerbart'sche
Verlag-sbuchhandlung.




Elif Neyran Soylu, Nilsun Demir, Tolga Coskun, Ciineyt Nadir Solak, Abuzer Celekli,
Hasim Somek, Burak Oterler, Faruk Maraglioglu, Tugba Ongun Sevindik,
Tolga Cetin, Yakup Karaaslan, Bengii Temizel, Elif Yilmaz
Turkish Journal of Water Science & Management 5 (2) (2021) /204 - 229

John, D.M., Whitton, B.A., & Brook, A.J. (2003). The freshwater algal flora of the british isles: an
identification guide to freshwater and terrestrial algae. Cambridge University Press.

Khondker, M., Bhuiyan, R.A., Yeasmin, J., Alam, M., Sack, R.B., Huqg, A., & Colwell, R.R. (2006).
New records of phytoplankton for Bangladesh. 1. Cyanophyceae. Bangladesh Journal of Botany,
35(2), 173-179.

Maistro, S., Broady, P., Andreoli, C., & Negrisolo, E. (2016). Xanthophyceae. In: Archibald J.
et al. (Eds.) Handbook of the Protists (pp.1-28). Springer, Cham.
https://doi.org/10.1007/978-3-319-32669-6_30-1

Maraglioglu, F., & Soylu, E.N. (2018). New Diatom Records for Turkish Freshwater Algal Flora from
Lakes Ladik (Samsun, Turkey) and Hazar (Elazig, Turkey). Turkish Journal of Fisheries and
Aquatic Sciences, 18 (3), 463-474. http://dx.doi.org/10.4194/1303-2712-v18 3 12

Maraglioglu, F., & Goniilol, A. (2020). Turkishalgae electronic publication, Corum, Turkey.
http://turkiyealgleri.hitit.edu.tr

Ministry of Agriculture and Forestry, Directorate General of Water Management. (2015). Tiirkiye'de
havza bazinda hassas alanlarin ve su kalitesi hedeflerinin belirlenmesi projesi: Final Report, Vol
1.

Ministry of Agriculture and Forestry, Directorate General of Water Management. (2020).
Tamamlanan  Projeler.  https://www.tarimorman.gov.tr/SYGM/Menu/38/Tamamlanan-
Projeler

Morkoyunlu, A.Y., & Aktas, M. (2020). A Study on algae and water qualities of Tahtali, Davuldere
and Cayirkdy Ponds (Kocaeli). Journal of the Institute of Science and Technology, 10(3), 1539-
1550

Oliveira, I. B., Bicudo, C. E. D. M., & Moura, C. W. D. N. (2013). New records and rare taxa of
Closterium and Spinoclosterium (Closteriaceae, Zygnematophyceae) to Bahia, Brazil. lheringia.
Série Botanica, 68(1), 115-138.

Ozer, T., Erkaya, I. A., Udoh, A. U., Akbulut, A., Yildiz, K., & Sen, B. (2012). New records for the
freshwater algae of Turkey (Tigris Basin). Turkish Journal of Botany, 36(6), 747-760.
https://doi.org/10.3906/bot-1108-16

Oztiirk, M., Géniilol, A., & Oztiirk, M. (1995a). Tiirkiye alg florasi igin yeni bir kayit: Pleurotaenium
trabecular (Ehr.) ex Nageli (Desmidiaceae), Ondokuz Mayis University Journal of Science, 6(1),
212-218.

Oztiirk, M., Gezerler-Sipal, U., Giiner, H., Goniilol, A., & Aysel, V. (1995b). Closterium kuetzingii
Bréb. var. kuetzingii (Conjugatophyceae, Desmidiales), A new record for the algal flora of Turkey.
Ege Journal of Fisheries and Aquatic Sciences, 12(1-2), 145-149.

Sevindik, T.O., Celik, K., & Goniilol, A. (2010). Twenty-four new records for the freshwater algae
of Turkey. Turkish Journal of Botany, 34, 249 - 259. https://doi.org/10.3906/bot-0906-56

225




226

Elif Neyran Soylu, Nilsun Demir, Tolga Coskun, Ciineyt Nadir Solak, Abuzer Celekli,
Hasim Somek, Burak Oterler, Faruk Maraslioglu, Tugba Ongun Sevindik,
Tolga Cetin, Yakup Karaaslan, Bengii Temizel, Elif Yilmaz
Turkish Journal of Water Science & Management 5 (2) (2021) /204 - 229

Sevindik, T.O., Celik, K., & Goniilol, A. (2011). Twenty new records for Turkish freshwater algal
flora from Caygoren and Ikizcetepeler reservoirs (Balikesir, Turkey). Turkish Journal of Fisheries
and Aquatic Sciences, 11,399-406. https://doi.org/10.4194/1303-2712-v11_3 09

Sevindik, T.O., Géniilol, A., Onem, B., Tunca, H., & Arabaci, S. (2015). Thirty new records for
Turkish freshwater algal flora from Danamandira Ponds (Silivri, istanbul) and North Mollakdy
Lake (Sakarya). Biological Diversity and Conservation, 8(2), 4-15.
https://dergipark.org.tr/tr/pub/biodicon/issue/55741/762415

Sevindik, T.0., Goniilol, A., Tunca, H., Glirsoy, N.Y., Kiiglikkaya, S.N., & Durgut Kinali, Z. (2017).
Nineteen new records for Turkish freshwater algal flora from Lake Taskisigi and Lake Little
Akgol. Biological Diversity and Conservation, 10(1), 69-78.
https://app.trdizin.gov.tr/dokuman-goruntule?ext=pdf&path=CrnWZGRsXTjRjLjWxD9
780SUAL2jXitizhVYmCxNvH7RJ90pDBurkVmx9s8GOgxx9gKTIskQkeNidIsw9fwqxaH
Dbb4h59rK51r_V63Mw5znKnMKFGH76722AvUe7qRwYb1LG6PyKSsI9S2diFbl9DnBx_
COMYB55khk0pnCOpyldPAS6GqYgr71PchXzbyagowAdk4VnpzY BNEG65TATVI3LXs
XCp-RkGSUmZjgN6w=&contentType=application/pdf

State Hydraulic Works. (2014). Water and DSI — 60 years full of realized projects. DSI Press
(English).

Sahin, B. (2000). Some new desmids records for freshwater algal flora of Turkey. Flora
Mediterranean, 10, 223-226.

Sahin, B. (2002). Contribution to the desmid flora of Turkey. Algological Studies, 107, 39-48.
https://doi.org/10.1127/algol_stud/107/2002/39

Sahin, B. (2007). Two new records for the freshwater algae of Turkey. Turkish Journal of Botany,
31(2), 153-156. https://journals.tubitak.gov.tr/botany/issues/bot-07-31-2/bot-31-2-8-0605-
14.pdf

Sahin, B. (2009). Contribution to the desmid flora of Turkey. Turkish Journal of Botany, 33(6), 457-
460. https://doi.org/10.3906/bot-0809-15

Sahin, B., & Akar, B. (2019a). New records from Artabel Lakes Nature Park (Giimiishane/Turkey) to
the freshwater algal flora of Turkey. Turkish Journal of Botany, 43(1), 135-142.

Sahin, B., & Akar, B. (2019b). New desmid records from high mountain lakes in Artabel Lakes Nature
Park, Giimiishane, Turkey. Turkish Journal of Botany, 43(4), 570-583

Taskin, E., Akbulut, A., Yildiz, A., Sahin, B., Sen, B., Uzundz, C., Solak, C., Basdemir, D., Cevik,
F., Sénmez, F., Agikgdz, 1., Pabugcu, K., Oztiirk, M., Alp, M.T., Albay, M., Cakir, M., Ozbay,
0., Can, O., Akgaalan, R., Aticy,... Zengin, Z.T. (2019). Tiirkiye Suyosunlar Listesi. istanbul: Ali
Nihay Gokyigit Vakfi Yayini.

Varol, M., & Fucikova, K. (2015). Four new records for the freshwater algae of Turkey. Journal of
Limnology  and  Freshwater  Fisheries  Research, 1(2), 83-88. https://doi.org
/10.17216/LimnoFish-5000119624




Elif Neyran Soylu, Nilsun Demir, Tolga Coskun, Ciineyt Nadir Solak, Abuzer Celekli,
Hasim Somek, Burak Oterler, Faruk Maraglioglu, Tugba Ongun Sevindik,
Tolga Cetin, Yakup Karaaslan, Bengii Temizel, Elif Yilmaz
Turkish Journal of Water Science & Management 5 (2) (2021) /204 - 229

Varol, M., & Sen, B. (2016). New records of Euglenophyceae for Turkish freshwater algae. Turkish
Journal of Fisheries and Aquatic Sciences, 16(2), 219-225. https://doi.org/10.4194/1303-2712-
v16 2 01

Yagel, M. A., & Turna, 1. 1. (2002). A new record for the algal flora of Turkey: Chaetomorpha crassa
(C. ag.) kiitz.(Cladophoraceae, Chlorophyceae). Turkish Journal of Botany, 26(3), 171-174.
https://dergipark.org.tr/tr/pub/tbtkbotany/issue/11839/141429

Yer Ustii Sulari, Yer Alt1 Sulari ve Sedimentten Numune Alma ve Biyolojik Ornekleme Tebligi.
Resmi Gazete, No: 29274. (2015). https://www.resmigazete.gov.tr/eskiler/2015/02/20150221-
11.htm

Yiice, A. M., & Ertan, O. O. (2014). A new record for the freshwater algae of Turkey. Scientific
Research Journal, 2(4), 21-22. http://www.scirj.com/rp/files/original/3f47ea021{776784
db0c178fb5a55¢38.pdf

227




228

Elif Neyran Soylu, Nilsun Demir, Tolga Coskun, Ciineyt Nadir Solak, Abuzer Celekli,
Hasim Somek, Burak Oterler, Faruk Maraslioglu, Tugba Ongun Sevindik,
Tolga Cetin, Yakup Karaaslan, Bengii Temizel, Elif Yilmaz
Turkish Journal of Water Science & Management 5 (2) (2021) /204 - 229

Extended Turkish Abstract
(Genisletilmis Tiirk¢e Ozet)

Tiirkiye’deki 25 Nehir Havzasindan Tiirkiye Tath Su Alg Florasi i¢in Yeni Kayitlar, Boliim
IV: Ochrophyta

Avrupa Birligi Su Cergeve Direktifine (WFD) gore biyolojik kalite bilesenlerinden biri
olarak kabul edilen fitoplankton {izerine Tiirkiye’de yapilan taksonomik ve ekolojik ¢alismalarin
sayis1 her gegen giin artmaktadir. Avrupa Birligi miiktesebatina uyum ¢aligsmalari ger¢evesinde Tarim
ve Orman Bakanligi Su Y&netimi Genel Miidiirliigii (SYGM) ve Devlet Su Isleri (DSI) Genel
Miidiirliigiince biyolojik kalite bilesenlerinin de dikkate alindigi ¢cok sayida proje gerceklestirilmistir.
Birgok nehir havzasinda yapilan su kalitesi izleme calismalari, gél yonetim plani ¢aligmalarinin
bazilari, biyolojik kalite bilesenleri kullanilarak su kalitesini belirlemek icin gelistirilen indeks
gelistirme projeleri tamamlanmistir. “Tiirkiye’de Referans izleme Agmin Kurulmasi” Projesinin bir
parcasi olan bu calisma da Su Yonetimi Genel Miidiirliigii tarafindan desteklenen ¢aligmalardan
biridir. Proje kapsaminda 25 nehir havzasinda bulunan 275 gélde ¢alismalar yiiriitiilmiis ve toplam
1363 fitoplankton taksonu tespit edilmistir. Bu taksonlardan 56 tanesi Ochrophyta divizyosuna aittir.

Bugiine kadar diinya genelinde bu alanda yapilan c¢alismalarda 4325 Ochrophyta taksonu
tanimlanmigtir. Planktonik Ochrophyta tiirleri genellikle tek hiicreli ya da koloniyal formda olan
kameilr alglerdir ve daha ¢ok tatli su ekosistemlerinde dagilim gdsterirler.

Tirkiye dort farkli iklim tipine ve farklilik gosteren topografyaya sahip olmasi nedeniyle
gollerinin morfometrik ve hidrolojik ozellikleri de farkliliklar gostermektedir; bu o6zellikler alg
biyocesitliligini de desteklemektedir. Son yillarda Tiirkiye alg floras: icin ¢ok sayida yeni kayit
bildirilmistir, boylece tespit edilen toplam alg sayisinda kayda deger artis goriilmiistiir. Bu ¢alismanin
amaci Tirkiye alg florasina yeni kayitlar tespit ederek katkida bulunmaktir.

Tiirkiye’nin 25 nehir havzasinda 200 kadar dogal g6l, 806 kadar baraj golii ve 1000 kadar
golet bulunmaktadir. 25 nehir havzasinda gergeklestirilen bu ¢alismada baraj golleri de dahil olmak
iizere 275 gol orneklenmistir. Calisilan géller 26°19” - 43°54'D ve 35°56” - 42°00'K koordinatlart
arasinda bulunmakta olup 22 gol tipolojisinde gruplanmigtir . Ayrica ¢alisma yapilan géller deniz
seviyesi (Gala Golii) ile 2757 m (Camlu Go6lii) arasinda farkli yiiksekliklerde dagilim gostermektedir.

Yilda ti¢ defa (ilkbahar, yaz ve sonbahar) olmak iizere 2017 ve 2019 tarihleri arasinda her
bir goélde yiizey alanlar1 bliyiikligiine gore bir, iki ya da ti¢ farkli istasyondan fitoplankton drnekleri
almmustir. GOl ylizey alan1 50 hektardan kiigiik géller i¢in bir, 50 ve 500 hektar arasi olan goller igin
iki, 500 hektardan biiyiik géller igin iic drnekleme istasyonu segilmistir. Istasyonlardan biri ise
mutlaka géliin en derin noktasinda belirlenmistir. Ofotik bolgenin (Secchi diski derinligi x 2.5) ii¢
farkli derinliginden (ylizey, orta ve dip) su drnekleyicisi ile aliman su ornekleri karistirilarak alt su
numunesi alinmistir. Ayrica 6rnekleme sirasinda 50 pum goz acgikligina sahip plankton kepgesi de
kullanilmistir. Alg taksonlar: farkli laboratuvarlardaki 1sik ve ters mikroskoplar: kullanilarak teshis
edilmistir. Mikroskoplara bagl dijital kameralarla da fotograflar1 ¢ekilmistir. Tiirkiye’deki giincel
literatiirlerdeki takson kayit listesi ile calismada tespit edilen taksonlar karsilastirilmis ve yeni kayit
olup olmadig tespit edilmistir. Ayni zamanda takson isimlerinin giincelligi kontrol edilip, tiirlerin
diinyadaki dagilimi da belirlenmistir.
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Bu calismada Tirkiye tatli su algleri i¢in yeni kayit olarak 30 Ochrophyta taksonu
tanimlanmistir. Ochrophyta divizyosunda bulunan taksonlar Bicosoeca, Bitrichia, Chromulina (4),
Ochromonas, Chrysococcus, Dinobryon (2), Kephyrion (2), Kephyriopsis, Pseudokephyrion (7),
Chrysosphaerella, Mallomonas (5), Phacomonas, Centritractus, Pseudotetraédron ve Ducellieria
cinsleri i¢inde dagilim gdstermistir. Daha dnce Tiirkiye’de yapilan ¢aligmalarda Bicosoeca cinsine ait
2, Dinobryon cinsine ait 12, Pseudokephyrion cinsine ait 1, Mallomonas cinsine ait 4, Centritractus
cinsine ait 1 takson rapor edilmistir. Bununla birlikte bu calisma ile birlikte ilk defa 10 cinse
(Bitrichia, Chromulina, Ochromonas, Chrysococcus, Kephyrion, Kephyriopsis, Chrysosphaerella,
Phacomonas, Pseudotetraédron, Ducellieria) ait taksonlar Tiirkiye alg florasi i¢in yeni kayit olarak
belirlenmis bulunmaktadir.

Sadece Bicosoeca cinsi Bikosea sinifi iginde bulunmaktadir. Diger taksonlar Chrysophyceae
ve Xantophyceae siniflart iginde dagilim gostermektedir. Chrysophyceae sinifi liyeleri daha ¢ok tatl
su ortamlarinda tespit edilselerde ¢ok az tiiriin kar florasinda, toprak florasinda ya da denizel
habitatlarda dagilim gosterdigi bilinmektedir. Xanthophyceae sinifi iiyelerinin bilyiik bir ¢ogunlugu
tatli su ve karasal habitatlarda dagilim gosterirken bazilarinin aci su ve denizel habitatlarda da
bulundugu goriilmektedir. Ochrophyta divizyosuna ait alglerin genellikle oligotrofik gdl ve gdletleri
tercih ettikleri bildirilmistir. Ekolojik durumlari genellikle hassas olan bu grubun iiyelerinden
Bicosoeca planctonica ve Bitrichia chodatti taksonlari toleransli olarak belirlenmistir.

Her ne kadar tespit edilen bu 30 takson ¢ogunlukla Avrupa’da dagilim gosterse de, bazi tiirler
Avustralya, Yeni Zelanda, Asya, Afrika, Kuzey ve Giiney Amerika gibi diinyanin farkli bélgelerinde
dagilim gostermektedir. Sadece Pseudokephyrion pseudospirale tirii a Kuzey Kutup ve Giiney Kutup
bolgelerinde bulunan adalarda tespit edilmistir. Tiirkiye’de bu taksonlarin ise Bati Akdeniz, Biiyiik
Menderes, Kiiciik Menderes, Susurluk, Sakarya, Yesilirmak, Dogu Karadeniz, Akargay, Meri¢
Ergene, Coruh, Firat-Dicle ve Asi havzalarinda dagilim gosterdigi bilinmektedir.

Sonug olarak, bu ¢alisma ile birlikte 30 yeni kayit, Tiirkiye tath su alg florasina eklenmistir.
Ayrica 10 cinse ait takson da yapilan bu ¢aligmayla ilk defa kayit altina alinmistir. Bu taksonlarin
diinyanin farkli bolgelerinde de dagilim gosterdikleri tespit edilmistir. Ilerleyen yillarda yapilacak
¢alismalarla Tirkiye alg florasi i¢in yeni kayit sayisinin artmasi beklenmektedir.
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Abstract

There is an increasing number of taxonomic and ecologic studies on phytoplankton, one of the
biological quality elements according to the EU Water Framework Directive, in Turkey day by day.
This study was carried on from 2017 to 2019 in 275 lakes lies in 25 river basins of Turkey with the
aim of examining the taxonomy and biological diversity of the Cryptophyta group. It was the fourth
part of the Project, entitled “Establishment of Reference Monitoring Network in Turkey”, financially
and technically supported by the Ministry of Agriculture and Forestry, Directorate General for Water
Management. In each lake, phytoplankton was sampled with water samplers from three depths
(surface, middle, and bottom) of the euphotic zone, and then the water samples taken from these three
depths were mixed for obtaining subsamples. The algal taxa was identified by using different light
and inverted microscopes in many laboratories. A total of 24 Cryptophyta taxa were identified in the
study. 9 of the identified Cryptophya taxa were presented as new records for the freshwater algal flora
of Turkey.
Keywords: Cryptophyta, freshwater algae, new record, Turkey

Oz

AB Su Cergeve Direktifi'ne gore biyolojik kalite unsurlarindan biri olan fitoplankton konusunda
Tiirkiye'de her gegen giin artan sayida taksonomik ve ekolojik ¢alisma bulunmaktadir. Bu ¢alisma,
Cryptophyta grubunun taksonomisini ve biyolojik ¢esitliligini incelemek amaciyla, Tirkiye'nin 25
nehir havzasinda yer alan 275 golde 2017-2019 yillari arasinda gergeklestirilmistir. Tarim ve Orman
Bakanlig1 Su Yonetimi Genel Miidiirligii tarafindan mali ve teknik olarak desteklenen “Tiirkiye'de
Referans izleme Agmin Kurulmasi” baglhikli projenin dérdiincii boliimiidiir. Her gélde fitoplankton,
ofotik bolgenin {i¢ derinliginden (yiizey, orta ve alt) su 6rnekleyiciler ile drneklenmis ve daha sonra
bu ii¢ derinlikten alinan su 6rnekleri karigtirtlmistir. Alg taksonlarinin teshisi 1s1k ve ters mikroskoplar
kullanilarak gergeklestirilmistir. Calismada toplam 24 Cryptophyta taksonu tanimlanmigtir. Tespit
edilen Cryptophya taksonlarindan 9 tanesi Tirkiye'nin tath su alg floras: i¢in yeni kayit olarak
sunulmustur.
Anahtar kelimeler: Cryptophyta, tath su algi, yeni kayt, Tiirkiye,

Introduction

Members of Cryptophya are cosmopolitan species, but they are rarely
dominant organisms in the system. The taxonomy of these algae has been receiving
considerable attention globally owing to their widespread occurrence in all aquatic
habitats (Novarino, 2003). Despite being widespread in freshwater habitats,
cryptomonads are a neglected group, with most reports in the literature consisting of
lists of taxa with few illustrations of the specimens observed (John et al., 2003). Their
ecology has universally received much less attention, and almost everything that is
presently known about it is from the temperate region of the world (Bicudo et al.,
2009). Recent researches have shown that even in well-sampled geographical
regions and habitats, the true diversity of cryptomonads is often unknown (Hoef-
Emden, 2007; Lane & Archibald, 2008; Choi et al., 2013; Martyneneko et al., 2020).
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Until now, 223 Cryptophyta taxa were listed in previous studies in the world
(Guiry & Guiry, 2020). Cryptomonads are unicellular, mainly pigmented, small (~5—
50 pm) biflagellate protists found in diverse freshwater, brackish, and marine
habitats. They are characterized by a distinct cellular asymmetry and flattened in
shape, with an anterior groove or pocket. At the edge of the pocket there are typically
two slightly unequal flagella (Hoef-Emden & Archibald, 2016).

Due to the effects of three different types of climate, and noticeable altitude
differences, Turkish lakes have different morphometry and hydrology that support
distinct algal diversity. In recent years, many new records were given for the algal
flora of Turkey (Aysel et al., 1993; Oztiirk et al., 1995a, 1995b; Sahin, 2000, 2002,
2007, 2009; Yagct & Turna, 2002; Atici, 2002; Baykal et al., 2009, 2012; Sevindik
etal., 2010, 2011,2015,2017; Ozer et al., 2012; Akar & Sahin, 2014; Yiice & Ertan,
2014; Varol &Fucikova, 2015; Varol & Sen, 2016; Maraslioglu & Soylu, 2018; Yiice
& Aktas, 2020), and the total number of taxa have increased (Taskin et al., 2019;
Maraslhioglu & Goniilol, 2020).

In this project, 275 lakes in 25 river basins were studied, and a total of 1363
phytoplankton taxa were detected. The present study aimed to contribute to the algal
flora of Turkey by describing 9 species in Cryptophyta as new records for the Turkish
freshwater algal flora.

Materials and Methods
Study Area

Turkey has 25 river basins (Figure 1), and inland water bodies in these basins
consist of 200 natural lakes, 806 reservoirs, and 1000 small reservoirs (Foreign
Relation Office of DSI, 2014). Foreign Relation Office of DSI data show that the
volume of annual average precipitation is estimated to be 501 billion m?* water, of
which about 55% is lost to evapotranspiration, 31% flows into water bodies (158
billion m?) and 14% feeds aquifers (69 billion m?). The Dicle-Firat Basin is Turkey’s
largest single volume of available exploitable freshwater resources, representing
28.5% (Foreign Relation Office of DSI, 2014).

A total of 275 lakes, including reservoirs, were sampled during the study in
25 river basins. The number of studied lakes in the river basins is given in Table 1.
These lakes are grouped in 22 lake typologies based on altitude, lake depth, lake size
and lakebed material (DGWM, 2015a). They are located between the longitudes of
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26° 19" and 43° 54'E and the latitudes of 35° 56" and 42 ° 00'N. The altitudes of the
sampled lakes vary between sea level (Lake Gala) and 2757 m (Lake Camlu).

Figure 1

River Basins of Turkey

25°0'0"E 30°0'0"E 35°0'0"E 40°0'0"E 45°0'0"E

35"00"N

0 75 150 300 450 600
[ === e—— L

Sampling and Identification

Phytoplankton samples were collected from three depths (surface, middle,
and bottom) of the euphotic depth with a water sampler in spring, summer, and fall
of the each year between 2017 and 2019 at the sampling stations in each lake.
Subsamples were used from the mixed water of the three depths. Plankton net with
a pore diameter of 50 um was also used for sampling. Phytoplankton determinations
were carried out on subsamples preserved in acetic Lugol’s solution that was
sedimented in the counting chambers. Algal cells were counted on inverted
microscopes following Huber-Pestalozzi (1968) and John et al. (2003).
Determination of new taxa for Turkish freshwater algal flora were checked with the
checklist of Aysel (2005), Taskin et al. (2019), and the database of Turkish algae
(Marashioglu & Goniilol, 2020). The currently accepted nomenclature and
distribution of taxa have been given according to Guiry & Guiry (2020).
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Table 1

Number of Studied Lakes in 25 River Basins

River Basins Lakes
Burdur 6
Akargay 10
Sakarya 23
Bat1 Karadeniz 14
Dogu Karadeniz 7
Yesilirmak 14
Kizilirmak 23
Meric-Ergene 5
Marmara 9
Antalya 9
Bat1 Akdeniz 13
Biiyiik Menderes 13
Gediz 6
Kuzey Ege 5
Kii¢iik Menderes 6
Konya 18
Susurluk 9
Aras 3
Coruh 8
Firat-Dicle 17
Van 7
Asi 8
Ceyhan 18
Dogu Akdeniz 12
Seyhan 12
TOTAL 275
Results

A total of 24 Cryptophyta taxa were determined in a study conducted from
2017 to 2019 in 25 river basins of Turkey. 9 Cryptophyta taxa presented as new
records for the freshwater algal flora of Turkey are described below.
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Phylum: Cryptophyta
Class: Cryptophyceae
Order: Cryptomonadales
Family: Hemiselmidaceae
Genus: Chroomonas

Species: Chroomonas breviciliata Nygaard (Figure 2a)

Synonyms: -

Description: Cells 15-17 um long, 4-6 um wide, pearshaped, rounded front, pointed
back and slightly pulled out to the side. 2 pyrenoid and very short flagella are present.
Ecology: This is a freshwater species.

Distribution: Europe: Netherlands, Romania.

Occurrence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.

Family:Cryptochrysidaceae
Genus: Cryptochrysis

Species: Cryptochrysis minor Nygaard (Figure 2b)

Synonyms: -

Description: Cells 11 um long and 6 um wide, two slightly unequal flagella. Cells
ellipsoidal, small, free-swimming, both ends equally and regularly rounded, anterior
end convex which is asymmetrically bilobed; pyrenoid present in the dorsal position.
Ecology: This is a freshwater species.

Distribution: FEurope: Germany; South America: Brazil; South-west Asia:
Bangladesh.

Occurrence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.

Family: Cryptomonadaceae
Genus: Cryptomonas

Species: Cryptomonas anomala F.E.Fritsch (Figure 2c)

Synonyms: -

Description: Cells 9-11um wide, 21-24um long, flagella equal, much shorter than
the cell, 2 chloroplasts laterally placed with a circular pyrenoid, central or slightly
displaced towards cell anterior.

Ecology: This is a freshwater species.

Distribution: Europe: Britain.
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Occurrence: It has been detected in freshwater habitats (lakes) in Konya and
Sakarya basins.

Species: Cryptomonas phaseolus Skuja (Figure 2d)

Synonyms: -

Description: Cells 8-13 pm long and 5-8 um wide. The relatively small cells are
ellipsoidal or slightly flattened on the ventral side. The gullet is subapical and
extends to the middle of the cell. The flagella are subequal and are shorter than the
cell.

Ecology: This is a freshwater species. This species is usually found in eutrophic
waters.

Distribution: Europe: Austria, Germany, Netherlands, Scandinavia, Slovakia,
Spain, Sweden; North America: Québec; South America: Brazil, South-west Asia:
Bangladesh; South-east Asia: Singapore.

Occurrence: It has been detected in freshwater habitats (lakes) in Sakarya and
Akarcay basins.

Species: Cryptomonas reflexa Skuja (Figure 2e)

Synonyms: -

Description: Cells 27-37 pm long, 12-16 pm wide, relatively bigger, broadly ovate
or ellipsoidal, spindleshaped, anterior end curved, posterior end pointed. The species
lacks pyrenoids but possesses two lateral chloroplasts.

Ecology: This is a freshwater species.

Distribution: FEurope: Germany, Netherlands, Poland, Scandinavia, Slovakia,
Sweden; South America: Brazil, Uruguay.

Occurence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.

Species: Cryptomonas tenuis Pascher (Figure 2f)

Description: The cells are small with nearly parallel sides in lateral view but are
usually slightly curved toward the ventral surface. Each contains two narrow
chloroplasts and sometimes a light-refractive body is visible at the anterior end. The
gullet is short and narrow.

Ecology: This is a freshwater species.

Distribution: Europe: Germany; South America: Brazil.

Occurrence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.
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Order: Pyrenomonadales
Family: Pyrenomonadaceae
Genus: Pyrenomonas

Species: Pyrenomonas ovalis P.Kugrens, B.L.Clay & R.E.Lee (Figure 2g)
Synonyms: Rhodomonas ovalis Nygaard

Description: Cells oval to ellipsoid, measuring 14-16 pum long and 6-8 um wide;
often forming colonies embedded in mucilage; and have a single red chloroplast with
two lobes. The pyrenoid is attached to both lobes, the chloroplast appears H-shaped
due to the formation of a bridge between the two lobes. The nucleomorph is
embedded within the pyrenoid.

Ecology: This is a freshwater species.

Distribution: Europe: Germany.

Occurrence: It has been detected in freshwater habitats (lakes) in Bati Akdeniz and
Asi basins.

Order: Pyrenomonadales
Family: Pyrenomonadaceae
Genus: Rhodomonas

Species: Rhodomonas rubra Geitler (Figure 2h)

Synonyms: -

Description: Cells elongated oval to long elliptica, 13-20 um long, 8-10 pm wide.
A relatively large pyrenoid positioned centrally or slightly backwards. The
chloroplast is clearly H-shaped, and the nucleomorph is located in an invagination
of the pyrenoid.

Ecology: This is a freshwater species.

Distribution: Europe: Netherlands.

Occurrence: It has been detected in freshwater habitats (lakes) in Bat1 Akdeniz and
Firat Dicle basins.

Species: Rhodomonas tenuis Skuja (Figure 2i)

Synonyms: -

Description: Cells 15-23 pm long, 6-9.5 um wide, elongated, cylindrical or
cylindrical-obovate, cross-section in the area of apex circular or slightly elliptical.
Ecology: This is a marine/freshwater species.

Distribution: EFurope: Germany, Scandinavia, Sweden; North America: Northwest
Territories.

Occurrence: It has been detected in freshwater habitats (lakes) in Sakarya and Asi
basins.
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Figure 2

Nine New Records of Cryptophyta Taxa

g h i

Note. a. Chroomonas breviciliata, b. Cryptochrysis minor, c. Cryptomonas anomala, d. Cryptomonas
phaseolus, e. Cryptomonas reflexa, f. Cryptomonas tenuis, g. Pyrenomonas ovalis, h. Rhodomonas
rubra, 1. Rhodomonas tenuis.
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Discussion and Conclusion

A total of 9 taxa were determined as new records for Turkish freshwater algae
in the divisions of Cryptophyta. These taxa are dispersed into genus Chroomonas
(1), Cryptochrysis (1), Cryptomonas (4), Pyrenomonas (1), Rhodomonas (2).
Chryptophyta members have been determined in freshwaters but few species are
found in the snow, soil, and marine habitats (Harper et al., 2012). Regarding their
nutritional requirements, they are considered to be the responsible for
the eutrophication, i.e. they can tolerate a wide spectrum of trophic conditions
(Reynolds, 1976). Cryptophyceae have a wide environment spectrum, as they are
typical of nutrients and organic matterrich waters (Rosen, 1981), but they can also
tolerate occasional nutrient, especially N depletion (Haffner & McNeely, 1989). In
the periphyton community in oligotrophic conditions, C. phaseolus was associated
with the greatest ammonium content (Vercellino, 2001). Some freshwater species
from Cryptophyta prefers the oxic/anoxic boundary layer (chemocline) near the lake
bottom as type-habitat (Gervais 1997). Cryptomonas phaseolus was also found to
co-exist simultaneously with Cryptomonas undulata in short-term changes in the
light climate near the chemocline (Gervais 1998). It is clear that different
cryptomonads may adapt to a wide variety of environmental conditions from calm,
stratified, well-lit and nutrient-enriched summer conditions to cool, mixed and light-
limited winter situations despite an apparent homogeneity of morphological,
phylogenetic and functional characteristics (Cerino & Zingone, 2006). According to
Barone & Naselli-Flores (2003), photoadaptive strategy and formation of resting
forms are physiological mechanisms that could explain the Cryptophyta success in
shallow systems. Based on Reynolds et al. (2002) functional groups, the genus
Cryptomonas belongs to group Y, whose species are well adapted to living in several
kinds of habitats, but mainly shallow enriched ones.

In the world 223 Cryptophyta taxa were identified up to now. In this study,
we identified 24 species of which 9 species as the first record for Turkey from the
genus of Chroomonas, Cryptochrysis, Cryptomonas, Pyrenomonas and
Rhodomonas. Genus Cryptomonas is cosmopolitan in freshwater habitats, including
temporary ponds, rivers, and lakes. More than 100 species have been assigned to
Cryptomonas; including marine and blue-green forms. Recent taxonomic revisions
have suggested that Cryptomonas should be restricted to the ovoid, olive-green to
brown species found in fresh and slightly brackish waters. The majority of species
have been described from European waters, but the genus is known from every
continent. Rhodomonas is cosmopolitan and common, although rarely abundant, in
marine and brackish waters and two freshwater species are known from Europe
(Guiry & Guiry, 2020). The identified members are freshwater species in Kizilirmak,
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Burdur, Seyhan, Bat1 Akdeniz, Konya, Susurluk, Sakarya, Akarcay, Firat Dicle, and
Asi basins from Turkey.

In conclusion, 9 new records were added to the freshwater algal flora of
Turkey with this study. It was observed that these taxa were distributed in different
regions in the world. The number of new records for the algal flora of Turkey is
expected to increase in the future.
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Extended Turkish Abstract
(Genisletilmis Tiirkce Ozet)

Tiirkiye’deki 25 Nehir Havzasindan Tiirkiye Tath Su Alg Florasi i¢in Yeni Kayitlar, Béliim
V: Cryptophyta

Su kaynaklarinin dengeli kullanim1 ve korunmasini amaglayan Su Cergeve Direktifi (SCD)
biyolojik kalite bilesenlerinden birisi olan fitoplanktonu biyolojik izleme g¢alismalarinda biyolojik
kalite unsuru olarak kabul etmektedir. Su Cer¢eve Direktifi ile, fiziksel ve kimyasal verilerin su
kiitlesinin kalitesinin belirlenmesinde yeterli olmayacagi, asil belirleyici etmenlerden birisi olarak
sucul floranin izlenmesi gerektigi belirtilmektedir. Bu konuda yapilan taksonomik ve ekolojik
calismalarin sayis1 Tiirkiye’de her gegen giin artmaktadir. Bu amagla Tarim ve Orman Bakanligtr Su
Yénetimi Genel Miidiirliigii (SYGM) ve Devlet Su Isleri (DSI) tarafindan gerceklestirilen ¢ok sayida
proje bulunmaktadir. “Tiirkiye’de Referans izleme Aginin Kurulmas1” projesinin bir parcasi olan bu
arastirma Su Y Onetimi Genel Miidiirligii tarafindan desteklenmistir. Tamamlanan bu projede 25 nehir
havzasinda 275 gol calisilmistir ve toplam 1363 fitoplankton taksonu tespit edilmistir. Calismada
toplam 24 Cryptophyta taksonu tanimlanmistir. Tespit edilen Cryptophya taksonlarindan 9 tanesi
Tiirkiye'nin tath su alg florasi i¢in yeni kayit olarak sunulmustur.

AB Su Cergeve Direktifime gore biyolojik kalite unsurlarindan biri olan fitoplankton
konusunda Tiirkiye'de her gecen giin artan sayida taksonomik ve ekolojik ¢calisma bulunmaktadir. Bu
calisma, Cryptophyta grubunun taksonomisini ve biyolojik cesitliligini incelemek amaciyla,
Tirkiye'nin 25 nehir havzasinda yer alan 275 golde 2017-2019 yillar1 arasinda gerceklestirilmistir.
Tarim ve Orman Bakanligi Su Yonetimi Genel Miidiirliigii tarafindan mali ve teknik olarak
desteklenen “Tiirkiye'de Referans Izleme Aginin Kurulmasi” baslikli projenin dérdiincii bélimiidiir.
Gol yiizey alan1 50 hektardan kiiglik goller igin bir, 50 ve 500 hektar arasi olan goller igin iki, 500
hektardan biiylik goller i¢in ii¢ ornekleme istasyonu seg¢ilmistir. Her golde fitoplankton, 6fotik
bolgenin ii¢ derinliginden (yiizey, orta ve alt) su 6rnekleyiciler ile 6rneklenmis ve daha sonra bu ti¢
derinlikten alinan su 6rnekleri karistirilmistir. Fitoplanktonun teshis ve sayimlari sayim lamlarinda
cokeltilmig asetik Lugol soliisyonunda korunan ornekler iizerinde 151k ve ters mikroskoplar
kullanilarak gergeklestirilmistir. Alg taksonlari, veri tabanlarindan sinonim durumlari ve sistematik
kategorileri kontrol edilerek siniflandirilmistir. Tespit edilen taksonlar giincel literatiirdeki takson
kayit listesi ile karsilastirilarak yeni kayit olarak tanimlanmustir.

Ehrenberg'in bilinen ilk gézlemleri yapmasinin iizerinden yaklasik iki yiizy1l ge¢mistir.
Kriptomonadlar, tiim su habitatlarinda genellikle ¢ok yiiksek populasyon yogunluklarinda bulunan
bir gruptur. Simdiye kadar diinya genelinde yapilan ¢alismalarda 21 genusa ait 223 Cryptophyta
taksonu tanimlanmistir. Bu ¢aligmada, teshis edilen 24 tiirden 9 tiir yeni kayit olarak tanimlanmustir.
Cryptophyta divizyosunda bulunan taksonlar Chroomonas (1), Cryptochrysis (1), Cryptomonas (4)
Pyrenomonas (1) and Rhodomonas (2) cinsleri i¢inde dagilim gdstermistir. Daha 6nce iilkemizde
yapilan ¢alismalarda Chroomonas cinsine ait 7, Cryptomomas cinsine ait 11, Rhodomonas cinsine ait
2 tiir belirlenmistir. Bu caligma ile ilk defa Cryptochrysis ve Pyrenomonas cinslerine ait 2 tiir Tiirkiye
alg floras1 olarak yeni kayit olarak belirlenmistir.

Kriptomonadlar tek hiicreli, pigmentli, kii¢iik (~5-50 um) biflagellatli tatli, ac1 ve denizel
habitatlarda yayilis gdsteren organizmalardir. Belirgin bir hiicresel asimetri ile karakterize edilirler,
bir 6n oluk veya cep ile sekil olarak diizlestirilmistir. Cebin kenarinda tipik olarak iki tane esit
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olmayan flagella vardir. Kriptomonadlarin hem bitki benzeri hem de hayvan benzeri &zellikler
sergiledigi gbz Oniine alindiginda, taksonomileri tartigmalidir ve bazi tiirler alglerden ziyade
protozoalar olarak kabul edilir. Tiim aquatik habitatlarda yaygin olarak bulunmalari nedeniyle kiiresel
olarak biiyiik ilgi gérmektedir. Bu organizmalar sakin, iyi aydinlanan ve besin agisindan zengin yaz
kosullarindan serin, karigik ve 1gikla siirli kis kosullarina kadar ¢ok c¢esitli cevresel kosullara uyum
saglayabilir. Bu sinifin iiyeleri daha ¢ok tatli su ortamlarinda tespit edilseler de denizel habitatlarda,
karasal yiizeylerde, toprakta, yeralti suyunda ve karda da yayilis gosterebildigi bilinmektedir.
Cryptophyta grubu, besin maddeleri ve organik madde bakimindan zengin sular igin tipik
olduklarindan genis bir ¢evre spektrumuna sahiptirler. Ancak oligotrofik sular1 tercih eden tiirleri de
bulunmaktadir. Bazi tiirleri, uygun kosullar altinda asir1 ¢cogalmalar gosterirler, ancak toksik olup
olmadiklart bilinmemektedir. Bazi cryptomonad tiirleri gol tabanina yakin oksik/ anoksik sinir
tabakasini (kemoklin) tercih edebilmektedir. Bu sartlarda Cryptomonas phaseolus tiiriiniin kemoklin
yakinlarinda diisiik 151k siddetinde bulunabildigi tespit edilmistir. Ayn1 tiiriin amonyumu ¢ok yiiksek
oldugu oligotrofik sularda da yayilis gosterdigi bilinmektedir. Yapilan arastirmada da yeni kayit
olarak tespit edilen bu tiirlin ekolojik toleransinin yiiksek oldugu anlagilmaktadir.

Tespit edilen taksonlarin biiyiik cogunlugunun Avrupa’da dagilim gdsterdigi goriilmektedir.
Bunun yanisira Asya, Kuzey Amerika, Giiney Amerika’da da yayis gosterdikleri tespit edilmistir.
Tiirkiye’de ise bu taksonlar Kizilirmak, Burdur, Seyhan, Bati Akdeniz, Konya, Susurluk, Sakarya,
Akargay, Firat Dicle, and Asi havzalarinda kayit edilmistir.

Cryptophyta grubunun taksonomisini ve biyolojik ¢esitliligini incelemek amaciyla yapilan
bu ¢alisma ile Tiirkiye tath su alg florasina 9 yeni kayit eklenmistir. Ayrica 2 cinse ait tiir bu
calismada ilk defa tayin edilerek Tiirkiye tatli su alg florasina sunulmustur. Bu taksonlarin diinyanin
farkli bolgelerinde de dagilim gosterdikleri tespit edilmistir. Cryptomonad tiirleri kavraminin
gelecekteki gelisimi ve dayandigi taksonomi, geligen bilim ve teknoloji, ekolojik ve molekiiler genetik
calismalarinin sayisinin artistyla ilerleyen yillarda yapilacak ¢aligmalarla Tiirkiye alg florasi i¢in yeni
kayitlarin sayisinin artmasi beklenmektedir.
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Abstract

In this study, the level of carbon dioxide, methane and nitrous oxide emissions from a horizontal
subsurface flow constructed wetland were monitored and greenhouse gas emissions were estimated
by using a newly developed model. The effects of three different plant species on greenhouse gas
emissions were investigated. Cyperus esculentus (Zone 1), Typha latifolia (Zone 11) and Phragmites
australis (Zone III) were selected as the experimental species. Greenhouse gas emissions were
sampled twelve times totally by using the closed chamber method between January and December.
The highest level of emission was measured for nitrous oxide emission, released from Zone I in
August (10,8371 kg CO2e/d). The lowest level of emission was measured for carbon dioxide emission
(0,0156 kg CO2e/d) at Zone III in January. The results revealed that Cyperus esculentus has the
highest greenhouse gas emission and the highest Global Warming Potential. All greenhouse gas
emissions were influenced from different plant species. Phragmites australis could be used for
minimizing the level of greenhouse gas emissions as it has the lowest level of greenhouse gas emission
and Global Warming Potential. Finally, the possible level of greenhouse gas emission is estimated by
using Monte Carlo simulation if the wetland is vegetated with only Phragmites australis.
Approximately 33% of greenhouse gas emissions could be reduced if the wetland is vegetated only
with Phragmites australis.

Keywords: Horizontal subsurface flow constructed wetland, greenhouse gas emission, the

effects of plants
Oz

Bu calismada, bir yatay yiizey alt1 akigh yapay sulak alanda olusan karbon dioksit , metan ve nitr6z
oksit emisyonlari izlenmis ve yeni gelistirilen bir model kullanilarak sera gazi emisyonlari tahmin
edilmistir. Ug farkli bitki tiiriiniin sera gazi (SG) emisyonlar1 iizerindeki etkisi arastirilmustir.
Deneysel tiirler olarak Cyperus esculentus (Bolge 1), Typha latifolia (Bolge 1) ve Phragmites
australis (Bolge III) secilmistir. Gaz 6rneklemesi, Ocak-Aralik aylar1 arasinda kapali gember yontemi
ile toplamda on iki kez ger¢eklestirilmistir. En yliksek emisyon, Agustos ayinda Bolge I'den salinan
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N20 emisyonudur (10,8371 kg COze/d). En diisiik emisyon Ocak ayinda III. Bolge'deki CO2
emisyonudur (0,0156 kg COze /d). Sonuglar, Cyperus esculentus'un en yiiksek sera gazi emisyonuna
ve en yiiksek kiiresel 1sinma postansiyeline sahip oldugunu ortaya koymaktadir. Phragmites australis,
en diisiik sera gazi emisyonuna ve en diisiik kiiresel 1sinma potansiyeline sahip bitki olarak
kullanilabilir. Tiim sera gazi emisyonlar1 farkli bitki tiirlerinden etkilenmistir. Phragmites australis
diisiik sera gazi emisyonu yaymasi ve kiiresel 1sinma potansiyeli nedeniyle sera gazi emisyonunu
azaltmak icin kullanilabilir. Son olarak, sulak alan sadece Phragmites australis ile bitkilendirilmesi
durumu igin, olasi sera gazi emisyonu Monte Carlo simiilasyonu kullanilarak tahmin edilmistir. Sulak
alan sadece Phragmites australisle bitkilendirilmis olsaydi, sera gazi emisyonlarinda yaklasik % 33
azalma elde edilebilecegi goriilmiistiir.

Anahtar kelimeler: Yatay yiizey alti akisli yapay sulak alan, sera gazi emisyonu, bitkilerin
etkisi

Introduction

It is an economical method to use aquatic plants for wastewater treatment,
especially where the land is abundant and therefore cheap. In addition,
eutrophication could be prevented by installing such systems in the lakes and
wetlands (Metcalf & Eddy, 2014). It is possible to collect aquatic plants, used in
wastewater treatment, in three groups as submerged aquatic plants, rooted water
plants and floating aquatic plants. Especially, wetlands which are regarded as the
rooted water plants systems are commonly used for wastewater treatment. There are
several constructed wetlands applications in Turkey as wastewater treatment
systems.

Natural treatment systems such as constructed wetland could be more
applicable, feasible, and also they have many advantages due to low cost and
effective pollutant removal mechanisms (Metcalf & Eddy, 2014). Constructed
wetlands are regarded as a low cost and sustainable system to treat different types of
wastewater. In addition to municipal wastewater, agricultural, industrial and leachate
could be treated by constructed wetlands. Vegetation in wetlands disposes pollutants
from wastewater by plant uptake and harvesting. Vegetation in wetlands could be
influenced by temperature and influent wastewater quality (Martinez-Guerrae et al.,
2015). The treatment of wastewater in constructed wetlands is mainly based on
microbial degradation of pollution in the wastewater [organic matter is decomposed
to gases mostly carbon dioxide (CO;) and methane (CHy), nitrogen is transformed to
gaseous compounds nitrous oxide (N2O) and these gases are emitted to the
atmosphere.].

The advantage of constructed wetlands as compared to conventional
treatment systems is low operation and maintenance costs. In addition to nutrient
removal, greenhouse gas emissions are emitted from constructed wetlands. Despite
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many advantages, constructed wetland releases significant amount of greenhouse
gases which are formed under anoxic condition of flooded area. The greenhouse
gases from constructed wetlands also have a seasonal and temporal diversity
resulting from the microbial processes (Chiemchaisri et al., 2009).

Greenhouse gas emissions from wastewater treatment process have been
considered as an important environmental challenge by the authorities in recent years
(Kyung et al., 2015; Giilsen & Yapicioglu, 2019). Wastewater treatment plants are
released three main greenhouse gases which are CO,, CHs and nitrous oxide N>O
due to treatment process, sludge handling and stabilization process, chemical use,
energy consumption and maintenance and repair activities (Rodriguez-Caballero et
al., 2014; Kyung et al., 2015). Greenhouse gas emissions can be categorized as on-
site emissions and off-site emissions (Paravicini et al., 2016). On-site greenhouse
gas emissions are those: 1) released in the sewage collection system, 2) resulted from
wastewater treatment processes and 3) where the effluent is discharged. Off-site
greenhouse gas emissions are occurred by the electricity consumption, air
consumption, transportation, chemical use and disposal and reuse processes
(Paravicini et al., 2016).

Constructed wetlands are regarded as one of the wastewater treatment units
which significantly emit greenhouse gas emissions (Mander et al., 2014). Especially,
CO., CH4 and N>O emissions are emitted from constructed wetlands (Mander et al.,
2014) due to treatment process. There are many factors on greenhouse gas emission
reduction in constructed wetlands. The impact of plant species diversity on
greenhouse gas emissions has gained much significance (Han et al., 2019). Plants
species can vary greatly in the vegetation, consumption, and transport of CO>, CHy
and N>O (Han et al., 2019). These variations are majorly defined by anatomical
characteristics of species (Han et al., 2019). Plant species diversity could reduce CO»,
CH4 and N>O emissions by enhancing nitrogen uptake and carbon capture. CO> could
be minimized due to photosynthesis. However, several studies have demonstrated
that plant species diversity increases the amount of CHs and N>O emissions due to
plant species with aerenchyma (Zhang et al., 2012; Chang et al., 2014), while some
studies have reported that CH4 and N>O emissions have not been affected by species
diversity (Abalos et al., 2014; Zhao et al., 2016).

In this study, it is aimed to reveal the effects of different plant species on
greenhouse gas emissions from a horizontal subsurface flow constructed wetland in
Turkey. CO2, CH4 and N2O emissions from a horizontal subsurface flow constructed
wetland are observed twelve times in total using closed chamber method. Also,
global warming potential (GWP) of the plant species are determined using Life Cycle
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Assessment (LCA) approach considering all GHG emissions. A new developed
model based on Intergovernmental Panel on Climate Change (IPCC) method is used
to estimate the GHG emissions. The novelty of this study is that a new GHG emission
estimation tool is developed for the constructed wetlands. The constructed wetland
is divided into 3 zones. Cyperus esculentus (Zone 1), Typha latifolia (Zone 1) and
Phragmites australis (Zone III) are planted as the vegetation species. The originality
of this work is that the effects of Cyperus esculentus, Typha latifolia and Phragmites
australis on GHG emissions are determined in terms of CO,, CH4 and N>O emission
for a horizontal subsurface flow constructed wetland. Apart from the studies in the
literature, not only CH4 and N>O emissions but also CO; emission is considered in
this paper for these three species using a new developed GHG estimation tool. The
other originality of this study, the GHG originated from Cyperus esculentus and
other plants were estimated for a full-scale horizontal subsurface flow constructed
wetland. Also, one of the originalities of this work is that LCA methodology is
carried out for the determination of global warming potentials related to plant species
based on in situ GHG monitoring results. LCA is a method to categorize the effects
corresponded with all the phases of a product, service, or process from cradle to
grave. LCA is implemented for a product of a process in general; this methodology
could be also applied to the environmental impact assessment of a wastewater
treatment process.

In the final stage of the study, possible GHG emission was determined using
Monte Carlo simulation if Zones (I-II) were vegetated with the plant species which
released the lowest GHG emission. The other originality of this work was that Monte
Carlo simulation was applied to simulate the possible GHG emission if all zones
were vegetated with the plant species which has the lowest global warming potential.

Method
Description of the Study Area

The constructed wetland was built on nearly 0,2-hectare land in the
southeastern of Turkey and by the Tigris River. It is a type of horizontal subsurface
flow constructed wetland. Clay material was used to seal wetland chamber. In the
artificial wetland reservoirs, sieved-washed stream pebbles and circulating stream
material were used as bed fill material. The municipal wastewater originated from a
village near the Tigris River was treated in this constructed wetland. The influent
wastewater characterization was given in Table 1. Wastewater analyses were
performed according to the standard methods (American Public Health Association
[APHA], 1998).
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Table 1

Influent Characterization of the Municipal Wastewater

Parameter Value

COD (mg/L) 203,2 - 1401,2
TSS (mgl) 40— 200

BOD (mg/L) 80,8 —800,3
TKN (mg/L)  66-75

pH 6.5-7.5

Flow rate (m3/d) 400-450

*COD: Chemical Oxygen Demand;*TSS: Total Suspended Soils, *BOD: Biochemical Oxygen
Demand; *TKN: Total Kjeldahl Nitrogen

Figure 1 demonstrated the wastewater treatment flow scheme in the constructed
wetland. Influent is fed and flows through the porous media under the surface of the
bed planted with emergent vegetation to the outlet, where it is collected before
leaving via a water level in horizontal subsurface flow constructed wetland. There
are 3 vertical flow filtration beds on the wetland. Equalization tank is used as
preliminary treatment before the wetland. The constructed wetland has 60 cm of
water depth, about 42 m? of cross-sectional area, 70 m of length and 40,6 m of width.
The surface area of the constructed wetland is approximately 2.842 m?. The volume
of the constructed wetland is about 1.705 m?.

There are 3 zones at the wetland. The zones contain three different
vegetation. Planting area is with a depth of 20 cm in bed. Harvesting beds are
prepared to be at least 14 m? of cross-sectional area.

Plant Species at Horizontal Subsurface Flow Constructed Wetland

Three common plants, Cyperus esculentus, Typha latifolia and Phragmites
australis were selected as the experimental species in this study. The reason of
selecting these plants was that they are obtained easily in Turkey and can grow well
in this system. These species are categorized under the group of rooted and float
plants. These plants are also resistant to sunny and arid areas. They can survive at
fresh water.
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Figure 1

Wastewater Treatment Process Flow Diagram of Constructed Wetland

Primary
Effluent

Influent icaun

Cyperus esculentus, Typha latifolia, and Phragmites australis were from
Adana, Sakarya and Hatay respectively. These plants were obtained and picked from
the nature by the researchers. There is no need for the permission of picking the
plants. The wetland was divided into three main regions. Zone I majorly contains
Cyperus esculentus. Typha latifolia is the dominant species at Zone II. Zone III
contains mostly Phragmites australis. Figure 2 demonstrates the plant zones that
contain the plan of the constructed wetland. GHG emission sampling points are the
Zone I, Zone I, and Zone III. The surface areas of the zones are equal whose values
are about 947.3 m?. Cyperus esculentus, Typha latifolia and Phragmites australis
are under classification of the submerged plant species. All of them are young plants.

These three plant species were planted in spring according to the
characteristics of the species before the measurement. All plant species were the
same age and one years old. These plant species were harvested in winter. Some
plant analyses were applied to determine the dominant plant in the wastewater.
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Figure 2

Plant Zones and GHG Monitoring Points of Constructed Wetland in The Plan

1
40,6 m
v
P 70 m P
/ 7

Note. ® GHG Emission Monitoring Point.

Closed Chamber Method and Gas Sampling

Several emission monitoring methods have been developed for WWTPs such
as open chamber method, closed chamber method and static chamber method
(Masuda et al., 2015). The closed chamber gas measurement method is one of the
methods of measurement and determination of greenhouse gases worldwide for
wastewater treatment. The closed chamber method was applied to measure the
emissions from the constructed wetland. The closed chamber had a cross-sectional
area of 0,118 m? and the volume of 25 L. It consisted of a portable top and a round
Styrofoam base. The gas was pumped into this chamber and collected for 30 min.
The gas analyzer was placed in the pump. Drager Polytron fixed 605 multi-gas
analyzer was used to determine the GHG concentrations. The optimum gas retention
time was assigned as 30 minutes due to observing no increase in the gas
concentration in the end of 30 minutes. The gas flux (F) can be considered as the
volume of the closed chamber. F was approximately 1,2 m?/d (it has been figured out
using the volume of the closed chamber and the gas retention time). The same closed
chamber was used for all zones and 3 plant species. The same gas monitoring method
was applied for all zones and plant species. All zones were monitored the same day
and respectively. The monitoring points of 3 zones were the top of the zones. The
GHG monitoring points were shown in Figure 2. All gas samplings were carried out
from the same point.
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Gas sampling was performed using the closed emission chamber for each
zone. Each zone has been monitored twelve times totally (Zone I-III) between
January and December, from the same points. CO2, CHs4 and N2>O gas concentrations
were determined using Drager Polytron fixed 605 multi-gas analyzer.

Estimation of Greenhouse Gas Emission

GHG emissions were determined from F (m?/d) and gas concentrations in the
closed chamber. GHG concentration (mg/m?) (Cgrg) was determined using Drager
Polytron fixed multi-gas analyzer. GHG concentration (mg/m?) was multiplied with
F (1,2 m’/d). GHG emissions were converted to COz-equivalent emissions by
multiplying GWP of each gas (Intergovernmental Panel on Climate Change [I[PCC],
2014). GWP of CO2, CH4 and N2O are 1, 28 and 265 respectively. Equation 1 shows
the calculation of GHG emission.

GHG (kgCOze/d) = [(F x Cana ) / 1000000)] x GWP (1)
Determination of Global Warming Potential

LCA enables for a better assessment of wastewater treatment technologies in
several different approaches. Due to its holistic approach, LCA is regarded as an
increasingly crucial decision-making tool in environmental issues (Biiylikkamaci &
Gokge, 2017). In this study, the LCA was carried out using GaBi 6.1 Software
Thinkstep, Germany. The CML 2001 impact assessment method was used to
determine the GWP of the three plant species. The required data for the software was
ensured from the GHG monitoring results of the closed chamber and the Eco-invent
database, which is integrated into the GaBi 6.1 software. GaBi software run
according to a designed flow diagram and defined inputs and outputs. The system
boundary defines which inputs and outputs contain. Electricity consumption and
chemical use were ignored in this study due to belonging a natural treatment system.
The inputs of this study are mainly treated wastewater characterization and
wastewater treatment efficiency. The variables were influent and effluent BOD,
COD and TKN concentrations. The outputs were N2O, CH4 and CO emissions. The
main function of this study is to determine the global warming potential of the
Cyperus esculentus, Typha latifolia and Phragmites australis at a horizontal
subsurface flow constructed wetland.
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Simulation of the GHG Emissions

In the final stage of the study, possible GHG emission was simulated using
Monte Carlo simulation if Zones (I, II) were vegetated with the plant species which
released the lowest GHG emission. Monte Carlo simulation was used to simulate all
GHG emissions related to Zones (I, II) if all zones were vegetated with the plant
species which has the lowest global warming potential.

Monte Carlo simulation has been developed based on computational
algorithms that contain repeated random sampling to ensure numerical results. This
simulation is applied in physical and mathematical problems in general. Monte Carlo
simulation is majorly used in optimization, numerical integration, and generating
draws from a probability distribution (Kroese et al., 2014). Monte Carlo Simulation
is a mathematical technique that produces random variables to determine the risk or
uncertainty of a certain system or in order to optimize the variables. @RISK software
was used to perform Monte Carlo simulation. Volumetric Reserves 1-Basic @RISK
model, 1000 iterations and 1 simulation were performed for this study. Lognormal
distribution was selected as the probability distribution. As uncertain inputs were
CO., CH4 and N2O emissions related to each zone, the outputs were the minimum
total GHG emission related to Phragmites australis. Therefore, the GHG emissions
corresponded to Zone (I-11I) were simulated to the lowest GHG emission related to
Phragmites australis. Equation 2 illustrated the calculation of possible minimum
GHG emission.

Emin= RiskOutput("Lognormal")+RiskLognorm(Z:;Z>) 2)
Emin= Possible minimum GHG emission

Z1= Sum of CO,, CH4 and N>O emissions related to Zone (I-1II)

Z>= Total greenhouse gas emission value related to Phragmites australis

Results and Discussion

Figure 3 demonstrated the monthly variation of GHG emissions. According
to the findings, the highest emission was N>O emission and the lowest emission was
CO; emission. The highest GHG emissions were monitored in January in winter and
the lowest GHG emissions were monitored in August in summer.
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Figure 3

Monthly Variation of GHG Emissions
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Figure 3
(Continued)
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Results of N2O Emissions Monitoring

Excess nutrients mainly from anthropogenic sources have been demonstrated
significantly increase N>O emissions from wetland soils through denitrification and
nitrification processes. The results revealed that N>O emission was the major GHG
emission from each zone of horizontal subsurface flow constructed wetland in
Turkey. It could be originated from the high efficiency of nutrient (nitrogen)
removal. Table 2 shows the effluent characterization of the municipal wastewater. It
could be said that NoO emissions positive correlated to TKN concentrations in
influent. Influent TKN concentration could increase N>O emission. In August, at the
peak concentration of TKN (85 mg/L), the highest N>O emission was observed.

Table 3 shows the N2O emission monitoring results. According to the
findings, the highest NoO emission was released from Zone 1 in August with the
value of 11,1367 kg CO»e/d. It could be considered that N>O emission would have
peak value in summer. The lowest NoO emission whose value is 4,1356 kg COze/d
related to Zone 3 was monitored in January. The minimum nutrient removal rate and
the low temperature could be effective on this result.
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In the literature, similar results have been obtained by the several researchers
on this topic. Han et al. (2019) investigated the influence of plant diversity on
greenhouse gas emissions for a vertical constructed wetland. They reported similarly
that N>O emissions parallelly correlated to TKN concentrations in effluent. In this
study, similar results were monitored. Recent studies have demonstrated that N>O
can be generated due to several chemical and biochemical processes during
nitrification and denitrification. Under aerobic conditions, N2O production resulting
from nitrifier denitrification has been described as the major generation mechanism
(Aboobakar et al., 2013). Mander et al. (2014) reported that all of the constructed
wetland types demonstrated a significant positive correlation between the inflow
TKN loading and N>O emission values. Mander et al. (2008), Teiter and Mander
(2005) and Sovik et al. (2006) monitored N>O emission from the horizontal
subsurface flow constructed wetlands treating domestic wastewater in the range of
0,04-3,01 mg m2 h™!. Van der Zaag et al. (2010) found the N>O emission as 0.396
mg m 2 h™! for Typha latifolia. Liu et al. (2009) reported N2O emission as 0.4 mg
m 2 h™! for Phragmites australis. In contrast with this study, Ruckauf et al. (2004)
demonstrated in lab-scale study that Phragmites plants significantly enhanced N>O
emission. Xu et al. (2014) investigated the seasonal variation of GHG emissions
from a coastal saline wetland in China. They similarly reported that the highest NoO
emission was monitored in summer and the lowest N2O emission was monitored in
winter. Hernandez et al. (2018) performed a similar study. They found that N>O
emissions ranged from 3 to 150 mg m 2 d~! with the peak of emission during autumn.
Nitrous oxide is generated in the result of nitrification at the aerobic zones and
resulting from denitrification at the anoxic zones. From this point of view, it could
be said that Zone I has the largest aerobic zones and anoxic zones than the other
zones. Also, it could be considered that methane oxidizing bacteria can also be a
major player in producing NoO (Metcalf & Eddy, 2014) especially where methane
and nitrogen are abundant.

Results of CH4 Emissions Monitoring

The horizontal subsurface flow constructed wetlands are one of the
significant resources of CH4 emissions. CH4 emission could be released from
anaerobic zones. CH4 emissions related to Zone I-IIl were given in Table 4.
According to monitoring results, N>O emissions were higher than CH4 emission due
to nitrogen uptake of the plants at all zones. CH4 emissions were higher than CO>
emissions due to carbon capture of the plants. The highest CHs emission was released
from Zone I in July. Its value was 1,1781 kg COze/d. The lowest emission was
occurred in Zone III in January similar with NoO emission with the value of 0,4704
kg COze/d. The minimum emission was observed in winter. It could be originated
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from the low temperatures inhibited the activity of anaerobic bacteria and promoted
CHj4 oxidation. From this point of view, it could be said that anaerobic zones and
microbial growth (algal growth) could be present much more than other zones. Also,
oxygen transfer could be poor in Zone I compared with the other zones.

CH4 emissions from constructed wetlands were investigated by many
researchers. Xu et al. (2014) reported CH4 fluxes averaged from -0.368 to 4.959 mg
CHsm? h'!'. They observed the highest emission in autumn. In this study, the highest
emission was monitored in summer. It could be originated from those high
temperatures enhanced the activities of anaerobic methanogens. A study by Han et
al. (2019) was reported that CH4 emissions ranged between 0,254-0,785 ug/m? /day
for a lab-scale vertical flow constructed wetland. Chen et al. (2013) similarly
investigated CH4 emission from Yellow River delta wetland. Herndndez et al. (2018)
reported that 0,71-0,75 mg/m? h. conducted a similar study. Methane emission in
constructed wetland mesocosms ranged from 0 to 2100 mg/m d, with higher
emissions observed at surface flow constructed wetland. Similar with this study, the
peaks of methane emission were observed in summer (July-August).

In Table 2, influent carbon concentration in terms of BOD and COD could
be seen. It can be said that low organic content wastewater generates low CHy
emissions. When the low carbon concentration was monitored in January, the lowest
CH4 emission was measured (COD=203,2 mg/L, BOD=80,8 mg/L).

Results of CO; Emissions Monitoring

Constructed wetlands play a crucial role on global balance of the major
greenhouse gases which are CO> and CHas. They play an important role as a buffer
for CO by photosynthetic assimilation and carbon sequestration in the wastewater.
A net carbon flux is observed as a result from carbon uptake from the atmosphere by
photosynthesis and its release because of decomposition of organic materials at
constructed wetlands. Both the rates of carbon uptake and decomposition are
affected by climate, nutrient concentrations, water saturation and oxygen
availability. In aerobic conditions, decomposition emits CO, and CH4 emissions
dominate in anaerobic conditions (IPCC, 2006). Also, CO> uptake from atmosphere
and dissolved CO; from wastewater might be achieved due to photosynthesis. In this
study, minor amounts of CO> were released from this horizontal subsurface flow
constructed wetland. Table 5 shows CO; emissions from the wetland. The lowest
CO; emission was monitored in Zone III with the value of 0,0156 kg COze/d in
January. The highest CO; emission (0,0363 kg CO2e/d) was monitored in Zone I in
August. CO; emission could be originated from the respiration of the microbial
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community in the constructed wetland. The aerobic microorganisms would be more
active in summer. In a study by Chen et al. (2013) investigated the greenhouse gas
emission from a wetland. Similar with this study, they found that CHs emissions
were higher than CO» emission. They reported that it could be concluded that CO,
emission was enhanced by personal activities. Xu et al. (2014) similarly observed
higher CO emissions during the summer and autumn seasons. In the literature, CO>
emission was ignored due to low global warming potential by many researchers.

From Table 2, it could be said that the highest CO; emission was released in
August in the day of the high effluent BOD and COD concentration. In parallel, the
lowest CO2 emission was generated at the monitoring day of the lowest effluent in
terms of COD and BOD concentration.

Effect of Different Plant Species on GHG Emissions

In this study, the effect of Cyperus esculentus, Typha latifolia and Phragmites
australis on GHG emission were investigated. It could be said that N,O, CO; and
CH4 emissions were affected by plant diversity. Phragmites australis released the
lowest CO2, CH4 and N>O emissions. From this point of view, it could be said that
Phragmites australis is the best for carbon capture, CHs adsorption and N>O uptake.
The results also show that communities with Phragmites australis could obtain
higher nitrogen removal and lower greenhouse gas emissions than other wetland
vegetation. Phragmites australis has negative effect on GHG emissions.

Cyperus esculentus is the supply of the highest CO,, CH4 and N>O emission.
Cyperus esculentus released the largest GHG emission in the wetland. Typha
latifolia follows it in terms of N2O and CO; emission. Figures (4-6) shows the
monthly change of GHG emissions on a plant basis.




Pelin Yapicioglu, Hakki Giilsen
Turkish Journal of Water Science & Management 5 (2) (2021) /247 - 270

6S10°0 L910°0 8910°0 6910°0 €L10°0  TLIO0  OLIO0  T9100 1910°0 09100 8S10°0 9S10°0 (sip.zsnp sap1uSvaYd) 1] SUOZ
9120°0 $TTO0 TTT0°0 LTTO0 €400 1¥20°0  0¥TO'0  6TTO0 8700 L1TO0 S120°0 90200 (vigofi] pydA) 11 ouoZ,
9€£0°0 S¥€0°0 [543 LY€0°0 €9€0°0  19€0°0  09€0°0  6¥€0°0 87€0°0  LEEOO SEE00 92€0°0 (smpuapnosa sn.i2di)) | duoz
10quIod JOqUIDAON 109030  Joquuaidog jsn3ny Amp aunp Ke udy YOIBA Areniqo Arenuer Jur0d SULIO)TUOIA
(P20 3)
UOISSIWH 20D
SISy SULOJIUOIN UOISSIULTT L))
S9lqeL
8ELY0 LE6Y0  €96F°0 20050 0¥0S°0  LEOS'0 90050  696¥°0  6£6°0 86870 PYLYO Y0LY 0 (s1p.ysnp sa11uSD.1Y ) ] SUOZ
66TS°0 60€5°0 9TES0 8€€S°0 €PyS0  €LESTO SOES'O  THTSO  THTSO 10TS°0  €¥0S°0 0¥0S°0 (v1p0fiim) vyddT) 11 duoZ
LELO'T LSLO'T  €SET'T YTrl'l LILT'T IS8LIT 9SLI'T  TI9I'T  TIVO'T 00€0°T  $E€TO°T 0800°T (smpuanosa sniada)) | auoz,
10quIP0d(  IQUIDAON 199030 Joquiddog jsngny Amnp aunf KeN [udy YoIelN  Areniqoq Arenuef Jur0d SuLIOIUOIA
(PZ0D 33)
uorsstwy D
§3]ns2y SULIOJIUOJN UOISSTULTT VT D)
¥ d1qeL
098CY 9S1SY 8TY9Y 6S9LY 00LL'Y  000LY  OTSY'Y 0T’y 995¢€'Y 0€6C° Y 8591y 9SET'Y (s1ypysnp sopuSv.ayd) 111 SU0Z
799%°9 1%26°9 SLS6'9 009°L L9S6'L  1LS9'L  6LT9'L 06St°L 6SS€9 16129 1¥81°9 6S01°9 (p1pofirmy vydd]) 11 2uoz
919°6 I701°01  SLET0T T08L°01 LYEITT 1LE8°0T  6L08°01  06€9°01 6S€5°6 166€°6 179€°6 6S8T°6 (smuajnosa sniad()y) | ouoyz
10QUINJd(  JOQUIDAON  19q010()  Ioquidydog Isngny Amg aunf Ae]N udy YOIl Areniqog  Arenuef Jjurod SULIOITUOIN
(p/2200 3)
uorssIyg OIN
S1nsaY SULLOIIUOPN UOISSTULT DTN
€9lqeL
69 6L 08 €8 <8 8L S'SL o oL 69 L9 99 (1/3w) N3LL
101 vST 89¢ €09 €008 069  STS Sty 08¢ 68 S6 8°08 (1/8w) aod
S6C 143 S¥9 0001 TT0PT  6STI ST6 888 S8L 8L9 Va4 Te0T (1/3w) oo
peleliihllg] JOQUIDAON  19q0100 Joquoydog isn3ny Amnp aunf KeN ady YoIeA Areniqaq Arenuef I9)oweIR

AD(q SUL0J1UON 1D UOIDZIADIOVADY) JUIN]fU]

¢lqe L

261



Pelin Yapicioglu, Hakki Giilgen
Turkish Journal of Water Science & Management 5 (2) (2021) /247 - 270

Figure 4

Monthly Change of N>O Emission on a Plant Basis
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In this study, global warming potentials of these three plant species were
determined using LCA approach. According to the results, Cyperus esculentus had
the highest global warming potential in the wetland with the value of 3,8 kg COze.
Phragmites australis had the lowest global warming potential (GWP) in the value of
1,7 kg COze. The global warming potentials of Typha latifolia were 2,5. Figure 7
shows the comparison of the global warming potentials. Xu et al. (2014) made the
similar study on determination of global warming potential related to mud flat, S.
alterniflora flat, S. glauca flat and grass flat. They used IPCC approach to determine
the global warming potentials. They reported that S. alterniflora had the maximum
global warming potential and mud flat had the lowest global warming potential.
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Figure 5

Monthly Change of CO> Emission on a Plant Basis
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Figure 6

Monthly Change of CH4 Emission on a Plant Basis
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In the literature, similar studies were performed related to other different
plant species. Xu et al. (2014) investigated CO>, CHs and N>O emissions of four
different coastal plants which are mud flat, S. alterniflora flat, S. glauca flat and
grass flat. They used static chamber method to monitor the GHG emissions. They
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reported that CH4 and N>O emissions were the highest in the grass flat, followed by
the S. alterniflora flat. Higher CO, emissions were observed in the S. alterniflora
flat. This study confirms the result of our study that plant diversity influences GHG
emissions. Han et al. (2019) investigated similar influence of plant diversity on
greenhouse gas emissions in a vertical constructed wetland. They also reported that
the communities with R. japonicus presented a decrease in N>O emissions of 62%.
Hernandez et al. (2018) performed a study on greenhouse gas emissions using
ornamental plants in a constructed wetland. They reported that plant density had no
impact on greenhouse gas emissions in the wetlands planted with Zhantedeshia
aethiopica. Methane emission was higher in the zones planted with Zhantedeshia
aethiopica as compared to the zones planted with Thypha sp and Cyperus papyrus.
Chen et al. (2013) investigated the mitigation of GHG emissions in regard to
different types of plant species. The plant species, Phragmites australis, was similar
with this study. The other species were Beaches bare land, Suaeda salsa, Tamnrix
chinesi and farmland. They reported similar finding with this study that Phragmites
australis had the lowest CO> emission and average CH4 emission.

Figure 7

Global Warming Potentials of Plant Species
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Greenhouse Gas Emission Reduction and Simulation Results

The originality of this work was that Monte Carlo simulation could be applied
for the mitigating of GHG emission differently from the other relevant studies in the
literature. Table 6 shows the simulation results. The possible GHG emissions were
estimated using Monte Carlo simulation if the wetland was vegetated with only
Phragmites australis at all zones.

Table 6

GHG Minimization Results Using Monte Carlo Simulation

Simulation Point Total Emission Possible GHG emission
(kg CO2e/d) (kg CO2e/d)

Zone 1 11,2758 5,9280

Zone 11 7,5083 5,0337

Zone 111 4,9665 4,9665

Constructed wetland 23,74 15,93

The simulation results showed that overall GHG emission minimization was
reached up to 33% if Phragmites australis were vegetated at all zones in the
horizontal subsurface flow constructed wetland.

Conclusion

This study demonstrated that Cyperus esculentus, Typha latifolia and
Phragmites australis could have a significant impact on GHG emissions. It could be
considered that N2O, CH4 and CO» emissions were affected by plant diversity. The
highest N2O emission was released in August at horizontal subsurface flow
constructed wetland. The lowest CO, emission was observed in January in this
constructed wetland. According to the results, Cyperus esculentus had the highest
global warming potential with the value of 3,8 kg COze. Phragmites australis had
the lowest global warming potential (GWP) with the value of 1,7 kg COze. The
simulation results showed that overall GHG emission minimization was reached up
to 33% if Phragmites australis were vegetated at all zones in the horizontal
subsurface flow constructed wetland.
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Extended Turkish Abstract
(Genisletilmis Tiirk¢e Ozet)

Yatay Yiizey Alti Akish Yapay Sulak Alanlarin Sera Gazi1 Emisyonlarinin Azaltilmasi

Atiksu aritma proseslerinden kaynaklanan sera gazi emisyonlari, son yillarda 6énemli bir
cevresel sorun olarak degerlendirilmektedir (Kyung vd., 2015; Giilsen & Yapicioglu 2019). Atiksu
aritma tesisleri uygulanan atiksu aritma prosesi, camur isleme ve stabilizasyon prosesleri, kimyasal
kullanim, enerji tiiketimi ve bakim ve onarim faaliyetlerinden kaynakli karbondioksit (CO2), metan
(CHa) ve nitroz oksit (N20) olmak fizere ii¢ ana sera gazini salmaktadir. (Rodriguez-Caballero vd.,
2014; Kyung vd., 2015). Yapay sulak alanlar, sera gazi emisyonlarini yayan atik su aritma
birimlerinden biri olarak kabul edilmektedir (Mander vd., 2014). Ozellikle yapay sulak alanlardan;
aritma prosesi kaynakli karbondioksit (COz), metan (CHa) ve nitrdz oksit (N20) emisyonlar1
yayilmaktadir (Mander vd., 2014). Bununla beraber yapay sulak alanlar, son zamanlarda pek cok
nedenden dolay bir sera gazi emisyon azaltma teknolojisi olarak kabul edilmektedir. Yapay sulak
alanlarda sera gazi emisyonunu azaltan bir¢ok faktor vardir. Son zamanlarda, yapay sulak alanlardaki
bitki tiirii ¢esitliliginin sera gazi emisyonlari iizerinde biiyiik etkisi oldugu anlasilmistir (Han vd.,
2019). Bitki tiirlerinin CO2, CH4 ve N2O'nun tiretimi, yayilimi ve tasinmasinda biiyiik farkliliklara
neden oldugu goriilmiistir (Han vd., 2019). Bu varyasyonlar biiyiik 6lciide tiirlerin anatomik
ozellikleri nedeniyle ortaya ¢ikmaktadir (Han vd., 2019). Bitki tiirlerinin ¢esitliligi, azot alimin1 ve
karbon tutumunu artirarak CO2, CHa ve N20 emisyonlarini azaltir. Bitkilerin fotosentez reaksiyonu
nedeniyle COz, sulak alanda en aza indirilebilir. Bitki tiirlerinin sera gazi emisyonlar1 izerindeki etkisi
son zamanlarda odaklanilan bir konu haline gelmistir.

Bu calismada, Tiirkiye'deki bir yatay yiizey alt1 akisli yapay sulak alandan salinan sera gazi
emisyonlar tizerinde farkli bitki tiirlerinin etkisinin ortaya konmasi amaglanmistir. Yatay yiizey alti
akislt yapay sulak alandan CO2, CH4 ve N20 emisyonlari, kapali ¢cember yontemi kullanilarak bir
yilda toplam on iki kez 6l¢iilmiistiir. Ayrica bitki tiirlerinin kiiresel 1sitnma potansiyelleri (KIP), tim
sera gazi emisyonlart dikkate alinarak Yasam Dongiisii Degerlendirmesi (YDD) yaklasimi
kullanilarak belirlenmistir. Sera gazi emisyonlarini tahmin etmek i¢in [IPCC yontemine dayali yeni
gelistirilmis bir model kullanilmistir. Bu ¢alismanin 6zgiinliigii, yapay sulak alanlar i¢in yeni bir sera
gazi emisyon tahmin aracinin gelistirilmis olmasidir. Bu ¢aligsma, farkli bitki tiirlerinin etkilerini
degerlendirmek i¢in uygulanmistir. Yatay yiizey alt1 akishi yapay sulak alan, sera gazi 6l¢limii i¢in 3
bolgeye ayrilmistir. Bitki tiirli olarak Cyperus esculentus (Bolge 1), Typha latifolia (Bolge 1) ve
Phragmites australis (Bolge III) kullanilmistir. Bu ¢alismanin bir diger 6zgilinliigli, Cyperus
esculentus, Typha latifolia ve Phragmites australis'in sera gazi emisyonlari iizerindeki etkilerinin,
yatay ylizey alt1 akisli yapay sulak alan i¢in CO2, CH4 ve N20 emisyonlar1 agisindan belirlenmis
olmasidir. Bu calismada literatiirdeki ilgili ¢alismalarin disinda, yeni gelistirilmis bir sera gazi
emisyonu tahmin araci ile bu ti¢ tiir igin sadece CH4 ve N2O emisyonlar1 degil, ayn1 zamanda CO2
emisyonu da ele alinmigtir. Buna ilaveten, bu ¢alismanin yeniliklerinden birisi de, sera gazi izleme
sonuglaria dayali olarak bitki tiirlerine iligkin kiiresel 1sinma potansiyellerinin belirlenmesi i¢in YDD
metodolojisinin uygulanmasidir. Caligmanin son asamasinda, eger Bolgeler (I-1I) en diisiik sera gazi
emisyonu salan bitki tiirii ile donatilmig olmas1 durumunda, olasi sera gazi emisyonu Monte Carlo
simiilasyonu kullanilarak tahmin edilmistir.
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Bu calismada Cyperus esculentus, Typha latifolia ve Phragmites australis'in sera gazi
emisyonu tizerindeki etkisi arastirilmistir. N2O, CO2 ve CHa emisyonlarmin bitki g¢esitliliginden
etkilendigi soylenebilir. Phragmites australis en diisiik CO2, CH4 ve N2O emisyonlarini salmaktadir.
Bu agidan bakildiginda, Phragmites australis'in karbon yakalama, CH4 adsorpsiyonu ve N2O alimi
konusunda en efektif bitki oldugu soylenebilir. Sonucglar ayrica Phragmites australis'e sahip
topluluklarin diger sulak alan bitkilerinden daha yiiksek azot giderimi ve daha diisiikk sera gazi
emisyonlari elde edebilecegini gostermektedir. Phragmites australis, sera gazi emisyonlari {izerinde
azaltic1 bir etkiye sahiptir. Cyperus esculentus, en yiikksek CO2, CH4 ve N2O emisyonu kaynagi oldugu
goriilmektedir. Cyperus esculentus sulak alandaki en yiiksek degerde sera gazi emisyonunu salmistir.
Typha latifolia bunu N>O ve CO2 emisyonu agisindan takip etmektedir. Makalede yer alan sekiller
(4-6), bitki bazinda sera gazi emisyonlarinin aylik degisimini gostermektedir. En yiiksek sera gazi
emisyonu, Agustos aymda Bolge I'den salinan N2O emisyonudur (10,8371 kg COze/d). En diisitkk
emisyon Ocak ayimda III. Bélge'deki CO2 emisyonudur (0,0156 kg CO2e /d). Sonuglar, Cyperus
esculentus'un en yiksek sera gazi emisyonuna ve en yiiksek kiiresel 1sinma postansiyeline sahip
oldugunu ortaya koymaktadir. Phragmites australis, en diisiik sera gazi emisyonuna ve en diigitk
kiiresel 1sinma potansiyeline sahip bitki olarak kullanilabilir. Tiim sera gazi emisyonlari farkli bitki
tiirlerinden etkilenmistir. Son olarak, sulak alan sadece Phragmites australis ile bitkilendirilmesi
durumunda, olasi sera gazi emisyonu Monte Carlo simiilasyonu kullanilarak tahmin edilmistir. Sulak
alan sadece Phragmites australisle bitkilendirilmis olsaydi, sera gazi emisyonlarinda yaklasik % 33
azalma elde edilebilecegi tespit edildi. Bu ¢alismada, bu ii¢ bitki tiiriiniin kiiresel 1sinma potansiyelleri
YDD yaklasimi kullanilarak belirlenmistir. Sonuglara gore Cyperus esculentus 3,8 kg COze degeri ile
sulak alanda en yiiksek kiiresel 1sinma potansiyeline sahiptir. Phragmites australis, 1,7 kg COZ2e
degeri ile en diisiik kiiresel 1sinma potansiyeline sahip oldugu goriilmistiir.
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