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Abstract. An excessive growth of submerged vegetation has been observed in some regions of the
Kizilirmak river. In this research, conducted below Yamula Dam, monthly changes in submerged
macrophytes in the river course around Avanos (Nevsehir) were investigated. Submerged plant samples
were taken from four stations and some water quality parameters were measured. The submerged plant
which had increased excessively was identified as fennel pondweed, Stuckenia pectinata (L.) Borner.
Molecular identification using a partial sequence of the ITS region has found that sampled S. pectinata
specimens were not closer to sequences belonging to hybrid samples. Rather, nucleotide sequences of
analysed fragment of ITS region have shown that the phytogeographic distribution of the haplotype, lies
between eastern and western examples. The mean submerged plant biomass was estimated as 721 + 288 g
dry weight/m? in the research period. The excessive increase of S. pectinata in the Kizilirmak can be
attributed to the regulated flow in the river, and its salt tolerance and preference for hard waters. Since it
was the single dominant species of submerged macrophyte in the study area, macrophytes indices could
not be applied. Mechanical/physical control was recommended for the control of submerged plant
biomass in the area.
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Introduction

Rivers are much more variable ecosystems than standing waters. From their source to
their outflow, they are affected by the soils of the regions they flow through and
climatic conditions. Streams originate from different sources, gradually widening and
gouging out a bed until they flow into a lake or the sea. In this way, they show
variations in their physical, chemical, and biological characteristics, which greatly
affects people. Flowing waters are mostly affected by pollution, agricultural activity,
and hydromorphological modifications such as dams: the lake forming behind a dam
changes the river’s flow regime.

Aguatic plants are the primary producers of this environment: they provide nutrition
and shelter, and form a place for fish and other organisms to lay their eggs, and they
have great importance in the sustainable use, management and restoration of the
environment. Macrophytes affect the distribution, particle size and composition in the
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sediments of fresh and marine waters, and so their presence in freshwater and marine
ecosystems is fundamental to improving water quality and to preventing turbidity and
sediment mixing (Madson et al., 2001; Cirik et al., 2007).

Aquatic macrophytes directly affect water quality and its composition of organisms.
In both flowing water and lakes, aquatic macrophytes are used as indicators in the
monitoring of environmental effects and eutrophication, and macrophyte monitoring
programs have been developed. Aquatic macrophytes are an important indicator in
monitoring ecological quality especially in shallow lakes, but they can also be used as a
measure of ecological quality in rivers (Melzer, 1999; Birk et al., 2006; Kuhar et al.,
2011; Gecheva et al., 2013; Ciecierska and Kolada, 2014). The construction of dams
and canals cause changes in the ecological characteristics of the water by affecting the
flow. The Kizilirmak — ‘Red River’ — got its name from the characteristic red colour of
the clay particles that it carries (Akbulut et al., 2009). Large dams constructed on the
Kizilirmak have regulated its turbulent flow pattern, and over the long term, there has
been a reduction in its flow. It has been found that with the reduction in the amount of
alluvium, the Kizilirmak delta has ceased expanding (Bahadir, 2011). After the
construction of the Yamula Dam, the increase in the black fly population in the middle
Kizilirmak basin between the provinces of Kayseri and Nevsehir reached disastrous
numbers. The flies were identified as black flies of Simuliidae species. Several
researches were performed on the taxonomy of black flies in Turkey (Kazanci and
Clergue-Gazeau, 1990; Kazanci and Ertung, 2008; Basoren and Kazanci, 2016). This
outbreak of flies had a negative effect on tourism and farming of this area of
recreational importance (Yilmaz et al., 2007). This species of fly lays its eggs on several
substrates such as underwater plants, and we think that excessive plant growth had an
effect on increasing the fly population. The larvae and pupa of the insects were
observed on the aquatic plants. It is reported that commercial preparations containing
Bacillus thuringiensis israelensis (Bti) were used against the fly larvae in the area
(Y1lmaz et al., 2010). The treatments against the flies in the river are still going on. In
the River Nile, it was reported that the construction of the Aswan Dam caused important
changes in the aquatic ecosystem and especially in aquatic plant communities and that
with the regularization in the flow regime of the river, a suitable habitat was formed for
the growth of many underwater macrophytes such as Ceratophyllum demersum and
Stuckenia pectinata. It was also found that the increased plant growth was a factor in an
increase of disease-carrying black flies (EI-Shinnawy et al., 2000). Similarly, when
large dams were built on the River Ebro in Spain, a reduction in suspended solid matter
caused an increase in the species S. pectinata associated to the black fly Simulum
erythrocephalum, and negative effects were reported on local people and tourists
(Ibanez et al., 2008). Changes in river ecosystems can have many negative ecological
consequences. The plants have caused an increase in the black fly population and have
created recreational problems.

This research aims to identify the aquatic macrophytes of the Kizilirmak in the
region of the district of Avanos in Cappadocia, to perform phylogenetic characterization
of the excessively growing plant, and to investigate monthly changes in plant biomass.
In addition, plant control methods have been discussed to suggest which one is the most
suitable for the region.
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Materials and methods
Study site and sampling

The Kizilirmak is Turkey’s longest river, and stretches for 1355 km. It rises on the
slopes of Kizildag in the north-east of Anatolia and runs through the provinces of Sivas,
Kayseri, Nevsehir, Kirikkale, Ankara, Cankiri, Corum and Samsun, gathering water
from many streams and rivers before meeting the Black Sea at Bafra. Kizilirmak is
Turkey’s second largest river basin, constituting approximately 10.9% of the total
surface area of the country (Yildiz and Ozkiran, 1991). Its main tributaries are the
Delice, Devrez and Gokirmak rivers. Fed with rain and snowmelt, the river used to have
an irregular flow. It has a low rate of flow from July to February, and then in March it
begins to swell rapidly, reaching its highest levels in April. Its mean flow rate is
184 m?/s, while over a 35-year observation period its minimum mean flow was
18.4 m*/s and its maximum was 1673 m®/s (DSI, 2009). There are 16 dams on the river,
and there are four dams upstream of the sites where samples were taken. This study was
conducted on the section of the Kizilirmak below the Yamula Dam, where it passes
through the district of Avanos in Cappadocia.

This study was conducted on a monthly basis between March and December 2010.
Samples were taken from four stations between 38°42'974"- 38°43'050" N and
34°51'526"- 34°50'878" E in the district of Avanos. Stations 3 and 4 were in the town of
Avanos, and there was a distance of approximately 1470 m between stations 1 and 4
(Fig. 1). The width of river in the sampling stations changed between 55 and 125 m. In
the field work, the river was crossed from bank to bank by boat along a transect, and the
frequency of occurrence of the water plants was recorded. The abundance of the plants
was measured according to Kohler (1978) on a five-degree scale, from 1 = very rare to
5 = abundant, predominant. After that, the plants were taken from the bottom using a
long-handled rake in three repetitions at equal distances from the sampling points
(Westlake, 1986; Demir et al., 2020). Also, water samples were taken from immediately
below the surface. The plants collected were placed in plastic bags and labelled.

Because of adverse weather conditions, plant samples were not taken from station 1
in July. In September, the river water was cut off to collect water in the newly
constructed Bayramhacili dam upstream of Avanos and the river bed was dry, so that
plant samples could not be collected from stations 1, 2 and 4, and it was not possible to
measure water depth or Secchi depth. However, it was possible to collect water samples
from the flowing water.

Analysis

The aquatic plant was identified using a hand lens and stereomicroscope according to
relevant literatures (Davis, 1965-1985). DNA extraction was performed using CTAB
chloroform: isoamylalcohol method (Storchova et al., 2000). The 18S rRNA, ITS1, 5.8S
rRNA, ITS2, and 26S rRNA regions of the samples were amplified using the ITSF and
ITS4 primer pair (Kaplan and Fehrer, 2004). PCR were carried out in a final volume of
50 ul containing 8 pul of 5x FIREPol Master Mix Ready to Load (12.5mMMgCI2) (Solis
BioDyne, Estonia), 1 pl of each primer (F, R), 2 pl of template DNA and 28 pl of
ddH.O. PCR amplifications were all set with a negative control sample. PCR
amplifications were performed using a BioRad CFX96 thermal cycler using an initial
denaturation step at 95°C for 7 minutes, followed by 35 cycles of denaturation at 94°C
for 30 seconds, annealing at 48°C for 30 seconds, and extension at 72°C for 20 seconds
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and followed by a final extension at 72°C for 5 minutes (Keskin et al., 2016). PCR
products of 945 base pairs were purified prior to sequencing. Bidirectional Sanger
sequencing was performed using ABI SeqStudio Genetic Analyzer. Nucleotide
sequences were aligned to reference sequences, and checked for possible reading errors,
insertions and deletions. Analyses were performed based on a trimmed and quality
checked 574 base pair fragment together with reference sequences obtained from NCBI
GenBank. Nucleotide composition, nucleotide pair frequencies and codon usage were
analysed for the nucleotide data and pairwise genetic distances were calculated using
Jukes Cantor. The evolutionary relationship among species was analysed by
constructing a Neigbor-Joining tree calculated using 1000 iteration bootstrap tests. All
analyses were performed using MEGA X (Kumar et al., 2018). The biomass by unit
area of aquatic plants was determined on the basis of dry weight. The plants were first
sorted by species, and weighed. After the wet weight were measured, the samples of the
plants were placed in weighed crucibles, dried in a desiccator at 105°C for 24 hours and
cooled, after which dry weight was determined (Wetzel and Likens, 1991).

(A) N
7 SiNOP BLACK SEA A

ZONGULDAK

Figure 1. A; The location of Kizilirmak Basin, B, C; Study site and sampling stations

Measurements were made of water temperature, dissolved oxygen (with a YSI
ProPlus Oxygenmeter), pH (with a Consort P901 Model pHmeter), electrical
conductivity (with a Schott CG855 Model Conductivitymeter) and Secchi depth (with a
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20-cm diameter Secchi disk). Analyses of water samples for alkalinity, total hardness,
nitrate, nitrite, ammonium, orthophosphate, total phosphorus were performed according
to standard methods (APHA, 2005).

Statistical analysis

The variations of plant biomass between the sampling stations were evaluated by
One-Way Analysis of Variance (ANOVA) and post-hoc Tukey test using SPSS 17
(Kesici and Kocabas, 2007). For all parameters, logarithmic (Log X+1) data
transformation was applied (except pH values). The Detrended Correspondence analysis
(DCA) was used to select the appropriate model (linear or unimodal) for the ordination
and it was determined by the Canoco v4.5 software (Ter Braak and Smilauer, 2002).
According to the results, Principal Components Analysis (PCA) was applied by the
covariance matrix at the XLSTAT 2014.5.03.

Results and Discussion

The species of aquatic plant showing an excessive increase in the sampling sites was
determined as Stuckenia pectinata (L.) Borner (syn. Potamogeton pectinatus L.).
Kaplan (2008), described the varieties and variation in Stuckenia species around the
world, and separated them from the genus Potamogeton. Species grouped under the
genus Stuckenia have long leaf sheaths, a characteristic leaf and a pendiculous anatomy,
with a high ploidy level (hexaploidy) distinguishing them from the generally diploid or
tetraploid Potamogeton species. However, hybridization with other Potamogeton
species makes identification by morphological characteristics difficult.

Genetic characterization of the species Stuckenia pectinata was performed using the
ITS region, and phylogenetic analyses were made comparing it with Stuckenia
pectinata, Stuckenia filiformis as outgroup and Stuckenia pectinata x Stuckenia
filiformis hybrid samples from various countries (Table 1, Fig. 2). Molecular methods
have been used to distinguish Stuckenia and Potamogeton species. The nuclear ITS
region has become the most used marker because it provides the possibility of copying
both maternally and paternally derived DNA sequences. Results obtained show
variation between species to be up to 1-1.3% level within species and hybrids and up to
4% among S. pectinata and filiformis specimens. In nucleotide composition analysis
results, the mean G-C ratio was calculated to be 50.7% and the ratio of transitional pairs
to transversional pairs was found to be R = 0.49. The mean genetic difference between
the samples used in the analysis was calculated to be 0.02. Examining the tree
constructed by the Neighbor-Joining method, it was seen that the specimen obtained
from Turkey was identical with the reference sequence gathered from Czech Republic
in terms of nucleotide composition. After examining the DNA sequences of the samples
of S. pectinata taken in the section of the Kizilirmak and comparing them with DNA
sequences in the literature and in international data banks, it was concluded that it was
not a hybrid as it is clustered with S. pectinata specimen from Czech Republic, very
close to other S. pectinata specimen from China and clearly separated from S. pectinata
x S. filiformis hybrid specimen and S. filiformis specimens. These results strengthen the
idea that the ITS region is a suitable gene for genetic characterization, including the
phylogeographic analysis of the species S. pectinata. It is intended in future studies to
analyse different populations of the species, thereby revealing the genetic structure of
the populations of Turkey.
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Table 1. Pairwise genetic distance matrix of S. pectinata haplotype sequenced in this study
together with reference sequences from different countries gathered from NCBI GenBank

1 2 3 4 5 6
1 Stuckenia pectinata (This study-Turkey) 0.000 | 0.004 | 0.004 | 0.008 | 0.008
2 MH171027 Stuckema_pectmata (Czech 0.000 0.004 | 0004 | 0.008 | 0.008
Republic)
3 DQ840277 Stuckenia pectinata (China) 0.013 | 0.013 0.002 | 0.007 | 0.007
4 FJ956925 Stu_c_kema_ pectinata x Stuckenia 0010 | 0.010 | 0003 0.007 | 0.007
filiformis (China)
5 KT175311 Stuckenia filiformis (China) 0.041 | 0.041 | 0.033 | 0.030 0.000
6 MH171032 Stuckenla_flllformls (Czech 0041 | 0.041 | 0033 | 0.030 | 0.000
Republic)

Stuckemia pectinata (This study Turkey)

5. pectinata cluster

MH171027 Stuckenia pectinata (Cezch Republic)

DQB40277 Stuckenia pectinata (China)

FJ956925 Stuckenia pectinata x Stuckenia filiformis (China)

KT175311 Stuckenia filiformis (China)

MH171032 Stuckenia filiformis (Czech Republic)

—_

0.0050

Figure 2. Phylogenetic relationship (Neighbor-joining tree with Jukes Cantor estimation via
1000 bootstrap tests) among S. pectinata specimens sequenced in this study and specimens from
other countries gathered from NCBI GenBank

S. pectinata was not reported around Avanos before dam construction, but grew
excessively when flow was regulated by dams. The Kizilirmak is faced with a great
threat of pollution. In a research covering all Kizilirmak basin, 73% of stations are
below good ecological status according to diatom index (EPI-D) and
eutrophication/organic pollution are reported (Cetin et al., 2021). The name of the river
— Kizilirmak means ‘red river’ — comes from the characteristic reddish colour of the
clay particles which it carries (Akbulut et al., 2009). Dams built on the river have
affected the flow regime, and it has been found that the growth of the Kizilirmak delta
has ceased because of a reduction in the amount of alluvium (Bahadir, 2011).
S. pectinata is a cosmopolitan species, lives in almost all waters and adapts to different
environments. It was reported from the wetlands of the Kizilirmak basin, delta and

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):4055-4067.
http://www.aloki.hu ® ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1905_40554067
© 2021, ALOKI K ft., Budapest, Hungary



Demir et al.: Excessive growth of Stuckenia pectinata in the Kizilirmak river, Turkey
- 4061 -

Sultan Sazligi and widely distributed in Turkey in lakes and wetlands, from freshwaters
to brackish lagoons and ponds (Se¢men and Leblebici, 1997; Demirezen and Aksoy,
2004). S. pectinata is a monocotyledonous angiosperm of the Potamogetonaceae family.
It is a perennial macrophyte species, one of the most widespread aquatic plants, growing
in fresh or brackish water, in stagnant water, in wet areas and in flowing water. It can
grow excessively in irrigation canals and recreational areas. Its seeds are resistant to
drying and high salinity, and are spread by water birds. It can also tolerate changes in
water level. Among Potamogeton species, only S. pectinata tolerates high salinity, pH
and alkalinity; it can be found in eutrophic waters and can even live in very polluted
areas (Kantrud, 1990).

The mean depth of the sampling area was found as 2.25 + 0.44 m, and Secchi depth
was 0.90 + 0.20 m. Water depth and Secchi depth showed monthly variation over the
study period and monthly variation in Secchi depth was significant (F= 16.47, p= 0.00)
(Table 2). The lowest Secchi depth were found to be lower than the values from the
Yamula dam lake. In the Yamula dam, situated on the Kizilirmak in the upstream, the
Secchi depth varied from 0.85 to 4.70 m (DSI, 2009). The dam lake causes an increase
in the Secchi depth. One of the most important abiotic factors limiting macrophyte
development is light penetration in the water. In clean water with high light intensity,
the plant size, internode length and leaf length of S. pectinata are reduced, while in
turbid waters with low light intensity, plant size, internode length and leaf length are
increased (Santamaria, 2002). It has been reported that S. pectinata is found in running
water habitats of less than 2.5 m depth (Kantrud, 1990). According to this, the depth of
the sampling stations was suitable for plant growth. The height of the plants varied
between 1.43 and 3.1 m in research period. It is thought that the excessive growth of
S. pectinata in the Kizilirmak means that it has adapted to low light intensity and high
salinity so that it has covered the whole river bed and grown up to the surface.

Water temperature at the sampling stations increased from March onwards, and the
highest temperature, 14.9°C, was measured in July (Table 2). Dissolved oxygen
concentrations at the sampling stations varied from 11.1 to 15.2 mg/l, pH from 6.9 to
8.3, and conductivity from 1000 to 1291 uS/cm. The variation in parameters between
sampling stations was found not to be statistically significant, but the monthly variations
were significant (F and P values of these parameters are; Water temperature F= 45.214,
p= 0.00, Dissolved oxygen F= 47.76, p= 0.00, pH F= 63,70, p= 0.00, Conductivity
F=2.20, p= 0.049).

Mean alkalinity in the Kizilirmak was determined as 81.58 + 18.89 mg CaCOzs/l, and
the mean total hardness value was 39.10 + 6.91°FS. the river flows through generally
gypsum soils and it has high conductivity. The tolerance of macrophytes for salinity
varies. Many freshwater plants are very sensitive to increasing salinity, but S. pectinata
can grow in saline waters. It is reported that S. pectinata is found in waters with a pH of
between 6.3 and 10.7, and an alkalinity of 0.018 to 34.7 g/L CaCOs (Kantrud, 1990). It
was found that S. pectinata was widespread, and occurred at high alkalinity and pH
values, and used bicarbonate effectively as a source of dissolved inorganic carbon
(Vestergaard and Sand-Jensen, 2000). Kizilirmak are in the category of very hard
waters in terms of total hardness. The chemical characteristics of the water have an
important effect on the macrophyte community. The relationships between calcium
concentration, hardness, dissolved inorganic carbon and pH affect macrophyte
composition (Fox, 1992). It is thought that one of the reasons for the excessive increase
in S. pectinata in the Kizilirmak are its salt tolerance and its preference for hard waters.
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Table 2. Monthly changes of physical and chemical water quality parameters in in Kizilirmak river during research (mean + standard deviation)

WQ March April May June July August Septem. October | November | December | Mean+SD
Parameters n=4 n=4 n=4 n=4 n=4 n=4 n=4 n=4 n=4 n=4 n=44"
[()Er‘;t)h 125431 246511 | 227433 | 250414 | 20517 | 22048 - 268430 | 24813 | 235:04 | 2204
Se(cccnrl') D 98+17 69 +8 9146 8849 108412 11048 - 5040 96411 10349 90+20
Wa(toTc‘imp 4.1%0.1 109404 | 107+04 | 11.8:01 | 14.9+0.1 | 14330 | 117404 | 89+0.5 | 7.9+0.1 | 6.9+0.1 | 102+3.3
pH 71540.19 | 8.0940.02 | 7.9340.10 | 7.96+0.10 | 8.32+0.02 | 8.2540.02 | 8.03£0.05 | 8.26:0.04 | 8.2140.02 | 7.96+0.11 | 8.01+0.33
(usE/Sm) 1264426 | 1132£59 | 1178+70 | 1113484 | 1210+42 | 1137+60 | 1181247 | 1167+47 | 1190£62 | 1209+71 | 1178+67
D. Oxygen
(mgou) 127403 | 119402 | 122402 | 11.8+04 | 13.1£0.1 | 115504 | 11.6+03 | 14.8+0.4 | 12.9+03 | 11.9402 | 12.4+0.9
'?'n:'é‘”';' 1.16£0.08 | 0.9940.07 | 0.93£0.06 | 1.040.06 | 0.89+0.09 | 0.90+0.08 | 0.90+0.05 | 1.15£0.12 | 0.93+0.04 | 0.79£0.11 | 0.96+0.13
Tn?é/ll;l 0.0840.01 | 0.03%0.01 | 0.02+0.01 | 0.01£0.0 | 0.0120.0 | 0.0120.0 | 0.02£0.0 | 0.13£0.01 | 0.04£0.01 | 0.04£0.0 | 0.04+0.02
Tn?;/ll;l 2944059 | 1.7540.23 | 1.8340.28 | 1.67+0.43 | 1.64+032 | 1.904021 | 2.05£0.43 | 3.1440.73 | 1.88+0.05 | 1.2340.08 | 2.0+0.66
ZSS}IF; 0.0240.003 | 0.0120.0 | 0.011£0.0 | 0.0120.0 | 0.0120.0 | 0.02+0.0 | 0.02£0.01 | 0.03+0.01 | 0.02£0.01 | 0.0120.0 | 0.02+0.01
(nrgll) 0.035£0.01 | 0.024£0.0 | 0.028£0.0 | 0.023£0.0 | 0.033+0.0 | 0.042£0.0 | 0.028£0.0 | 0.051£0.0 | 0.04£0.0 | 0.032+0.0 |0.034+0.01
H?!grs'iss 308422 | 38519 | 36805 | 37.041.8 | 389+42.6 | 36.0£6.0 | 353+3.9 | 28723 | 50947 | 49.1+3.7 | 39.146.9
Alkalinity | ¢ 01163 | 85.0410.0 | 72.5418.9 | 77.545.0 | 85.04192 | 75.0410.0 | 87.540.6 | 117.5417.1 | 70.0420.0 | 65.0410.0 | 81.5+18.9
(mgCaCOs/l)
Flow**
() 62.6 174.7 95.3 58.9 56.2 755 77.8 753 97.6 94.1 837

“the number of repetitions, “"Monthly values of outflow after Yamula Dam was taken from General Directorate of State Hydraulic Works
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PCA of plant biomass and environmental parameters showed that water temperature,
pH, total phosphorus and alkalinity affected plant biomass positively. The first two axes
of PCA accounted for 80% of the total variance (Fig. 3). But plant biomass was
negatively affected with flow rate. It was found that in the River Wye, there was a
negative correlation between the speed of flow and the macrophyte cover and biomass.
Similarly, in Switzerland, it was found that when the flow of a river was below 0.3 m/s,
the macrophyte cover increased, but that it decreased at higher rates of flow (Wade,
1994). Increases in flow rates cause reductions in macrophyte biomass. When flow rate
increased, biomass and shoot density were observed to decrease (Chambers et al.,
1991). Monthly mean values of outflows from the Yamula Dam in research period are
given in Table 2. The mean outflow rate from the Yamula dam during the study period
was 83.7 m%/s, and the highest flow was in April at 174.7 m%/s (DSI, 2009). According
to measurements made in April on the 4™ sampling station, the flow rate was 0.5 m/s. It
has been reported that S. pectinata spreads in waters with a flow rate of less than 1 m/s
(Kantrud, 1990). Water flow is one of the most important abiotic factors affecting the
location and composition of plant communities in rivers.

Variables (axes F1and F2: 80.08 %)

0,75

F2 (13.05 %)
o

=)
i
&

-0.5

-0,75

-1 0,75 05 025 0 0,25 0,5 0,75
F1(67.02%)

-

Figure 3. PCA of macrophyte biomass and environmental parameters in Kizilirmak. DW: dry
weight of plants, Temp: water temperature, EC: conductivity, DO: dissolved oxygen, ALK:
alkalinity, H: hardness, TP: total phosphorus, POs-P: orthophosphate, NO,-N: nitrite-nitrogen,
NOs-N: nitrate-nitrogen, NHs-N ammonium-nitrogen
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During the period of the study, the above-ground biomass of S. pectinata increased
from March to August (Fig. 4). In September, the river bed was emptied to fill the
Bayramhacili dam, and so the amount of plant biomass declined. However, in October,
November and December, it was found to be high again. Over the study period, the
mean plant biomass varied from 226 to 1086 g dry weight/m? and the mean plant
biomass was found to be 720.9 + 288.0 g/m?. S. pectinata biomass that it varies from >5
to 1988 g dry weight/m?, and that plant growth is limited by turbidity, other
macrophytes and competing species, water flow, wind, wave movement, changes in
water depth, pollution and eutrophication, grazing by fish and water birds, excessive
salinity, sediment, river bottom construction and toxic materials (Kantrud, 1990). The
variation in S. pectinata biomass by sampling stations was found to be statistically
insignificant, but the monthly variation was found to be significant (F= 21.52, p= 0.00)
(Fig. 4). According to the Tukey test, the highest mean biomass was recorded in
November (significanly higher than March, April, May, June, July and September,
p<0.05). The variations between the plant biomass in June, July, August, September,
October and December were not statistically significant.
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Figure 4. Monthly mean values of plant biomass (g dry weight/m?) and standard deviations

(vertical lines on bars) (n=4) in Kizilirmak. Variations of the mean biomass with different

letters (a, b, ¢) at each bar are statistically significant according to the post-hoc, Tukey test
(p<0.05)

The distribution of the aquatic plant S. pectinata in the Kizilirmak was found to be
predominant (1 = very rare, 2 = rare, 3 = widespread, 4 = common, 5 = predominant).
Because only one species was predominant in the Kizilirmak, macrophyte indices could
not be used in determining ecological quality. The indices used for this purpose are
applied when there are at least three, or two, species (Schneider and Melzer, 2003;
Kuhar et al., 2011). Nevertheless, according to Melzer (1999), S. pectinata is in
indicator group 4 which indicates heavy organic pollution in lakes. Kuhar et al. (2011)
developed River Macrophyte Index to determine the ecological condition of rivers, and

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):4055-4067.
http://www.aloki.hu ® ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1905_40554067
© 2021, ALOKI K ft., Budapest, Hungary



Demir et al.: Excessive growth of Stuckenia pectinata in the Kizilirmak river, Turkey
- 4065 -

reported S. pectinata to be in group B, with ecologically medium level pollution load.
The ecological status of Kizilirmak river in the same locations (R16 and R17) were also
found as medium according to diatom indexes (Cetin et al., 2021). Kizilirmak and its
tributaries were subjected to several impacts. S. pectinata is tolerant of eutrophication
and salinity. It is thought that its excessive growth in the Kizilirmak along with other
factors is an indicator of organic pollution.

Among the aquatic plant control methods, biological control and chemical control
methods are not suggested for Kizilirmak river. Biological control methods possess the
danger of spreading non-targeting organisms. The use of grass carp was not suggested
because of the spreading non-native fish to river ecosystem. It was reported that
herbicides can control S. pectinata in static or slow flowing rivers. But, the turions are
unaffected and regrow after the herbicide degraded (CEH, 2004). Chemical methods
such as the herbicide application is not suitable for Kizilirmak river because of high
flow rate and the use of river water as drinking water in the river course. Pondweeds can
be cut but regrowth is often rapid after early season cuts (CEH, 2004). The possible
aquatic plant control method for the river may be physical/mechanical control by the
means of harvesters or water level/flow rate control by the means of dams.

Conclusions

In conclusion, S. pectinata in the Kizilirmak constitutes a problem for the
recreational use of the river. The plant was not previously found in the section of the
river passing through the district of Avanos, but now forms a dense plant cover. It is
thought that the main reason for the excessive growth of the S. pectinata is regulated
flow by dams. Physical/mechanical methods are recommended for the control of aquatic
plants in the Kizilirmak. However, the most suitable time and cutting periods, the
design of machinery resistant for the high flow, and the uses for the cut plant material
need further investigation. Future studies may focus on the location-specific
applicability of the control methods based on field test.
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