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Introduction

Plant functional traits

mainly Grime's CSR

Abstract

In this study, CSR strategies, biological diversity and water traits were evaluated in
three lagoon lakes (Liman, Cernek and Balik) which had different nutrient status in the
Central Black Sea Region of Turkey. The most productive lake was Balik lake, while the
lowest productive lake is Liman lake in the study area. Secondary strategies were found
to be dominant in studied lakes. No species exhibit pure S-strategy in the present
study. pH, electrical conductivity, P and NHs concentrations were found to be
significant. However, total of nitrite-N and nitrate-N concentrations were not
significant. EC and pH were associated with the species in Liman and Cernek lakes,
respectively. However, P and NH4 concentrations were associated with the species in
Balik lake according to canonical correspondence analysis. Significant correlations
were found among chemical traits and biological diversity. pH was positively
correlated with Shannon-Wiener index, while negatively correlated with Simpson and
Berger-Parker indexes. No significant correlations were found between water P
concentrations and evenness. Our data supported intermediate disturbance
hypothesis in the studied lakes.

2011; Wright et al., 2004). However, the extent to the
relationships between ecological strategies and
environmental traits apply to regional and local scales

strategies are reliably used in both terrestrial and
aquatic communities, and these strategies have been
used to define the niche of a particular species (Carvalho
et al., 2020; Pierce et al., 2017). The main aim of the
using of plant functional traits is to elucidate the links
among plant species, habitat properties, distribution,
and community assembly. The comparison of plant
traits reveals valuable information about the
functioning of aquatic communities with respect to their
physical and chemical environment (Garbey et al., 2004;
McCoy-Sulentic et al., 2017). Several studies reported
that there were consistent trends in interspecific
variation in traits across environmental gradients at
regional to global scales (Chave et al., 2010; Kattge et al.,

need to further exploration (Grime, 1979; McCoy-
Sulentic et al., 2017; Westoby & Wright, 2006).

Aquatic ecosystems are of crucial interest for
management and conservation purposes since the
survival of aquatic macrophytes depends largely on local
environmental factors and these ecosystems are very
sensitive to changes in land-use patterns and the other
anthropogenic pressures (Chappuis et al., 2014). Aquatic
macrophytes are classified as “engineering species”
because they have a major role in trophic and functional
status of aquatic habitats. Capers et al. (2010) indicated
that environmental conditions strongly influence
aquatic plants. However, their ecological strategies
against stress and disturbance factors and spatial and
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temporal patterns regarding water chemical traits are
not adequately explained (Bolpagni et al., 2018).

Coastal lagoons are located between land and sea,
and they are characterized by large fluctuations in
physical and chemical conditions. They have been
known as physically dominated systems with large
salinity and are subjected to hydrodynamic fluctuations
due to the intermittent sand barrier opening. They are
dynamic ecosystems characterized by shallow waters
isolated from the open sea by the presence of coastal
barriers. They can be classified as an ecotone between
marine, freshwater, and terrestrial ecosystems (Christia
et al.,, 2018; Rodriguez-Gallego et al., 2015). The
Kizihrmak Delta is situated in the north of Turkey
(41°30'-41°45'N; 35°43'-36°08'E) in the Black Sea Region
(Figure 1). The total area of this delta is 56.000 ha, and
21.700 ha! of which are included brackish lakes were
classified as Ramsar Site under the Ramsar Convention
(DSI, 2017). In Kizihirmak Delta, there are different
lagoons which subjected to various disturbance factors
such as sand extraction, agricultural facilities,
wastewater disposal etc.

This study is aimed to classify macrophytes with
respect to CSR strategies according to two schemes in
three lagoons with different environmental features.
The second aim of this study is to evaluate the water
chemistry of studied lagoons and relationships among
ecological strategies and biological diversity. In addition
to this, the validity of the intermediate disturbance
hypothesis in three lagoon lakes was also studied.

Gf‘(‘eh.\ \‘Iﬁ

Material and Methods

The coastal length of the delta is approximately 73
km. The study area includes three lagoons which
separated from the Black Sea by a sand bed. The lakes
are formed by long term coastal drift. A connection is
formed with the Black Sea, especially during autumn. So
the total area of the lakes reached to 9.250 ha during
autumn although their area covered a 2.720 ha area
(Bilgin et al., 2003; Ozturk et al., 2015).

Mediterranean climate is seen in the study area,
and summer drought occurred from June to the onset of
September. Summer rainfall is 105 mm, while annual
precipitation and temperature are 672.4 mm, and
13.5°C, respectively. Maximum temperature of the
hottest month and minimum temperature of the coldest
month are 30.1°C and 2.9°C, respectively. Aridity index
is 3.4, and pluviometric quotient is 85.4. Precipitation
regime is Eastern Mediterranean (Stirmen et al., 2019).

There are three lagoon lakes in the study area,
namely Liman lake, Cernek lake and Balik lake. One of
the coastal shallow lakes Liman lake (Ulu lake) is situated
in the western part of the Kizilirmak Delta and covers a
1.380 ha area. Balik lake is connected to the Black Sea,
and as a result of the salt content is increased. Cernek
lake is a relatively eutrophic shallow lake, and the lower
layer contains clayey soils. Extensive agricultural
activities are carried out on the western borders of the
lake, whereas on the east side, many canals are
connected to the sea. Waste water was discharged by a

Liman

Cernek

Figure 1. A. Map of Turkey, B. Map of Kizilirmak Delta in 1885, C. Map of Kizilirmak Delta in 2019.
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channel (Badut Channel) in previous years, but this
connection was interrupted after the construction of a
wastewater treatment plant (Can & Tas, 2012). Balik
lake located to the east of the study area. It is the largest
lake among the lakes and is the farthest from the sea
among the lakes as a result of changes in the coastline.
The environment of the lake is under heavy pressure in
terms of settlements and agricultural activities.

Parallel transects were laid and evenly placed
around the studied lakes. 10 parallel transects of 5 m
width ran perpendicular to the shore to the maximum
depth of vegetation cover for each lake. 60 sampling
quadrats of 4 m? separated by 50 m were regularly
distributed along each transect. All samplings were
performed from April 2017 to Aprill 2018. For each
guadrat cover-abundance values of the species were
determined according to Braun-Blanquet method. For
the analysis, the Braun- Blanquet scale was transformed
on % values as proposed by Van Der Maarel (1979). The
cover-abundance symbols of the Braun-Blanquet scale
(1, 2, 3, 4 and 5) were replaced by values according to
van der Maarel: 1, 2, 3, 5, 7, 8, and 9, respectively (Agir
et al., 2014; Yalgin et al., 2004).

According to Grime’s CSR model, 3 primary
strategies, namely competitive (C), stress-tolerant (S),
and ruderal (R), and main secondary strategies (CS:
competitive stress-tolerant; CR: competitive ruderal; SR:
stress-tolerant ruderal; CSR: competitive stress-tolerant
ruderal) are classified (Hodgson et al., 1999). CSR values
of species were determined using an Excel program
according to two scheme (Hodgson et al., 1999; Pierce
et al., 2013) Firstly, the calculation of CSR coordinates
was performed for the aquatic species, following the
method of (Grime et al., 1989). This method uses the
eight plant characteristics. These are specific leaf area,
leaf area, lateral spread, leaf dry weight, leaf dry matter
content, flowering start, flowering period, and canopy
height. Secondly, we used Pierce et al. (2013) scheme.
They made some revisions on original Grime’s
classification system due to some deficiencies in the
determination of some criteria.

The Shannon-Wiener, Simpson and Berger—Parker
diversity and evenness indexes have been widely used
to determine alpha diversity in ecological studies.
Shannon-Wiener and Simpson indexes are used of
species diversity for aquatic plant communities (Metian
et al.,, 2020; Wu & Ding, 2020). To assess the plant
diversity of the aquatic plant communities of studied
lagoon lakes, the following five a-species diversity
indices were calculated (Higuti et al., 2007; Wu et al.,
2016, 2017).

s
Shannon — Wiener diversity index (H") = —Z pl=ln=pi
i=1

Where “S” is the total number of species and Pi is
the relative cover of “i”th species. Evenness was
calculated as:

Hﬂ

I

Shannon — Wiener evenness index (J) = ————
H'max

where Hmax=In s

where “s” is the total number of species, and “pi”
is the relative cover of “i” th species

Simpson diversity and evenness were calculated
the following formulas (Smith & Wilson, 1996):

5
Simpson diversity index (D) = 12 pi?
i=1

Where “S” is the total number of species and “pi”
is the relative cover of the “i” th species: Evenness was
also calculated for Simpson index.

1 1

Simpson evenness diversi Ep)=——=—x~-
p ty (Bp) =5 — T s

Where “Ep” is the evenness value according to
Simpson index, “D” is Simpson diversity index, “s” is a
number of species, and “pi” is the relative cover of the
“i” th species (Magurran & Mc Gill, 2011).

Berger—Parker diversity index (d) was calculated
the following formula (Berger & Parker, 1970);

Berger—Parker diversity index (d)= Nmax / N

where “d” Berger—Parker index; “N” is a total
number of species in a plot, and, “Nmax” is the number
of individuals of the most abundant species. Reciprocal
of “d” values were used (Agir et al., 2016; McCarthy &
Magurran, 2004).

Twelve water samples were taken from each of the
studied lakes. Water samples were collected at the
deepest location, i.e., near the outlet of each lake and at
the same depths, and these were stored at 3°C until
analyzed for pH, alkalinity, conductivity, and total
phosphorus (Arthaud et al., 2012; Capers et al., 2010).
Ammonia-nitrogen (NH4) concentration was
determined by using the LAMBDA 265™ UV/Vis
spectrophotometer. Total of nitrite-N and nitrate-N
concentrations were obtained from General Directorate
of State Hydraulic WorksData (DSI, 2017).

Data of each lake were analysed for normality by
using Kolmogorov-Smirnov test, and so log-transformed
values of TDS, N, total of nitrite-N and nitrate-N
concentration in all lakes were used for statistical
analysis. We identified the plant communities using a
two-way indicator species analysis (TWINSPAN). This
analysis has been proposed by Rolecek et al. (2009).
TWINSPAN, at each step, divides only the most
heterogeneous cluster of the previous hierarchical level.
Thus, TWINSPAN results in vegetation units of similar
internal heterogeneity (Brown et al., 2013). Canonical
correspondence analysis (CCA) was performed to detect
in plant species composition in studied lakes and
species-environment relations (Henderson & Seaby,
1999) software programs. One-way ANOVA was also
performed to show the difference among lakes in terms
of water samples and diversity indexes. Tukey’s
significant difference (HSD) test was used to rank means
following the analysis of variance (IBM, 2012).
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Results

TWINSPAN  showed that three different
communities were found in studied lagoon lakes. The
number of characteristic species of these communities
was increased depending on the distance from the sea
(Figure 2). Besides, the average density of the species is
given as a percentage for each lake (Table 1). The
character species with a density of more than 10 percent
are as follows: Sparganium erectum L. is in the Liman
lake, Carex nigra (L) Reichard, Ceratophyllum
demersum L., Nymphaea alba L., Ranunculus
trichophyllus Chaix. are in Cernek lake, and Butomus
umbellatus L. and Juncus acutus L. species are in Balik
lake. Finally, TWINSPAN revealed that Balik and Cernek
lakes were different from Liman lake.

Six chemical traits were calculated for each lagoon
lakes. pH values were found to be highest in Cernek lake
and were found to be lowest in Liman lake. Mean EC
values in Liman and Cernek were higher than Balik lake.
Mean Nitrogen concentrations were found similar in
Cernek and Balik lakes while it was found to be lowest in
Liman lake. Mean P concentration was highest in Balik
lake. Mean NHas was the highest in Balik lake. Mean NO2-
NOs concentration was found to be the highest in Balik
lake. Additionally, we found statistical differences
among lakes (Table 2).

27.84 and 20.86 % of the variation in axis 1 and axis
2, respectively, was explained by environmental

Balik lake

Eigenvalue=0.55

Figenvalue=0.77
Cemek lake

Liman lake

conditions. Cumulative variation was found to be 27.84
and 48.71, respectively. Species/environment scores
were found to be significant. Intraset correlation
coefficients of pH, P, NHs and total NO-
NOsconcentrations were found to be negatively
significant in axis 1, while EC was found to be positively
significant in axis 1. In axis 2, pH and EC were found to
be positively significant (Table 3). Liman and Cernek
lakes were located on the positive side of the CCA
diagram, while Balik lake was located on the negative
side of the CCA diagram. EC was associated with the
species in Liman and Cernek lake. P and NHa
concentrations were associated with the species in Balik
lake. A gradient was formed with respect to salinity from
Balik to Liman lake (Figure 3).

CSR values of species and community levels were
calculated using two scheme. Firstly, 10 different
strategies belonging to the primary, secondary and
transient level were calculated for species according to
Grime et al. (1989) scheme. These are given in detail in
figure 4. It has been found that similar species have
different strategies, especially in the lakes studied. For
example; Potamogeton nodosus Poiret has got CR
strategy in Cernek and Balik lake, but it has got C
strategy in Liman lake. And Potamogeton pectinatus L.
(Figure 4). At the community level, three different
strategies were determined. Liman lake is C/CR strategy,
Cernek lake is CR/CSR, and last Balik lake is
C/CSRstrategy (Figure 5).

Away from sea

Tun acw
Phr aus
Butumb
Car nig
Zch lac
Fot nod
Pot p=c
Iri ps=
Pot pus

Mwvm alb
Al pla-age
Fan tri
Leam min
Cyp fus
Car dem

Close to sea

Figure 2. TWINSPAN analysis of studied lagoon lake communities. Species abbreviations: Ali pla-aqu; Alisma plantago L. subsp.
aquatica, But umb, Butomus umbellatus L., Car nig; Carex nigra (L.) Reichard, Cer dem; Ceratophyllum demersum L., Cyp fus; Cyperus
fuscus L., Hyd mor-ran; Hydrocharis morsus-ranae L., Iri pse; Iris pseudacorus L., Jun acu; Juncus acutus L., Lem min; Lemna minor
L. Nym alb; Nymphaea alba L. Phr aus; Phragmites australis (Cav.) Trin. ex Steudel, Pot cri; Potamogeton crispus L., Pot nod;
Potamogeton nodosus Poiret, Pot pec; Potamogeton pectinatus L., Pot pus; Potamogeton pusillus L., Ran nea; Ranunculus
neapolitanus Ten., Ran rep; Ranunculus repens L., Ran tri; Ranunculus trichophyllus Chaix., Sch lac; Schoenoplectus lacustris (L.) Palla
subsp. lacustris, Spa ere; Sparganium erectum L., Typ plat; Typha latifolia L.
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Secondly, 8 different strategies belonging to the
primary, secondary and transient level were calculated
for species, according to Pierce et al. (2013) scheme. In
addition, 4 new strategy types have been identified.
These are R, R/CR, SR and S/CSR (Figure 6). At the
community level, two different strategies were
determined. Liman and Balik lake are C/SC strategy,
Cernek lake is C/CSR strategy (Figure7).

When the types SLA (specific leaf area) values are
examined, the average values of the species are similar
to each other except for a few species Cyperus fuscus L.
in Cernek lake and Alisma plantago L. subsp. aquatica in
Balik lake). When the leaf dry weight (LDW) and pH
graphs are examined, it is seen that the species in Liman
and Balik lake have similar values. Finally, when the life
span (LS) features of the species were examined, it was
determined that they mostly had two features. These
are compactly tufted about a single axis, thickened
rootstock present (3) and widely creeping, >79 mm
between ramets (6). Only Lemna minor L. has different
lateral spread (4: shortly creeping, <40 mm between
ramets) (Figure 8).

Table 1. The mean abundance of the species in Lagoon lakes.

The highest Shannon-Wiener indexes (H and J)
were found in Cernek lake, while the lowest Shannon-
Wiener indexes (H and J) were found in Balik and Liman
lakes, recpectively. The highest Simpson indexes (D and
1/D) were found in Balik and Cernek lakes, repectively
(Table 4).

Shannon’s biodiversity was correlated with water
traits except for total P concentration. However,
Shannon’s evenness was only correlated with pH and
total N concentration. Simpson and Berger-Parker
diversity indexes were correlated with water traits
except for P (Table 5).

Discussion

pH values were found to be 7.80-9.00 in studied
lagoon lakes. Similar values were found at coastal saline
ecosystems in Turkey (Eskandri, 2014; Ozdemir, 2019).
Eskandari (2014) calculated pH values of Camalti,
Ayvalik and Gokgeada lagoon lakes range from 7.62 to
9.32. Fener lake (Kocaeli) had 8.1-8.4 pH values
(Morkoyunlu Yice et al., 2017). pH values of Simenit

Species

Mean abundance (%)

Liman Lake Cernek Lake Balik Lake
Alisma plantago L. subsp. aquatica - 4.4 3.1
Butomus umbellatus L. 4.4 4.7 18.1
Carex nigra (L.) Reichard 4.8 13.1 6.4
Ceratophyllum demersum L. 3.4 10.1 -
Cyperus fuscus L. - 2.3 -
Hydrocharis morsus ranae L. 3.4 - 2.1
Iris pseudacorus L. - - 9.4
Juncus acutus L. 12.6 14.8 13.6
Lemna minor L. - 2.7 -
Nymphaea alba L. - 12.1 12.4
Phragmites australis (Cav.) Trin. ex Steudel 12 3.5 2.1
Potamogeton crispus L. 8.2 -
Potamogeton nodosus Poiret 7.2 2.6 2.2
Potamogeton pectinatus L. 8 9.1 5.1
Potamogeton pusillus L. - - 3
Ranunculus neapolitanus Ten. 3.7 - -
Ranunculus repens L. 34 4.8 -
Ranunculus trichophyllus Chaix. - 11.3 4.1
Schoenoplectus lacustris (L.) Palla subsp. lacustris 12.2 3.7 4.3
Sparganium erectum L. 11.9 -
Typha latifolia L. 4.4 - 13.6

Table 2. The chemical traits of Lagoon lakes (Means followed by the different letters in the same line are significantly different at

the 0.05 level according to Tukey’s HSD test).

Water chemical traits Liman Lake Cernek Lake Balik Lake
pH 8.221+0.11c 8.7310.07a 8.4610.04b
EC (mS) 4.16+0.43a 3.87+0.36b 0.16+0.00c
Nitrogen concentration (%) 0.65+0.07b 1.75%0.23a 1.77+0.43a
Phosphorus concentration (%) 0.04+0.01c 0.09+0.01b 0.34+0.10a
Ammonia-nitrogen concentration (mg/L) 0.39+0.04c 0.96+0.12b 3.11+0.23a
Nitrite-N and nitrate-N concentrations (ug/L) 0.06+0.02c 0.63+0.31b 0.78+0.16a
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Table 3. Intraset correlation coefficients of chemical traits

Axis 1 Axis 2

pH -0.556 0.667

EC 0.624 0.615

P -0.444 -0.343

NH4 -0.774 -0.518

NO,-NO3 -0.426 0.149
Ordination Plot

Environment Axiz 1
12 424 022 62 B 046 -4 12 04 008 66 004 002 0 082 004 €06 080 04 642 004 O 18 02 0226

| 028
. 628
" S ‘= @ Balk Lake
2 | Lew vt 4.4
; . 2 .
4 p] i | Oy fras EC |- B Cemek Lake
L | 3 e.18
R repr L F =
| Pot nod | f . Fj % Liman Lake
oe Pant pee [ | g
L] i) b
'r';; S Bt tmnh 7 :f g1
- N()Z'N()3 | Jur aen g — ™ g
i gz = b S ere
% | Tjﬁ S ere 9 g
- — T — — =N m— — 1"
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Rt 1§ Phr aus l Ay
08 | a1
| Hyd mor-ran | kit
) 018
2] NH4 P fripse [ 218
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SpeciesBamples Axiz 1

Figure 3. CCA ordination of chemical traits in studied lakes (see figure 2 for species abbreviations).

c C
Liman lake* Pot nod*, Sch lac*, Typ lat*,
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@ Cernek lake** /é\
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\ nig**, Cer dem**, Nym alb**, Pot pus***
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Figure 4. CSR (C: competitive, S: stress-tolerant, R: ruderal, CR: competitive ruderal, SC: competitive stress-tolerant, SR: stress-
tolerant ruderal CSR: competitive stress-tolerant ruderal) strategies of species according to Grime scheme. See figure 2 for species

abbreviations.
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@ Liman lake*
@ Cernek lake**
@ Balik lake***

Figure 5. CSR (C: competitive, S: stress-tolerant, R: ruderal, CR: competitive ruderal, SC: competitive stress-tolerant, SR: stress-
tolerant ruderal CSR: competitive stress-tolerant ruderal) community strategy of lagoon lakes according to Grime scheme.
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Figure 6. CSR (C: competitive, S: stress-tolerant, R: ruderal, CR: competitive ruderal, SC: competitive stress-tolerant, SR: stress-
tolerant ruderal CSR: competitive stress-tolerant ruderal) strategies of species according to Pierce et al’s scheme. See figure 2 for

species abbreviations.

lake were found at 7.65 and 8.75 (Ersanli & Gondilol,
2006; Ersanli & Gonulol, 2007). According to and Lacoul
& Freedman (2006) the studied lakes were classified as
hardwater habitats because (>0.4 meg/l HCO37), with
high concentrations of carbonates and pH>7. Species of
submerged hydrophytes that reach their greatest
abundance in hardwater lakes include C. demersum,
P. crispus, P. nodosus, P. pectinatus (Lacoul & Freedman,

2006). If pH in aquatic habitat ranges from 6.0 to 9.2
most of the carbon is present as bicarbonate, and these
habitats have been classified as nutrient-rich because of
extra carbon (Alahuhta et al., 2017; Bolpagni et al., 2018;
CAPERS et al., 2010; Riis & Biggs, 2001). The influence of
alkalinity is likely related to the different forms of carbon
utilized by macrophytes in photosynthesis (Alahuhta,
2015).
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Figure 7.CSR (C: competitive, S: stress-tolerant, R: ruderal, CR: competitive ruderal, SC: competitive stress-tolerant, SR: stress-
tolerant ruderal CSR: competitive stress-tolerant ruderal) community strategy of lagoon lakes according to Pierce et al’s scheme.
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Figure 8. Some features of species using to calculate strategies.



Turk. J. Fish.& Aquat. Sci. 21(5), 211-224

219

Table 4. Statistical evaluation of diversity indexes by One-way ANOVA test (Means followed by the different letters in the same
line are significantly different at the 0.05 level according to Tukey’s HSD test).

Diversity index Liman Lake Cernek Lake Balik Lake
Shannon-Wiener diversity index (H') 1.25+0.21c 1.47+0.05a 1.21+0.16d
Shannon-Wiener evenness index (J') 0.9340.09c 0.9740.02a 0.94+0.06ab
Simpson diversity index (D) 0.04+0.00a 0.02+0.00b 0.05+0.00a
Simpson evenness index (1/D) 23.64+1.26b 47.23+2.65a 21.79+0.99b
Berger-Parker diversity index (d) 0.1040.00a 0.07+0.00b 0.10£0.00a
Table 5. Correlations between lake features and biodiversity results
Correlations
, , Simpson Simpson Berger-Parker
Shannon H Shannon J D) (1/D) (d)

pH 0.549™ 0.601™" -0.489™ 0.520™ -0.364"
EC 0.546™" 0.128 -0.482™" 0.432™ -0.417"
N 0.457"" 0.363" -0.171 0.222 -0.112
P -0.210 -0.032 0.274 -0.236 0.177
NH4 -0.433™ -0.012 0.409" -0.349" 0.376"
NO,-NO3 0.373" 0.249 -0.059 0.106 -0.076

**_ Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

The productive status of studied lakes was
decreased from Fish lake to Liman lake. Total N, NHz and
P concentrations were lower as compared to other lakes
in Liman lake. Morkoyunlu Yiice et al. (2017) found that
total N concentrations were between 1.3-2.7 mg/| in
Fener lagoon lake. NH4 concentrations of lagoon lakes
were determined at low levels (Eskandari, 2014).
Nitrogen and phosphorous are generally considered to
be one of the most limiting elements in terrestrial and
aquatic environments (Lukacs et al., 2017). Totat nitrite-
N and nitrate-N concentrations of studied lakes in the
Black Sea were higher than the lagoon lakes of Aegean
and Mediterranean sea (Ersanli & Gondlol, 2006; Ersanli
& Gonulol, 2007; Eskandari, 2014; Morkoyunlu Yiice et
al.,, 2017; Ozdemir, 2019). Electrical conductivity (EC)
was found to be significant in both axis 1 and 2. Salinity
plays a key role in macrophytic species in studied lagoon
lakes (Christia et al., 2018).

Shannon’s diversity was found to be low in Balik
lake, and N and P concentrations were high in Balik lake.
According to Grime (2002), high nutrient concentrations
should result in a decrease in diversity and richness
(Tyrrell, 2015). Significant correlations were found
among chemical traits and biological diversity. pH was
positively correlated with Shannon-Wiener index, while
negatively correlated with Simpson and Berger-Parker
indexes. Chytry et al. (2003) and Schuster & Diekmann
(2003) were found positive correlations, while Gaberscik
et al. (2018) were found negative correlations between
pH and biological diversity. However, no significant
correlations were found between water P
concentrations and evenness. Arthaud et al. (2012)
found that total phosphorus concentration was
associated with decreased diversity but not evenness.
High P concentrations were found in Balik lake, where

the lowest biological diversity was found. High P
concentrations lead to luxurious growth of some
selected aquatic species, while slow-growing species
negatively affected and as a result of these factors
biological diversity was reduced. Water chemical traits
affect the species richness of macrophytes in a complex
fashion, and their individual effects can be challenging
(Alahuhta, 2015; Gaberscik et al., 2018).

Many species in studied lakes exhibit secondary
strategies according to two scheme were used. When
we used to Grime et al. (1989) scheme, three species in
Liman lake (Potamogeton nodosus Poiret,
Schoenoplectus lacustris (L.) Palla subsp. lacustris and
Typha latifolia L.) and two species (S. lacustris subsp.
lacustris and T. latifolia) in Balik lakes exhibit pure C-
strategy. L. minor and R. trichophyllus in Cernek lake and
P. pectinatus and R. trichophyllus in Balik lake exhibit
pure R.-strategy. When we used to Pierce et al. (2013)
scheme, five species in Liman lake (B. umbellatus L,
P. pectinatus, P. nodosus, S. erectum and T. latifolia),
three species (B. umbellatus, N. alba and P. nodosus) in
Cernek lake and two species (B. umbellatus and
T. latifolia) in Balik lake exhibit pure C-strategy. The
lower nutrient status may restrict the growth of
competitive species (Kennedy & Murphy, 2003).
Greulich & Bornette (1999) also stated that
intermediate secondary strategies are widespread in
habitats where no single environmental factor
predominated. Any of the species exhibit S-strategy in
the present study. Grime (1979) and Kautsky (1988)
suggested that hydrophytes may not include stress
tolerators because no species in freshwater habitats to
persist at high disturbance frequency and low resource
supply (Pierce et al., 2012; Riis & Biggs, 2001).
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As production increases in an aquatic ecosystem,
C-strategists become dominant, and species diversity
was decreased. Species diversity was found to be low in
Balik lake, and C-strategy was found at the community
level. High productivity and low disturbance lead to the
dominancy of C-strategists with floating leaves. Low
productivity causes the increasing dominancy of S-
strategists without disturbance frequency (Arthaud et
al., 2012; Kautsky, 1988; Murphy et al., 1990).

According to both scheme, it is seen that species
with C-strategy are more in the Liman lake. Grime (2002)
claimed that C-species have low leaf dry matter
contents. When we analysed the strategies, we have
seen that some species with the C strategy in the Liman
lake have different strategies in the other lakes.
Additionally, Liman lake has lower LDW values. For
Grime et al. (1989) scheme; P. nodosus LDW values are
13.59% in Liman lake, 15.59% in Cernek lake and 23.09%
in Balik lake. For Pierce et al. (2013) scheme; P. nodosus
LDW values are 13.59% in Liman lake, 15.61% in Cenek
lake and 23.09% in Balik lake. However, (Novakovskiy et
al., 2016) found that C-strategists have high leaf dry
matter contents due to the thickness of leaf cell walls.
Our data agreed with both Grime (2002) and
Novakovskiy et al. (2016) because C-strategists in Liman
lake had low LDW, while C-strategists in Balik lake had
high LDW. For example; B. umbellatus LDW value is
15.31% in Liman lake and 17.07% in Balik lake.
Novakovskiy et al. (2016) also found that C-species had
minimal SLA values. Our data supported the data of
Novakovskiy et al. (2016) with respect to SLA values. For
example; P. nodosus SLA values are 8.89 in Liman lake,
20.99 in Cenek lake and 32.62 in Balik lake according to
Grime et al. (1989). and Pierce et al. (2013) schemes.

R. repens in Liman lake, and A. plantago
subsp. aquatica in Cernek lake exhibit CR and C/CR
strategies considering Grime et al. (1989) and Pierce et
al. (2013) schemes (respectively). Greulich & Bornette
(1999) emphasized that CR-strategist species usually
show a capacity for rapid vegetative spreading. In this
way, they rapidly colonize the temporary gaps and
widespread in intermediately disturbed sites.
Agricultural facilities, overgrazing and the use of lake
water as irrigation water are the main disturbance
factors in the study area. Potamogeton species exhibit
mostly CR strategy in studied lakes. According to Grime
(1979), C-R-strategists are typical in intermediately
disturbed sites. Perennial C-R-strategists are "strongly
rhizomatous and stoloniferous and show a capacity for
rapid vegetative spread" and species of this type are
"efficient colonisers of temporary gaps" Greulich &
Bornette (1999). Lehmann et al. (1997) found that
Potamogeton species had a high competitive ability, and
they have classified as a good competitor for nutrients.
Our study is consistent with this information because
the strategies calculated according to both schemes are
in the C-R strategists.

There were some similarities and dissimilarities
regarding ecological strategies between the present

study and previous studies. For example, it has been
reported that Juncus and Potamogeton species exhibit
SR-strategy (Huseyinova et al., 2013; Pierce et al., 2012).
However, J. acutus presents SC and C/SC, C/CSR,
according to Grime et al. (1989) and Pierce et al. (2013)
schemes, respectively. Potamogeton species exhibit C,
C/CR, CR, R and C, C/SC, C/CR, CR according to Grime et
al. (1989) and Pierce et al. (2013) schemes in the present
study, respectively. Myriophyllum spicatum and Alisma
species have seeds that can float for extended periods,
sometimes for more than a year, to allow colonization
of fresh sites. Nymphaea species have moderate relative
growth rates and limited vegetative dispersal and
exhibit C-strategy (Pierce et al., 2012). N. alba in Cernek
lake and Balik lake exhibit C/CR and C/CSR strategy
according to Grime et al. (1989) scheme, respectively.
But according to Pierce et al. (2013) scheme, It exhibit C
strategy in Cernek lake and SC strategy in Balik lake. It
has been reported that many macrophytic species are R
selected in the extreme, in keeping with a lifestyle based
around rapid regeneration in the face of disturbance.

R. trichophyllus, L. minor and P. pectinatus
L. exhibit R-strategy considering Grime et al. (1989)
scheme. It has been stated that ruderal species have a
short lifespan, and they usually self-pollinated for
increasing reproductive success in disturbed habitats
(Serd & Sery, 2004). R-strategy has associated with
hydrological instability and in such conditions,
competitive species which their ecological strategies are
primarily due to their vegetative reproduction
(Weyembergh et al.,, 2004). Amphibious species like
Alisma sp. exhibit S- or R- strategies because they prefer
vegetative reproduction in refuge areas of water and
very tolerant to underwater environmental conditions.
Ranunculus species which live in patch like
heterogenous areas exhibit similar strategies to Alisma
species. It has been found that Alisma plantago-
aquatica exhibits CR strategy in Cernek lake, while it
exhibits R/CR strategy in Balik lake, according to Grime
et al. (1989) scheme. But according to Pierce et al.
(2013) scheme, it presents C/CR strategy in both lakes.
Dorken & Barrett (2004) found that different
monoecious and dioecious populations of Alismataceae
members have different reproductive strategies, and
consequently, they exhibit different ecological
strategies.

Similarly, Toma (2013) found H. morsus-ranae
exhibits SR strategy. However, H. morsus-ranae exhibits
different strategies in the present study. These are
S/CSR in Liman lake and SR in Balik lake, according to
Grime et al. (1989) scheme. But according to Pierce et
al. (2013) scheme, these are SC in Liman lake and S/SR
in Balik lake. H. morsus-ranae could be classified as a
competitor species, and its dense, floating mats
dominate in the floating vegetation zone (Halpern,
2017). This supported that ecological strategies have
been changed due to environmental and local factors
(Lacoul & Freedman, 2006). Therefore, it has been found
to have different strategies in lakes with various
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ecological features. Ranunculus species exhibited CR, R
and C/CR-strategies considering both schemes and
supported the data of Willby et al. (2000) and Hunt et al.
(2004).

Some differences were found with respect to plant
strategies, according to Pierce et al. (2013) in both
species and community level. Kili¢ et al. (2018) stated
that numerical traits were used in Pierce et al. (2013)
scheme and some traits such as flowering time may be
changed due to phenological growth period so that
Pierce et al. (2013) scheme is more practical.

At the community level, C/CR — C/SC strategies are
found to be dominant Liman lake, CR/CSR — C/CSR
strategies are found to be dominant in Cernek lake and
C/CSR — C/SC strategies dominant in Balik lake. The
hypothesis of intermediate disturbance (Connell, 1978),
which means disturbance with intermediate frequency
and magnitude, allows fast-growing ruderal species and
competitive species to co-occur, favouring a great
richness and diversity of species (Arthaud et al., 2012;
Trémolieres, 2004). Similar differences were also found
when plant strategies were evaluated at the community
level. Capers et al. (2010) indicated that environmental
conditions strongly influence aquatic plants.

It has been found that macrophyte communities in
studied lagoons reflect the influence of local conditions
and pH, EC, P and NHs concentrations were found to be
significant. CCA revealed that pH was found to be
related to P. pectinatus and P. nodosus and Alahuhta
(2015) found P. crispus and P. pectinatus were strongly
related to alkalinity in some hard water lakes. Total P
concentration and EC were found to be associated with
emergent macrophytes such as Juncus acutus and
Butomus umbellatus. These variables were classified as
human disturbancevariables and found to be closely
related to emergent macrophytes (Alahuhta et al.,,
2013). There were connections among studied lakes in
the present study, and Capers et al. (2010) stated that
such connections contribute to the effect of connectivity
on dispersal-related variation. Lacoul & Freedman
(2006) stated that some macrophyte species may are
indicators of some chemical traits in lakes. N
concentration in Cernek lake was high during summer
and winter, and the existence of Ceratophyllum
demersum is evaluated as useful indicators of high
nitrogen conditions.

Conclusions

Secondary and transitional strategies were found
to be dominant according to both schemes. S-strategy
was not found in studied species following the general
trend in aquatic ecosystems. Some of the chemical traits
(pH, EC, P and NH4) were found to be significant in plant
species in studied lakes. Biological diversity was found
to be correlated with chemical traits. However, no
significant correlations were found between water P
concentrations and evenness. Intermediate disturbance
hypothesis was found to be valid in studied lakes similar

to other aquatic ecosystems. There were some
similarities and dissimilarities regarding ecological
strategies between the present study and previous
studies because macrophytes show a range of ecotypes
within a short distance due to their phenotypic
plasticity.
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