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Abstract
The aim of this study was to determine the species composition, biodiversity and, relative
abundance of epiphytic algae and their relationship with environmental variables on Typha latifolia and
Phragmites australis at Lake Gala (National Park). Epiphytic algae were gathered monthly by collecting
aquatic plants between March 2014 and November 2014. In the epiphytic ﬂora were a total of 133 taxa
were identiﬁed, 107 taxa were identiﬁed on T. latifolia and 96 were discovered on P. australis. While the
mean species richness, species diversity and evenness values of the algae identiﬁed on T. latifolia were
46, 1.85 and 0.51 respectively, these values were respectively 43, 1.51 and 0.43 on P. australis. While
diatoms were generally dominant, other dominant groups in the epiphytic ﬂora included green algae and
blue-green algae. The algae that had the highest relative biovolume on T. latifolia were Spirogyra aﬃnis,
Oscillatoria sancta and Gomphonema acuminatum, while the algae that had the highest relative biovolume
on P. australis were Epithemia adnata, Oscillatoria sancta and Rhopalodia gibba. Results show that species
composition of epiphytic algae was diﬀerent, but diversity values were similar on all the macrophytes. The
hydrological pulse is one of the most important factors determining the physical and chemical environment
of the epiphytic algal community. It was found that some environmental factors were highly eﬀective on
community distribution in the epiphyton. Additionally, it was observed that some epiphytic algae species
had a substrate preference between T. latifolia and P. australis.
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1 INTRODUCTION
As aquatic macrophytes in shallow lakes aﬀect the
nutrient cycle and habitat complexity, they are among
the key components of inland waters (Dibble et al.,
2006; Pelicice et al., 2008; Biolo and Rodrigues,
2013). They also increase the regaining of nutrients
into the cycle in aquatic ecosystems and biodiversity
of aquatic organisms. Macrophytes also have rhizome
structures that help sediment absorption. The rhizomes
and roots these organisms have are also used to store
basic elements such as nitrogen and phosphorus
which are synthesized with the help of the leaves
(Pelicice et al., 2008; Padial et al., 2009). Such
characteristics make macrophytes highly valuable for
aquatic environments. In addition to these
characteristics, macrophytes in the littoral zone are
considered as suitable substrates as they provide wide

areas for periphyton colonization and are able to
improve the nutrient status of the community through
nutrient secretion (Vadeboncoeur and Steinman,
2002; Santos et al., 2013). Furthermore, experimental
studies have demonstrated that rooted macrophytes
also serve as a source of nutrients for periphytons
(Guariento et al., 2007). In some cases, macrophyte
species are spread across the littoral zone and lay their
shadow on the epiphyton; however, these macrophytes
also periodically supply new substrates to the
epiphyton near the illuminated surface (Vadeboncoeur
et al., 2006). Macrophytes provide relatively rigid and
generally short-term surfaces for periphyton growth.
It is expected that this surface area provided by
macrophytes will aﬀect the periphyton community
* Corresponding author: burakoterler@trakya.edu.tr
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(Michelutti et al., 2003). These diﬀerences in the
species composition among macrophytes that are
substrates of epiphyton lead to diﬀerent responses in
the epiphytic community structure (Stevenson et al.,
1985; Vinebrooke and Leavitt, 1999).
Whether it is deep or shallow, the littoral zone is
accepted as a very complex area in lakes
(Vadeboncoeur et al., 2006; Albay and Akçaalan,
2008). Periphyton are important in the functioning of
shallow aquatic ecosystems, they may contribute to
primary production, and take part in the nutritional
cycle, energy ﬂow and food chain (Vadeboncoeur and
Steinman, 2002; Vadeboncoeur et al., 2008; Steinman
et al., 2016). The physical heterogeneity of littoral
zones gives rise to spatial variation in periphyton
biomass and productivity, especially where
macrophytes provide a temporally variable and
structurally complex substratum for periphyton
(Vadeboncoeur et al., 2014). Epiphyton in periphyton
is comprehensive and important for primary
producers. Epiphytic communities may be aﬀected by
the variety on the macrophytes they are on and
diversity of species may also change along community
structures (Algarte et al., 2009). They may aﬀect
periphyton communities on diﬀerent types of
macrophytes whose morphologies and physiologies
are diﬀerent (Cattaneo et al., 1998). Communities on
macrophytes may consist of blue-green algae,
diatoms, green algae or ﬁlamentous algae (Chung and
Lee, 2008).
Epiphytic algae are widely used as indicators in
water quality studies as they respond quickly to
changes in hydrology and water quality (Gaiser et al.,
2004). The responses of these organisms to pollutant
sources in time may be determined on the level of
communities (Albay and Akçaalan, 2008). Due to
these properties, epiphytic algae have been used for
years as indicator organisms in determining water
quality (Albay and Akçaalan, 2003). However, as the
characteristics of every aquatic ecosystem will diﬀer,
epiphyton characteristics will also be diﬀerent and
thus it is not possible for them to provide the same
response to changes in water quality every time (Vis
et al., 2007). This study was conducted with the
purpose of determining the substrate preference of
epiphytic algae and the environmental and
hydrological factors that aﬀect this preference in the
Lake Gala, which is a shallow and eutrophic lake and
important part of the Meriç Delta in the international
list of Class-A aquatic areas, which was declared a
National Part in 2005.
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2 MATERIAL AND METHOD
2.1 Study area
Lake Gala located in the coordinates of, 40°46′05″N
and 26°10′59″E as an alluvial set lake, is one of the
most important aquatic areas in the Meriç Delta. The
lake is connected to the River Meriç in the north and
the Aegean Sea in the south via a canal (Fig.1). The
depth of the lake raises up to a little more than 2 m in
wet seasons and drops down to 50–60 cm during dry
seasons (Elipek et al., 2010; Anonymous, 2012;
Tokatli, 2014). The area, which was a nature reserve
in 1991, was designated a Natural Protected Area in
1992 and a national park (Turkey’s 36th national
park) in 2005. The lake is located on one of the two
most important bird migration routes in the western
Palaearctic region. The lake is a home to 163 bird
species, of which 46 are local, 27 are winter migrants
and 90 are summer migrants. 16 diﬀerent species of
ﬁsh were found, and these include ﬁsh that have
economic value such as eel, zander, carp and bowﬁn.
However, The lake is feed by the Meriç River, which
is surrounded by rice ﬁelds. The release of irrigation
water from rice farming areas into Gala Lake has
resulted in chemical fertilizers, especially pesticides,
entering the lake and placing it under permanent
anthropogenic-induced stress (Çamur-Elipek et al.,
2010; Tokatli, 2015).
2.2 Sampling
In order to determine the epiphytic algae
composition of Lake Gala, whose surroundings and
coasts are covered entirely with reeds, samples were
collected on Tyhpa latifolia L. and Phragmites
australis (Cav.) Trin. Ex Steud which are found
dominant in the lake. Sampling was performed
between March 2014 and November 2014 in monthly
periods, except winter periods. Selected points in the
lake were reached by a boat, or on foot as the lake is
shallow in general. Macrophytes were harvested
from sampling plots (collected using quadrats) of
1 m2 in size (in 3 to 20 replications, according to stand
heterogeneity). The submerged parts of the P. australis
and T. latifolia bodies in the quadrat (from above; the
part contacting the water, from below; the part in the
area about 5 cm over the sediment) were cut. The
length of the cut piece was measured, and the area
where the epiphyton gathered was measured as cm2
by a compass. The epiphytic algae on the piece were
swept into 250 mL distilled water by a brush. A part of
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the water was used for chlorophyll-a analysis, a part
was used to determine the epiphytic algae biovolume,
and another part was used for counting (the Uthermohl
method) and species diagnosis by ﬁxating into a lugol
+ glycerol mixture (Nõges et al., 2010; Bennion et al.,
2014).
The washed macrophytes and the respective
washing water including epiphytic algae were placed
separately in polyethylene bags for biometric and
algological analyses, and carried to the laboratory at
+4°C. With this sampling, it was aimed to determine
the number and density of macrophytes in the lake per
m2, epiphytic algae on the macrophytes, and the
chlorophyll-a amounts in the epiphytic algae (Biswas
and Calder, 1984; King et al., 2006). Additionally, in
order to determine the physicochemical properties of
the water in the lake and the changes along the study
period, subsurface water samples were collected.
2.3 Analyses
Water temperature, pH, dissolved oxygen and
conductivity values were measured at the sampling
sites using portable equipment and probes (Lovibond
- SensoDirect). Water transparency were measured
using Secchi disc. Nitrate (NO3), total suspended
solids (TSS) and soluble reactive phosporus (SRP)
values were analyzed in the laboratory according to
Apha-Awwa-Wef methods (APHA et al., 2012).
Chllorophyll-a (Chl-a) concentrations were estimated
according to the method done by Nush (Nusch, 1980)

using a Cecil 5502 spectrophotometer. Algal species
were identiﬁed with a light microscope (Olympus
CX21) at magniﬁcations 1 000× under immersion oil
and using the following literature for species
determination: Pestalozzi (1982); Prescott (1973);
Komarek and Fott, (1983); Krammer and LangeBertalot (1986–2004), Komarek and Anagnostidis
(2005), Hindák (2008) and Kristiansen and Preisig
(2011). Finally, all species were checked in algaebase
(Guiry and Guiry, 2017). For detail identiﬁcation of
diatoms, a part of the samples (50 mL) was ﬁrstly
washed in a 1:1 mixture of H2SO4 and HNO3, and
then rinsed with distilled water. Then, permanent
preparates were obtained using Naprax (Battarbee et
al., 2001).
Quantitative analyses of epiphytic algae were done
by an inverted microscope (Olympus CK2) according
to the Uthermöhl (1958) method. The individuals of
each species (ﬁlament or colony was considered to be
equal to one individual) were counted. In each
sample, an average of 600–800 diatom valves were
counted. The species density onin cm2 was calculated
according to the methods of Ros (1979) and Bicudo
and Menezes (2006). Algal biovolume calculations
were done according to the methods of Hillebrand et
al. (1999) and Sun and Lui (2003).
The species diversity (H′) and evenness index were
calculated using equations developed by Shannon and
Weaver (Addinsoft, 2015). Pearson correlations
between the environmental variables and species
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Table 1 Mean and range values of physico-chemical variables
in Lake Gala in the period March–October 2014
Unit

Mean

Min–Max

Dissolved oxygen (DO)

mg/L

12.18

8.7–15.1

NO3 (nitrate)

mg/L

5.56

4.1–7.8

Total suspended solids (TSS)

mg/L

88.3

57–118

Soluble reactive phosphorus (SRP)

μg/L

52

14–81

8.41

7.95–8.65

pH
Conductivity

μS/cm

249

205–320

Zeu

cm

81.6

56.1–141.1

Temperature

°C

19.9

12.6–26.2

Secchi depth

cm

48

33–62

Depth

cm

140

109–198

diversity, richness and evenness were determined
using the SPSS 22.0 software (SPSS 22.0, 2013). To
classify the algal composition on diﬀerent
macrophytes, Canonical correspondence analysis
(CCA) was carried out using the XLSTAT-ADA
statistical package (Addinsoft, 2015). CCA was
carried out on the log-normal transformed abundance
data to determine the relationship between the algae,
environmental variables and sampling period.

3 RESULT
3.1 Summary of environmental variables
Although Lake Gala is shallow, high interactions
may be seen between sediment and water column due
to waves that occur with the inﬂuence of the wind.
Additionally, the lake shows eutrophic characteristics
with its low photic depth (Zeu), high nutrient
concentration and TSS values (Table 1). Dissolved
oxygen showed a negative correlation with water
temperature (R=-0.82, P<0.05), Secchi disk
transparency (R=-0.80, P<0.05) and SRP (R=-0.56,
P<0.05). SRP showed a positive correlation with both
water temperature (R=0.71, P<0.05) and chllorophylla (T. latifolia) (R=0.73, P<0.05). NO3 showed a
negative correlation with both chllorophyll-a
(T. latifolia) (R=-0.58, P<0.05) and chllorophyll-a
(P. australis) (R=-0.59, P<0.05).
3.2 Distribution of macrophytes in the lake
Both littoral zone of the lake and the surrounding
areas are covered naturally macrophytes in the very
shallow lake. While T. latifolia is generally located in
the lake’s south-west, west and north-west parts,
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Fig.2 The distribution of the macrophytes found in the
littoral zone of Lake Gala per m2 during the sampling
period

P. australis is located in the south and south-east
parts. Both species are mixed in the north, north-east
and east parts. In the measurements (1 m2 quadrate)
made in the areas covered with average macrophytes
polpulations in littoral zone of the lake during the
study, 24 individual T. latifolia and 15 individual
P. australis were detected per m2 (Fig.2).
3.3 Epiphytic ﬂora on macrophytes
As a result of the study, a total of 133 taxa were
identiﬁed in the epiphytic algae ﬂora of the lake. In
the distribution of these taxa, the Bacillariophyta
division was at the top by 68 taxa, followed by
Chlorophyta by 30, Cyanophyta by 23, Euglenophyta
by 7 and Charophyta by 5 taxa (Table 2).
The chlorophyll-a concentrations diﬀered a lot
between the two sampled macrophytes (P<0.05). The
chlorophyll-a concentration of the epiphytic algae
found on T. latifolia bodies was found to have a mean
of 153.3 μg/cm2. In the samples obtained during the
2014, maximum chlorophyll-a was recorded in June
as 183.2 μg/cm2 and minimum chlorophyll-a was
measured in October as 128.3 μg/cm2. The temporal
change of chlorophyll-a and epiphytic algal biovolume
showed similar trends during the study period. A ﬁrst
chlorophyll-a peak was recorded on T. latifolia in
June 2014, when Diatoms 56% and Charophyta
(especially Conjugatophyceae=Zygnematophyceae)
17% dominated of periphyton. Second peak was
recorded on T. latifolia in August 2014 when this time
diatoms 38%, blue-greens 31% and Charophyta 24%
of the epiphyton communities (Fig.3).
As a result of sampling activities performed along
the year 2014, the chlorophyll-a concentration of the
epiphytic algae found on P. australis had a mean value
of 124.6 μg/cm2. The maximum chlorophyll-a amount
was found in the sampling conducted in September by
152.8 μg/cm2, while the minimum values were found
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Table 2 A list of epiphytic algae found on T. latifolia and P. australis in the Lake Gala during the period March–November 2014
T. latifolia P. australis
Cyanophyta

T. latifolia P. australis
Oocystis sp.

-

+

Anabaena constricta (Szafer) Geitler

+

+

Oocystis lacustris Chod.

+

-

Anabaena epiphytica Gardner

+

-

Pediastrum duplex Meyen

+

-

Anabaena oscillarioides Bory & Flahault

+

+

Pseudopediastrum boryanum (Turpin) Hegewald

+

-

Anabaena sp.

+

-

Scenedesmus bijuga (Turpin) Lagerheim

+

+

Anabaena spiralis Thompson

+

+

Scenedesmus quadricauda (Turpin) Brébisson

+

-

Aphanocapsa delicatissima West & West

+

+

Stauridium tetras (Ehren.) Hegewald

+

+

Calothrix confervicola Agardh

-

+

Tetradesmus lagerheimii Wynne & Guiry

+

-

Calothrix fusca Bornet & Flahault

+

+

Tetradesmus obliquus (Turpin) Wynne

+

+

Chroococcus turgidus (Kütz.) Nägeli

-

+

Tetraedron caudatum (Corda) Hansgirg

+

+

Komvophoron constrictum (Szafer) An.&Kom.

+

+

Tetraedron minimum (Braun) Hansgirg

+

+

Komvophoron crassum (Vozz.) An. & Kom.

+

+

Tetraedron trigonum (Nägeli) Hansgirg

-

+

Lyngbya sp.

+

+

Tetrastrum staurogeniiforme (Schröder) Lemm.

+

-

-

+

+

Lyngbya kuetzingii Schmidle

-

+

Ulothrix sp.

Merismopedia elegans Braun

-

+

Charophyta

Merismopedia glauca (Ehren.) Kützing

-

+

Closterium acutum Bréb.

-

Oscillatoria angusta Koppe

-

+

Closterium littorale Gay

+

-

Oscillatoria princeps Vaucher

+

-

Closterium lunula Ehrenberg & Hemprich

+

+

Oscillatoria limosa Agardh

-

+

Cosmarium sp.

+

-

Oscillatoria tenuis Agardh

+

+

Spirogyra aﬃnis (Hassall) Petit

+

+

Oscillatoria sancta Kützing

+

+

Spirogyra communis (Hassall) Kützing

+

-

Planktolyngbya contorta (Lemm.) An. & Kom.

+

-

Spirogyra maxima (Hassall) Wittrock

+

+

Pseudanabaena limnetica (Lemm.) Kom.

+

+

Euglenophyta

Spirulina sp.

+

+

Euglena granulata (Klebs) Schmitz

+

+

Lepocinclis sp.

+

-

Phacus acuminatus Stokes

-

+

Chlorophyta
Actinastrum hantzschii Lagerheim

+

-

Chlorella vulgaris Beyerinck [Beijerinck]

+

-

Trachelomonas hispida (Perty) Stein

+

-

Cladophora fracta (Müller) Kützing

-

+

Trachelomonas volvocina (Ehren.) Ehrenberg

+

-

Cladophora glomerata (L.) Kützing

-

+

Bacillariophyta

Coelastrum astroideum De Notaris

+

+

Achnanthidium exiguum (Grun.) Czarnecki

+

+

Coelastrum reticulatum (Dang.) Senn

-

+

Achnanthidium aﬃne (Grun.) Czarnecki

+

+

Crucigenia tetrapedia (Kirchner) Kuntze

+

+

Amphora ovalis (Kütz.) Kützing

+

+

Crucigeniella sp.

+

+

Asterionella formosa Hassall

+

+

Kirchneriella sp.

-

+

Aulocoseira italica (Ehren.) Simonsen

+

-

Lagerheimia genevensis (Chod.) Chod.

-

+

Aulacoseira granulata (Ehren.) Simonsen

+

+

Lemmermannia komarekii
(Hindák) Bock & Krienitz

+

-

Aulacoseira distans (Ehren.) Simonsen

+

-

Lemmermannia triangularis
(Chodat) Bock & Krienitz

+

-

Brebissonia lanceolata (Ag.) Mahoney&Reimer

+

+

Monactinus simplex (Meyen) Corda

-

+

Caloneis amphisbaena (Bory) Cleve

+

+

Monoraphidium arcuatum (Korshikov) Hindák

+

-

Caloneis bacillum (Grunow) Cleve

+

+

Monoraphidium contortum (Thuret) Kom.-Leg.

+

+

Caloneis westii (Smith) Hendey

+

-

Oocystis parva West & West

-

+

Cocconeis pediculus Ehrenberg

+

+

To be continued
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Table 2 Continued
T. latifolia P. australis

T. latifolia P. australis

Cocconeis placentula Ehrenberg

+

+

Hippodonta capitata (Ehren.) Lange-Bertalot

-

+

Craticula cuspidata (Kütz.) Mann

+

+

Mastogloia smithii Thwaites

+

+

Cyclotella meneghiniana Kütz.

+

+

Mayamaea atomus (Kütz.) Lange-Bertalot

+

+

Cymatopleura solea (Bréb.) Smith

+

+

Melosira nummuloides Agardh

+

+

Cymatopleura elliptica (Bréb.) Smith

-

+

Melosira varians Agardh

+

+

Cymbella aﬃnis Kützing

+

+

Navicula cryptocephala Kützing

+

+

Cymbella cistula (Ehren.) Kirchner

+

+

Navicula lanceolata Ehrenberg

+

-

Cymbella tumida (Bréb.) Van Heurck

+

+

Navicula tripunctata (Müller) Bory

+

-

Denticula kuetzingii Grunow

+

+

Navicula viridula (Kütz.) Ehrenberg

+

-

Diploneis Didyma (Ehren.) Ehrenberg

-

+

Nitzschia acicularis (Kütz.) Smith

+

+

Encyonema silesiacum (Bleisch) Mann

+

+

Nitzschia balcanica Hustedt

+

-

Encyonopsis microcephala (Grun.) Krammer

+

+

Nitzschia linearis Smith

-

+

Entomoneis alata (Ehren.) Ehren.

-

+

Nitzschia obtusa Smith

+

-

Epithemia adnata (Kütz.) Brébisson

+

+

Nitzschia palea (Kütz.) Smith

+

-

Epithemia sorex Kützing

+

+

Nitzschia sigmoidea (Nitzsch) Smith

+

+

Epithemia turgida (Ehren.) Kützing

+

+

Nitzschia sp.

+

-

Fragilaria capucina Desmazières

+

+

Pinnularia divergens Smith

+

-

Fragilaria crotonensis Kitton

+

+

Pinnularia viridis (Nitzsch) Ehrenberg

-

+

Fragilaria sp.

+

-

Placoneis gastrum (Ehren.) Mereschkowsky

+

-

Fragilaria pinnata Ehrenberg

-

+

Rhoicosphenia abbreviata (Ag.) Lange-Bertalot

+

+

Fragilariforma virescens (Ralfs) Williams&Round

+

+

Rhopalodia gibba (Ehren.) Müller

+

+

Gomphonema acuminatum Ehrenberg

+

+

Stauroneis anceps Ehrenberg

+

+

Gomphonema gracile Ehrenberg

+

+

Stephanodiscus astraea (Kütz.) Grunow

+

+

Gomphonema parvulum (Kütz.) Kützing

+

+

Surirella angusta Kützing

+

+

Gyrosigma acuminatum (Kütz.) Rabenhorst

+

+

Surirella elegans Ehrenberg

+

-

Gyrosigma attenuatum (Kütz.) Rabenhorst

+

-

Surirella ovalis Brébisson

+

+

Gyrosigma scalproides (Raben.) Cleve

+

+

Tryblionella hungarica (Grun.) Frenguelli

+

-

Halamphora veneta (Kütz.) Levkov

+

+

Ulnaria ulna (Nitzsch) Compère

+

+

in the sampling in April by 98.2 μg/cm2. On P. australis,
similarly, both chlorophyll-a and epiphytic algal
biovolume ratios were similar. A ﬁrst chlorophyll-a
peak was recorded on P. australis in June 2014, when
diatoms dominated 49% of periphyton and second
peak was recorded on P. australis in September 2014,
when this time diatoms 43% and blue-greens 37% of
the epiphyton communities (Fig.4).
3.4 Epiphytic algae on T. latifolia
A total of 107 species of epiphytic algae were
found on T. latifolia. The lowest species diversity was
in March (30 taxa) while the highest was found in
August (70 taxa). A ﬁlamentous green alga, Spirogyra
aﬃnis was the most abundant in the total algal
biovolume (11.28%) followed by ﬁlamentous blue-

green algae Anabaena oscillarioides (8.05%) and
Oscillatoria sancta (9.75%) as well as a branched
mucilaginous stalked diatoms Gomphonema
acuminatum (9.73%) and Rhoicosphenia abbreviata
(7.11%). The changes in species dominance in the
total algal biovolume during the investigation period
were as follows: G. acuminatum in March (15.4%),
O. sancta in April (12.6%), June (14.1%) and August
(12.4%), S. aﬃnis in May (14.1%), Cymbella cistula
in July (10.2%), and A. oscillarioides in September
(14.3%) and October (15.3%) (Fig.5). Although
Achnanthidium aﬃne, Nitzschia palea and Tetraedron
minimum were found in great abundance during the
whole investigated period, they never became
dominant in the total biovolume. The Shannon index
(H′) was changed between 2.18 in spring and 1.62 in
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Fig.3 Monthly distributions of epiphytic chlorophyll-a and biovolume values on T. latifolia
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Fig.4 Monthly distributions of epiphytic chlorophyll-a and biovolume values on P. australis
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Fig.5 Monthly changes in the relative biovolumes of the dominant epiphytic algae found on T. latifolia
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autumn. Evenness values were between 0.450 and
0.604. (Fig.6). There are positive correlations between
Shannon diversity and number of species during the
whole investigated period (R=0.62; P<0.01).
Temperature and Suspended Solids were the factors
which aﬀect the Shannon Diversity profoundly during
the study period.
CCA analysis was used to determine the relationship
between the relative biovolume of the epiphytic algae
and environmental factors. Figure 6 shows 7 taxa
dominant on T. latifolia and their relationships with 8
diﬀerent environmental factors. According to the
CCA biplot analysis, the eigenvalues of the two axes
were 0.47 and 0.53 respectively. The ﬁrst axis of CCA
explained 60.48% of the total variance in species,
while the second axis explained 20.02% of the total
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Fig.6 The Shannon diversity, species richness and evenness
values of the epiphytic algae found on T. latifolia
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variance. Spirogyra aﬃnis on T. latifolia was placed
to the origin of the ordination diagram. The position
of the dominant species e.g. Rhoicosphaenia
abbreviata, Cocconeis placentula and Gomphonema
acuminatum were placed closed to NO3, Conductivity
and pH vectors. Oscillatoria sancta was placed close
to secchi disc depth vector and Anabaena oscillarioides
was placed close to SRP vector in the ordination
diagram of CCA (Fig.7).
3.5 Epiphytic algae on P. australis
A total of 96 species of epiphytic algae were
identiﬁed on P. australis in a Lake Gala. Mucilage
matrixes and attached diatom, Epithemia adnata
became the dominant organism on P. australis by
constituting 10.08% of the total mean relative volume.
It was followed by the ﬁlamentous blue-green algae
Oscillatoria sancta (9.56%) and Anabaena
oscillarioides (7.94%), the branched mucilaginous
stalked diatom of Rhopalodia gibba (8.80%) and the
attached diatom, Cocconeis placentula (8.05%). In
the sampling period on P. australis, which is one of
the emersed macrophytes in the lake, the highest
relative biovolume was found in Oscillatoria sancta
in March (13.4%), April (12.2%) and July (9.4%), in
Epithemia adnata in May (11.9%), June (12.6%) and
August (10.6%), in Anabaena oscillarioides in
September (10.6%), and Cladophora fracta in
October (10.4%) (Fig.8). Among the epiphytic
diatoms found on P. australis, Achnanthes aﬃnis
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Fig.7 Biplot of ﬁrst and second CCA axis for epiphytic algae on T. latifolia in the Lake Gala
Dominant algae: Saﬀ: Spirogyra aﬃnis; Osan: Oscillatoria sancta; Gacu: Gomphonema acuminatum; Aosc: Anabaena oscillarioides; Rabb: Rhoicosphenia
abbreviata; Cpla: Cocconeis placentula; Ccis: Cymbella cistula. Environmental variables: temp: temperature; secchi: secchi depth; NO3: nitrate; con:
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could not become dominant in terms of biovolume
although its numbers were high. The epiphytic algal
diversity ﬂuctuated slightly between the sections.
Shannon index (H′) values changed between 1.33 and
1.68 in P. australis, while evenness values changed
between 0.368 and 0.464. In P. australis, where a
monthly mean of 43 epiphytic algae taxa was found,
the highest number of taxa was found in July by 51
and the lowest was found in March by 34 (Fig.9).
Positive correlations were recorded between Shannon
diversity and number of species on all sampling
mounths were recorded (R=0.71 P<0.01).
CCA analysis was used to determine the relationship
between the relative biovolume of the epiphytic algae
and environmental factors. Figure 9 shows 12 taxa
dominant on the epiphyton and their relationships
with 7 diﬀerent environmental factors. According to
the CCA biplot analysis, the eigenvalues of the two
axes were 0.79 and 0.41 respectively. The ﬁrst axis of
CCA explained 48.69% of the total variance in
species, while the second axis explained 22.13% of
the total variance. According to the CCA analysis
results of dominant epiphytic algae found on
P. australis, the analyzed organisms were located in
proximity to the center of ordination.
The position of the dominant species e.g.
Oscillatoria sancta, Rhoicosphenia abbreviata,
Cladophora glomerata, Rhopalodia gibba and
Epithemia adnata were placed to near nutrients
vectors. Cladophora fracta was placed closed to DO
vector, Calothrix confervicola was placed closed to
conductivity vector, Caloneis amphisbaena,
Anabaena oscillarioides and Lyngbya kuetzingii were
placed to near Secchi vector. Encyonema silesiacum

Fig.9 The Shannon diversity, species richness and evenness
values of the epiphytic algae found on P. australis

was placed closed to temperature vector in the
ordination diagram of CCA (Fig.10).

4 DISCUSSION
Lake Gala, which is on important migratory routes
for birds and an important part of the Meriç Delta that
is listed among Class-A aquatic areas, may be
considered as a very shallow and eutrophic lake with
its depth not exceeding 2 m. The macrophyte intensity
continues all year long in the lake whose sides and
surroundings are covered by high rates of macrophytes.
The dense macrophyte cover of the inside and
surroundings of the lake provides a good shelter for
water birds.
Like many shallow lakes, Lake Gala is under the
pressure of the agricultural activity in its proximity
(Coops and Hosper, 2002; Albay and Akçaalan, 2003,
2008; Schippers et al., 2006; Tunca et al., 2014).
Temperatures, mixture of water as a result of waves,
mixture of water for agricultural usage, create
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Fig.10 Biplot of ﬁrst and second CCA axis for epiphytic algae on P. australis in the Lake Gala
Dominant algae: Eadn: Epithemia adnata: Osan: Oscillatoria sancta: Rgib: Rhopalodia gibba: Cpla: Cocconeis placentula: Aosc: Anabaena oscillarioides:
Cfra: Cladophora fracta: Cglo: Cladophora glomerata: Esil: Encyonema silesiacum: Lkue: Lyngbya kuetzingii: Camp: Caloneis amphisbaena: Rabb:
Rhoicosphenia abbreviata: Ccon: Calothrix confervicola. Environmental variables: temp: temperature: secchi: secchi depth: NO3: nitrate: con: conductivity:
DO: dissolved oxygen: chl: chlorophyll-a.

seasonal variations in the physical and chemical
characteristics of the lake (Çamur-Elipek et al., 2010;
Nivolianitou and Synodinou, 2012; Tokatli et al.,
2014; Öterler et al., 2015). It is known that nutrients
are primarily important in the growth of algae
(Graham et al., 2009). Because of the eﬀects of the
agricultural lands near the lake, nutrient levels
constantly change through the year. In the lake where
the average physicochemical values are almost
reaching eutrophication values, the pH was found to
be slightly alkaline during the study period. The DO
levels were found to be high, though not as high as
found in previous studies (Çamur-Elipek et al., 2010;
Öterler et al., 2015). Decreasing concentrations of
both NO3 and SRP could be attributed to the dense
macrophyte vegetation during the agricultural activity
period.
The shallow nature of the lake, its domination by
macrophytes around it, and the cloudiness due to
waving, led to low water transparency levels. This
situation provides suitable conditions for growth of
especially diatoms (Messyasz et al., 2009). In the
epiphyton, diatoms were the dominant group of the
epiphytic community in terms of number of taxonomic
species, abundance and biovolume. This group was
followed by cyanobacteria, which had much lower
numbers of species but reached high numbers in the
lake in terms of number of colonies and cells. This

case was also observed in similar shallow lake studies
(Albay and Akçalan, 2008; Tunca et al., 2014).
Because of the mixing in the water column due to
waves and as a result of this, resuspension of the
sediment, there is an important relationship between
limnetic and benthic habitats (Goldsborough and
Robinson, 1996; Schallenberg and Burns, 2004).
Therefore, as indicated by some researchers, species
in the epiphyton may have substrate preference.
Macrophytes
with
diﬀerent
morphological
characteristics may naturally harbor diﬀerent
epiphytic communities. In this study, a diﬀerence was
found between the species compositions of submersed
and emerged macrophytes. Thus, it may be stated that
epiphytic algae in the lake have substrate preference.
As a result of our study, it was observed that some
species in the epiphyton had a substrate preference
between two emerged macrophytes.
While
Oscillatoria
sancta,
Anabaena
oscillarioides, Rhoicosphenia abbreviata, Cocconeis
placentula and Encyonema silesiacum among the
dominant organisms of the epiphyton were present on
both macrophytes in signiﬁcant numbers and
biovolumes, the species Spirogyra aﬃnis,
Gomphonema acuminatum and Cymbella cistula
preferred to be on T. latifolia epiphytically and the
species Epithemia adnata, Rhopalodia gibba,
Cladophora fracta, Cladophora glomerata, Lyngbya
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kuetzingi and Caloneis amphisbaena preferred
P. australis. While the epiphyton community on
T. latifolia was relatively more homogeneously
distributed, some species were found noticeably
dominant in the epiphyton community on P. australis.
Generally, ﬁlamentous green algae on both emersed
macrophytes showed good development in spring and
fall months, diatoms developed in spring and summer
months, blue-green algae developed especially in
summer and fall months. Spirogyra aﬃnis on
T. latifolia had the highest biovolume in the epiphytic
ﬂora. In addition to this species, Cocconeis placentula,
Rhoicosphenia
curvata
and
Gomphonema
acuminatum were constantly found abundant. While
diatoms were abundant on P. australis, the diatom
Epithemia adnata was the dominant organism in the
epiphytic ﬂora. Additionally, the diatoms Cocconeis
placentula, Rhopalodia gibba, Encyonema silesiacum,
Caloneis amphisbaena and Rhoicosphenia abbreviata,
the blue-greens Oscillatoria sancta and Anabaena
oscillarioides, and the greens Cladophora fracta and
Cladophora glomerata were found to have high
numbers and biovolumes during the entire sampling.
The species richness and diversity values of the
epiphytic algae found in Lake Gala increased from
the end of spring through the middle of summer. Thus,
no noticeable diﬀerence was found between
T. latifolia and P. australis. Diversity values also
varied within both macrophytes. Several epiphytic
algae species except dominant species were
represented with low values. Ács et al. (2000), and
Albay and Akçalan (2008) stated that changes in the
number of species in the periphyton and evenness
rates are connected to the algae’s rates of migration
and reproduction. They reached the conclusion that
migration on macrophytes increased the number of
species, and protect species richness by reducing
losses caused by reproduction and death. The
periphyton community was dominated by species
which is tolerant to the eutrophic conditions in Lake
Gala. According to the results, the substrate preference
in the periphyton shows that it is possible to use these
as bioindicators of anthropogenic contamination in
lakes. More data is needed to investigate factors
related to periphyton colonization in lakes with
diﬀerent mixing and trophic levels (Flynn et al.,
2002).
According to the results of the CCA analysis, there
was a signiﬁcant relationship between water quality
parameters and time-based changes in dominant
epiphytic algae. For T. latifolia; according to the CCA
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results, dissolved oxygen, NO3, conductivity and pH
were eﬀective on the epiphyton in spring months,
while chlorophyll-a, secchi depth and water
temperature were inﬂuential in summer months. For
P. australis; dissolved oxygen and NO3 were eﬀective
in spring months, while water temperature, SRP and
chlorophyll-a were eﬀective in summer months and
pH and conductivity were eﬀective in fall months.
Albay and Akçaalan (2003) indicated that ﬁlamentous
cyanophytes have a broad range of tolerance to
physical disturbance including water level ﬂuctuation,
large amounts of suspended solids, and low Secchi
disk transparency. While similar results were found
by Tunca et al. (2014), the relationship between the
dominant ﬁlamentous blue-green algae species and
secchi was not very strong in our study. Moreover,
while the shading eﬀects that take place especially in
spring and summer months due to the increased
number of macrophytes and their larger sizes may
create suppression on the growth of some species, this
may be an advantage for species that are less in need
of light to develop in the ecosystem. Among the
dominant species found epiphytically in the lake,
Spirogyra aﬃnis had a negative correlation with
secchi depth (R=-0.59, P<0.05), Oscillatoria sancta
had a negative correlation with DO (R=-0.78, P<0.05)
but positive correlations with chlorophyll-a (R=0.79,
P<0.05) and water temperature (R=0.62, P<0.05).
Among the dominant diatoms, Gomphonema
acuminatum, Rhoicosphenia abbreviata and
Cocconeis placentula had a positive correlation with
NO3 (respectively, R=0.66, R=0.77 and R=0.83;
P<0.05), while they had a negative correlation with
SRP (respectively, R=-0.62, R=-0.81 and R=-0.72;
P<0.05) and temperature (respectively, R=-0.70, R=
-0.62 and R=-0.68; P<0.05).
Benthic communities in inland waters are highly
aﬀected by biotic and abiotic factors (Letáková et al.,
2016). Distribution of benthic algae in lakes is based
on microhabitats and this distribution is inﬂuenced by
factors such as hydrological status, lake bathymetry,
light, nutrients and grazing (Cantonati et al., 2012;
Cano et al., 2012; Neif et al., 2013). Furthermore,
according to Blanco et al. (2014), environmental
factors are primarily eﬀective on benthic algae. In the
lake, whose western and northern sides are generally
covered by Typha, Phragmites were localized in the
southern and eastern parts. In the very shallow lake,
both macrophytes have reached signiﬁcant
populations. Epiphytic algae on richness, diversity,
and composition diﬀered signiﬁcantly between these
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two main host plants. Because of the macrophytes’
morphologies, distribution of epiphytic algae (such as
nutrient-based substrate preference) may have been
seasonally inﬂuenced. Seasonal changes have been
found to be signiﬁcant in shallow lowland ponds
(Kitner et al., 2005). On both macrophytes, the
epiphytic algae colonization was found higher in
summer months than in spring and autunm months.

5 CONCLUSION
In conclusion, this study determined the
relationships of the epiphyton communities on two
diﬀerent macrophytes in Lake Gala with water quality
and hydrologic drivers. According to the results of the
study, epiphytic colonization is controlled by seasonal
variations that take place in major environmental
gradients (such as temperature, dissolved oxygen and
water level ﬂuctuation). Another important result is
that some species of algae in Lake Gala had substrate
preference between T. latifolia and P. australis.
However, substrate type aﬀected the colonization of
epiphytic algal seasonality. Species composition of
epiphytic algae was diverse as a result of macrophyte
morphology, but diversity values were similar.

6 DATA AVAILABILITY STATEMENT
The datasets during and/or analyzed during the
current study are available from the corresponding
author on reasonable request. All data generated or
analyzed during this study are included in this
published article.
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