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abstract
In this study, the phytoplankton composition and some water quality parameters of cultured sea
bass (Dicentrarchus labrax, L., 1758) earthen ponds were investigated in Muğla Province, Turkey.
Sea bass which production significantly increased since the 1980s, is accepted as one of the popular
species in the Mediterranean region. Samples were collected from the fish farm when algal blooms
are observed in May 2017, from 6 sampling points, including the main drainage, clean water, and
4 earthen ponds. In total 31 taxa belonging to 7 divisions as Bacillariophyta (13), Charophyta (1),
Chlorophyta (7), Cryptophyta (2), Cyanobacteria (3), Euglenozoa (4), and Ochrophyta (1) of phytoplankton were determined. Recorded species of the phytoplankton indicated organic pollution at
the studied earthen ponds. Excessive algal blooms, particularly caused by blue-green algae, pose a
great threat to all fish farm organisms by causing massive fish deaths in aquaculture ponds. The
toxin-producing Cyanobacteria Microcystis aeruginosa (Kütz.) Kützing and Merismopedia glauca (Ehr.)
Kützing were found often in water samples. Since pond management is essential for a productive
fish farm obtained results indicated that the first step to enhancing good quality products in the
aquaculture sector should have the sustainable monitoring of phytoplankton by farmers and adequate supplying water.
Keywords: Aquaculture; Phytoplankton; Water quality; Earthen ponds; Turkey

* Corresponding author.
1944-3994/1944-3986 © 2021 Desalination Publications. All rights reserved.

N. Yilmaz et al. / Desalination and Water Treatment 234 (2021) 392–398
1. Introduction
Fish is an inexpensive source of high protein and also,
the fishery has become a significant income in many countries. Water is essential for fish to sustain their life functions like other living beings [1]. In recent years the natural
seafood has been decreasing day by day, owing to various
reasons and aquaculture shows a rapid increase in Turkey
as well as all over the world [2]. It is expected that the production amounts by aquaculture would pass the production
amounts by hunting shortly soon. There should be carried
out detailed studies on this subject to obtain higher quality and more economical aquaculture products. Especially
in the Aegean and Mediterranean regions in Turkey, aquaculture conducted at land ponds has become a significant
sector. Offering fish grown at land ponds to buyers at lower
prices, ease of maintenance, and feeding make the production at earthen ponds more preferable and attractive [3].
Fish farming is accepted as the main healthy source
of animal food scarcity caused by the world’s overpopulation and climate change. Nowadays, gilt-head sea
bream (Sparus aurata), and sea bass are the most intensively cultivated marine fish species. Besides, alternative fish species for aquaculture are turbot (Psetta maxima), meagre (Argyrosomus regius), red sea bream (Pagrus
major), sharpsnout sea bream (Diplodus puntazzo), and
common dentex (Dentex dentex). Dicentrarchus labrax,
Linnaeus (1758), the sea bass is the most popular species
in Mediterranean aquaculture. Its production started in the
1980s and has come up by multiplying day after day. The
first sea bass hatchery in Turkey was established in 1990
with the agreement signed by FAO (Food and Agricultural
Organization of the United Nations), Italy, and Turkey. The
facility of the hatchery started to operate in 1993. The sea
bass production constitutes approximately 70% of the total
fish breeding production of Turkey. Muğla is located in the
south-western part of Turkey, has a long sea coast, and is
the first city in Turkey in terms of fish farms and production amount [3]. It is clear that overpopulation caused
high pressure on the protein-rich food source fish, and
the fish product demand has increased in recent years.
Water quality management to meet current food demand
is one of the main issues that need to be taken into consideration in fish farms ponds. Optimum fish production in
aquaculture largely depends on the physicochemical and
biological properties of the used water. For this reason, successful pond management needs a good understanding of
the water quality. Water temperature, dissolved oxygen, pH,
and phytoplankton composition are the main variables to
determine the water quality in ponds [4]. Phytoplankters,
the primary producers in the food chain, have a vital role
in fish production in aquatic environments [5]. Many benefits of microalgae are known, such as supplying oxygen
in fish farms, utilization of harmful ammonia and nitrites,
improving discharge wastewater by removing nitrogen and
phosphorus, and providing supplementary food for fish.
Phytoplankton, which is used as a live feed source in fish
farming due to its rich source of proteins, lipids and carbohydrates, can also be poisonous for many living organisms, including humans by producing toxins [6]. They are
one of the bioindicators of water quality because they react
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very fast when changes occur in aquatic systems [4,7,8,].
Since aquaculture is affected highly by the density and
diversity of phytoplankton in waters, phytoplankton species can be used as biomarkers for water pollution assessment in fish production [9,10]. Artificial feeds and fertilizers
used in fish farms ensure the enrichment of the fish pond
water regarding nutrient salt concentrations. Therefore,
nutrient increases in the ponds support the increase in the
phytoplankton density. Also, undesirable algal blooms
lead to deterioration in the quality of water in fish breeding ponds [7]. For this reason, phytoplankton composition
was determined in the water of the ponds at the fish farm.
Many limnological studies have been carried out on
phytoplankton communities and related water quality
parameters in Turkey’s inland waters [11–13]. Studies on
phytoplankton in aquaculture fish ponds, contrary to other
countries, have a shortcoming in Turkey. This study aims to
designate the phytoplankton species causing problems in
aquaculture fish ponds, to resolve the lack of research, and
take attention to this subject.
2. Material and methods
Water samples were collected from the surface water
by Nansen bottles from 6 different points, including the
main drainage, the clean water, and 4 earthen ponds from
the fish farm (Muğla, Turkey) when the algal blooms
occurred in May 2017. The location of the fish farm is
shown in Fig. 1 and the views of land ponds are given
in Fig. 2. Collected samples are fixed with Lugol’s iodine
solution in the study area for phytoplankton identification.
All recorded species were checked in algabase cite according to Guiry and Guiry [14]. Phytoplankton identification
has been made with a Nikon-made microscope, using the
literature of several comprehensive reviews on the subject in the laboratory [15–24]. Phytoplankton counting
was not possible due to the intense particulate matter in
the water samples. Water temperature, dissolved oxygen,
pH, and salinity of each sampling point were measured
using the WTW Multi 340i/set multiparameter in the field.
Palmer [25] developed an index to determine the trophic stage of freshwaters by using phytoplankton species.
Palmer index is based on a total of 20 phytoplankton genera that have organic pollution tolerance in waters. It was
given scores according to tolerances to organic contamination for each specified species in a range from 1 to 5. If
the total calculation values are equal to 20 and above indicate high organic pollution, values between 15 to 19 moderate pollution and values below 15 indicate no organic
pollution [13].
3. Results and discussion
The water temperature varied from 7°C to 8°C in winter, depending on the weather temperature. The pH changed
from 7.0 to 7.5 and salinity varied between 8‰ and 11‰ of
artesian well water. The salinity concentration is an affecting factor for fish species development where aquaculture
activities occur [26]. The measured dissolved oxygen concentration at the ponds was very low (5 mg/L). Oxygen
level has been kept around 8 mg/L by using mechanical
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Fig. 1. Map of the location of the fish farm.

Fig. 2. Views of sampled fish farm ponds.

methods at night especially. Dissolved oxygen concentrations indicate the pollution status of water [5].
In all 31 species belonging to Bacillariophyta (13),
Charophyta (1), Chlorophyta (7), Cryptophyta (2), Cyano
bacteria (3), Euglenozoa (4), and Ochrophyta (1) divisions
were recorded. The list of identified phytoplankton species
is given in Table 1. The water samples except the shallow
ponds had high turbidity and contained a high amount
of particulate matter in general. Under unsuitable environmental conditions and stress, fish secrete excessive
mucus in ponds. In addition, unused feeds, feed residues,
and fish feces, except for the secreted mucus, also contributed to the enrichment of the pond water with particulate

matter and increased turbidity [27]. This situation prevented the counting and density calculation of phytoplanktonic organisms.
Phytoplankton composition at sampling ponds was
composed mainly of Bacillariophyta, Chlorophyta, and
Euglenozoa members. Cyclotella meneghiniana of diatoms, Scenedesmus spp. of green algae, Cryptomonas
ovata of cryptomonads, Euglena gracilis, and E. viridis of
euglenoids were detected almost in all sampling pools.
Euglenozoa members were not found in shallow ponds
while Chroococcus limneticus and Merismopedia glauca of
Cyanobacteria were recorded. Also, Plagioselmis nannoplanctonica of Cryptophyta was present only in shallow
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Table 1
List of identified taxa of phytoplankton in fish ponds
DIVISIO: BACILLARIOPHYTA

DIVISIO: CHAROPHYTA

Achnanthes lanceolata (Bréb. ex Kütz.) Grunow
Amphora ovalis (Kützing) Kützing
Cocconeis placentula Ehrenberg
Cyclotella meneghiniana Kützing
Cymbella affinis Kützing
Diatoma vulgaris Bory
Meridion circulare (Greville) C. Agardh
Navicula cryptocephala Kützing
Nitzschia acicularis (Kützing) W. Smith
Pleurosigma sp.
Stephanodiscus astrea (Kützing) Grunow
Ulnaria acus (Kützing) Aboal
Ulnaria ulna (Nitzsch) Compère
DIVISIO: CHLOROPHYTA
Coelastrum microporum Nägeli
Kirchneriella sp.
Pandorina morum (O.F. Müller) Bory
Scenedesmus ecornis (Ehrenberg) Chodat
Scenedesmus quadricauda (Turpin) Brébisson
Scenedesmus sp.
Sphaerocystis sp.

Cosmarium formosulum Hoff.

DIVISIO: CRYPTOPHYTA
Cryptomonas ovata Ehrenberg
Plagioselmis nannoplanctonica (Skuja) G. Novarino, I.A.N. Lucas and Morrall

DIVISIO: CYANOBACTERIA
Chroococcus limneticus Lemmermann
Microcystis aeruginosa (Kützing) Kützing
Merismopedia glauca (Ehrenberg) Kützing
DIVISIO: EUGLENOZOA
Euglena acus (O.F. Müller) Ehrenberg
Euglena gracilis G.A. Klebs
Euglena viridis (O.F. Müller) Ehrenberg
Trachelomonas hispida (Perty) F. Stein
DIVISIO: OCHROPHYTA
Dinobryon sertularia Ehrenberg

ponds. Particularly, Microcystis aeruginosa and Merismopedia
glauca of toxin-producing blue-green algae, and species of
Euglena genus are accepted indicators of organic pollution, and they were found quite often in water samples at
ponds [12]. Photosynthesis increased by the influence of
sunlight promotes free CO2 organic production and consequently the growth of the genus Euglena. Extravagant
Cyanobacteria blooms may cause a warning to the fish
farm living beings. In this study, blue-green algae were
found often but not heavily. According to the recorded species of phytoplankton, ponds were determined as organically polluted. Species mainly belonging to Cyanobacteria,
Chlorophyta, Bacillariophyta, and Euglenozoa groups
were identified in studies conducted in fish ponds in
many countries [4,7,28,]. Microcystis sp. and Anabaena sp.
were recorded as the dominant genera in aquaculture
ponds in Bangladesh when Cyanobacteria were recorded
in high abundance in spring and early autumn [7].
In a study conducted in urban wastewater-fed fish ponds
in India by Das et al. [4], the percentage contribution of
Chlorophyceae was the highest followed by Cyanophyceae
and Bacillariophyceae, respectively. Euglena acus and
Phacus of Euglenozoa division were determined only in the
high organically polluted pond. In another study carried
out on phytoplankton in cultured ponds of two fish farms
in Bangladesh, the species Euglena, Microcystis and Eurolena
were identified as dominant [27]. In shrimp ponds, it is
reported that Euglenophyta like Euglena may become a
threat when ammonia and mucus are expelled to water [6].
Phytoplankton functional groups have been employed
to indicate environmental conditions and have proved to

be more precise than phylogenetic grouping [29]. The phytoplankton functional groups comprised more than 45 assemblages nominated by alphanumerical codes concerning their
survival strategies, tolerance, and sensitivities. In terms of
the functional groups, phytoplankton formed 15 groups: C,
D, E, G, N, X2, Y, F, J, L0, M, MP, TB, W1, and W2. The phytoplankton composition of land ponds was mainly represented
by C, J, Y, and W1 assembladges, which included the characteristic species of mesotrophic and eutrophic waters at the
ponds (Table 2). Cyclotella meneghiniana of Bacillariophyta
placed in Codon C, occupies a habitat described as eutrophic small and medium-sized lakes with tolerances to
light and C deficiency; sensitivities of pH rise, Si depletion stratification. The J assemblage consisted of Coelastrum
microporum, Scenedsmus ecornis, Scenedesmus quadricauda,
and Scenedesmus sp., which are characteristic of shallow,
enriched lakes, ponds and rivers. Scenedesmus genera members are prominent in shallow, highly enriched systems and
they are found frequently dominant in freshwater lakes
and rivers [30,31]. The habitat of Codon Y is usually small,
enriched lakes and is represented by Cryptomonas ovata at
the land ponds. W1 assemblage consisted of the euglenoids
Euglena acus, Euglena gracilis, and Euglena viridis which were
recorded in all sampling points. Euglenozoa (Euglenophyta)
division members are reported more abundant in organically polluted waters [32]. According to Palmer’s index
[25], the recorded genera at the ponds in the fish farm
were calculated as a score of 19 (Table 3), and the water of
the ponds was found as in the high organic pollution level.
Rapid algal development may block the air connection
from the atmosphere by covering the surface of the water.
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Table 2
Functional groups of recorded phytoplankton species [30,31]
Codon

Typical represantatives

Habitat

C
D
N
TB
X2
Y
E
F
G

Cyclotella meneghiniana, Stephanodiscus astrea
Nitzschia acicularis, Ulnaria acus, Ulnaria ulna
Cosmarium formosulum
Achnanthes lanceolata
Plagioselmis nannoplanctonica
Cryptomonas ovata
Dinobryon sertularia
Kirchneriella sp., Sphaerocystis sp.
Pandorina morum

J

W1

Coelastrum microporum, Scenedesmus ecornis,
Scenedesmus quadricauda, Scenedesmus sp.
Chroococcus limneticus, Merismopedia glauca
Microcystis aeruginosa
Cocconeis placentula, Cymbella affinis, Navicula
cryptocephala
Euglena acus, Euglena gracilis, Euglena viridis

Eutrophic small and medium sized lakes
Shallow, enriched turbid waters including rivers
Mesotrophic epilimnia
Highly lotic environments
Shallow, meso-eutrophic environments
Usually small, enriched lakes
Usually small, oligotrophic, base poor lakes or heterotrophic ponds
Clear epilimnia, clear deeply mixed mesoeutrophic lakes
Small eutrophic lakes and very stable phases in larger river-fed
basins and storage reservoirs. Short, nutrient-rich water columns
Shallow, highly enriched lakes, ponds and rivers

W2

Trachelomonas hispida

LO
M
MP

Summer epilimnia in mesotrophic lakes
Dielly mixed layers of small, eutrophic, low latitude lakes
Frequently-stirred-up, inorganically turbid shallow lakes
Ponds, even temporary, rich in organic matter from husbandary or
sewages
Shallow mesotrophic lakes

Table 3
Pollution index of algal genera according to Palmer [25] at fish
ponds
Diviso

Genus

Cyclotella
Navicula
Nitzschia
Ulnaria
(Syn. Synedra)
Chlorophyta
Pandorina
Scenedesmus
Cyanobacteria
Microcystis
(Syn. Anacytis)
Euglenozoa
Euglena
Calculated Palmer index
Bacillariophyta

Pollution index score
1
3
3
2
1
4
1
5
20 (high organic pollution)

This situation causes a fast decrease in the oxygen concentration of the water. One of the significant damage-giving
reasons for aquaculture is the sudden drop in oxygen concentration at the ponds. The relationship between dissolved
oxygen and phytoplankton density was studied in many
investigations [33–35]. Nutrient-rich waters support a high
photosynthesis rate causing increases in phytoplankton
biomass in ponds [36–38]. Appropriate nutrient salt concentrations would allow the right biomass and composition
of phytoplankton assemblages. Excessive supplies of nutrients may cause enrichments in water which promote algal
blooms, growth of macrophytes and also primary production. Fish mortality may occur at aquaculture ponds as a
result of hypoxia and anoxia which produced by excessive

algal blooms [6]. Especially Cyanobacteria can lead to surface scums in waters. Scum formation is an indication of
eutrophication and usually results in increased pH in
aquatic systems. Mainly Anabaena and Anacystis (Microcystis)
of Cyanobacteria are known scum-producing toxic species
[39]. On the other hand, Smith and Piedrahita [33], suggested increasing the algal growth instead of reducing the
algae biomass in order to increase the dissolved oxygen
level in aquaculture with their mathematical modeling
developed in a catfish pool where the relationship between
phytoplankton density and dissolved oxygen was examined.
4. Conclusion
Establishment costs of earthen pool facilities are very
low compared to other production facilities, but the fact that
they are not designed in accordance with the capacity and
that the business is not managed well causes great problems.
Principles of water management in aquaculture are a daily
topic because water quality parameters affect fish production at the ponds. Nowadays, growing demands in the world
because of food sources exhausted, and population pressure
on these sources are increasingly required, getting optimum
conditions for increasing the fish yields. Water quality is the
major factor in producing healthy fish for efficient fish farming. If the water has not have optimum conditions for aquaculture, the fish could not feed or grow well. It is not enough
to have information on physical and chemical variables
of the used water in fisheries for the selected cultured fish
species’ optimal growth. Also, the environmental conditions
of produced or planned fish farms should be well known.
A total of 31 taxa belong to 7 divisions of phytoplankton
were identified in the sea bass fish farm ponds. Microcystis
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aeruginosa and Merismopedia glauca of toxin-producing
blue-green algae, organic pollution indicators Euglena acus,
Euglena gracilis and Euglena viridis of Euglenophyta were
found often in water samples at the studied earthen ponds.
Also, the dissolved oxygen concentration at the ponds
was very low. Since aquaculture has high-risk efforts, the
dynamics related to environmental changes such as temperature, water movement, light, soil, and other biological
factors lead to changes in phytoplankton species and the
food chain. For this purpose, physicochemical and biological water quality parameters of water should be monitor
together in daily periods in fish farms. Periodically phytoplankton monitoring would serve as a measure to prevent
sudden mass mortality caused by excessive algal increases.
Mainly filamentous algae cause acute stress response or mass
mortality due to asphyxia in the fish. Besides, scums forming by algae in ponds result in unwanted effects. For these
reasons, algal blooms cause economic losses in farming land
ponds. Fish mortality due to oxygen deficiency can record
despite the use of ventilation systems in the ponds without
light and unless photosynthesis in the evening times.
Determining the phytoplankton composition takes an
important place in a successful fish farming management
strategy. In conclusion, it is necessary to constantly monitor and control the phytoplankton composition as well as
the physical and chemical variables of the water used in
aquaculture, for obtaining maximum and high-quality yield.
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