PHYTOPLANKTON COMMUNITY DYNAMICS RELATED
TO CERTAIN PHYSICAL AND CHEMICAL VARIABLES
IN ARDICTEPE RESERVOIR (BALIKESIR, TURKEY)
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Ardigtepe Reservoir (Balikesir, Turkey) was sampled seasonally at three stations
between October 2018 and August 2019 to determine the phytoplankton community
dynamics in relation to water temperature, speciffic conductance (SC), total dissolved
solids (TDS), pH, oxidation-reduction potential (ORP) and Secchi disk depth. A total of
43 phytoplankton species were identified, 27 from Bacillariophyta, 4 from Charophyta,
6 from Chlorophyta, 5 from Cyanobacteria and 1 from Euglenozoa. Bacillariophyta
made 76% total number of species, Cyanobacteria 11%, Chlorophyta 6%, Charophyta
4% and Euglenozoa 3%. Aulacoseria granulata, Aulacoseira granulata var.
angustissima, Cyclotella meneghiniana and Ulnaria ulna from Bacillariophyta and
Anabaena circinalis from Cyanobacteria dominanted phytoplankton during the study.
The CCA explained 90.8% of the cumulative variance in the relationships of dominant
species-environment. The CCA also showed that water temperature, TDS, ORP and pH
had significant effects on the phytoplankton community of Ardigtepe Reservoir (Monte
Carlo test, p<0.05).
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INTRODUCTION

Phytoplankton is critical in the functioning of aquatic ecosystems since it
provides food for all other organisms in the upper level of food webs (Feuchtmayr
et al., 2012). The spatio-temporal distribution of phytoplankton and its relationships
with the physical and chemical variables can give insights into understanding factors
responsible for its dynamics (Elliott, 2012).

The seasonal dynamics of phytoplankton community provides further
understanding of ecological interactions in aquatic ecosystems. Thus, the seasonal
dynamics of phytoplankton have been investigated worldwide (Mishra et al., 2019;
Nikolenko and Fedonenko, 2021).

In temperate region, phytoplankton community dynamics are driven mostly
by variations of physical and chemical variables that vary with the different periods
of the year (Borics et al., 2011). For a clear understanding of the processes
affecting phytoplankton dynamics, it is important to study the linkage between
changes in environmental variables and phytoplankton abundance and community
composition (George et al., 2004).
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Multivariate statistical techniques have been proved to be useful for
understanding the interactions between the environmental factors and
phytoplankton community dynamics in aquatic ecosystems (Kruk et al., 2002).
In this study, the seasonal and spatial dynamics of phytoplankton community were
studied in relation to certain environmental variables in Ardigtepe Reservoir,
Balikesir, Turkey, using Canonical Correspondence Analysis (CCA) (Braak and
and Verdonschot, 2002).

MATERIALS AND METHODS

Study Area

Ardigtepe Reservoir is located at 39° 30" 73" N-027° 21' 73" E in the Ivrinde
province of Balikesir, Turkey (Fig. 1). It was constructed on the Kocacay (Madra)
Stream in 2015 by the General Directorate of State Hydraulic Works for the
purpose of irrigation. It has a 4.5 km? area and a Maximum depth of 39 m.

Three sampling stations were set. The first station was set where the Kocagay
Stream enters the reservoir (the riverine zone), the second station is the transition
zone where the stream loses its influence to a large extent and the third station is at
the deepest part of the reservoir (the lacustrine zone) near the dam.

Water temperature, specific conductance (SC), total dissolved solids (TDS),
pH and oxidation-reduction potential (ORP) were measured in situ using a YSI
multi-probe. Water transparency was measured using a Secchi disk.

For phytoplankton, integrated water samples were taken at three stations
using a Kemmerer water sampler. In the field, phytoplankton samples were fixed
with Lugol’s solution and poured in 250 ml dark bottles. In the laboratory,
the samples were first shaken, then placed into 50 ml graduated tubes to settle for
24 hours, then the upper 45 ml of water were aspirated and the remaining 5 ml
were placed into a small bottle for microscopic analysis.

Enumeration and identification of phytoplankton were performed using
Palmer-Maloney counting cell on an Olympus compound microscope equipped
with a phase-contrast attachment and water immersion lenses (40X and 60X
magnifications). Phytoplankton species were identified according to Caspers and
Nicklisch (1984), Komarek et al. (1982), Bourrelly (1968), Krammer and
Lange-Bertalot (1999), Komarek and Anagnostidis (2008), Anagnostidis and
Komarek (1988), Round et al. (1990), Sims (1996) and John et al. (2011).

The Canonical Correspondence Analysis was performed to assess the
relationships between the abundance of the dominant phytoplankton species and
environmental variables using CANOCO (v.4.5) software (Braak and and
Verdonschot, 2002). Prior to the application of CCA, Detrended Correspondence
Analysis (DCCA) was run on data and the gradient lengths for the first two axes
was greater than 4, justifying the use of unimodal models. The Monte Carlo
permutation test with the forward selection was used to test which variables had
significant effects on the dynamics of dominant phytoplankton species (ter Braak
and Verdonschot, 2002).
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An analysis of variance (ANOVA) test was used to test the significance of
differences in physical and chemical variables between the stations and seasons.
Prior to statistical analysis data were log transformed to satisfy normality
assumption. Statistical analysis was performed using SPSS software (SPSS, 2001).

RESULTS

There were no significant differences in pH, specific conductance (uscm?),
oxidation reduction potential (mV), Secchi disk depth (m) and total dissolved
solids (mgl?) between the statoins and seasons (F=0.15, p>0.05), but water
temperature differed significantly between the seasons (F=3.04, p<0.05).
The maximum, minimum, the mean and standard deviation of the measured
physical and chemical variables are given in Table 1.

A total of 43 phytoplankton species were identified, 27 from Bacillariophyta ,
6 from Chlorophyta, 4 from Charophyta, 5 from Cyanobacteria and 1 from
Euglenozoa (Table 2). Bacillariophyta made 76% total number of species,
Cyanobacteria 11%, Chlorophyta 6%, Charophyta 4% and Euglenozoa 3%.
Aulacoseria granulata, Aulacoseira granulata var. angustissima, Cyclotella
meneghiniana and Ulnaria ulna from Bacillariophyta and Anabaena circinalis
from Cyanobacteria were dominanted phytoplankton during the study.

In fall 2018, 26 species were identified A. circinalis, C. meneghiniana and
A. graniilata dominated phytoplankton. In winter 2018, 15 phytoplankton species were
identified, C. meneghiniana and A. granulata var. angustissima were the dominant
species. In Spring 2019, 19 species were identified, C. meneghiniana and U. ulna
dominated phytoplankton. In summer 2019, 29 phytoplankton species were identified,
A. granulata var. angustissima and C. meneghiniana were the dominant species.

The first axis of CCA had an eigenvalue of 0.014 and second had 0.005.
The first two axes explained 55.6% of the cumulative percentage variance in
dominant species and environment relationships (Table 3). CCA showed that
A. granulata var. angustissima and A. circinalis were related to pH and ORP,
U. ulna to SC and C. meneghiniana to water temperature and TDS. A. granulata
was not associated with any measured physical or chemical variables (Fig. 2).

DISCUSSION

In Ardigtepe Reservoir, Bacillariophyta dominanted phytoplankton, making
76% of the total number of species during the study. Diatoms were most abundant
at the first station where the Kocagay Stream enters the reservoir. The inflow of the
feeding stream causes turbulence at this station, promoting fast-growing taxa, such
as diatoms and disadvantaging organisms that require stable water columns, such
as colonial cyanobacteria (Stockwell et al., 2020). Hansen and Visser (2019) state
that diatoms are competitive at high turbulence and dim light. Thus, they are
favored by turbulence, as it reduces the sinking rate.
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A. granulata, A. granulata var. angustissima, C. meneghiniana and U. ulna
from Bacillariophyta and A. circinalis from cyanobacteria were dominant species
during the study.

Sallow depths and high ORP have positive and high-water temperature have
negative effects on the growth rate of A. granulate and A. granulata var.
angustissima (Raupp et al., 2009; Wei et al., 2023). The first station is shallow and
turbulent, providing sufficient oxygen (high ORP). This may have led the high
abundance of these species. The other two dominant diatoms, C. meneghiniana and
U. ulna, are typical cosmopolitan, widely distributed in the inland waters of all
continents (Klimaszyk et al., 2022).

CCA showed that TDS was closely related to the dominant diatom,
C. meneghiniana. This species is commonly collected in Turkish lakes (Kocer
et al., 2012) and it is considered to be tolerant to mixing and its distribution is
controlled by turbulent currents (Crossetti and Bicudo, 2008). In Ardigtepe
Reservoir, this species waste abundant at the first station (the riverine zone) which
is usually turbulent due to the stream inflow.

CCA showed that A. circinalis was closely related to pH and ORP.
This species was dominant in summer at the third station (at the deepst part of the
reservoir). A. circinalis is linked to stable water column and high water
temperatures (Philips et al., 1997). In summer, Ardigtepe Reservoir stratifies
at deep sections, providing stable environment for cyanobacterial growth.

In summary, the phytoplankton community of Ardigtepe Reservoir was
dominated by diatoms and they were most abundant in the riverine zone of the
reservoir. The phytoplankton community dynamics in the reservoir were mostly
controlled by turbulence caused by the inflow of feeding stream.

REFERENCES

1. Anagnostidis, K. and Komarek, J. 1988, Modern approach to the classification system of
cyanophytes 3 Oscillatoriales. Arch Hydrobiol, Suppl bd Algol stud, 50, pp. 327-472.

2. Borics, G., Abonyi, A., Krasznai, E., Varbiro, G., Grigorszky, I., Szabo, S., Deak, C. and
Tothmeresz, B., 2011, Small-scale patchiness of the phytoplankton in a lentic oxbow,
J Plankton Res, 33, pp. 973-981.

3. Bourrelly, P., 1966, Les algues d’eau douce. Tome I. Les algues vertes. (Edn. N. Boubee
and Cie), Société Nouvelle des, France.

4. Crossetti, L. O. and Bicudo, C. E. de M., 2008, Phytoplankton as a monitoring tool in a
tropical urban shallow reservoir (Gargas Pond): the assemblage index application,
Hydrobiologia, 610, pp. 161-173.

5. Elliott, J. A., 2012, Predicting the impact of changing nutrient load and temperature on the
phytoplankton of England’s largest lake, Windermere, Freshwater Biol, 57, pp. 400-413.

6. Feuchtmayr, H., Thackeray, S. J., Jones, 1. D., Ville, M., Fletcher, J., James, J. and Kelly, J.,
2012, Spring phytoplankton phenology-are patterns and drivers of change consistent among
lakes in the same climatological region?, Freshwater Biol, 57, pp. 331-34.

7. George, B., Arhonditsis, M., Winder, M., Brett, T. and Daniel, E. S., 2004, Patterns and
mechanisms of phytoplankton variability in Lake Washington (USA), Water Res, 38, pp.
4013-4027.

8. Grove, J. P. and Chrzanowski, T. H. 2006, Seasonal dynamics of phytoplankton in two warm
temperate reservoirs: association of taxonomic composition with temperature, J Plankton Res,
28(1), pp. 1-17.



Phytoplankton of Ardictepe Reservoir (Balikesir, Turkey) 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

25.
26.

27.

Hansen, A. N. and Visser, A. W. 2019, The seasonal succession of optimal diatom traits,
Limnol Oceanogr, 64, pp. 1442-1457.

Caspers, H. and Nicklisch, A., 1984, G. Huber-Pestalozzi: Das Phytoplankton des Stf3wassers.
Systematik und Biologie. 8. Teil, 1. Halfte. Kurt Forster: Conjugatophyceae, Zygnematales
und Desmidiales (excl. Zygnemataceae). = ,,Die Binnengewisser” Band XVI.—Muit 65 Tafeln,
544 S. Stuttgart: E. Schweizerbart’sche Verlagsbuchhandlung 1982. ISBN 3-510-40024-0.
DM 174, Int Revue ges Hydrobiol Hydrogr, 69, pp. 136-136.

John, D. M, Whitton, B. A. and Brook, A. J., 2011, The Freshwater Algal Flora of the British
Isles: An Identification Guide to Freshwater and Terrestrial Algae, Cambridge University
Press, Cambridge, UK.

Klimaszyk, P., Kuczynska-Kippen, N., Szelag-Wasielewska, E., Marszelewski, W., Borowiak,
D., Niedzielski, P., Nowinski, K., Kurmanbayev, R,. Baikenzheyeva, A. and Rzymski, P.,
2022, Spatial heterogeneity of chemistry of the Small Aral Sea and the Syr Darya River and its
impact on plankton communities, Chemosphere, 307, pp. 135788.

Koger, M. A. T. and Sen, B., 2012, The seasonal succession of diatoms in phytoplankton of a
soda lake (Lake Hazar, Turkey), Turk J Bot., 36, pp. 738-746.

Komarek, J., Fott, B. and Huber-Pestalozzi, G. 1982, Das Phytoplankton des SuRwassers.
Systematik und Biologie — Teil 7, 1. Halfte. Chlorococcales. E. Schwelzerbart'sche Verlag-
sbuchhandlung, Stuttgart, Germany.

Komarek, J. and Anagnostidis, K., 2008, Cyanoprokaryota, 2. Teil/Part 2: Oscillatoriales,
Siiswasser Flora von Mitteleuropa (Freshwater Flora of Central Europe). E. Schwelzerbart'sche
Verlag-sbuchhandlung, Stuttgart, Germany.

Krammer, K., Lange-Bertalot, H., 1999, Bacillariophyceae. 1. Teil: Naviculaceae. Durchgesehener
Nachdruck der 1. Auflage. Spektrum Akadmischer Verlag-Heidelberg, Berlin, Germany.

Kruk, C., Mazzeo, N., Lacerot, G. and Reynolds, C. S., 2002, Classification schemes for
phytoplankton: a local validation of a functional approach to the analysis of species temporal
replacement, J Plankton Res, 24, pp. 901-912.

Mishra, P., Garg, V. and Dutt, K., 2019, Seasonal dynamics of phytoplankton population and
water quality in Bidoli reservoir, Environ Monit Assess, 191, pp. 1-12.

Nikolenko, Y. and Fedonenko, O., 2021, Seasonal dynamics of phytoplankton indicators of the
Zaporizhzhia (Dnipro) reservoir phytoplankton of the Zaporozhye reservoir, Ukr J Ecol, 11,
pp. 121-128.

Philips, E. J., Cichra, M., Havens, K. E., Hanlon, C., Badylak, S., Rueter, B., Randall, M. and
Hansen, P., 1997, Relationships between phytoplankton dynamics and the availability of light
and 110 nutrients in a shallow subtropical lake, J Plankton Res, 19, pp. 319-342

Raupp, S. V., Torgan, L. and Melo, S., 2009, Planktonic diatom composition and abundance in
the Amazonian floodplain Cutiuau Lake are driven by the flood pulse, Acta Limnol. Bras, 21,
pp. 227-234.

Round, F. E., Crawford, R. M. and Mann, D. G., 1990, The Diatoms: Morphology and biology
of the genera, Cambridge University Press, Cambridge, UK.

Sims, P. A., 1996, An Atlas of British Diatoms, Biopress Ltd., Bristol, UK.

Stockwell, J. D., Doubek, J. P., Adrian, R., Anneville, O., Carey, C. C., Carvalho, L., Domis,
L. N. D. S., Dur, G., Frassl, M. A., Grossart, H. P., lbelings, B. W., Lajeunesse, M. J.,
Lewandowska, A. M., Llames, M. E., Matsuzaki, S. I. S., Nodine, E. R., N&ges, P., Patil, V.
P., Pomati, F., Rinke, K., Rudstam, L. G., Rusak, J. A., Salmaso, N., Seltmann, C. T., Straile,
D., Thackeray, S. J., Thiery, W., Urrutia-Cordero, P., Venail, P., Verburg, P., Woolway, R. L.,
Zohary, T., Andersen, M. R., Bhattacharya, R., Hejzlar, J., Janatian, N., Kpodonu, A. T. T. K.,
Williamson, T. J. and Wilson, H. L., 2020, Storm impacts on phytoplankton community
dynamics in lakes, Glob Change Biol, 26, pp. 27562784

SPSS Inc., 2001, Statistical package for the social sciences (version 11). SPSS Inc., Chicago, USA.
ter Braak, C. J. F. and Verdonschot, P. M. F., 2002, Canonical correspondence analysis and
related multivariate methods in aquatic ecology, Aquat Sci, 57, pp. 255-289.

Wei, J., Li, W,, Yang, W., Zeng, Y., Liu, Q., Gao, Y., Li, H. And Wang, C., 2023,
Phytoplankton species richness as an ecological indicator in a subtropical, human-regulated,
fragmented river, River Res Appl., 39, pp. 718-33.



26 Kemal Celik, Aysu Asar

v i o

-

Ardicteper
Reservoir

Figure 1. The map of Ardigtepe Reservoir and the locations of sampling stations
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Figure 2. The Canonical Correspondence Analysis (CCA) diagram, showing the relationships
between the measured environmental variables and the dominant phytoplankton species;
Abbreviations: A. granu: Aulacoseria granulata; A. gr. v: Aulacoseira granulata var. angustissima;
C. men: Cyclotella meneghiniana and U. ulna: Ulnaria ulna.
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Table 1
The maximum, minimum, the mean and standard deviation of the measured
physical and chemical variables in Ardigtepe Reservoir

Variable Maximum  Minimum Mean Std. Dev.
Temperature (°C) 26.2 7 13.3 6.8
pH 11 9.5 9.35 0.47
Oxidation Reduction Potential (mV) 450 300 370.5 110
Specific conductance (uscm™) 409 211 2955 66.9
Secchi disk Depth (m) 2.2 1 154 0.45
Total dissolve solids (mgl?) 484 302 444 113
Table 2

List of phytoplankton species in Ardigtepe Reservoir

Bacillariophyta

Aulacoseira granulata (Ehrenberg) Simonsen 1979

Aulacoseria granulata var. angustissima (O. F. Miller) Simonsen

Aulacoseira italica (Ehrenberg) Simonsen 1979

Cocconeis placentula Ehrenberg 1838

Cyclotella meneghiniana Kiitzing 1844

Cymatopleura solea (Brébisson) W.Smith 1851

Cymbella lanceolata (C.Agardh) Kirchner 1878

Cymbella tumida (Brébisson) Van Heurck 1880

Diatoma elongatum (Lyngbye) C.A. Agardh, 1824

Diatoma vulgaris Bory 1824

Fragilaria crotonensis Kitton 1869

Gomphonema vibrio Ehrenberg 1843

Gyrosigma acuminatum (Kitzing) Rabenhorst 1853

Hantzschia amphioxys (Ehrenberg) Grunow 1880

Melosira lineata (Dillwyn) C.Agardh 1824

Melosira varians C.Agardh 1827

Navicula cryptocephala Kiitzing 1844

Navicula decussis @strup 1910

Navicula gracilis Ehrenberg 1832

Navicula salinarum Grunow in Cleve & Grunow 1880

Nitzschia acicularis (Kitzing)W.Smith

Pinnularia borealis Ehrenberg 1843

Pinnularia viridis (Nitzsch) Ehrenberg 1843

Rhoicosphenia curvata (Kitzing)Grunow 1860

Tetracyclus rupestris (Braun) Grunow 1881

Ulnaria acus Kiitzing 1844

Ulnaria ulna (Nitzsch) Ehrenberg 1832

Chlorophyta

Chlamydomonas umbonata Pascher 1927

Chlorella vulgaris Beijerinck [Beijerinck] 1890

Coelastrum microporum Né&geli in A.Braun 1855

Oocystis naegelii A.Braun 1855

Pediastrum boryanum (Turpin) Meneghini 1840

Scenedesmus armatus (Chodat) Chodat 1913

Charophyta

Closterium parvulum Négeli 1849

Cosmarium contractum O.Kirchner 1878
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Cosmarium punctulatum Brébisson 1856

Cosmarium quinarium P.Lundell 1871

Cyanobacteria

Anabaena circinalis Rabenhorst ex Bornet & Flahault 1886

Chroococcus minutus (Kitzing) Nageli 1849

Gloeocapsa magma (Brébisson) Kiitzing, 1847

Oscillatoria limosa C.Agardh ex Gomont 1892

Oscillatoria splendida Greville ex Gomont 1892

Euglenozoa

Trachelomonas volvocina Ehrenberg 1838

Table 3
Summary statistics for canonical correspondence analysis (CCA)
Axes 1 2 3 4 Total inertia
Eigenvalues 0.014 0.005 0.004 0.002
Species-environment correlations 0.77 062 055 0.7
Cum. perc. var. spec. data 322 322 382 42

Cum. perc. var. spec.-envir. relation 556 765 852  90.8
Sum of all eigenvalues




