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Abstract: A series of studies were carried out to determine the succession and phytoplankton community of the Melen
River in the Western Black Sea region of Turkey. The study was conducted at 6 stations at monthly intervals between May
2003 and April 2004. It was observed that the abundance and biovolume of phytoplankton were low in winter, though
higher values were recorded in late spring and summer. Among the values noted, the spring peak was 534.38 x 10°ind.
L'and 7384.8 mm?® L belonging to Peridinium sp. The most common diatom, Cyclostephanos dubius, was favoured
by low discharge at stations 1 and 2 in the early summer (214.29 x 10°ind. L* and 9.84 x 10°ind. L), respectively.
Chlorophyll-a concentrations were between 0.86 and 64.2 ug L'. A total of 135 taxa belonging to Cyanophyta,
Bacillariophyta, Chlorophyta, Dinophyta, Euglenophyta, Heterokontophyta, Streptophyta, and Xanthophyta were
identified. The total biomass of the stations 1 and 2 was mainly characterised by Dinophyta and at other stations by
Bacillariophyta. Five major genera (Peridinium, Ceratium, Phacus, Cyclostephanos, and Melosira) accounted for over
70% of the total phytoplankton abundance. Phytoplankton abundance was significant and positively correlated with
Chl-a and temperature (r = 0.57 and r = 0.78, respectively P < 0.05). Species richness and diversity indices increased
gradually throughout the course of the river.
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Kiigiik bir nehir - gol sisteminin fitoplankton kompozisyonu ve biyomasindaki
mevsimsel degisimler (Melen nehri, Tiirkiye)

Ozet: Melen Nehrindeki aragtirmalar fitoplankton toplulugu ve mevsimsel degisimini ortaya koymak igin yapilmistur.
Bu ¢aligma Mayis 2003 ve Nisan 2004 ’te alt1 istasyonda aylik olarak siirdiiriilmiistiir. Fitoplankton bollugu ve biyomasi
kis aylarinda digiik, ilkbahar sonu ve yaz aylarinda ytiksek degerlerde kaydedilmistir. Peridinium sp.ye ait ilkbahar pik
degerleri 534,38 x 10° birey L' ve 7384,8 mm?’ L'dir. En yaygin diyatom tiirii olan Cyclostephanos dubius, birinci ve
ikinci istasyonlarda debinin diisiik oldugu erken yaz aylarinda iyi gelisim gostermistir (214,29 x 10°birey L ve 9,84 x
10° birey L*). Chlorophyll-a konsantrasyonlar1 0,86-64,2 pug L' arasinda kaydedilmistir. Cyanophyta Bacillariophyta,
Chlorophyta, Dinophyta, Euglenophyta, Heterokontophyta, Streptophyta ve Xanthophyta' ya ait toplam 135 takson
teshis edilmistir. Birinci ve ikinci istasyonlarin toplam biyomasi Dinophyta, diger istasyonlar ise Bacillariophyta
tarafindan karakterize edilmistir. Peridinium, Ceratium, Phacus, Cyclostephanos ve Melosira cinsleri toplam fitoplankton
bollugunun %70’ini olusturmustur. Fitoplankton bollugu, klorofil a ve sicaklik ile 6nemli pozitif korelasyon gostermistir
(strastyla, r = 0,57 and r = 0,78, P < 0,05). Tiir zenginligi ve diversity indisleri nehir boyunca giderek artmistir.

Anahtar sozciikler: Fitoplankton, yogunluk, biyomas, ¢esitlilik, mevsimsel degisimler, Melen Nehri
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Introduction

Algae are one of the most important primary
producers in almost every water ecosystem. These
organisms are, at the same time, very sensitive
to changes in their environments. In rivers,
phytoplankton succession is mainly determined by
changes in hydrological and abiotic parameters both in
space and time (1). Biotic and hydrochemical factors
have rarely been reported to affect the development
of the phytoplankton community (2), and numerous
studies have been conducted on the seasonal
dynamics of the phytoplankton community in aquatic
ecosystems (2-11). However, in comparison to large
lowland rivers, less is known about phytoplankton
succession from small lowland rivers. Studies into
phytoplankton periodicity in lotic ecosystems are
limited compared to those covering Turkey’s lentic
ecosystems. However, research into the ecology of
phytoplankton in lowland rivers has become more
and more popular in recent times (12-16).

The Melen River is one of the largest rivers in
the Western Black Sea region of Turkey. The 2 main
branches of the river are the Big and Small Melen,
and they are of great importance in many aspects.
Hasanlar Dam Lake, used for irrigation and energy
generation, was built on the Small Melen River. Efteni
Lake, a wildlife protection area, is located at the point
where the 2 branches converge. In addition, the Melen
watershed should be regarded as a ‘sensitive area’ in
accordance with the European Union (EU) Urban
Wastewater Treatment Directive, since the Big Melen
River will be used as a potable water source in the
near future. After the completion of a water supply
project organised by Turkey’s General Directorate of
State Hydraulic Works (DSI), Istanbul will receive an
additional 8.5 m?/s of water from the river (17,18).

Therehasbeenno study done on the phytoplankton
population of the Melen River. Therefore, we think
that this study will contribute greatly to the Turkish
freshwater algal database. In this regard, the study
aimed to describe the phytoplankton community
and to observe temporal changes in the composition,
biomass and, diversity of phytoplankton in the river.
Moreover, it should be taken into consideration
that phytoplankton might respond in different
ways according to the different hydrological and
morphological characteristics in the longitudinal

486

gradient. For this reason, the assumption that stations
would exhibit differences from each other was tested.

Materials and methods
Study site

The Melen watershed is located in the western part
of the Black Sea region of Turkey (latitudes 41°50'N
to 40°40'N and longitudes 30°50'E to 31°40'E) and
covers a total area of 2317 km? This river basin is
surrounded by high mountains and is affected by
flooding, especially between November and May
(19). The Diizce Plain is located in the middle of the
basin, and extends over a 360 km? area. The winter,
spring, and autumn months are rainy but warm in
the basin, while the summer months are hot and dry
(20). The highest and lowest rates of precipitation
occur in autumn and summer, respectively, and the
annual average precipitation varies between 700 and
1000 mm. In addition, the geology, soil structure,
climate, hydrology, and land uses are diversified and
vary widely throughout the basin (21).

The Melen River is separated into 2 courses in
this area, namely the Big Melen and the Small Melen.
The Big Melen River is an evacuation channel for
the basin. The river discharges 178,284 t of sediment
annually into the Black Sea. The Small Melen, Asar,
Ugur, and Aksu streams converge with the Big
Melen in Efteni Lake. The mean water discharges
of these streams over long periods are 13.3 m’/s,
4.5 m’/s, 4 m*/s, and 2.5 m’/s respectively (20). The
water discharge of the Big Melen River reaches its
maximum value of 204 m*/s in April, and minimum
of 5.0 m*/s in August (average 49 m’/s) (21). A 20-year
period of water discharge measured at stations 1 and
2 localised on the Small Melen revealed a minimum
of 1.43 m3/s and 3.37 m?®/s, and a maximum of 13.32
m®/s and 18.45 m’/s, respectively (17). Efteni Lake,
located 118 m above sea level between the Big and
Small Melen rivers, has tectonic features, and its area
is reduced to 5 km? when the waters retreat, and
increases to 25 km? during flood periods. Its deepest
part is 8 m, and there are hydromorphic alluvial and
riverbed soils in the surrounding areas (20). Hasanlar
Dam on the Small Melen River is the largest lake in
Diizce Province. Its area reaches up to 42.5 km?. Six
stations (Figure 1) were chosen along the course of
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Figure 1. Map of the Melen River and its branches showing the location of sampling stations.

the river starting from its source (Station 1 at the 18th
km, station 2 at the 26th km, station 3 at the 51st km,
station 4 at the 57th km, station 5 at the 69th km, and
station 6 at the 87th km). There are several branches
that flow into the Melen River from both banks, thus
forming a large watershed.

Sampling and counting

Phytoplankton samples were collected from 6
stations on a monthly basis along the river between
May 2003 and April 2004, except for during 2 winter
months (January and February). For the taxonomic
analysis of phytoplankton, samples were taken with a
25-um mesh size plankton net and fixed by formalin
with a final concentration of 4%. For quantitative
analysis, 1 L of water surface samples was taken
and preserved in PVC flasks and fixed with 10 mL
of Lugol’s iodine solution. The density and biomass
were estimated by employing an inverted microscope
according to Utermohl (22). In order to calculate
biomass, individual numbers were converted

to biovolumes using geometric or combined
forms formulae according to Standard Operating
Procedure for Phytoplankton Analysis (23). Algae
species were identified with a Nikon microscope
(magnification 15 x 40). For the identification of
diatoms, frustules were cleaned with concentrated
HCI and H,SO,. Different sources were used for
species identification (24-32). The arrangement
of the phyla follows that of the AlgaeBase (33).
Genera are in alphabetical order, and species are
the same within the genus. Phytoplankton biomass
was measured in terms of Chlorophyll-a (Chl-a).
Water samples (1 L) were filtered with GF/C. The
filtrate was removed and placed in a flask with 14
mL of methanol and boiled in a water bath for 5 min
and then cooled for 5 min in a dark medium. The
filtrate was removed and 10 mL of a supernatant was
transferred to the spectrophotometer (Shimadzu
brand) cuvette. Extract absorbance was measured at
665 and 750 nm (34).
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During sampling, temperature, dissolved oxygen,
salinity, conductivity, and pH were measured in situ
using YSI model (55/25 FT, 30/25 FT) and Thermo/
Orion (210 model) portable probes, respectively.
Daily collected discharge values belonging to station
1 (inflow to the reservoir) and station 5 were obtained
from the DSI. To analyse the other variables, samples
were stored at 4 °C in a dark medium and transported
to the DSI laboratory in Ankara. Chemical Oxygen
Demand (COD), Biological Oxygen Demand (BOD,),
and major nutrients such as ammonium, nitrate,
nitrite, and phosphate were measured by the DSI
in accordance with Standard Methods (35). Abiotic
variables were correlated with main phytoplankton
attributes  using  non-parametric ~ Spearman’s
correlation coefficients. Differences in all variables
were tested using a non-parametric Kruskal-Wallis
ANOVA median test (KW). Differences at the <0.05
level were accepted as significant. Also, to compare
stations, non-parametric statistics (the Mann-
Whitney U test) were used (36). Species richness was
considered to be the number of taxa present in each
sample. Biological diversity (H") was calculated by
the following formula (37):

N
H'=-) Pilog, Pi

i=1

(Pi=Ni/N)

Calculations were performed on the different
units, where Ni is the quantity of individuals and
biovolume of species, N is the total amount of units,
and S is the total number of species in the sample.

Results and discussion
Abiotic factors

Seasonal variations in surface water temperature,
pH, and oxygen were measured at the 6 stations during
the research period, and these are given in Figure
2. Water temperature varied parallel with seasonal
atmospheric changes. The lowest temperature was
measured at 5.8 °C at station 4 in January 2004, while
the highest temperature was 27 °C at station 1 in July
2003. There were no significant differences between
the stations as regards the following parameters: pH
varied between 7 and 8, and oxygen concentration
ranged from 6.5 mg L'in July 2003 to 14.6 mg L™
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Figure 2. Environmental parameter variations in the Melen River.

in February 2004. Oxygen, pH, and temperature
values showed similar fluctuations, and salinity
ranged between 0.1 and 0.6 ppt. The lowest salinity
was measured at stations 1 and 2 and the highest was
at station 6. The mean values of the other seasonal
environmental parameters in the Melen River are
given in Table 1.



Table 1. Mean values (+S.D.) of some environmental variables
in the Melen River (n = number of data).

Summer Autumn  Winter Spring
Parameters
n=11 n=11 n=10 n=11
92.209 39.95 210.2 76.65
Turbidity (NTU
urbidity (NTU) (90.84)  (42.83)  (110.58)  (32.73)
115.63 46.54 281.4 79.72
Suspended solids
(116.98)  (51.61)  (155.21)  (29.87)
Total dissolved 240.72 284.09 198.9 197.45
Solids (50.04)  (57.63)  (25.33)  (16.63)
Electrical 399.45 467.36 318.7 328.09
conductivity (uS cm™) (102.6) (86.01) (42.58) (18.70)
Salinity (ppt) 0.277 0.25 0.241 0.222
ini
aunily ipp 0.151)  (0.115)  (0.124)  (0.153)
Ammonia-N (mg L") 0.66 0.804 0.241 0.453
i (0.448) (0.487) (0.124) (0.163)
Nitrite-N (mg L) 0.137 0.095 0.018 0.038
& (0.104) (0.043) (0.009) (0.033)
Nitrate-N (mg L") 1.4 2.038 0.785 0.616
& (0.87)  (1.187)  (0.224)  (0.116)
Phosphate (mg L") 0.482 0.60 0.421 0.139
P 8 (0.298) (0.259) (0.184) (0.068)
22.254 27.882 21.905 17.445
Sulphat L!
ulphate (mg L) (5.778)  (4371)  (5760)  (3.84)
Biological Oxygen 3.550 3.999 6.07 3.933
Demand (mgO, L") (1.225)  (1.229)  (2.088)  (1.336)
Chemical Oxygen 17.245 17.174 28.641 18.361
Demand (mgO L") (5.658)  (4.934)  (19.425)  (4.783)
13.804 17.239 8.734 7.95
Sodi Lt
odium (mg L") (7.414)  (6.083)  (1.357)  (1.979)
Potassium (mg L") 7.131 7.621 4.854 3.028
& (6912)  (5.789)  (2.966)  (1.906)
Calcium (mg L") 59.30 65.309 46.22 52.763
u
& (10.265) (7.752) (7.703) (2.123)
Magnesium (mg L") 7.12 11.421 7.228 6.009
& i (3258)  (2421)  (1.199)  (1.454)

Discharge variations at station 1 on the Small
Melen River and station 5 on the Big Melen River are
given in Figure 3. Discharges were found to decrease
in the summer months and increased in the rainy
periods (November to April). Mean momentary
water discharge was measured by the DSI as 9.047
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Figure 3. Monthly average discharge of the Melen River (data
obtained from the DSI).

m’/s for station 1 (minimum 0.56 m*/s in August
and maximum 136 m’/s in February) and 49.9 m*/s
for station 5 (minimum 4.75 m?®/s in October and
maximum 224 m’/s in February). While turbidity
was negatively correlated with total dissolved solids
(r = -0.75; P < 0.05), it was positive for suspended
solids (r =0.94; P < 0.01). However, there was no clear
relation between other physico-chemical variables.

When the stations were compared according to
abiotic factors, stations 2 and 3 were found to be
different from stations 4, 5, and 6 in terms of dissolved
oxygen (DO). There were significant differences
between stations 2 and 5 as well as 3 and 5 because
of the DO levels of stations 2 and 3 (M-W U test =
24.5P <0.05, M-W U test = 22 P < 0.01 respectively).
In addition, there was a highly significant difference
between station 6 and the others in terms of salinity
(P < 0.01).

Phytoplankton community

The community consisted of 136 taxa, distributed
among 50 genera. Most species belong to Cyanophyta
(10), Bacillariophyta (83), Chlorophyta (20),
Dinophyta (4), Euglenophyta (9), Heterokontophyta
(1), Streptophyta (8), and Xanthophyta (1). Relevant
results are given in Table 2. The results indicated that
Bacillariophyta was qualitatively dominant, while
Chlorophyta was subdominant in the river.

The preponderance among different groups
was quite common. Dinophyta was dominant at
stations 1 and 2 in late spring, summer and early
autumn. Except at station 2, Euglenophyta was
intermittently dominant at the other stations
(Figure 5). Streptophyta showed significant growth
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Table 2. Floristic list of phytoplankton taxa found in the Melen River.

Stations 1 2 3 4 5

Phylum: CYANOPHYTA

Class: CYANOPHYCEAE

Order: Chroococcales

Chroococcus turgidus (Kutzing) Nageli

Cyanodictyon endophyticum Pascher

Order: Oscillatoriales

Jaaginema minimum (Gicklhorn) Anagnostidis & Komérek +
Leptothrix ochraceae (Leiblein) Kiitzing +
Limnothrix planctonica (Wolozynska) Mefferet + +
Oscillatoria lauterbornii Schmidle +
O. subbrevis Schmidle +
Pseudanabaena limnetica (Lemmermann) Komérek + + + + +
Phormidium limosum (Dillwyn) P.C. Silva + +
Phormidium mucicola Huber Pestalozzi et Naumann

Phylum: BACILLARIOPHYTA

Class: BACILLARIOPHYCEAE

Order: Cymbellales

Cymbella affinis Kiitzing +
C. caespitosa (Kiitzing) Brun + +
C. cistula (Hemprich & Ehrenberg) Kirchner

C. cymbiformis Agardh +

C. lanceolata (Ehrenberg) Kirchner +

C. leptoceros (Ehrenberg) Kiitzing + +
C. tumida (Brebisson in Kiitzing) Van Heurck +

C. turgidula Grunow + +
Didymosphenia geminata (Lyngbye) M.Schmidt +
Encyonopsis microcephala (Grunow) Krammer +
Encyonema minutum (Hilse in Rabenhorst) D.G.Mann + + + + +
E. prostratum (Berkeley) Kiitzing +
E. silesiacum (Bleisch) D.G.Mann + +

Gomphonema acuminatum Ehrenberg + +

G.vibrio Ehrenberg var. intricatum (Kiitzing) Playfair +

G. augur Ehrenberg var. augur +

G. minutum (C. Agardh) C.Agardh

G. olivaceum (Hornemann) Kiitzing + + +
G. parvulum (Kitzing) Kiitzing + +
Gomphonema sp. + +
G. truncatum Ehrenberg +
Reimeria sinuata (Gregory) Kocioleck & Stoermer + +
Order: Achnanthales

Achnanthes minutissima Kiitzing var. minutissima + + + + +
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Cocconeis placentula Ehrenberg var. euglypta (Ehrenberg) Grunow

C. placentula var. lineata (Ehrenberg) Van Heurck
Cocconeis sp.

Order: Fragilariales

Ctenophora pulchella (Ralfs ex Kiitzing) D.M.Williams & Round

Diatoma vulgare Bory de Saint-Vincent

Fragilaria capucina Desmazieres

E capucina var. vaucheriae (Kiitzing) Lange-Bertalot
Fragilaria sp.

Ulnaria acus (Kitzing) M.Aboal

U. ulna (Nitzsch) P.Compére

Order: Naviculales

Craticula cuspidata (Kiitzing) D.G.Mann
Diploneis pseudovalis Hustedt

Fallacia pygmaea (Kiitzing) A.J.Stickle & D.G.Mann
Gyrosigma acuminatum (Kitzing) Rabenhorst
Navicula bacilloides Hustedt

N. clementis Grunow

N. cryptocephala Kiitzing

N. festiva Krasske

N. menisculus Schumann var. menisculus

N. pseudotuscula Hustedt

N. radiosa Kiitzing

N. rostellata Kiitzing

Sellaphora bacillum (Ehrenberg) D.G.Mann
S. pupula (Kiitzing) Mereschkovsky

Order: Thalassiophysales

Amphora ovalis (Kiitzing) Kiitzing

A. veneta Kiitzing

Order: Bacillariales

Denticula elegans Kiitzing

Nitzschia acicularis (Kiitzing) W.Smith

N. amphibia Grunow var. amphibian

N. dissipata (Kiitzing) Grunow var. dissipata

N. fonticola (Grunow) Grunow

N. hantzschiana Rabenhorst

N. incerta (Grunow) M.Peragallo

N. linearis (Agardh) W.Smith var. linearis
N. palea (Kutzing) W.Smith

N. sigmoidea (Nitzsch) W.Smith

+
+
+
+
+
+

+
+
+

+ + 4+ o+ 4+
+
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Table 2. (Continued).

Stations 1 2 3 4 5

Nitzschia sp. + + +

N. umbonata (Ehrenberg) Lange-Bertalot

N. vermicularis (Kuitzing) Hantzsch in Rabenhorst +

Tryblionella apiculata Gregory +

T. hungarica (Grunow) Frenguelli + +
Order: Rhopalodiales

Epithemia adnata (Kiitzing) Brebisson + +
Rhopalodia gibba (Ehrenberg) O.Miiller +

Order: Surirellales

Cymatopleura elliptica (Brebisson) W.Smith +
C. solea (Brebisson) W.Smith +
Surirella linearis W.Smith

S. ovalis Brebisson + +
Surirella sp. +
S. splendida (Ehrenberg) Kiitzing +

Class: COSCINODISCOPHYCEAE

Order: Melosirales

Melosira varians Agardh + + + + +
Order: Aulacoseirales

Aulacoseira granulata (Ehrenberg) Simonsen + + + +
A. granulata var. angustissima (O.EMiiller) Simonsen

Aulacoseira sp. +

Order: Coscinodiscales

Actinoptychus pulchellus (Grunow) Wolle var. pulchellus

Class: MEDIOPHYCEAE

Order: Thalassiosirales

Cyclostephanos dubius (Fricke) Round + +
Cyclotella atomus Hustedt

C. meneghiniana Kiitzing

+ 4+ o+ o+

C. ocellata Pantocsek
C. radiosa (Grunow in Van Heurck) Lemmermann +
Cyclotella sp. + + +
Phylum: CHLOROPHYTA

Class: CHLOROPHYCEAE

Order: Volvocales

Chlamydomonas incurva A.A.Pascher

Pandorina morum (O.EMiiller) Bory

Order: Chlorococcales
Actinastrum fluviatile (J.L.B.Schroder) B.Fott +

A. hantzschii Lagerheim var. gracile V.K. Tschernov +
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Table 2. (Continued).

Stations

Closteriopsis longissima (Lemmermann) Lemmermann
C. acicularis (Chodat) J.H.Belcher et Swale

Chlorella vulgaris Beijerinck

Coelastrum microporum Nageli

Golenkiniopsis longispina (Korshikov) Korshikov

G. solitaria (Korshikov) Korshikov

Pediastrum dublex Meyen var. cohaerens (Bohlin) Ergashev
Order: Tetrasporales

Sphaerocystis planctonica (Korshikov) Bourrelly
Stauridium tetras (Ehrenberg) E.Hegewald

Order: Sphaeropleales

Hyaloraphidium contortum Pascher & Korshikov

H. moinae Korshikov

H. rectum Korshikov

Scenedesmus platydiscus (G.M.Smith) Chodat

S. communis E.H.Hegewald

S. obliguus (Turpin) Kiitzing f. alternans (Reinsch) Compére
S. protuberans EE.Fritsch & M.ERich

Phylum: DINOPHYTA

Class: DINOPHYCEAE

Order: Gymnodiniales

Gymnodinium sp.

Order: Gonyaulacales

Ceratium hirundinella (O.EMiiller) Dujardin

Order: Peridiniales

Peridinium cinctum (O.EMiiller) Ehrenberg var. tuberosum (A.F.Meunier) E.Lindeman
Peridinium sp.

Phylum: EUGLENOPHYTA

Class: EUGLENOPHYCEAE

Order: Euglenales

Euglena gracilis G.A Klebs

E. minima France

Euglena. sp.

Lepocinclis fusiformis (H.J.Carter) Lemmermann
Phacus caudatus var. ovalis Drezepolski

P, circulatus Pochmann

P. elegans Pochmann

Trachelomonas bernardinensis W.Vischer emend. Deflandre
T. hispida (Perty) EStein

Trachelomonas sp.
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Table 2. (Continued).

Stations 1 2 3 4 5 6

Phylum: HETEROKONTOPHYTA

Class: CHRYSOPHYCEAE

Order: Chromulinales

Epipyxis tabellaria (Lemmermann) G.M.Smith
Phylum: STREPTOPHYTA

Class: ZYGNEMATOPHYCEAE

Order: Zygnematales

Closterium lunula (O.FEMiiller) Nitzsch ex Ralfs
Cosmarium granatum Brebisson in Ralfs var. granatum
C. pyramidatum Brebisson in Ralfs

C. subcrenatum Hantzsch in Rabenhorst
Spirogyra circumlineata Transeau

S. gratiana Transeau

S. rhizobrachialis Jao

+ o+ o+ o+

Staurastrum sebaldi Reinsch var. ornatum fo. elongata W.Krieger & P.Bourrelly +

Phylum: XANTHOPYTA
Class: XANTHOPHYCEAE
Order: Mischococcales

Monallanthus brevicylindrus Pascher

at stations 2, 3, and 4 in the spring and summer
months. Bacillariophyta had the highest dominance
effect, whereas Chlorophyta and Cyanophyta had
the lowest. In early spring and autumn (especially
in October and November), Bacillariophyta made a
highly significant contribution to heterogeneity. No
single species was dominant in this period. In other
periods, particularly when precipitation was low, the
dominance of a single species was more common.

With a bloom caused by Peridinium sp.,
phytoplankton in the Melen River witnessed both
maximum abundance (534.38 ind. 10° LV and
biovolume (7384.8 mm’ L') at station 1 in May,
recording its peak in spring (Figures 4 and 5). The
lowest organism abundance was recorded as 0.41
ind. 10° L* at station 4 in April. Except for the
spring peaks, the highest organism abundance were
recorded as Cyclostephanos dubius (214.29 ind. 10°
L") at station 1 in June, Peridinium sp. (2.87 ind. 10°
L") at station 2 in the same month, Nitzschia palea
(10.58 ind. 10° L") at station 3 in July, N. fonticola
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(31.7ind. 10° L") at station 4 in July, Navicula sp. (5.49
ind. 10° L") at station 5 in June, and Chlamydomonas
sp. (18.2 ind. 10° L) at station 6 in July. Species of C.
dubius, Ceratium hirundinella, Phacus caudatus var.
ovalis (station 1), Closterium lunula (stations 2, 3, and
4), Euglena gracilis (stations 3 and 4), and Melosira
varians (stations 2 and 6) contributed significantly
to the biovolume. There was generally an inverse
dominance effect in terms of organism number and
biovolume. For example, N. fonticola accounted for
87% of the total organisms at station 4 in July, while
C. lunula made up 46% of the biovolume (Table 3).

Phytoplankton assemblage and abundance
showed similar fluctuations in the Big Melen River.
Maximum densities were observed in May and July.
Summer periods with low phytoplankton abundance
(compared to spring peaks) have been reported from
many river systems (38). This situation was valid
only for station 1 in the Melen River. Considering
abundance and biomass, high algae development
was observed mostly in June and July at the other
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Table 3. Percentage of the most abundant species at sampling stations on the Melen River.

Abundance Station Biomass Station
May 2003 Peridinium sp. (99.7%) 1 Peridinium sp. (99.9%) 1
June Cyclostephanos dubius (97%) 1 Peridinium sp. (98%) 2
July Nitzschia fonticola (87%) 4 Closterium lunula (88%) 3
August Nitzschia palea (20%) 5 Ceratium hirundinella (94%) 1
September Monallanthus brevicylindrus (29%) 1 C. hirundinella (89%) 1
October Melosira varians (59%) 6 C. hirundinella (85%) 1
November Phacus caudatus var. ovalis (96%) 1 P. caudatus var. ovalis (99.9%) 1
December Pseudoanabaena limnetica (31%) 4 C. hirundinella (77%) 1
Jan. 2004 N. palea (50%) 5 Cyclotella ocellata (35%) 5
February Hyaloraphidium rectum (43%) 3 Diatoma vulgare (85%) 2
March M. varians (70%) 6 M. varians (92%) 1
April P, limnetica (17%) 6 Peridinium sp. (71%) 2

stations. The estuarine site (station 6), especially, had
a greater proportion of diatom biomass compared
to the other stations. A reduction in algal biomass
occurred in winter and early spring (March and
April) throughout the study period.

The abundance of phytoplankton was significant,
and was positively correlated with Chl-a and
temperature (r = 0.57 and r = 0.78, respectively
P < 0.01). The biovolume of Bacillariophyta was
positively correlated with species number (r = 0.77 P
<0.01). The 2 estimates of algal biomass did not show
any correlation with nutrients.

Some water quality parameters were found to
show a significant relationship with the dominant
taxa. For example, DO concentration was correlated
with the mean total number of C. hirundinella and
M. varians Agardh (r = 0.62 and r = 0.67, respectively
P < 0.05). In addition, an abundance of Cyanophyta
and M. varians had a significant negative correlation
with salinity (r = -0.694 and r = -0.609, respectively
P <0.05).

The highest Chl-a value was measured as 64.2
pg L' at station 5 in October, and the lowest was
0.86 pg L' at stations 1 and 2 (Figure 4). In terms
of individual number and biovolume, Chlorophyta,
Streptophyta, and Cyanophyta, which constituted a
small portion, as well as the occasionally dominant
Euglenophyta, had more of an influence on Chl-a. For
example, though Dinophyta was dominant at station

2 in May, Spirogyra sp. showed more significant and
effective growth. The region from stations 1 and 2
until Efteni Lake is a small stream. In smaller streams
benthic organisms and periphytons act as important
sources of potamoplankton (10). This situation could
be explained as having been the result of the effect
Spirogyra sp. on Chl-a. Although Bacillariophyta was
more dominantat station 5 in September and October,
the development of Chlorophyta, Cyanophyta, and
Euglenophyta groups caused the Chl-a value to reach
its maximum. Similarly, Reynolds (39) reported that
green algae and cryptophytes contain proportionally
more chlorophyll than diatoms.

Differences in the biovolumes of Dinophyta and
Cyanophyta were significant (KW). There were
highly significant differences between stations 1 and 5
as well as stations 1 and 6 considering the biovolume
of Dinophyta at station 1 (M-W U test =27.5P < 0.01
for both of them). There was a significant difference
between stations 3 and 5 considering the biovolume
of Cyanophyta at station 3 (M-W U test = 29 P <
0.05).

The maximum Shannon diversity index (H’) value
was recorded as 2.9 bits ind.™ at station 5 in October
2003 and the lowest as 0.02 bits ind.! at station 1 in
May 2003 (Figure 4). The lowest diversity index values
were recorded in the spring and summer months for
all stations, while the maximum values were in the
autumn months. A similar situation was observed at
the Miyatoko Mire Pools (40). As in this study, the
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Figure 4. Monthly variations in phytoplanktonic abundance, Chl-a and Shannon diversity

bloom patterns of a few species such as Peridinium
sp., C. hirundinella, and P. caudatus var. ovalis have
been frequently mentioned in the literature to be a
consequence of a decrease in H' (41).

Species richness increased in the early autumn
months, while it fell over the winter months, caused
by the decreasing water temperature. During the
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or the Melen River.

study, the Melen River generally showed low species
richness and limited variation (Figure 6). One of
the lowest levels of richness was recorded during
the bloom of Peridinium sp. in May at station 1. The
values estimated for species richness and diversity
indices increased gradually from station 1 to 6 in all
seasons.
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Figure 5. The percentages

When algal structure and development
were compared, a higher level of variability was
determined between stations 1 and 2 than the other
stations. While these stations were only characterised
by the predominance of dinoflagellates and diatoms,
others were dominated by diatoms (Figure 5).

f phytoplankton composition for the
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C. hirundinella are known to be abundant and
widespread in reservoir systems (42). After Efteni
Lake, with its convergence with the other streams,
the river hydrology and phytoplankton community
appear to change significantly. In the Melen River,
pinnate diatom species were also a heterogeneous
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Figure 6. Species richness of phytoplankton in the Melen River
at each station.

group of species, but these showed a steady
prolonged decline as discharge volumes increased.
A complete unimodal response to discharge is
predicted for the centric diatom Melosira varians
over a range of discharge values. At discharges of
up to 72 m’s’, increasing numbers of frustules will
break free and enter the phytoplankton, but at higher
discharge levels there is expected to be a net decline
of planktonic M. varians owing to wash-out (43). At
stations 5 and 6, when water discharge was still low,
M. varians constituted 40% and 60% respectively and
disappeared in the following months. It was recorded
in high quantities when water discharge was high
again (50% and 70% respectively).

Discharge and sediment supply are the main
important variables in the Melen River. Discharge
increases along a stream and appears to be more
stable in the lower reaches (44). The values for water
discharge at station 2 are higher than those for station
1 as a result of the waterflow from Hasanlar Dam
(17). The lowest plankton biomass was observed at
station 2 with its sandy/pebble bank sediment. In this
sense, the stability of water discharge towards the
mouth of the river after Efteni Lake may lead to an
increase in sediment. As the surrounding land dries
up in spring, discharge declines and the amount
of suspended detritus in the river diminishes,
enabling large phytoplankton populations to develop
(45). Especially after the spring peaks, summer
conditions (e.g. low discharge, abundant nutrients
and high temperature) contributed to increased
phytoplankton abundance, and biomass and species
richness in the Melen River. Sedimentation may well
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be higher in mid-summer as discharge drops, and
may be an important factor (46). Due to floods in the
rainy seasons, alluvium that was carried downstream
increased the suspended sediment loads such as silt,
mud and pebbles. Also, the presence of exposed tree
roots, clumps of grass, and collapsed river banks
and the brown colour of the river water showed the
effect of erosion as an important external force on
phytoplankton development. Since all the river sites
showed similar patterns of turbidity during autumn
and winter, it is reasonable to assume that they had
similar underwater light conditions. In this case,
the decrease in light permeability and sediment
mixture in plankton are inevitable. Euglena, many
Bacillariophyta and Cyanophyta species were
abundant at the stations along the Big Melen, which
supports this view. Light limitation derived from
higher water turbidity may limit photosynthesis
and prevent phytoplankton development (47).
Algal abundance and biomass were very low at all
stations in these seasons (Figure 4). Also, periods
of high discharge can result in reduced chlorophyll
concentration, but are often accompanied by very
turbid conditions and restricted light penetration.
High chlorophyll values occurred during October
originating from 1975 when discharge was
exceptionally low in the River Nene (48). For the
Melen River, high levels of Chl-a concentration were
measured at station 5 in October and November,
when the discharge was lower. In the Big Melen River,
Chl-a concentration was significantly negatively
correlated with total dissolved solids, suspended
solids and water discharge (r = -0.87,r =-0.90 and r
= -0.78, respectively P < 0.01). Also, water discharge
was negatively correlated with species richness (r =
~0.65, P < 0.05).

Bacillariophyta showed significant growth only in
early summer phytoplankton at station 1. Typically,
the diatom community remains the dominant group
most of the time in large lowland river systems
around the world, except in hot summers (49). The
phytoplankton taxa observed in this study were
dominated by the species C. dubius, C. ocellata, and
M. varians. While C. ocellata and M. varians recorded
maximum abundance in winter at stations 5 and 6,
C. dubius showed maximum abundance in June at
station 1 on the river (Table 3).



Contraryto large lowland rivers, the Melen River has
a shallow river-reservoir-type system. Stephanodiscus
bloom has been increasingly observed in eutrophic
and shallow river-reservoir systems (50). The presence
of Cyclostephanos growth could probably be attributed
to an excessive concentration of nutrients (NO3-N:
0.71 mg L' and PO,: 0.55 mg L") and decreased water
discharge in this month. However, lowland rivers are
often rich in nitrogen and phosphorous compounds,
but these nutrients seldom limit phytoplankton
productivity (2). In addition, centric diatoms are
one of the best adapted algal groups to turbulent and
turbid systems with high nutrient concentrations
(51). According to Turkish Water Quality Control
Regulations (52), the Melen River is of first-degree
quality in terms of pH, DO and nitrogen (ammonia
and nitrate) values, but of third-degree quality from
a nitrite point of view. The high concentration of
nitrite in the Big Melen, caused by sewage discharge
from settlements, agricultural activities and proximity
to animal farms, is an indication of the serious
pollution threat the river faces. Urban, industrial, and
agricultural pollution reduce water quality, and the
river-channel ecosystem is altered in so many ways
that it may be difficult to link cause and effect (50).
COD, TDS, PO, and inorganic N values at stations 5
and 6 were substantially different from others except
for BOD,.In terms of eutrophication, Chl-a, inorganic
nitrogen, and phosphate values were so conspicuous
that there were similarities in pollution properties at all
stations, while they increased towards stations 5 and 6.

Throughout the river mouth, the planktonic algae
ratio within the biomass was between 0.69% and
0.78%, which was mainly contributed by organisms
such as Navicula cryptocephala, Nitzschia palea, N.
acicularis N. fonticola, and N. amphibia. As in the
Ebro and San Joaquin rivers, it was observed that
tychoplanktonic species did not contribute much
to the biomass and diversity of the plankton (54).
Garnier et al. (55) emphasised that tychoplanktonic
diatoms are more abundant in the phytoplankton of
shallow lowland rivers than in deep rivers.

When algal developments at all the stations were
examined, it was occasionally observed that, except
for Dinophyta, Bacillariophyta was dominant. This
was greatly affected by the mixture of sediment with
plankton. Moreover, sudden changes in physical and
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chemical limits may play more important roles in
the dominance of diatoms in small lowland rivers
compared to large lowland river systems. However,
a major portion of the Melen River is an alluvial
valley. The Big Melen consists of the combination
of materials from different origins (the presence of
a reservoir system, a lake, other joint streams, and
brackish water). Therefore, the phytoplankton of a
river may also indicate different responses to different
hydrological properties in these habitats. Water depth,
velocity and discharge are fundamental hydrological
properties contributing to spatial variation in the
structure of planktonic algal assemblages in rivers
(54). Hydrological fluctuation also affects solid and
organic matter concentrations (56).

This condition was more obvious in the Big Melen.
Though the flow rate is clearly an important factor
for rivers, the effect of increasing flow rate is often
seen only as a decrease in the population density
(57). In the present study, phytoplankton abundance
and biomass were rather low at stations 1 and 5
during periods of high discharge. In addition, since
the river bottom structure is composed of sand, silt
and mud, the river environment is very sensitive to
erosion and sediment transportation. Since Istanbul’s
water needs are starting to be met from the Melen
River, this will eventually cause rapid changes in the
physico-chemical and biological properties of the
river, thereby requiring detailed monitoring.
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