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Abstract: Diatoms are an important group of aquatic ecosystems. To date, there have been many important algological
studies in different river basins in Turkey. However, the use of diatoms in biomonitoring (according to diatom indices,
Watanabe’s or Van Dam’s systems) is relatively new in Turkey. In the present study, 41 samples of epilithic diatoms were
collected from 5 stations along Felent creek between June 2006 and February 2007 and a total of 117 diatom taxa were
identified. The bio-indication (autoecology and abundance scores in the communities) of Felent creek was investigated
and, as a result, the organic pollution indicators of Watanabe’s classification (81 species, 69.2%) constituted 3 groups.
The Sladec¢ék’s index calculated for each sampling station varied from 1.36 to 2.08 (from oligo- to betamesosaprobic)
at stations, and the river pollution index was calculated for each defined environmental variable as well as for species
richness and index of saprobity over stations in summer and winter. The river water was alkaline and temperate with
low salinity, and there was organic pollution in summer. Species richness was mostly higher in winter than in summer.

Key words: Biomonitoring, diatom, ecological indices, Felent creek, saprobity

Felent ¢ay1 (Sakarya nehir havzasi) diyatomelerinin ¢esitliligi ve ekolojisi

Ozet: Diyatomeler, sucul ekosistemlerin énemli bir grubudur. Diyatomelerin biyolojik izleme ¢alismalarinda kullanimi
Tiirkiye igin yenidir. Bu ¢aliymada, Felent ¢ay1 boyunca 5 istasyondan Haziran 2006 ve $ubat 2007 tarihleri arasinda
toplanan 41 epilitik diyatome 6rnegi incelenmis ve toplam 117 takson tespit edilmistir. Felent cayindaki gevresel sartlar
diyatomelere bagli olarak incelenmis ve organik kirlilik, Watanabe indeksine (81/117 takson, toplam tiirlerin % 69,2 si)
gore ii¢ grupta ele alinmigtir. Yine, Slade¢ék indeksi hesaplanmis ve indeks degeri 1,36 ile 2,08 arasinda yani, oligo- ile
betamesosaprobic arasinda gikmistir. Sonugta, zengin tiir cesitliligi goriilebilir. Ayrica, RPI (Nehir Kirlilik Indeksi) de
hesaplanmustir. Sonugta, Felent ¢ay1 yaz doneminde alkali 6zellikte, orta seviyede sicak, diisiik tuzlu ve organik kirlilik
ylikiine maruz kalmaktadir. Tiir ¢esitliligi kis doneminde yaz donemine oranla daha fazladir.

Anahtar sozciikler: Biyolojik izleme, diyatome, ekolojik indeksler, Felent ¢ay1, saprob
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Introduction

Aquatic communities are the first element to be
disturbed by modifications in the physical or chemical
quality of rivers. The study of aquatic organisms is
thus very useful to detect and assess human impacts.
The use of several aquatic organisms integrating
different time scale variations gives a precise idea
of the ecosystem’s health (Ector & Rimet, 2005).
Diatoms are an important group in water ecosystems;
they form a large part of the benthos (often 90%-95%)
and that is why they could become an important part
of water quality monitoring (Acs et al., 2004).

The diatom communities in similar climatic
conditions were studied with respect to seasonal
influences of environmental factors of the riverian
systems in Greece (Ziller & Montesanto, 2004),
Lebanon (Squires & Saoud, 1986), Iran (Atazadeh
et al., 2007), Israel (Tavassi et al., 2004; Barinova et
al., 2006a, 2006b; Tavassi et al., 2008; Barinova et al.,
2010), Georgia (Barinova et al., 2011), Italy (Bona
et al,, 2007; Dell'Uomo & Torrisi, 2009), Portugal
(Almeida, 2001; Feio et al.,, 2009; Resende et al.,
2009), and Spain (Blanco et al., 2007, 2008; Urrea
& Sabater, 2009). Bio-indicational approaches for
river monitoring by using algal communities were
developed in Israel during the last decade (Tavassi et
al., 2004; Barinova et al., 2006a, 2006b; Tavassi et al.,
2008; Barinova et al., 2010). Numerous phycological
investigations have been performed in different
Turkish river basins. However, the use of diatoms
in biomonitoring (according to diatom indices
by OMNIDIA and autoecological indices such as
Watanabe’s or Van Dam’s systems) is relatively new in
Turkey (Solak et al., 2011).

Kiitahya, which is one of the most important
locations in Turkey due to being the vanishing
point of different phytogeographical regions (Irano-
Turanian, Mediterranean, and European-Siberian),
is located at the junction of the Sakarya river basin,
in the Inner Anatolian part of the Aegean Region
and extends between the south-western edge of an
alluvial plain watered by Felent creek, a branch of
the River Porsuk. The province is in a transitional
zone between the continental climate of the Aegean
Region and the temperate climate of the Marmara
Region (Cevre & Orman Bakanligi, 2004).
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Itisimportant to know the taxonomic composition
of the diatoms of Felent creek, not only because it is
one of the most important branches of the Porsuk
River, but also because it crosses Kiitahya Province.
Regarding the algological studies, the Sakarya river
basin and other river basins were previously studied
by different authors (Yildiz, 1987; Gezerler-Sipal et
al., 1994; Yildiz & Ozkiran, 1994; Atic1 & Yildiz, 1996;
Yildiz & Atici, 1996; Aticl, 1997; Atici & Ahiska, 2005;
Bingol et al., 2007; Baykal et al., 2009; Atic1 & Obali,
2010; Ongun-Sevindik et al., 2010; Solak, 2011).
Moreover, the algae and their relationship with some
extreme conditions were investigated by different
authors (Atici et al,, 2001; Akbulut & Diigel, 2008).
The aim of the present study was to reveal diatom
diversity and its relationship to environmental
variables in the creek.

Description of the study site

The creek runs for about 35 km from the north-east
of Kiitahya plain across cultivated areas and through
Kiitahya Province to the Porsuk River. Industrial
and domestic effluents were discharged into the
creek. These have affected the river ecosystem and
decreased water quality. Felent creek flows through
agricultural lands before reaching the province.
Domestic, agricultural, and industrial pollutants
were the most important problem in the creek.

Materials and methods

Forty-one samples of epilithic diatoms were collected
from 5 stations along Felent creek between June 2006
and February 2007. The environmental variables,
(temperature, conductivity, and pH) were measured
by Lange Hach 40d multi-parameter measurement.
Diatoms were collected by scraping from 20 cm? area
stones and were cleaned by H O, -HCI (Swift, 1967)
and then mounted for microscopic observation
at a magnification of 1000x. After the slides were
prepared, the diatoms were identified according
to Krammer and Lange-Bertalot (1986-1991b).
Approximately 300 valves were enumerated in each
slide to determine the relative abundance of each
taxon.

Taxonomy of our research along with the data
list published for the last century was adopted under
a modern classification system (Guiry & Guiry,



2009). The ecological data analysis of algal species
diversity that was performed revealed the grouping
of freshwater algae in respect to variables that were
taken from the database compiled for freshwater algae
(Barinova et al., 2006b). Each group was separately
assessed in respect to its bio-indication significance.

The integral river pollution index (RPI) (Sumita,
1986) is based on the pollution estimates for all
the sampling stations. The integral indices were
calculated according to several environmental
variables (Barinova et al., 2006b) as follows:

RPI, = £ (Di + Dj) x 1/2L (Eq. 1)

where Di, Dj are the environmental variables for each
of the stations, 1 is the distance between 2 adjacent
stations (km), and L is the total length of the river.

The diatom abundances were assessed on the
basis of a 6-score scale (Korde, 1956; Barinova et al.,
2006b) (Table 1).

Of several currently used estimates of saprobity,
it is the one by Pantle and Buck (1955) modified by
Sladec¢ék (1973, 1986) that proved the most suitable
for the present analysis because this model covered
all possible existing aquatic ecosystems variables and
built up a whole system with biological variables.
The indicators of saprobity were assigned to 4 groups
according to their saprobity index values (S), ranging
from polysaprobes (S = 3.5-4.0) to xenosaprobes (S =
0-0.5). Saprobity indices were obtained for each algal
community as a function of the number of saprobic
species and their relative abundances:

S=3sh/zh (Eq. 2)

Table 1. Species frequency according to the 6-score scale.

Score  Visual estimate Cell numbers per slide

1 Occasional 1-5

2 Rare 10-15

3 Common 25-30

4 Frequent 1 cell over a slide transect

5 Very frequent Several cells over a slide transect

6 Abundant One or more cells in each field of view
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where S is index of saprobity for algal community
(unitless), s is species-specific saprobity level, and h is
the density score of a 5-score scale (Whitton et al., 1991).

The water quality and self-purification zone
assessments are based on the ecological classification
widely used in European and Asian countries
(Romanenko et al., 1990; Whitton et al., 1991;
Barinova et al., 2006a). The saprobity was investigated
according to Watanabe’s system, which described 3
indicator groups: “saproxenes (unpolluted water)”,
“eurysaprobes (moderately polluted water)”, and
“polysaprobes (polluted water)” in this system
(Watanabe et al., 1986).

Statistical analysis of the relationships of
species diversity in algal communities and their
environmental variables was performed by
Canonical Correspondence Analysis (CCA) with
CANOCO for Windows 4.5 package. Statistical
significance of each variable was assessed using the
Monte Carlo unrestricted permutation test involving
499 permutations (ter Braak, 1990). The CCA biplot
represents the overlap of species in relation to a given
combination of environmental variables. Arrows
represent environmental variables, with the maximal
value for each variable located at the tip of the arrow
(ter Braak, 1987).

Results and discussion

Regarding the environmental variables, temperature,
conductivity, and pH values were measured at the
sampling stations. pH values did not show a large
fluctuation at each station (Table 2), but temperature
and conductivity (E) values were the highest at station
F4. This station was especially affected by domestic
sewage because of thermal tourism in the summer
and also the values were higher at F5 in comparison
to the other stations because of the discharge of
domestic and industrial wastes in Kiitahya Province
(Figure 1).

A total of 117 taxa were identified in Felent creek
and Nitzschia (13) constituted the highest number in
the community. This genus was followed by Navicula
(9), Cymbella, and Gomphonema (6) (Table 3).
Regarding the distribution of taxa at the stations, F5
had the highest number of species, while the other
stations had similar numbers (Figure 2).
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Table 2. Environmental conditions of Felent creek.

Distance from

Env. variable Stations the spring (km) Min Max Mean SD
F1 0 5.6 16.7 12.1 3.9
F2 5 9.8 16.2 13.0 2.4
T (°C) F3 8 10.1 19.7 14.3 3.3
F4 11 159 329 24.3 5.8
F5 34 10.3 22.5 16.2 4.4
F1 0 6.97 8.14 7.38 0.39
F2 5 6.98 7.63 7.39 0.24
pH F3 8 7.22 8.01 7.79 0.19
F4 11 7.27 8.08 7.53 0.32
F5 34 7.04 7.51 7.45 0.25
F1 0 539 912 660 132
F2 5 630 1135 770 160
E (pS/cm) F3 8 531 1080 674 172
F4 11 758 1213 938 152
F5 34 628 917 814 144
35 1200
30+ + 1000
25+
T 1800 =
g 20T 7
2 +600 =
S15¢ E
o Q
= +400 O
s 10+
= ==pH
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Figure 1. The environmental variables of the stations in Felent creek.
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Table 3. Diatom indicators of environments in Felent creek with their autoecology and abundance scores in the communities.

Taxa Code F1 F2 F3 F4 F5 Hab T Reo D Sal pH Sap  Htr  Tro
Achnanthes lanceolata var. rostratiformis
ACHlan 1 1-2 1-2 1 0 B
Lange-Bertalot
Achnanthidi G
cnan l ium affine (Grunow) ACHaff 1 1 1 0 1 B str es i alf b
Czarnecki
Achnanthidium exiguum (Grunow) . .
. ACHexi 0 0 1-5 15 0 B eterm  st-str  sp i alf b ate o-¢
D.B.Czarnecki
Achnanthidium minutissimum (Kiitzing) .
. ACHmin 3-6 1-5 2 1-2 1-3 B neu o-b
Czarnecki
Amphipleura pellucida (Kiitzing) Kutzing ~ AP001A 1-2 0 0 2 1 st i alf a-b ate  o-m
Amphora ovalis (Kiitzing) Kiitzing AMO01A 1-2 1 1-2 1 1-2 temp st-str  sx i alf a-b ate e
Amph diculus (Kiitzing) Gi
mphora pediculus (Kiitzing) Grunow XXG982 13 16 1-4 13 1 B temp st sx i alf oa ae e
ex A.Schmidt
Anomoeoneis sphaerophora E.Pfitzer ANO009A 0 0 2 1 0 P-B warm  st-str hl alb x-b ate e
Calonei hisb Bory de Saint
fl oneis amphisbaena (Bory de Sain CLAO1Y 0 0 1 1 0 B st-str hl alf o ate e
Vincent) Cleve
Caloneis silicula (Ehrenberg) Cleve CAO003A 0 0 1 1 1 st sp i alf X ats me
Cocconeis pediculus Ehrenberg CO005A -2 12 24 1 0 st-str  sx i alf o-a ate e
Cocconeis placentula var. euglypta
P v 8P CO001B 1 1 1-2 2 2 P-B temp st-str  sx i alf b ate e
(Ehrenberg) Grunow
Cocconeis placentula var. lineata .
CO0001C 1-3 1 1 2 0 P-B st-str  sx i alf X-0 ate e
(Ehrenberg) van Heurck
Craticula accomoda (Hustedt) D.G.Mann ~ CRAO01Y 1 0 1 1 0 P sp i 0-a
Craticula ambigua (Ehrenberg) .
CRAOOA 0 0 0 1 1 B warm st es i alf 0
D.G.Mann
Craticula cuspidata (Kutzing) D.G.Mann CRAcus 0 0 0 0 1 B temp st es i alf 0
Craticula halophila (Grunow) D.G.Mann CRATG 1 0 0 0 0 B st-str es mh alf
Cyclotella atomus Hustedt CY011A 0 0 0 0 1-3 P-B st-str  sp hl alf o ate e
Cyclotella meneghiniana Kiitzing CY003A 0 1 0 1 1-4 P-B temp st sp hl alf o-a  hne e
Cyclotella ocellata Pantocsek CY009A 0 0 0 0 1-5 P-B st es i ind o ats me
Cyclotella striata (Kitzing) Grunow CYCstr 0 0 0 0 1 es hl alf
Cymatopl, lliptica (Brébi
ymatopleura elliptica (Brébisson) CLo2A o0 1 1 1 0 PB stostr i af  bo  ate e
W.Smith
Cymatopleura solea (Brébisson) W.Smith CLOO1A 0 1 1 1 0 P-B st-str i alf o ate e
Cymatopl, l - apiculat
VIMALOPIEUTA SOLEA Var. Apiciiate CYMAso 0 112 1 0 B i af  xo
(W.Smith) Ralfs
Cymbella affinis Kiitzing CMO022A 2-6 1 0 1 1 B temp  st-str sx i alf  b-o ats e
Cymbella aspera (Ehrenberg) Cleve CMO05A 0 0 1 0 0 B st-str  es i alf b-o ats o-¢
Cymbella helvetica Kiitzing CYMbhel 0 0 1 0 1 B str i alf o-a
Cymbella hungarica (Grunow) Pantocsek ~ CYMhun 0 0 0 0 1 B X-0
Cymbella hustedtii Krasske CMO033A 1 1 1 1 0 B str i alf o ats  o-m
Cymbella neocistula Krammer CYMneo 1 0 0 1 0
Cymbopl, hicephala (Nageli
ymbopleura amphicephala (Nageli) CYMam 0 0 0 0 1 B str sX i ind  o-b ats  o-m
Krammer
Cymbopleura h ica (A.Schmidt
symbopleura hercynica (A.Schmidt) CYMher 1 0 0 1 0 B o
Krammer
Denticula elegans Kiitzing DENele 1 0 0 0 1 i alf o
Diatoma vulgaris var. linearis Grunow DIAvul 0 1 0 0 0 str es i alf b ate me
Diat Igaris var. ovalis (Fricke
iatoma vulgaris var. ovalis (Fricke) DIAvIO 0 0 . 0 0 B ; Alf

Hustedt
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Table 3. Continued.

Taxa Code F1 F2 F3 F4 F5 Hab T Reo D Sal pH Sap  Htr  Tro
Diatoma vulgaris var. productum .
DIAvup 0 2 0 0 0 B st-str es i alf o-b ate me
Grunow
Diatoma vulgaris var. vulgare Bory DIAvuv 0 1 1 2 1 P-B st-str sx i ind b-a ate me
Diploneis oblongella (Négeli) Cleve-Euler ~ DP007A 0 0 0 0 1 B str SX i af  o-a ats
Encyonema minutum (Hilse) D.G.Mann ENCmin 1 1 1 1 0 B st-str X i ind X-0
E; trati Berkel
rfcy fmemap rostratrum (Berkeley) ENCpro 0 0 0 1 1 B es i alb o-a
Kiitzing
Epithemia adnata (Kiitzing) Brébisson EPIadn 0 0 0 0 1 B temp st sX i alb b-a ats me
Epithemia argus (Ehrenberg) Kiitzing EP003A 0 1 0 0 0 P-B st-str es i ind o m
Fallaci Kiitzi A.J.Stickle &
allacia pygmaca (Kitzing) A J.Stickle FPOO1Y 1 1 1 0 0 B ststt es mh alb bo hne e
D.G.Mann
Fragilaria capucina subsp. rumpens
g X P ubsp P FRAcap 0 0 1 1 0 B st-str i acf o o-m
(Kutzing) Lange-Bertalot
Fragilaria leptost: . dubi
ragilaria leptostauron var. dubia FRO14B 1 0 1 1 12 B b alf
(Grunow) Hustedt
Fragilaria parasitica var. subconstricta .
FRO45E 0 1 0 1 1 Ep st-str sx i alf o-b ats me
Grunow
Frustulia vulgaris (Thwaites) De Toni FUOOL1A 0 1 0 1 1-2 P-B st es i alf x-b ate me
Geissleria di is (Dst L -
eissleria ecusszsf strup) Lange GElsde o 0 o 0 L B beo
Bertalot & Metzeltin
Gomphonema affine Kiitzing GO020A 1 1 0 1 0 P-B st es o-b
Gomphonema augur Ehrenberg GOO019A 0 1 1 1 1 B str es i ind b ats me
Gomphonema gracile Ehrenberg GO004A 1 1 1 1 0 P-B temp st es i alf b-o ats m
Gomphonema olivaceum (Hornemann) .
L GOO001A 1 -2 15 12 1-2 B st-stres i alf b-a ate e
Brébisson
Gomph lum (Kiitzi
omp onema parvulum (Kitzing) GOO013A 1 1 1 1-2 1-6 B temp str es i ind X hne e
Kiitzing
Gomphonema truncatum Ehrenberg GOMtru 1 1 0 0 1-4 P-B st-str  es i alf 0-x ats me
Gyrosi inat Kiitzi
yrosigma acuminatum (Kiitzing) GY005A 1 0 0 1 1 B cool st-str i alf 0-X ate e
Rabenhorst
Gyrosigma attenuatum (Kiitzing) Cleve GY001A 1 1 1 1 0 P-B st i alf X ate e
Gyrosi ii (1'W. Bail
yrosigma s{)encem (J-W-Bailey ex GYRspe 0 0 1 0 0 B es mh alf o
Quekett) Griffith & Henfrey
Halamphora veneta (Kiitzing) Levkov HALven 1 0 1 1 1 B st-str  es i alf o ate e
Hantzschia amphioxys (Ehrenberg) .
HANamp 0 0 0 1 0 B temp st-str es i neu  b-o ate o-e
Grunow
Hippodonta capitata (Ehrenberg) Lange-
PP P X ( i g') 8 HIPcap 0 1 0 1 1 B temp st-str es hl alf o-b ate me
Bertalot, Metzeltin & Witkowski
Lemnicola h: ica (G
emnicola hungarica (Grunow) LEMhun 0 1 0 1 1 B st es mh alf 0-a ate he
EE.Round & P.W.Basson
Luticola mutica (Kiitzing) D.G.Mann LUMO1Y 0 1-3 15 15 1-2 B,S st-str sp i ind o ate e
Luticola nivalis (Ehrenberg) D.G.Mann LUTniv 0 0 0 0 1-4 B,S ae hl ind b e
Melosira varians C.Agardh MEO015A 2-4 15 14 12 0 P-B temp st-str es hl alf a-b hne e
Meridion circulare (Greville) C.Agardh MRO01A 0 0 0 0 1-5 B str es i alf o-b ate o-e
Navicula angusta Grunow NAO037A 0 0 0 0 1-6 B str sX hl acf o ats ot
Navicula cari Ehrenberg NAO51A 0 1 0 0 0 P-B es i ind b-a o-¢
Navicula cincta (Ehrenberg) Ralfs NAO021A 0 1 1 1 0 B warm st-str es hl alf X-0 ate e
Navicula lanceolata (C.Agardh Ehrenberg ~ NA009A 1 -2 13 14 1 B st-str es i alf x-b ate e
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Table 3. Continued.

Taxa Code F1 F2 F3 F4 F5 Hab T Reo D Sal pH Sap  Htr  Tro
Navicula menisculus Schumann NAO030A 1-2 1-2 1 1-2 1-2 B st-str es i alf x-b ate e
Navicula oblonga (Kiitzing) Kiitzing NA024A 0 1 0 0 0 B st-str  sx i alf b ate e
Navicula radiosa Kiitzing NAO03A 1 13 13 13 1 B temp st-str es i ind o ate me
Navicula tripunctata (O.EMiiller) Bory . .
R i NA095A 1-4 0 0 0 1-2 B st-str es i ind b ate e
de Saint-Vincent
Navicula upsaliensis (Grunow) Peragallo ~ NAVupp 2 0 1 1 1 B es i alf o
Neidium binodis (Ehrenberg) Hustedt NEO0SA 1-2 0 1 0 0 B str i ind o ats me
Neidium dubium (Ehenberg) Cleve NEIdub 0 1 0 0 0 B str i alf X ats me
Neidium iridis (Ehrenberg) Cleve NEO001A 0 0 1 0 0 B st es hb ind 0-x ats m
Nitzschia acicularis (Kiitzing) W.Smith NI042A 0 3-6 15 15 1 P-B temp es i alf o-b  hce e
Nitzschia amphibia Grunow NIO14A 1-2 0 0 0 1-6  P-B,S temp st-str  sp i alf o hne e
Nitzschia capitellata Hustedt NI028A 1 0 0 0 1-5 B es i alf o-p he
Nitzschia commutata Grunow NIOI11A 0 1-6 1-2 1-5 0 B mh
Nitzschia dissipata (Kiitzing) Grunow NIO15A 1-3 1-2 1 1-2 1-2 B st-str $X i alf X ate me
Nitzschia dissipata var. media (Hantzsch) .
FSNO053 1-3 1-2 1-2 1 1 sX i alf o-b
Grunow
Nitzschia dubia W.Smith NIO18A 0 1-3 1-2 1-3 0 P-B st-str mh acb o-b hne e
Nitzschia fonticola (Grunow) Grunow NIO02A 1-6 1 1-3 12 1 B st-str oh alf o-b ate me
Nitzschia frustulum (Kiitzing) Grunow NIOOSA 1 2 1-2 0 1 B temp st-str sp hl alf b hce e
Nitzschia gracilis Hantzsch NIOI17A 1 -5 1-6 13 1 P-B temp st-str sp i ind 0-X m
Nitzschia linearis (C.Agardh) W.Smith NIO31A 1-2 1-3 1-6 1-6 1-5 B temp st-str es i alf X ate me
Nitzschia palea (Kiitzing) W.Smith NIO09A 1-3 1 1 1 2-6 P-B temp sp i ind o-x  hce he
Nitzschia recta Hantzsch ex Rabenhorst NI025A 1 1 0 1 1 B st es i alf X ate o-e
Nitzschia sigmoidea (Nitzsch) W.Smith NI046A 0 0 0 0 0 P-B st-str i alf o ate e
Nitzschia tryblionella Hantzsch NITtry 1-2 1 1 1 1 B st-str hl alf o ate e
Nitzschia vermicularis (Kiitzing) .
NI049A 0 0 0 1 0 B str i alf o o-e
Hantzsch
Pinnularia borealis Ehrenberg PIOI12A 0 0 1 1 0 B ae es i ind  o-b ate  o-m
Pinnularia viridis (Nitzsch) Ehrenberg PI007A 0 1 1-2 0 0 P-B temp st-str  es i ind 0-x ate o-e
Planothidium conspicuum (A.Mayer) .
PLANco 0 1 1 1 1-2 B st sX i alf o-a
M.Aboal
Planothidium lanceolatum (Brébisson ex .
L PLANIa 1 1 1 1 1 B warm st-str sX i alf 0-X
Kiitzing) Lange-Bertalot
Pseudostaurosira brevistriata (Grunow) .
. PLSTbr 1 0 1 1 1 P-B st-str i alf X-0
D.M.Williams & Round
Reimeria uniseriata S.E.Sala, .
R REIuni 0 1 1 0 0
J.M.Guerrero & M.E.Ferrario
Rhopalodia gibberula (Ehrenb: Ott
topalodia gibberula (Ehrenberg) Otto— poosn o 1 o 1 0 B temp str e mh ind
Miiller
Sellaph la (Kutzi
ellaphora pupula (Kiltzing) SELP1Y 1-3 1 0 1 0 B eterm st sp hl ind 0-x
Mereschkovsky
Stauroneis smithii Grunow SA003A 1 5 0 0 0 P-B st-str i alf X-0 ate o-e
St irella pinnata (Ehrenb
aurosz're' a pinnata (Ehrenberg) STApin 0 1 0 0 0 B temp st-str  es hl alf b-a
D.M.Williams & Round
Surirella biseriata Brébisson SU004A 0 0 1 0 0 P-B st-str sx i alf o-b e
Surirella linearis W.Smith SU005A 1 0 0 0 0 P-B es i ind o-b o-m
Surirella ovalis Brébisson SU003A 0 0 0 1 1 P-B st-str es mh alf o ate e
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Table 3. Continued.

Taxa Code F1 F2 F3 F4 F5 Hab T Reo D Sal pH Sap  Htr  Tro
Surirella subsalsa W.Smith SURsub 1 0 1 1 0 B hl
Surirella tenera W.Gregory SURten 0 0 0 1 0 P-B st es i alf o e
Synedrella parasitica (W.Smith) Round & .
. SYNpar 1 0 0 0 0 B es i alf X

N.I.Maidana
Tabulari iculata (C.Agardh

aou m‘m,f asciculata (C.Agardh) TBFOLY 0 0 0 0 1 B st sx  hl alf  x-o0
D.M.Williams & Round
Tryblionella angustata W.Smith TRYang 0 1 1-2 1 0 B b-p
Tryblionella apiculata Gregory TYAO1Y 1-2 1 1 1-2 1 B es mh alf o-a
Tryblionella h ica (G

ryblionella hungarica (Grunow) TYHOIY 1 1 12 12 0o  PB s mh alf ab
Frenguelli
Ulnaria acus (Kitzing) M.Aboal ULNacu 1 0 0 1 1-5 P st-str es i alb 0-a
Ulnaria ulna (Nitzsch) P.Compére ULNuln 1 1 1-2 13 0 B temp st-str  es i alf b-o ate o-e

Abbreviations:

Note:
(1986).

—_ R N W W
a S S G o

No. of species

—_
(=}

Hab: Ecological types, B: benthic, P: planktic, P-B: planktic-benthic, S: aerophytic, Ep: epiphytic: T: temperate, temp:
temperate water, eterm: eurythermic water, warm: warm water, cool: cool water, Reo: streaming and oxygenation,
st: standing water, str: stream, st-str: standing-streaming, aer: aerophile, D: saprobity, es: eurysaprobe, sx: saproxen,
sp: saprophile, Sal: halobity, ph: polyhalobe, mh: mesohalobe, oh: oligohalobe, i: oligohalobious-indifferent, hl:
oligohalobious-halophilous, hb: oligohalobious-halophobous, pH: Acidity, ind: indifferent, alf: alkaliphile, acf:
acidophil, alb: alkalibiont, Sap: Saprobity, o: oligosaprobe, o-b: oligo-beta-mesosaprobe, b: beta-mesosaprobe,
b-o0: beta-oligomesosaprobe, b-a: beta-alpha-mesosaprobe, a, alpha-mesosaprobe, a-b: alpha-beta-mesosaprobe,
X, Xenosaprobe, x-0: xeno-oligosaprobe, o-x: oligo-xenosaprobe, a-p: alpha-meso-polysaprobe, p: polysaprobe, o-a:
oligo-alpha-mesosaprobe, o-p: oligo-polysaprobe, Htr: nitrogen uptake metabolism, ats: nitrogen-autotrophic taxa,
ate: nitrogen-autotrophic taxa, hne: facultatively nitrogen-heterotrophic taxa, hce: obligately nitrogen-heterotrophic
taxa, Tro: trophic state, ot: oligotraphentic, o-m: oligo-mesotraphentic, m: mesotraphentic, m-e: meso-eutraphentic, e:
eutraphentic, he: hypereutraphentic, o-e: oligo- to eutraphentic (hypereutraphentic).

For saprobity, “D” according to Watanabe et al. (1986), “pH” according to Van Dam et al. (1994), and “Sap” according to Sladecek

Species richness as Melosira varians were in the minority (Barinova
et al., 2006b). Similar results were observed in the
Yarqon (Tavassi et al., 2004) and Hadera rivers in
Israel (Barinova et al., 2006a). However, with respect
to organic pollution indicators most of the species
were Class II, fewer were Class III, and a few species
were Class IV and V, reflecting low to middle organic

pollution (Figure 3).

5]
0'
F1

Figure 2. The diatom taxa number of the stations in Felent creek.

" B F3  F4  F5

_ There were 87 (74.4%) indicator species for
Station

streaming and oxygenation. In the diagram, they
were arranged along the gradient of water flow. Most
of the species preferred moderate rates of low water
flow (52) to standing water (19). This group includes

In relation to salinity indication, the diatoms of
Felent creek are divided into 4 groups comprising 84
indicator species (71.8%). The “indifferent” constitute
the dominant group, such as Cymbella affinis, while
halophobes, mesohalobes, and halophile groups such
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such abundant species as Cymbella affinis. Therefore,
the low water flow comprised most of the diatom
diversity in Felent creek. Five groups of acidophility
indicators comprised 104 (88.9%) species. In the
diagram, these groups were arranged along the
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Figure 3. The percentage of species in groups of salinity (a) and organic pollution (b)

indicators in Felent creek.

pH gradient. The ratio of the groups reflected the
influence of carbonate substrates. Alkaliphiles
predominated, with 73 species (62.4%). The most
abundant of them were Amphora pediculus, Melosira
varians, and Nitzschia fonticola. The “indifferents’,
usually prevailing over silicate substrates, were
subordinate here, with 23 species. Prominent
among them was Navicula tripunctata. Alkalibiontes
tolerating an excessive alkalinity were represented by
5 species, but they were never abundant (Figure 4).

Streaming and oxygenation

80
L 70
& 60
>0
Be —
S 30 =
Z 20 A
T
0 ] . —
st st-str str ae
a Ecological category

The indicators of salinity (106 species, 90.6%)
are assigned to 4 ecological groups arranged along
the gradient of salinity; the organic pollution
indicators of Watanabe’s classification (81 species,
69.2%) constitute 3 groups, showing a medium
concentration of organic substances available to the
diatoms. The peak of the trend corresponds to the
maximum of eurysaprobionts such as the dominant
species Melosira varians and others. The organic
pollution indicators of Slade¢ék’s classification (105

30 Acidophility

70
2 60
'S 50
Z40 ———
© 30 —
Zo 20

10

O .

acb acf ind alf alb

b Ecological category

Figure 4. Number of species in groups of streaming and oxygenation (a) and acidophility (b) indicators in Felent creek.
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species, 89.7%) constitute 13 groups. The Sladecék’s
index calculated for each sampling stations vary from
1.36 to 2.08, that is from oligo- to betamesosaprobic
self-purification zones attesting to Class II of water
quality at the outlet to Class III of low polluted water
at the stations. Index S fluctuated mostly in June-July,
but over the entire period it was between 1.5 and 2.0,
which was marked as Class III but the lower polluted
part of Class III, because the full range is 1.5-2.5.
Furthermore, in June-July the water temperature was
highest and pH was lowest during the monitored
year. Species richness was also rather high in June as
well as in September-October and fluctuated mostly
at F4 and F5, below the wastewater input (Figure 5).

As a result, species richness and environmental
variables (temperature, conductivity, and pH) showed
a seasonal fluctuation. Thus, we calculated the RPI
after Sumita (1986) for each defined environmental
variable as well as for species richness and index of
saprobity over stations in summer and winter. As
can be seen in Table 4, the river water was mostly
alkaline and temperate with low salinity. According
to the SladecéK’s system, there was organic pollution
in summer in the creek. Species richness was mostly
higher in winter than in summer.

Relationships between environmental variables
and species diversity in each season and for all
the revealed diversity were statistically calculated.

Salinity 80 - Organic pollution, DAIpo

80

704 a 07 b
8 60 .9 60
s} 3 50 1
B \ 40 -
2 4
< 40 s ™~ 5] ~ o
> 30 \ s 30
i i C

o B w1

o] — B . 0 . —

hb i hl mh sx es sp
Ecological category Ecological category
30 Organic pollution, Sladecek 2.57 Organic pollution Sladecek
1 ¢ d
g 25 27
g 20 £ L5
L‘; 15 4 F§ 1-
S 10 — -
~ ~— 0.5 1
0.
+Q.° OQP‘ +§’ QQ?’ 0\9 Q\P‘ o\@ {b\‘.b Q%'Q 0‘1«?‘ R o © ’0,59 Jun  Jul Aug Sep Oct Nov Dec Jan Feb
ORI L P PR 06 06 06 06 06 06 06 07 07
Ecological category Monitored time

Figure 5. Number of species in groups of salinity (a), organic pollution on the Watanabe’s (b), and organic pollution on the Slade¢ék’s

(¢, d) indicators in Felent creek.

Table 4. Integral indices RPI after Sumita (1986): RPIPH - index of pH; RPI, - index
of water temperature; RPI, - index of electrical conductivity; RPI, - index
of species richness; RPI - index of organic pollution on the basis of Index

saprobity S.
Index RPI RPL, RPI_ RPI RPI,
Winter 7.590177 15.38297 820.2224 29.60776 1.633416
Summer 7.37648 22.78714 809.2572 25.47845 1.721323
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The results of CCA analysis showed that Craticula ~ Additionally, Cyclotella striata was associated with
ambigua, Nitzschia vermicularis, and Pinnularia temperature in all seasons, and Gyrosigma spencerii
borealis were associated with temperature in all  and Neidium iridis were highly correlated with pH in
seasons and associated with conductivity in winter =~ both summer and winter, while G. spencerii, Navicula
at F5. Moreover, Surirella tenera and Hantzschia  oblonga, Fragilaria parasitica var. subconstricta, and
amphioxys were associated with temperature in  Surirella subsalsa had a strong correlation with
all seasons and summer at F5, whereas they were  conductivity in summer (Figure 6).

associated with conductivity in winter at F5.
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Figure 6. Results of Canonical Correspondence Analysis of relationship between epilithic diatom taxa distributions and environmental
variables in Felent creek: all seasons (a), winter (b) and summer (c) at F5.
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Conclusion

We found 117 diatom taxa from 5 stations in epilithic
samples from Felent creek and the members of the
Nitzschia group were dominant. Except for Cymbella
neocistula and Reimeria uniseriata, all the species
were indicators of one or more autoecological
indices (Table 3). Bio-indication analysis showed
that the diatoms of Felent creek prefer low salinity
because groups of “indifferent” and halophiles
prevail. Indicators of saprobity, according to
Watanabe’s and Sladecék’s methods as well as Index
of saprobity S show a low and moderate level of
organic pollution. Species richness was very similar
at each station and mostly fluctuated with wastewater
input and higher water temperature during the study
period. Statistical analysis revealed that there were
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