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Abstract
Diatoms are one of the biological indicators suitable for evaluating river water quality. Diatoms reflect the
ecological conditions of aquatic ecosystems so that some diatoms choose a polluted environment for growth.
Thus, diatoms can be used as an indicator of pollution. In this regard, the present study was conducted in order to
determine the diatom flora of the Ahar-Chai River and to investigate the effect of environmental factors on diatom
communities. In this study, 6 sampling stations were determined in the Ahar-Chai River. Sampling was done
seasonally in 2019. In general, the number of 40 genera and 123 species were observed in this river, the most
species diversity are Cymbella, Nitzschia, Navicula, and Gomphonema, all four genera belong to the
Bacillariphyceae. A high biodiversity of diatoms was observed in spring and summer. The statistical analysis of
this research showed that parameters such as temperature, pH, electrical conductivity (EC), turbidity, light, and
amount of nutrients have a significant effect on the distribution of diatoms along the Ahar-Chai River.
Key words: Diatoms, Biological Indicators, Ecology and Systematics of Diatoms, Ahar Chai River,
Northwestern Iran.

Introduction

Rivers are the vessels of the earth, and without them, the earth is not able to carry on its own life. Currently,
Iran is facing serious problems in water resources. Excessive harvesting of surface water, release of all kinds
of sewage into fresh water rivers and destruction of its quality, and failure to respect the biological rights of
the river have brought the country's water situation to a critical level. Soil erosion, land subsidence, successive
storms of dust and salt, and frequent drying of rivers prove these issues. Iran is one of the countries that has
faced a severe shortage of water supply resources for the past several years. This is quite noticeable with the
drying up of Urmia Lake, Zayandeh Rood, Gavkhoni Wetland, and Parishan Wetland. For this reason, water
resources must be under proper management so that they can apply restoration operations well in case of
changes in water volume and quality (Gordon et al., 2004). The study of Iranian diatoms has a history of about
40 years (Compeére, 1981), but the number of studies conducted and the published data are not very high
compared to this time period. Most of the studies have focused on the shores of the Caspian Sea (Zarei Darki,
2009), the Persian Gulf (Attaran-Fariman & Asefi, 2022), the catchments of the central Alborz (Kheiri et al.,
2018;Naseri et al., 2022), and the west and northwest of Iran (Atazadeh et al., 2007, Panahi-Mirzahasanlou,
2018). In this research, an attempt was made to investigate the species diversity of diatoms in the Ahar-Chai
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River in different seasons of the year, measure the physicochemical parameters and environmental changes
affecting them throughout the year, and express the role of each in biodiversity.

Materials and Methods

The Ahar-Chai River, with a length of about 240 km, is one of the most important rivers of the Aras River
Basin in the north of East Azarbaijan province and originates from Pirsaqga. After passing through Varzeghan
and Ahar cities, this river joins the Qarasu River in Ardabil province, and after joining the Qarasu River, it
joins the Aras River on the border of Iran and the Republic of Azerbaijan and finally reaches the Caspian Sea
. To study this river, 6 stations were determined based on environmental observations. The first station was in
the village of Sowmaeh Del due to the discharge of village waste and the investigation of their impact on the
river, the second station was in the Sattarkhan dam due to the impact of the Sattarkhan dam, the third station
was at the entrance of the city of Ahar and the fourth and fifth stations were inside the city of Ahar, and finally,
the sixth station was Shahverdi village.

During the four seasons of this study, the change of water volume in the stations was observed, the lowest
water volume was in the summer season. So, in this season, the water flow was low in stations 3 and 5.
At each sampling station, multiple samples were collected for analysis of algal biomass standing crop and
species composition. In all cases, samples were taken from areas with low hydraulic stress. Shading and depth
of the water body were also considered in taking samples; samples were collected in shallow water where there
was no shading. Algal periphyton communities can have great diversity, yet their structure and composition
may vary depending on the nature of the substrate. Diatoms and soft algae colonize natural substrates such as
cobbles, stones, mud, rock, woody debris, emergent and submerged plants. Small boulders and pebbles were
used for taking samples if cobbles were not available. For diatom species identification and enumeration, the
samples were prepared following the standard methods. Samples were digested with 35% hydrogen peroxide
in a beaker at 90 °C on a hotplate for 2 hours, after which two drops of 35% hydrochloric acid were added.
The beakers were filled with distilled water and left to settle overnight after which the supernatant was
discarded. This process was repeated four times. Subsamples of 800 ul were air-dried on coverslips and
mounted using Naphrax.

Research Findings

In this study, the biological diversity and seasonal distribution of diatom species, as well as the relationship
between the species and the amount of pollutants, were investigated. Taxonomic studies have shown 123
species from 40 genera in the Ahar-Chai River. Among 123 species, 4 genera Nitzschia (40 Sp), Navicula (28
Sp), Gomphonema (22 Sp), Cymbella (22 Sp) have the most species diversity. Among the 40 genera, only
Stephanodiscus and Cyclotella genera are centric diatoms and the rest are pennate diatoms. In this research,
physical and chemical factors (silica, phosphate, sulfate, nitrate, pH, EC, and TDS) were measured for each
station during four seasons. In terms of pH, all stations are alkaline during four seasons (the pH of all stations
is between 7 and 8.1), except Station 1, which had a relatively acidic pH (6.8) in all seasons except spring. The
lowest electrical conductivity (EC) corresponds to spring (Station 2) and the highest EC corresponds to summer
(Station 6).

Discussion of Results and Conclusions

In general, the amount of EC varies between 240 (spring season of Station 2) and 3540 (summer season of
Station 6) microsiemens during four seasons, and stations 1 to 3 have lower EC than the other three stations.
In all seasons, Station 2 has the lowest amount of EC. In the three seasons of summer, spring, and winter,
Station 6 and Station 3 have the highest amount of EC. The amount of total dissolved solids (TDS) was
observed during four seasons from 0.29 to 0.97 g/L, the lowest amount of TDS is related to the spring season
of Station 2 (0.29 g/L) and the highest amount is related to the summer season of Station 6 (0.197 g/L). In all
seasons, Station 6 has the highest amount and Station 2 has the lowest amount of TDS. The amount of silica
was 0.139 mg/L during 4 seasons, the highest amount of silica was observed in the spring season (in all
stations) and the lowest amount of silica was observed in the summer season (Station 5).
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Figure 1- Map of the Aharchai River in the northwest of Iran and the sampling stations (*) and the
Sattarkhan dam in the form of a triangle to the left
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Table 1- Physicochemical factors measured in spring
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Table 2- Physicochemical factors measured in the summer season
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Table 5- List of diatom species observed in Aharchai River, Northwestern Iran

Genus Species Taxon authority Genus Species Taxon authority
. (Kitz.) Grunow in .
pediculus Schmidt 1875 pediculus Ehrenb. 1838
indistinicta Levkov 2009 . placentula Ehrenb. 1838
. Cocconeis
exigua W. Gregory 1857 euglypta Ehrenberg 1854
. ; . . (Geitler) Lange-
ovalis (Kitz.) Kiitz. 1844 pseudolineata Bertalot: 2004
affinis Kutzing 1844 Cyclotella meneghiniana Kitzing 1844
Reimer in R. M.
Amphora neglectiformis Levko;é%gfdlund proxima Patrick and Reimer
1975
aequalis Krammer 1980 affiniformis Krammer 2002
pseudominutissima Levkov 2009 vulgata Krammer 2002
bicapitata M. H. Hohn and tumida (Bréb. ex Kutz.)
P Hellerman 1966 Van Heurck 1880
inariensis Krammer 1980 compacta @strup 1910
eximia J. R. Carter, 1974 helvetica Kitzing 1844
thermale Rabenhorst, 1864 excisiformis Krammer 2002
(Bily & Marvan) - .
Achnanthidium catentatum Lange-Bertalot, 1999 affinis Kitz. 1844
minutissimum (Kitz.) Czarn. 1994 bl hantzschiana Krammer 2002
; (Lange-Bert.) Lange- Cymbella -
eutrophilum Bert. 1999 amplificata Krammer 2002
Aulacoseira ambigua (Grunovi%%monsen neocistula Krammer 2002
. D. Metzeltin, H.
Bacillaria paxillifera (O.F. Mall) NI asiatica Lange-Bertalot
Hendey 1951
2009
Lange-Bert. in Lange-
. neoacuta Bert. and Gerd Moser helvetica @strup 1910
Brachysira 1994
neoexilis Lange-Bertalot 1994 alpestris Krammer 2002
amphisbaena (Bory) Cleve 1894 neolanceolata W.Silva 2013
Caloneis silicula (Ehrenb.) Cleve 1894 aspera (Ehreggé)fleve
solea (Brébisson) W. Smith Encyonopsis microcephala (Grunow)
1851 yonop P Krammer 1997
Cymatopleura apiculata W. Smith 1853
o . . (Grunow) Lange-
eliptica (Breblsscl)g%\llv. Smith austriaca Bertalot, 2000
frequens Krammer 2003 gracilis @strup 1910
elliptica Krammer 2003 Fragilaria vaucheriae (Kutzfgl;%tersen
apiculata Krammer 2003 mesolepta Rabenh. 1861
Cymbopleura inaequalis (Ehrenb.) Krammer socia (Wallace) Lange-
a 2003 Bert. 1980
(Ralfs) D. M.
subaequalis (Grunovzv())orérammer Fragilariforma virescens Williams and
Round 1988
Round, R. M. .
. . ' . . (Thwaites) De
Craticula ambigua Crawford and D. G. Frustulia vulgaris Toni 1891

Mann 1990
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Genus Species Taxon authority Genus Species Taxon authority
moniliformis Kitz. 1833 italicum Kiitzing, 1844
ehrenbergii Kiitz. 1844 laticollum E. Reichardt 2001
tenuis C.Agardh 1812 parvulum (Kut2|rl%)4§ut2|ng
Diatoma
(Grunow)
. . E. Reichardt &
vulgaris Bory 1824 pumilum Lange-Bertalot
1991
f. subramosum
ventricosum (C.Agarfggé;‘- runow, olivaceum (C.Agardh)
A.Mayer 1928
minutum (Hilse) BgMann, olivaceoides Hustedt 1950
(Lange-Bertalot &
. s . E.Reichardt)
caespitosum Kitzing, 1849 Gomphonema olivaceolacuum Lange-Bertalot &
E.Reichardt 2004
prostratum (Berkeli)é)MKutzmg, sarcophagus W.Gregory 1856
Encyonema latens Krasske) D.G.Mann micropus f. major Grunow
1990 P 1880
silesiacum (Bleisch in Rabenh.) tergestinum (Grunow) Fricke
D.G.Mann 1990 g 1902
f. sarcophagus
obscuriforme Krammer 1997 Angusta (W.Gregory)
Hustedt 1957
Lange-Bertalot, H.
cesatii (Rabenkl.s)agiérammer exilissimum & Metzeltin, D.
(1996)
.. Reichardt, E.
lange-bertalotii Krammer 1997 extentum (1994)
duplipunctatum Lange-Bertalot & anausta Cleve, P.T. &
Pip E.Reichardt 1996 g Moaller, J.D. (1878)
clavatulum Reichardt, E. (1999) supralitorea LangeilB;rtga)lot, H.
innocens Reichardt, E. (1999) pusilla Grunow, A. (1862)
- Cleve [Cleve-Euler], -
lagerheimii A. (1895) fruticosa Hustedt, F. (1957)
. . Cleve-Euler, A.
utae Reichardt, E. (1999) capitellata (1952)
Gomphonema (Ehrenberg)
hebridense Gregory, W. (1854) umbonata Lange-Bertalot
1978
subclavatum (Grunow) amreviata
R.M.Patrick 1961
_ (Hustedt) Lange- Nitzschia _ Manguin, E.
minutum Bertalot & clausi (1942)
E.Reichardt 1993
. - Cleve, P.T. &
holmquistiae Foged 1968 hungarica Grunow, A. (1880)
(Hustedt)Lange- )
acceptata Bertalot&Metzeltin acidoclinata Lange-Bertalot, H.
(1976)
Geissleria 1996
(Hustedt)Lange-
.. . Van Heurck, H.
schoenfeldii Bertalot&Metzeltin palea
(1881)
1996
obtusatum Boyer, C.S. (1922) linearis (W'Sm'ltgg}g runow
Gyrosigma - (Grunow) . Cleve, P.T. &
exilis denticula

C.W.Reimer 1966

Grunow, A. (1880)
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Genus Species Taxon authority Genus Species Taxon authority
. . (Lagerstedt) Genkal .

Hannaea inaequidenta & Kharitonov 2008 dissipata Mayer, A. (1913)
Halamphora veneta (Kutngg)olg_ evkov amphibia Grunow 1862
Humidophila laevissima (CIeve;IRéB.llzlowe & inconspicua Grunow 1862

amphioxys Grunow 1880 vermicularis (Kutzmlgf)aé—éantzsch
Hantzschia Cleve PT. &
abundans Lange-Bertalot 1993 debilis Grunow, A. (1880)
Lange-Bertalot, H.
Melosira varians C.Agardh 1827 brunoi & Metzeltin, D.
(1996)
Mastogloia smithii Grunow 1878 adamata Hustedt, F. (1957)
Meridion circulare (GreV|II%?(,31.Agardh recta Hustedt 1950
recta Hustedt 1950 frustulum Hustedt, F. (1937)
. . Lange-Bertalot, H.
Nitzschia hantzschiana Rabenhorst 1860 wuellerstorffi & Krammer, K.
(1987)
. (O.F.Miller) Bory - - (Grunow) A.Cleve
tripunctata 1822 Pinnularia brebissonii 1932
lanceolata Ehrenberg 1838 ovata Krammer 2000
- . . (Ehrenberg)
exilis Kitzing 1844 _ gibba O Muller 1895
Rhopalodia (Kutzing) O
krammerae Lange-Bertalot 1996 musculus Muller 1900
o Lange-Bertalot, nom. - (Gregory)
novaesiberica inval. 1993 sinuata Kociolek
' Reimeria &Stoermer 1987
capitata Fritsch & F.Rich ovata (Hustedt) Levkov
P 1929 & Ector 2010
. . Lange-Bertalot & . . . Lange-Bertalot
amphiceropsis U.Rumrich 2000 Rhoicosphenia abbreviata 1980
. . . . Hakansson &
Navicula slesvicensis Grunow 1880 Stephanodiscus medius Hickel 1986
veneta perminuta Grunow
1880
slesvicensis Grunow 1880 angusta Kutzing 1844
cariehrenberg peisonis Pantocsek 1912
Kulikovskiy, Lange- Brebisson ex
semenicula Bertalot & Metzeltin minuta Kitzing, nom.
2012 illeg. 1849
Var. constricta
- Surirella — Grunow ex
cryptotenella Lange-Bertalot 1985 biseriata Hustedt, nom.
inval. 1930
unbonata bifrons Ehrenberg 1843
angusta Grunow 1860 brightwellii W .Smith 1853
Eidrigiana J.R.Carter 1979 visurgis Hustedt 1957
Phyllepta Kiitzing 1844 robusta Ehrenberg 1840
Nupela impexiformis (Lange-Bertalot) ovalis var. ambigua
1999 A.Mayer 1913
hvemale var. rotundatum Tribunela hunaarica var. hungarica
- Y Rabenhorst 1853 g Pantocsek 1892
Odentidium s -
mesodon (Ehrenberg) Kitzing ulnaria ulna (Nitzsch)
1849 Compere2001
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2 Cyclotella meneghiniana; 3-4 Gomphonella olivacea;

itzschia dissipata; 7 Nitzschia dissipata var. media

Plate a) 1 Stephanodiscus medius;
brebisonii; 11-

5-6 N

10 Surirella

: 8-9 Pinnularia brebisonii;

12 Encyonema caespitosum
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Plate b) 13-14 Diatoma vulagaris; 15 Amphora ovalis; 16 Gomphonema laticollum;
17 Cymbella lanceolata; 18-19 Nitzschia cf. sigmoidea
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Plate ¢) 20 Cymbella tumida; 21 Caloneis silicula; 22 Cymbella cf. affiniformis; 23 Surirella brebisonii;

27 Navicula

24 Tryblionella cf. salinarum. 25 Amphora paracopulata; 26 Rhoicosphenia abbreviata;

tripunctata; 28-29 Cymbella helvetica; 30 Cymatopleura apiculata; 31 Ulnaria ulna
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Plate d) 32 Surirella peisonis; 33 Gomphonema pumilum; 34 Anomoeoneis inconcinna; 35 Caloneis

amphisbaena; 36 Craticula ambigua; 37 Gomphonema microlaticollum; 38 Gyrosigma cf. acuminatum;
39 Gyrosigma acuminatum
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43 Tryblionella

46 Trblionella hungarica; 47 Gomphonema

49 Iconella cf. splendida

; 42 Surirella brebisonii;

41 Nizschia cf. clausii;

Plate e) 40 Amphora copulata;
apiculata; 44 Navicula tripunctata;
micropus; 48 Cocconeis pediculus;

45 Epithemia sorex;
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52 Nitzschia linearis; 53 Cocconeis

Plate f) 50 Navicula lanceolata; 51 Hantzschia amphioxys;

56 Tabularia

; 60 Surirella librile

Cymatopleura solea);

fasiculata; 57 Diploneis cf. parma; 58 Nitzschia palea; 59 Nitzschia amphibia

(

placentula; 54 Tryblionella apiculata; 55 Surirella librile (

Cymatopleura solea)
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63 Odontidium mesodon; 64 Cymbella

62 Surirella angusta;

compacta; 65 Rhopalodia cf. musculus; 66 Diatoma moniliformis; 67-

Fragilaria recapitellata

Plate g) 61 Cymbella cf. cistula;

69 Tryblionella brunoi - 70
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JL. ,s Atici |, § 5=t 50 O] S o onlinwl OT j baas 5 S Sl Sdre 5 JT slde 5150 Blod 5l ailss g
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G238 Sl 5l (ol (slan ST b jly 5 (Wb o SlEnsy ,ls pls o 5 OT 03,55 512
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e 1 ST Sdme 5 JT 5l il 3l 55 0ds 7
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33 | S IT L3l s b 8 5le (slaes 31 S COCCONEES i 45 5 7 Laiylehl 4 K01 Ol 55 go ctilsn g,
Ol n 33550 Sl o U5yl o bkl o 531 (S JT ke Olse et 1087 ST 0L 5 oo o7 glalan3
ST L0 5 Y o) romen 5 LiL S0 (laolinsl 1 i (ol w355 Cons b 457V ot y3 ST
o b Cond 3 3 (03205 5 Sblas) ke 5 T o 51 ol 55 0l 15 65 L S Lo S 5 (5115
S s ae 3y g 015 o S Db b g wlagy ST a0 0T odalin b a8 slaesls 51 (S5 .ls 13
p 30 by (Jamme SNk 1 53 AE g (5 ek e S daaagls (2l e D e 5L el Ol
laas 5l g ol IS8 a5 odaliin b g 35 oo baaa gl S8 L5 Col bl gy 53 Ko Sl 5 5 Lol 6|
=55 nl sl al sty 53 (Dela-Cruz et al., 2006) Js allae (oK Sl Lo 5 4l 55 03 03 4T 51 015 o0
ol 5Bl e ak Camaz 31w bl 6345 e otalis Odontidiom mesodonsle bw £ 51 & 5 55 ¢ ol Ko
S ass ol 534 (ST pslie slas S dler 316355 o sdaline Jled Cn Kl slded 5 Sl oS Sl 657
Eunotia ile o g3dew | (slaos jor Odiiodalive Jdsa (sl ol 4l gy 53 358 oo 05l 1 LT @ aslsl 55 5 Lilods
o g3 ) (lata 513 (6l mlio Lo 5 3 05 Sl (gl Sl il 5y ) 6 5 dom Ol 55 oo
53 LE Bty ol s 015 e sl ol 8l 5, PH ot 3l oda T 34 sltel b |, .(Jamaloo et al., 2006)
Grs & o 3105 dw PH Gl Jzd ot Jgead aen 55 7Y oSyl a8l GWBPH (glls J i sles
lag S ol .dins asls| ;)g>4{.ulj:@,,_.:qéuq);,Mjsﬂa\wuuw;\ Fp ol s oLl s
Surirella brebisoni, Navicula veneta, Amphora veneta, Cyclotella meneghiniana ;I JSlo,L ¢

Sla by 5 55 45 Llokd odaliie Liagh cpl 3 55w & 51 &, .(Dela-Cruz et al., 2006; Komulaynen, 2009)
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Llosls Olis s 0 Kty s Slallas .oul Naviculla s Gomphonema «Cymbella s 54 0T 3l day 5 Sl
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Nitzschia Amphora pediculus s S o,L_il 5,50 'l a4 Ol55 s o & ol 5148 WIS 2tie Calies Ll
Lo b L8 5w, Sde glas S sl Navicula tripunctata NNitzschia recta WUlnaria ulna dissipata
Gl g8 Lma ol 3 Sdias slge 5 Wl 2k Sl g lE slee hiSl S LIS gladase sl o LUS
ol bl (A odalline gl al allsy, 4o &S sboles (Atazadeh et al., 2007 Chessman et al., 2007;)
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Figure 2— CCA analysis in the four seasons of spring, summer, autumn and winter (distribution of species: inverted triangle

spring, square summer, solid circle autumn, rhombus winter)
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