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This study is the first attempt to investigate some diatom species in the western rivers of Lake Urmia. The study 

presents the details of Encyaonema, Craticula, and Cymatopleura at the lowest taxonomic level to provide information 

in terms of species taxonomy, morphology and ecology. In order to determine the morphological similarities in species 

level of the aforementioned genera, 14 sites were repeatedly sampled along the rivers from September 2021 to August 

2022. The results showed a high diversity of diatoms including Encyonema caespitosum. Encyonema silesiacum, 

Encyonema prostratum, Craticula cuspidata, Craticula ambigua, Cymatopleura solea, Cymatopleura apiculata, 

Cymatopleura hibernica and Cymatopleura elliptica. The taxonomic and ecological study of the observed species 

from the western rivers of Lake Urmia indicates diatom assemblage closely integrated with the limnology and 

ecological status of the rivers. Indeed, the results infer that the rivers undergo a transition from freshwater to brackish, 

particularly where the rivers terminate at Lake Urmia. 
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های غربی دریاچه در رودخانه Cymatopleura  (Bacillariophyta) و  Encyonema ،Craticulaهای سردههای دیاتومهمطالعه 

 ارومیه، ایران

شناسی، دانشکدگان علوم، دانشگاه تهران، تهران، دانشکده زیستارشد گروه علوم گیاهی،  یکارشناسدانشجوی  سید رضا مهرجویان:

 ایران

 شناسی گیاهی، سلولی و ملکولی، دانشکده علوم طبیعی، دانشگاه تبریز، تبریز، ایرانزیست دیار گروهاستا احسان عطازاده:

های دریاچه ارومیه است. این مطالعه جزئیات جنسهای غربی های دیاتومه در رودخانهبرای بررسی برخی از گونهاولین گزارش این مطالعه 

Encyaonema ،Craticula و Cymatopleura کند تا اطلاعاتی از نظر تاکسونومی، مورفولوژی و بندی ارائه میترین سطح طبقهرا در پایین

ها در طول رودخانه ایستگاه 14وق الذکر، از های فهای جنسمورفولوژیکی در سطح گونه هایها بدست آید. به منظور تعیین شباهتاکولوژی گونه

 ,Encyonema caespitosum ها از جملهدهنده تنوع بالای دیاتومهبرداری شد. نتایج نشاننمونه 2022تا آگوست  2021به طور مکرر از سپتامبر 

Encyonema silesiacum ،Encyonema prostratum ،Craticula cuspidata ،Craticula ambigua،Cymatopleura solea ،

Cymatopleura apiculata ،Cymatopleura hibernica وCymatopleura elliptica  های بود. بررسی تاکسونومیکی و اکولوژیکی گونه

ژیکی این ها کاملا مرتبط با لیمنولوژی و وضعیت اکولودهد که تجمع دیاتومهغربی دریاچه ارومیه نشان میهای شده از تمامی رودخانهمشاهده
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شوند، از آب شیرین به ها به ویژه در حوالی مناطقی که به دریاچه ارومیه منتهی میکنند که رودخانهها است. در واقع، نتایج چنین بیان میرودخانه

 .شوندلب شور تبدیل می
INTRODUCTION

Biogeography, in defining the  relationship 

between the distribution pattern of biodiversity and 

their environmental condition, is the most important 

characteristic of the biological community. Diatom 

biodiversity and assemblages reflect the function and 

ecological processes of the riverine ecosystems. 

Recently, research on diatoms has extensively 

progressed so that these studies not only focus on 

taxonomy and morphology but also focus on 

biomonitoring and diatom-based indices for evaluation 

of ecological condition of riverine ecosystems 

(Chessman & al. 2007; Atazadeh & al. 2021). The 

taxonomic composition of benthic diatom communities 

has been widely used for monitoring of water quality 

(Lowe & Pan 1996; Chessman & al. 2007).  

Until now, there is no clear checklist of diatoms of 

Iran. However, some studies were conducted over the 

past few decades including Algues des dèserts d'Iran 

(Compère 1981), Anzali Lagoon (Nejadsattari & al. 

2005), Lake Neure (Nejadsattari 2005), Gharasou River 

(Atazadeh & al. 2007), Ramsar rivers (Soltanpour-

Gargari & al. 2011), Karaj and Marbareh Rivers (Kheiri 

& al. 2018a, 2018b), Zayandeh-Rood (Shams-

Kahrizsangi & al. 2012), Balikhli River (Panahy-

Mirzahasnlou & al. 2018), and Taleghan River (Naseri 

& al. 2022).  

The genus Encyonema was first established by 

Kützing in 1833 (Kützing 1833). All over the mid-20th 

century, a number of taxa were added (e.g. Frenguelli 

1942; Mayer 1947), which indicates not using the name 

of the genus Encyonema, whereas Cymbella was used. 

The genus Encyonema was later distinguished from 

Cymbella by D.G. Mann in 1981, Kociolek and 

Stoermer in 1988 and Krammer in 1997. Encyonema 

was different from Cymbella due to its organ features 

and raphe deviations and the shape of valves. 

Encyonema is a relatively large genus, with more than 

150 species suggested by Krammer in 1997 (Liu & al. 

2021b). Cells are dorsiventral, the central raphe ends 

are turned to dorsal. While the distal raphe ends sharply 

curved to ventral. Cells are forming colonies through 

mucous tubes, occasionally solitary. Furthermore, 

chloroplast solitary, expanding under both valves 

towards the dorsal side of the girdle, with the center 

opposite its ventral side. Globally distributed 

freshwater genus in different ecosystems in terms of 

trophy and pH (Kulikovskiy & al. 2016). 

The genus Craticula Grunow was described based 

on the species C. perrotettii Grunow and was forgotten 

for a long time until Mann & Stickle (Mann & Stickle 

1991) re-established the genus and provided a more 

detailed description based on ultrastructural and sexual 

characteristics (Levkov & al. 2016). Most members of 

this genus were previously part of the Navicula. One of 

the reasons for naming this genus is due to the presence 

of "craticula" (Levkov & al. 2016). The valves are 

lanceolate with narrowly protruding or capitate-

deposed ends, with a straight raphe fissure. Inner 

frustules can be formed, or valves with alternating 

radial stripes instead of roughly parallel ones (Hofmann 

& al. 2011). Cells are solitary and naviculoid. 

Furthermore, they have two chloroplasts, curved like a 

boat, adjacent to the girdle, opposite each other, with 

one or more pyrenoids on each (Kulikovskiy & al. 

2016). The species of the genus are mostly marine. 

However, they can be found in freshwater ecosystems 

from acidic to alkaline and from oligotrophic to 

eutrophic. 

The genus Cymatopleura was first introduced by 

W. Smith in 1851 (Smith 1851). The frustrates have 

canal raphes that run around the valve at the mantle 

edge. Very coarse frustules are formed on the valve 

view, the crests and troughs of which are clearly visible 

in valve view and girdle view under light microscope. 

In the valve view, the valves are not interrupted in the 

area of the median line (Hofmann & al. 2011). The cells 

are solitary, in the preparation as is visible from the 

girdle. Valves are isopolar, occasionally twisted along 

the longitudinal axis. Species of the genus are 

distributed in different types of ecosystems around the 

world. 

Studying diatom taxonomy, biodiversity and 

biogeography around the rivers of the world second 

hypersaline lake is greatly important due to the region 

is facing tremendous threats of degradation by human 

activities and anthropogenic stressors. This is first 

study in the western rivers of Lake Urmia, Iran. The 

present study contributes to our diatom knowledge in 

terms of taxonomic and morphological diversity of 

Encyonema, Craticula, and Cymatopleura in the 

western rivers of Lake Urmia. In addition, the available 

data were compared with earlier work from different 

geographic regions. Furthermore, careful observation 

can provide important information about the ecological 

status of the rivers. 
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MATERIALS AND METHODS 
Study area 

Lake Urmia, the largest saline lake in northwestern 

Iran, has severe restrictions on water resources and is 

becoming more saline and dry these days (Fig. 1a-d). 

The continuous decline in water flowing into the lake 

has caused a significant shrinkage in the lake’s surface 

area since 1995 (USGS 2022). A number of the rivers 

that discharge into Lake Urmia are Talkherood (Aji-

Chay), Zarrinehrood, Lilan, Mordagh, Siminehrood, 

Mahabadrood, Baranduz-Chay, Nazlou-Chay, Rouzeh-

Chay, Zola-Chay, Shahr-Chay, Sufi-Chay, etc.  

Nazlu-Chay is located on the northwest of Lake 

Urmia. Nazlu-chay is formed by joining of several 

small tributaries that flow from the surrounding high 

mountains, especially the mountains border of Iran and 

Turkey. The main tributary of this river is Sero-Chay. 

The length of the Nazlu-Chay is 95 km with the 

catchment area of 1960 km2 (Fig. 1b; Table 1).  

Rouzeh-Chay is a 65 km long river, which 

originates 23 km west of Urmia city and flows to the 

northeast, then merges with the Nazlu-Chay and 

discharges into Lake Urmia. The water level of this 

river has decreased significantly due to human 

activities (Fig. 1b; Table 1).  

Shahr-Chay river is formed by the joining of 

several small tributaries in a reservoir called Shahr-

Chay Dam and passes through the village of Band and 

the city of Urmia along its route and finally flows into 

Lake Urmia in an area called Cape Hesar. It should be 

noted that Shahr-Chay is a permanent river which 

passes through the city of Urmia and it supplies water 

for urban and agricultural usage. (Fig. 1b; Table 1). 

Baranduz-Chay originates from border of Iran and 

Turkey. After receiving various tributaries which join 

together in an area called Haftavan. From this area 

onwards, it is known as Baranduz-Chay. This river 

flows into Lake Urmia after passing through several 

villages in the southern part of Urmia city. The 

catchment lies to the south of the city of Urmia and 

covers an area of approximately 1019 km2 (Fig. 1b; 

Table 1). 

Sampling and laboratory techniques  

Algal periphyton samples were collected (three 

replicates) from emergent and submerged surfaces 

including cobbles, pebbles or rocks, woody debris, 

aquatic plants and mud at points within each of the 

established sampling sites where the water velocity was 

relatively low. The algal periphyton was scraped from 

an area of 20-30 cm2 of a substrate using a soft 

toothbrush. The sample was washed into a plastic tray 

with river water and the resulting algal suspension 

rinsed into a 250 mL collection bottle. 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.

Fig. 1. a-b, Map of Iran and location of 14 sampling stations in the western rivers of Lake Urmia; c, current 

status of Lake Urmia, derived from LandSat imagery; d, significant shrinkage in the lake’s surface. 
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The beakers were filled with distilled water and left 

to settle overnight after which the supernatant was 

discarded (Atazadeh & al. 2014). This process was 

repeated four times. Subsamples of 800 µl were air-

dried on coverslips and mounted using Naphrax. Then 

permanent slides were studied under optical 

microscopes (Zeiss Axioskop 40’ with integrated DP 

450 camera) and (Olympus CH-2, Japan) capable of 

1000X magnification. For scanning electron 

microscopy (SEM), the rinsed samples were 

resuspended in a solution of deionized water for 30 

minutes and rinsed three times in distilled water. 

Diatom suspensions were dried directly on 22 mm 

aluminum stubs and gold coated with a Dynavac 

Xenosput sputter coater. Images were taken in a 

TESCAN VEGA3 field-emission scanning electron 

microscope, with a working voltage of 2.0 kV and spot 

size 2. 

 Diatoms were identified in the laboratory using 

global and regional identification keys (Kulikovskiy & 

al. 2016; Hofmann & al. 2011; Krammer & Lange-

Bertalot 1986, 1988; Krammer & Lange-Bertalot 

1991a; Krammer & Lange-Bertalot 1991b; Bishop & al. 

2017; Blanco 2020). The North American Diatom and 

Algae-Base and Diatom-Base websites were also used 

for a more examinations (Guiry 2022; Kociolek & al. 

2022; Spaulding 2022). 

 
Table 1. Sampling sites including names of rivers, geographical coordinates and ecological characteristics. 

 
RESULTS 
Encyonema Kütz. 

Classification: Chromista, Bacillariophyta, 

Bacillariophyceae, Bacillariophycidae, Cymbellales, 

Cymbellaceae, Encyonema 

Encyonema caespitosum Kützing, 1849 (Figs. 3-4, 

Table 2) 

Synonyms: Encyonema prostratum sensu Kützing 

1844, Encyonema caespitosum var. ovata Grunow 

1875, Cymbella caespitosa (Kützing) Brun 1880, 

Encyonema auerswaldii Rabenhorst 1853 

Morphology: Valves dorsiventral, dorsal side convex, 

ventral slightly convex. The ends are slightly drawn on 

the ventral side, widely rounded. Length 22-46 µm, 

width 9-13 µm. Axial area strongly offset ventrally. 

Central area missing, relatively pronounced, rounded. 

Proximal end of raphe curved dorsally. As is generally 

characteristic of this genus, the central ends curve 

dorsally. Striae weakly radial, 10–12 in 10 µm. 

Ecology: Lives in mesotrophic alkaline water bodies, 

and freshwater with medium electrolyte content, in 

flowing habitats rarer, particularly in large streams and 

rivers (Kulikovskiy & al. 2016; Hofmann & al. 2011). 

Distribution: Cosmopolitan (Kulikovskiy & al. 2016). 

Frequent to very frequent (Hofmann & al. 2011). 

Occurrence in sampling sites: S8, S12 

Encyonema silesiacum (Bleish) D.G. Mann 1990 (Fig. 

5, Table 2) 

Basionym: Cymbella silesiaca Bleisch 1861-1882. 

Synonym: Cymbella minuta var. silesiaca (Bleisch) 

Reimer 1975. 

Morphology: Valves strongly dorsiventral, semi-

lanceolate, dorsal side strongly convex, ventral straight, 

slightly convex in the central part. The ends are 

narrowly rounded, inclined to the ventral side. Length 

16-42 µm, width 6-10 µm. The axial area is narrow, 

located closer to the ventral side. The central area is 

weakly expressed. Striae 10-13 in 10 µm. 

 

Site 

No. 
Site name River name Latitude Longitude 

Altitude 

(m a.s.l) 
pH 

Conductivity 

mS.cm-1 

TDS 

g.L-1 

S1 Nazlu Nazlu-Chay 37̊40'25" 44̊58'27" 1373 7.6-9.4 0.35-1.45 0.17-0.71 

S2 Baghestan Nazlu-Chay 37̊42'46" 45̊05'21" 1226 7.7-8.8 0.42-0.72 0.2-0.35 

S3 Tala-tappe Nazlu-Chay 37̊43'18" 45̊10'40" 1370 7.3-8.1 0.38-0.58 0.18-0.29 

S4 Osalu Nazlu-Chay 37̊42'33" 45̊12'38" 1280 7.8-7.95 0.37-0.5 0.18-0.24 

S5 Tiz-kharab Rouzeh-Chay 37̊37'29" 44̊59'12" 1415 6.9 0.74 0.36 

S6 Gajin Rouzeh-Chay 37̊37'20" 45̊00'06" 1400 - - - 

S7 Balow Rouzeh-Chay 37̊38'12" 45̊02'02" 1370 8.3 0.59 0.29 

S8 Nushan-sofla Shahr-Chay 37̊27'55" 44̊56'17" 1510 8-8.7 0.24-0.42 0.11-0.2 

S9 Daneshjo Park Shahr-Chay 37̊31'41" 45̊03'10" 1353 7.9-9.2 0.25-0.47 0.12-0.23 

S10 Aghche-Galee Shahr-Chay 37̊32'50" 45̊07'35" 1310 4.9-7.5 0.24-1.04 0.12-0.5 

S11 Keshtiban Shahr-Chay 37̊33'11" 45̊14'45" 1297 7-8.2 0.25-2.49 0.12-1.24 

S12 Baranduz Baranduz-Chay 37̊24'05" 45̊05'36" 1322 7.2-8.2 0.31-0.77 0.15-0.38 

S13 Dizaj Tekiyeh Baranduz-Chay 37̊25'09" 45̊10'23" 1308 6.9-7.9 0.36-1.04 0.17-0.52 

S14 Arablou Baranduz-Chay 37̊24'06" 45̊14'45" 1295 7.8-8 0.41-0.59 0.2-0.29 
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Ecology: Mainly in the mountains, oligotrophic and 

mesotrophic water bodies with a low or moderate level 

of mineral (Kulikovskiy & al. 2016; Hofmann & al. 

2011). 

Distribution: In Central Europe rather frequent and 

occasionally abundant, furthermore in Germany, in 

running waters in alpine and sub-alpine regions 

(Hofmann & al. 2011). 

Occurrence in sampling sites: S8, S9, S11, S12, S13 

 

 
Table 2. The species details and measurements of the genus Encyonema in the studied sites.  
 

Figs Species Length (µm) Width (µm) Striae (#/10μm) 

3 Encyonema caespitosum 37.4 12.2 10 

4 Encyonema caespitosum 35.9 12.6 11 

5 Encyonema silesiacum 25.4 9 12 

Table 3. The details and measurements of Encyonema prostrata in the studied sites. 
Figs Species Length (µm) Width (µm) Striae (#/10μm) Areolae (#/10μm) 

6 Encyonema prostratum 70.8 23.8 6 16 

7 Encyonema prostratum 67.6 24.5 6 16 

8 Encyonema prostratum 66.9 25 6 16 

9 Encyonema prostratum 66.4 25.4 6 16 

10 Encyonema prostratum 65.8 22.7 7 16 

11 Encyonema prostratum 63.4 23.4 7 16 

12 Encyonema prostratum 63.4 22.3 7 16 

13 Encyonema prostratum 62.3 24.5 7 16 

14 Encyonema prostratum 56 23.8 7 16 

15 Encyonema prostratum 53.2 23.4 7 16 
 

Fig. 2. Pictures of some sampling sites: a, Baghestan; b, Nushan-sofla; c, Daneshjo-Park; d, Aghche-Galee; e, 

Keshtiban; f, Baranduz. 
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   Table 4. The details and measurements of Craticula cuspidata in the studied sites. 
 

Figs Species Length (µm) Width (µm) Striae (#/10μm) 

16 Craticula cuspidata 116.1 28.8 11 

17 Craticula cuspidata 115.3 27.9 11 

 

 

 

 

 

 

  

Figs. 6-15. Encyonema prostratum. LM valve view. Scale bar = 10 µm. 

Figs. 3-4. Encyonema caespitosum, LM valve view. Fig 5: Encyonema silesiacum LM valve view. Scale bar = 10 µm. 
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Encyonema prostratum (Berkeley) Kützing 1844 

(Figs. 6-15, Table 3) 

Basionym: Monema prostratum Berkeley 1833. 

Synonym: Encyonema paradoxum Kutzing 1833, 

Encyonema maximum Wartmann 1862, Cymbella 

encyonema Heiberg 1863, Cymbella prostrata 

(Berkeley) P. T. Cleve 1894. 

Morphology: Valves strongly dorsiventral, semi-

lanceolate; dorsal side convex; ventral side convex in 

middle part. The ends are broadly rounded, slightly 

curved on the ventral side. Length 38-94 µm, width 16-

25 µm. Axial area moderately narrow. The central area 

is small, rounded. Striae radial, 7-10 in 10 µm. Areolae 

16 in 10 µm. 

Ecology: Eutrophic reservoirs and freshwater 

(Kulikovskiy & al. 2016). 

Distribution: Cosmopolitan (Kulikovskiy & al. 2016). 

Occurrence in sampling sites: S2, S8, S9, S11, S12, 

S13 

Craticula Grunow 1868. 

Classification: Chromista, Bacillariophyta, 

Bacillariophyceae, Bacillariophycidae, Naviculales, 

Stauroneidaceae, Craticula  
Craticula cuspidata (Kützing) DG Mann 1990 (Figs 
16-17, Table 4) 
Basionym: Frustulia cuspidata Kützing 1833. 
Synonyms: Navicula cuspidata (Kützing) Kützing 
1844. 
Morphology: Valves rhombic-lanceolate to broadly 
lanceolate. The ends are narrowly rounded, relatively 
capitated or sub-capitated. Length 65-170 µm, width 
17-36 µm. The axial area is narrow. The central area is 
weakly expressed, slightly expanded. Striae parallel, 
rarely slightly radial, relatively converging at the ends, 
11-15 in 10 µm. 
Ecology: Fresh and brackish waters (Kulikovskiy & al. 

2016), frequently recorded from inland habitats with 

high conductivity and brackish waters (Hofmann & al. 

2011). 
Distribution: Cosmopolitan (Kulikovskiy & al. 2016). 
Occurrence in sampling sites: S2, S9, S11, S13 

 
  Table 5. The details and measurements of Craticula ambigua in the studied sites. 

Figs Species Length (µm) Width (µm) Striae (#/10μm) Areolae (#/10μm) 

18 Craticula ambigua 93 25.3 14 30 

19 Craticula ambigua 88.3 23.3 No data No data 

20 Craticula ambigua 89 25 No data No data 

21 Craticula ambigua 79.8 22.2 14 30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figs. 16-17. Craticula cuspidata LM valve view. Scale bar = 10 µm. 
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Craticula ambigua (Ehrenberg) DG Mann 1990 (Figs 

18-21, Table 5) 

Basionym: Navicula ambigua Ehrenberg 1843. 

Synonyms: Navicula cuspidata var. ambigua 

(Ehrenberg) Kirchner 1878. 

Morphology: Valves elliptical-lanceolate. The ends 

are attenuated, from sub-capitate to capitate. Length 38-

95 µm, width 12-24 µm. The axial area is narrow, 

linear. The central area is weakly expressed, slightly 

expanded, and may be absent. Striae are very weakly 

radial, converging at ends, 15–18 in 10 µm. Areolae 

about 30 in 10 µm. 

Ecology: Eutrophic and mesotrophic water bodies, 

moderately or strongly conductivity (Kulikovskiy & al. 

2016; Hofmann & al. 2011). It usually appears in 

eutrophic, alkaline freshwater or slightly brackish 

waters. 

Distribution: Cosmopolitan (Kulikovskiy & al. 2016). 

Occurrence in sampling sites: S2, S13 

Cymatopleura W Smith 1851. 

Classification: Chromista, Bacillariophyta, 

Bacillariophyceae, Bacillariophycidae, Surirellales, 

Surirellaceae, Cymatopleura. 

Cymatopleura solea (Brébisson) W. Smith 1851 (Figs 

22-30, Table 6) 

Basionym: Cymbella solea Brébisson 1835. 

Synonyms: Navicula librile Ehrenberg 1832, 

Cymatopleura librile (Ehrenberg) Pantocsek 1902. 

Morphology: Valves broadly linear, narrowed in 

middle part. The ends are wedge-shaped, rounded. 

Length 30-300 µm, width at the ends 10-45 µm. Fibulae 

7-8 in 10 µm. The striae are 28-29 in 10 µm. 

Ecology: Mesotrophic and eutrophic fresh or brackish 

water bodies (Kulikovskiy & al. 2016; Hofmann & al. 

2011). 

Distribution: Cosmopolitan (Kulikovskiy & al. 2016), 

in Central Europe widely distributed (Hofmann & al. 

2011). 

Occurrence in sampling sites: S2, S3, S4, S5, S7, S8, 

S10, S11, S12, S13, S14

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figs. 18-21: Craticula ambigua. LM valve view. Scale bar = 10 µm. 
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Table 6. The details and measurements of Cymatopleura solea in the studied sites. 

 

 

Cymatopleura apiculata (Brébisson) W. Smith 1853 

(Figs 31-32, Table 7) 

Synonyms: Cymatopleura solea var. apiculata 

(W.Smith) Ralfs 1861, Surirella librile (W.Smith) 

Descy 1983. 

Morphology: The valves are broadly linear, narrowed 

in the middle part. The ends are wedge-shaped, rounded 

in small specimens. Length 38-125 µm, width at the 

ends 15-21 µm. Fibulae 7-8 in 10 µm. Striae are 28-29 

in 10 µm. 

Ecology: Mesotrophic and eutrophic fresh or brackish 

water bodies (Kulikovskiy & al. 2016). 

Distribution: Cosmopolitan (Kulikovskiy & al. 2016). 

Occurrence in sampling sites: S8, S12, S13, S14 

 

Figs Species Length (µm) Width (µm) 
Fibulae 

(#/10μm) 
Striae (#/10μm) 

22 Cymatopleura solea 210.5 26.7 6 28 

23 Cymatopleura solea 131.8 18.4 6 28 

24 Cymatopleura solea 125 22.8 6 28 

25 Cymatopleura solea 119.7 20.9 7 28 

26 Cymatopleura solea 115.2 19.1 7 29 

27 Cymatopleura solea 100.8 19.3 6 28 

28 Cymatopleura solea 93.8 20.8 7 29 

29 Cymatopleura solea 88.5 18.4 7 29 

30 Cymatopleura solea 83.4 20 7 28 

Figs. 22-30. Cymatopleura solea, Figs 22-29 LM valve view, Fig 30 SEM valve view. Scale bar = 10 µm. 
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Table 7. The details and measurements of Cymatopleura apiculata in the studied sites  

Figs Species Length (µm) Width (µm) Fibulae (#/10μm) 
Striae 

(#/10μm) 

31 Cymatopleura apiculata 72.7 15.5 7 29 

32 Cymatopleura apiculata 60 20.1 7 No data 

 

Table 8. The details and measurements Cymatopleura hibernica in the studied sites. 

 

Cymatopleura hibernica W. Smith 1851 (Figs 33-35, 

Table 8) 

Synonyms: Surirella plicata Ehrenberg 1854, 

Cymatopleura nobilis Hantzsch 1860, Cymatopleura 

elliptica var. rhomboides Grunow 1862, Cymatopleura 

elliptica var. ibernica (W. Smith) Van Heurck 1881, 

Cymatopleura elliptica var. ibernica (W. Smith) Van 

Heurck 1896, Cymatopleura plicata (Ehrenberg) 

Pantocsek 1902, Cymatopleura elliptica var. nobilis 

(Hantzsch) Hustedt 1912.       Morphology: The valves 

are rhombic-elliptical. The ends are sharply rounded or 

wedge-shaped. The frustules possess canal raphes 

which run around valves at the mantle margin. Length 

60-190 µm, width 48-71 µm. Fibulae 3-5 in 10 µm. 

Ecology: Fresh and brackish waters (Kulikovskiy & al. 

2016). 

Distribution: Cosmopolitan (Kulikovskiy & al. 2016). 

Occurrence in sampling sites: S2, S3, S8, S12, S13, 

S14 

Figs Species Length (µm) Width (µm) Fibulae (#/10μm) 

33 Cymatopleura hibernica 141.9 67.7 4 

34 Cymatopleura hibernica 113 58.9 3 

35 Cymatopleura hibernica 102.6 58.8 3 

Figs. 31-32. Cymatopleura apiculata, LM valve view. Scale bar = 10 µm Figs. Figs 33-35: Cymatopleura hibernica, 

LM valve view. Scale bar = 10 µm. 
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Cymatopleura elliptica (Brébisson) W. Smith 1851 

(Figs 36-38, Table 9) 

Basionym: Surirella elliptica Brébisson ex Kützing 

1844. 

Morphology: The valves are broadly elliptical. The 

ends are bluntly rounded to broadly rounded or flatted. 

The frustules possess canal raphes which run around 

valves at the mantle margin. Length 60-220 µm, width 

30-90 µm. Fibulae 3-4 in 10 µm. 

Ecology: Fresh and brackish waters (Kulikovskiy & al. 

2016). 

Distribution: Widely distributed in Central Europe but 

always in small numbers (Hofmann & al. 2011). 

Occurrence in sampling sites: S1, S2, S4, S7, S8, S12, 

S13 

Table 9. The details and measurements of Cymatopleura elliptica in the studied sites 

Figs Species Length (µm) Width (µm) Fibulae (#/10μm) 

36 Cymatopleura elliptica 103.9 58.9 3 

37 Cymatopleura elliptica 90.4 61 3 

38 Cymatopleura elliptica 97.5 60.2 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figs. 36-38. Cymatopleura elliptica, Figs 36-37 LM valve view, Fig 38 SEM external valve view. Scale 

bar = 10µm. 
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Overall, the results showed high diversity of 

diatoms species which in present study focused on 9 

species from 3 genera including Encyonema, Craticula 

and Cymatopleura. The taxonomic and ecological 

study of the observed species from all the western rivers 

of Lake Urmia indicate diatom assemblage closely 

integrated with the limnological and ecological status 

of the rivers. 

 

DISCUSSION 
Lake Urmia resembles the Great Salt Lake (USA) 

in terms of geomorphology and water chemistry 

characteristics (Kelts & Shahrabi 1986). Lake Urmia, a 

UNESCO designated Biosphere Reserve and listed in 

Ramsar sites, is one of the most important lakes in the 

world and the second hypersaline lake (salinity ranging 

from 217 to more than 300 g.L-1) in the world (Sharifi 

& al. 2018). This lake has suffered from a significant 

water shortage in recent years due to human activities, 

anthropogenic use and climate changes. The western 

rivers of the lake have less conductivity particularly in 

upstream sites, however, the conductivity gradually 

increased in down streams close to Lake Urmia which 

affect the diversity and species richness. It is 

noteworthy that observing and identifying species in 

such a condition can transmit relevant information 

about the species composition and their tolerance to 

conductivity. The upper reaches of the Nazlu-chay, 

Rouzeh-Chay, Shahr-chay, and Baranduz-chay rivers 

have fresh and relatively fresh water. In addition, the 

Aji-Chay has much less water, and only in certain 

months of the year, due to low rainfall, it comes dry 

completely.  

In the present study, nine species were carefully 

analyzed. The genera Encyonema, Craticula, and 

Cymatopleura have already been reported in Iran. 3 

species of Encyonema including E. caespitosum, E. 

silesiacum, and E. prostratum, 2 species of Craticula 

and they including C. ambigua, and C. hibernica, 4 

species of Cymatopleura that includes C. solea, C. 

apiculata, C. hibernica, and C. elliptica, were 

observed. The comparison of studied specimens  with 

other regions of Iran showed that  Encyonema 

caespitosum was reported in Karaj river (Kheiri & al. 

2018a), in addition, Encyonema silesiacum has been 

reported in Balikhli River (Panahy-Mirzahasnlou & al. 

2018), Kashkan River (Safiallah & al. 2020), and 

Taleghan River (Naseri & Noroozi 2021). At the same 

time, Encyonema prostratum has been reported in 

Gavkhuni wetland (Zarei-Darki 2011). Similarly, 

Craticula cuspidata has been documented in the 

Balikhli River (Panahy-Mirzahasnlou & al. 2018), and 

the Anbaran Chay river (Panahy & al. 2020), in 

addition to which Craticula ambigua has been reported 

in the Gavkhuni wetland (Zarei-Darki 2011). 

Like the two mentioned genera, the taxa 

Cymatopleura solea from Iran has been reported in the 

National Botanical Garden (Nezhadsatari & al. 2007), 

Ramsar streams (Soltanpour-Gargari & al. 2011), 

Zayandehrud (Zarei Darki & al. 2013), Boujagh 

National Park (Noroozi & al. 2009), Shahroud river 

(Sharifinia & al. 2016), Caspian Sea (Tahami & al. 

2018), Marbareh river (Kheiri & al. 2018b), Kordan 

river (Adl & al. 2020), Jajrood (Jamalou & al. 2005), 

and Aras (Ghaffari & al. 2020; Mohebbi & al. 2012). In 

addition, Cymatopleura elliptica has been reported 

from Iran in Ramsar streams (Soltanpour-Gargari & al. 

2011), Boujagh National Park (Noroozi & al. 2009), 

Golestan province (Ahmadi Musaabad & al. 2019), 

Kordan river (Adl & al. 2020), and Balikhli river 

(Panahy-Mirzahasnlou & al. 2018).  

Due to the similarities between the species, 

especially in diatoms, their comparison provides a 

broad view and classified information, which at the 

same time increases the accuracy of the study. The 

species of Encyonema, especially E. silesiacum and E. 

caespitosum, were compared in Table 10 due to their 

morphological similarity. As it can be seen, both 

mentioned species have a complete overlap with their 

previous reports in terms of size and number of striae. 

Encyonema silesiacum overlaps with E. caespitosum, 

E. ventricosum, E. lange-bertalotii, and E. procerum in 

terms of length, while it is larger than E. montana. In 

terms of width, E. silesiacum only overlaps with E. 

caespitosum and is larger than other species. It is 

noteworthy that the amount of striae of our studied 

species is consistent only with E. caespitosum and E. 

procerum and is different from other species. The 

length of Encyonema caespitosum only overlaps 

relatively with E. procerum, but its width does not fit 

with any of the species in the Table 10.  

Encyonema prostratum was compared with their 

similar species in terms of its morphology in Table 11. 

The E. prostratum in this study has shown a high 

similarity. In terms of length, it is completely consistent 

with E. leibleinii, E. yellowstonianum, E. nicafei, E. 

latum, E. reimeri, and is different from other species. 

Also, in terms of width, it completely fits with E. latum, 

and E. reimeri, and has little overlap with E. leibleinii, 

and E. yellowstonianum. In addition, the number of 

striae in the E. prostratum is completely overlapping 

with E. latum, and relatively overlapping with E. 

leibleinii. 
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Craticula cuspidata, and Craticula ambigua were 

compared with their similar species in terms of their 

morphological characteristics in Table 12. The C. 

cuspidata in this study has shown a complete overlap 

with its previous reports, and C. ambigua in this study 

has shown a high overlap with its previous reports, and 

in terms of width, it has a small discrepancy that can be 

ignored. The C. cuspidata and C. ambigua in this study 

are completely consistent with C. johnstoniae, and C. 

acidoclinata in terms of length. They also completely 

overlap in width with only C. acidoclinata and are 

completely different from the rest of the species. It 

should be noted that the number of striae in C. 

hibernica only overlaps with C. acidoclinata, and also 

C. ambigua with C. johnstoniae, and C. acidoclinata 

completely fits. 

Cymatopleura solea and Cymatopleura apiculata 

were compared with their similar species in terms of 

appearance similarity in Table 13. Cymatopleura solea, 

and C. apiculata in this study showed complete overlap 

with previous reports. The C. solea in this study has 

shown complete overlap with almost all species in 

terms of length and width. The C. apiculata in this 

study, is consistent with C. rugosa, Surirella 

dongtingensis, and Surirella librile in terms of length, 

and in terms of width, it overlaps with almost all the 

species in the table. C. solea, and C. apiculata in this 

study do not match with Surirella dongtingensis in 

terms of the number of fibulae, and due to the lack of 

detailed information on fibulae in other species, it is not 

possible to compare in this regard. 

Cymatopleura elliptica and Cymatopleura 

hibernica were compared with their two similar species 

in terms of morphological similarity (Table 14). 

Cymatopleura elliptica and C. cuspidate in this study 

showed complete overlap with previous reports. The C. 

elliptica in this study has shown a complete overlap 

with Surirella undulata in terms of length and width. 

Also, the C. cuspidata in this study is relatively 

consistent with Surirella undulata in terms of length 

and width. In terms of the number of fibulae, C. 

cuspidata is consistent with Surirella undulata, and due 

to the lack of data in Cymatopleura internationale, it 

cannot be compared. 
We examined the morphology and ecology of 

Encyonema caespitosum. Encyonema silesiacum, 
Encyonema prostratum, Craticula cuspidata, 
Craticula ambigua, Cymatopleura solea, 
Cymatopleura apiculata, Cymatopleura 
hibernica and Cymatopleura elliptica and 
demonstrated that these species have a wide 
geographic distribution with a broad ecological 
tolerance, from fresh to brackish water. Clearly, 
additional work on diatom taxonomy and 
environmental drivers of biodiversity deserves 
further attention in the region. It should be 
acknowledged the more investigations will bring 
great information about diatom community 
structure and their response to drying rivers and 
lake due to human activities (e.g. construction of 
dams and reservoirs) and climate variability and 
changes particularly in arid and semi-arid 
regions.

 

Table 10. Comparison of Encyonema silesiacum and Encyonema caespitosum with similar species. Asterisk (*) 

indicates the specimen in western rivers of Lake Urmia.  

 
E. 

silesiacum* 

E. 

caespitosum* 

E. 

silesiacum 

E. 

caespitosum 

E. 

ventricosum 

E. 

lange-

bertalotii 

E. 

procerum 

E. 

montana 

Length 

(µm) 
25.4 35.9-37.4 16-42 22-57 9-29 17-31 20-36 15-22 

Width 

(µm) 
9 12.2-12.6 6-10 9-15 4.5-7 6-8 5-8 6-8 

Striae 

(#/10μm) 
12 10-11 10-13 9-12 14-19 14-16 8-13 11-12 

Source This Study This Study 
Kulikovskiy 

2016 

Hofmann 

2011 

Kulikovskiy 

2016 

Bahls 

2016a 

Bahls 

2016b 

Bahls 

2018 

 

 

 

 

 

 

 

 



 

   

 

Table 11. Comparison of Encyonema prostratum with similar species. Asterisk (*) indicates the specimen in western rivers of Lake Urmia. 
 E. prostratum* E. prostratum E. lange-bertalotii E. auerswaldii E. leibleinii E. yellowstonianum E. nicafei E. latum E. reimeri 

Length 

(µm) 
53.2-70.8 38-94 17-31 22-32 40-65 39-75 56-76 50-84 30-89 

Width 

(µm) 
22.3-25.4 16-25 6-8 9-10 16-23 17-23 16-19 22-27 16-26 

Striae 

(#/10μm) 
6-7 7-10 14-16 10-12 7-10 10-11 9 6-8 10 

Areolae 

(#/10μm) 
c. 16 16 c. 30-35 c. 25 16-20 16 18 12-14 14-16 

Source This Study 
Kulikovskiy 

2016 
Bahls 2016a Lowe 2015 Alexson 2014 Spaulding 2010d 

Spaulding 

2010b 
Spaulding 2010a 

Spaulding 

2010c 

 

Table 12. Comparison of Craticula hibernica and Craticula ambigua with similar species. Asterisk (*) indicates the specimen in western rivers of Lake 

Urmia. 
 C. hibernica * C. ambigua* C. ambigua C. cuspidata C. accomodiformis C. riparia C. halophila C. johnstoniae C. acidoclinata 

Length (µm) 115.3-116.1 79.8-93 38-95 65-170 30-36 29-48 33-52 78-105 94-168 

Width (µm) 27.9-28.8 22.2-25.3 12-24 17-36 9-13 8-10 8-12 18-19 22-29 

Striae (#/10μm) 11 14 13-21 11-15 23-25 17-19 17-19 14-17 12-14 

Areolae 

(#/10μm) 
No data c. 30 30 20-26 No data No data No data No data No data 

Source This Study This Study 
Kulikovskiy 2016; 

LaLiberte & al. 2015 

Kulikovskiy 2016; 

Hofmann 2011 

Bishop & Burge 

2015 

Burge & 

Bishop 2015 
Bahls 2012b Bahls 2012c Bahls 2012a 

 

Table 13. Comparison of Cymatopleura solea and Cymatopleura apiculata with similar species. Asterisk (*) indicates the specimen in western rivers of Lake 

Urmia. 
 C. solea* C. apiculata* C. solea C. apiculata C. laticeps C. nyansae C. rugosa C. clavata Surirella dongtingensis S. librile 

Length 

(µm) 
83.4-210.5 60-72.7 30-300 38-125 130-166 138-245 52.5-100 110-240 56-93 56-280 

Width 

(µm) 
18.4-26.7 15.5-20.1 10-45 15-21 24-50 18-59.5 12-20 19-43 13-18 13-36 

Fibulae 

(#/10μm) 
6-7 7 6-9 No data No data No data No data No data 8-9 No data 

Striae 

(#/10μm) 
28-29 c. 29 28 28-29 >20 29 31 55-60 No data 29-34 

Source This Study This Study 
Kulikovskiy 

2016 

Kulikovskiy 

2016 

Cocquyt & John 

2014 

Cocquyt & John 

2014 

Cocquyt & John 

2014 

Cocquyt & John 

2014 
Liu & al. 2021a 

Kociolek 

2011 
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Table 14. Comparison of Cymatopleura elliptica and Cymatopleura hibernica with similar species. Asterisk (*) 

indicates the specimen in western rivers of Lake Urmia. 

 C. elliptica* C. hibernica* C. elliptica C. hibernica C. internationale Surirella undulata 

Length 

(µm) 
90.4-103.9 102.6-141.9 60-220 60-190 54-72 64-133 

Width 

(µm) 
58.9-61 58.8-67.7 30-93 48-71 31-39 45-67 

Fibulae 

(#/10μm) 
3 4-3 No data No data No data 4-5 

Source This Study This Study Kulikovskiy 2016 Kulikovskiy 2016 Bahls 2012d 
Hatcher 2018; Liu 

& al. 2021 
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