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Cyanophyta are the photosynthetic prokaryotes found in most of the ecological habitats. They are very diverse group
in concept of morphology and physiology and have been an interesting group for investigation. In the present
investigation thermophilic cyanophyta have been identified from three hot springs including Fariyab, Todlooye and
Fotooye located in west of Hormozgan province. Sampling was based on temperature gradients. Water
physicochemical characteristics analyzed because of their dramatic effects on species distribution. The collected
samples from different collection sites and various temperature ranges were fixed in 4% formaldehyde to minimize
quantitative and qualitative changes. Taxonomic determination was carried out using artificial keys presented in
some valid publications. As a result of this study, a total of 66 species were identified including 56 species, 22
genera and 10 families from Fariyab hot spring; 29 species, 11 genera and 6 families from Fotooye hot spring and
12 species, 6 genera and 2 families from Todlooye hot spring.
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INTRODUCTION concentration of sulfur and lots of reducing gases like
The prevail environmental condition during the methane, ammonia, and carbondioxide that shows their

origination of cyanophyta, in Precambrian included high tolerant ability in severe stressful environmental
high temperature, poor amount of free oxygen, high condition. Few organisms such as thermophile
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unicellular prokaryotes belong to Archaea and Bacteria
domains can withstand these hostile environments.
Highly developed cyanophyta in microbial mats of
geothermal springs are common at temperature less
than 74°C and the PH more than 5.0. Synechococcus,
Phormidium, Calothrix, and Mastigocladus are some of
the cyanophyta taxa found in thermal springs. However
their distribution pattern varies with temperature
ranges. Many studies have been focused on the
cyanophyta of the thermal springs (Castenholz 1969
&1996; Brock 1978; Ward & al. 1987 & 1989;

Sompong & al. 2005).Various names, such as
cyanobacteria,  blue-greens,  blue-green  algae,
myxophyceans, cyanophytes, cyanophyceans,

cyanoprokaryotes have been used for the Blue-Green
Algae (BGA) which are the largest and most diverse
group of photosynthetic prokaryotes (Stanier and
Cohen-Bazire 1977). Iran has located on the arid belt of
the world. However a small area of the northern part is
affected by the temperate Mediterranean condition, but
extreme severe environmental condition such as high
and low temperatures, highly diverse salinity and PH
ranges in inland and coastal water (Zarei-Darki 2011)
make lots of diverse habitats in the country.

Cyanophyta are known to inhabit in the various
extreme environments with wide range of temperature
and sand salinity (Kondratyeva & al. 1984). Therefore,
very diverse natural conditions of the inland waters of
Iran are interesting to study the composition and
distribution of blue-green algae. Some studies have
been carried out on the blue-green algae of Iran
(Woronichin 1925; Loffler 1959 & 1961; Hirano 1973;
Wasylik 1975; Compere 1981). Cyanophyta in hot
springs are largely unexplored. Hot springs are well-
isolated habitats occurring as clusters in globally
distant regions, and the microorganisms that inhabit in
the hot springs are extra tremophiles which can survive
and adapt to the severe environmental conditions
(Papke & al. 2003). The hot spring mat communities in
terrestrial habitats have been attractive for microbial
ecologists because of their unique adaptations to the
harsh environments (Brock 1967). In the most of the
studies screening efforts have been done on mesophilic
cyanophyta (Fish 1994) and in a little numbers of the
reports screening was on thermotolerant or
thermophilic genera. The present study aims to screen
and culture thermophilic cyanobacteria from 3 thermal
springs in Hormozgan province (Fariyab, Fotooye,
Todlooye) to study their floristic composition and
distribution in these hot springs.

MATERIALSAND METHODS

Three hot springs were selected in the present study.
They are usually covered by cyanobacterial mats all
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over the year. All of these hot springs are located in
western part of the Hormozgan province and
characterized by highly alkaline water and high
temperature. Samples  collected from various
temperatures were fixed in 4% formaldehyde to
minimize quantitative and qualitative changes in the
phytoplankton.

Due to the effects of physicochemical properties of
water on the species distribution, water samples were
collected from 10-30 cm and 30-50 cm depth from
water edge (Masoumi & al. 2011) and analyzed to
determine the chemical characteristics, including Total
Hardiness (TH), Total Dissolved Solid (TDS),
Alkalinity, Potassium (K"), Calcium (Ca™"), Sodium
(Nat) , Ammonium (NH4+) , Nitrite (NO2"), Sulphate
(S04?), Dissolved Oxygen (DO), Chloride (CI') and
inorganic Phosphate (PO47?). Water temperature was
measured in the field by a thermometer. Analyses were
performed in the laboratory using Iran Standard 1053
method (table 1).

Cyanophyta species were studied within 24 hours
after collection using light microscope (GX Australia).
The mat samples temporary slides were made using
glycerol 10%. The semi-permanent slides in glycerine
were made and sealed with enamel paint for
microscopic study. Sketches were prepared using
camera lucida of Olympus binocular microscope and
cells size were measured using ocular micrometer.
Taxonomic identification of the species was carried out
using the keys and description of Descikachary (1959),
Anagnostidis and Komarek (1988 & 1990); Komarek
and Anagnostidis (2005a & b). The vegetative and
reproductive characters such as shape, color and size of
the vegetative and apical cells and talus, presence and
texture of mucilage sheath were studied as the main
characters for taxonomic identification. Length and
width of the cells were measured for 10 individuals of
each species. Species contributing hot spring
cyanobacterial mats were isolated from water samples
by incubation on agar plate using BG11 media (Stanier
& al. 1971). Photographs were taken using light
microscope (GX Australia). Voucher specimens have
been preserved in 4% formalin and deposited in
department of Botany, Shahid Beheshti University,
Tehran, Iran.

RESULTS
Physicochemical parameters of water

All spring waters were alkaline, transparent and
colorless with strongly smelling of sulphate.
Physicochemical analysis indicate that all the studied
springs were classified as brackish and very hard water
(TDS >5000 mg L', TH > 300 mg L") with high
density of Ca’™", Mg" , Na' , Nitrate, Ammonium,
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Table 1. Physicochemical parameters in the three studied hot springs.
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Parameters Standard No. Scale - Studlgd Sites
Fariyab Footie Todlooye
Temperature Range °C 34-39°C | 37-42°C 51-56° C
Electrical conductivity(EC) 2510B puS/cm 31070 41320 49950
Turbidity 2130B NTU 10.3 4.21 3.62
PH HB 4500 6.76 6.70 6.68
Total Dissolved Solid) TDS 2540 C mg/L TDS 20800 32100 36100
(in180 [c)
OH- (mg L-1)/ compare with 2220 B mg/L Caco3 0 0 0
Phenolphthalein
OH- (mg L-1) compare with 2220.B mg/L Caco3 172 154.9 148
methyl orange
TotalHardness (TH) 2240 .B mg/L Caco3 1790 2420 3535
Cat+(mgL-1) 3500 .B mg/L Ca 579.15 1112.20 1162.3
Mg++ (mg L-1) 3500-Mg. B mg/L Mg 83.83 110.3 154.3
Na+(mg L-1) 3500-Na. B mg/L Na 8600 9220 9320
K+(mg L-1) 3500-K .B mg/L K 66 164.12 171.42
Fe2+(mg L-1) 3500-Fe .B mg/L Fe - - -
Mn+(mg L-1) 3500-Mn. B mg/L Mn - - -
NH4+(mg L-1) 4500-NH2.G mg/L NH3-N - - -
Cl-(mgL-1) 4500-CL.B mg/L Cl- 12621.6 14100.52 13208.68
F- (mgL-1) 4500-F.B mg/L F - - -
SO4 -2 (mg L-1) 4500-S042-.E mg/L So42- 1850 3255 3570
PO 4-3 (mgL-1) 4500-P.D mg/L Po4- 1.1 0.82 1
NO3 —(mgL-1) 4500-No3.B mg/L No3 0.8 7.2 8.8
NO2—(mgL-1) 4500-No2.B mg/L No2 0.01< 0.01< 0.01<
Phosphate, Silicate and Sulfate. This study indicated studies revealed that cyanophyta diversity and

increasing of pH and decreasing of some parameters
such as total dissolved solid (TDS), total hardness
(TH), density of Ca™", Mg" , Na" , K" and CL" have
increased the diversity of cyanobacteria. The highest
species number was found in Fariyab (PH 6.76 , TDS
20800 mg L', TH 1790 mg L™, Ca™ 579.15mg L™,
Mg  83.83 mg L™, Na" 8600 mg L', K" 66 mg L™, CL
12621.6 mg L") and lowest species number was found
in Todlooye (PH 6.68 , TDS 36100 mg L™, TH 3535
mgL', Ca™ 11623 mgL"', Mg 1543 mg L', Na*
9320mg L', K" 171.42 mg L, CL 13208.68 mg L™).
Mat morphology and cyanophyta species
composition

Results indicated that microbial mats in geothermal
springs are predominated by cyanophyta flora. The
identification of the most representative cyanophyta of
the studied communities revealed a total of 66 species
in three studied hot springs including 56 species of 22
genera, 10 families and 2 orders at a temperature range
of 34-39°C in Fariyab, 29 species of 11 genera, 6
families and 2 orders at a temperature range of 37-
42°C in Fotooye and 12 species of 6 genera, 2 families
and 2 orders at a temperature range of 51-56°C in
Todlooye (fig. 1, table 2). Temperature was one of the
most important parameters affected cyanophyta species
diversity in microbial mat of the hot springs. The

complexity decreased in high temperature. The lowest
species diversity was observed in Todlooye hot spring
with temperature range 51- 56°C and the highest
species diversity was found in Fariyab hot spring with a
temperature range of 34-39°C. The relationship
between temperature and the number of species was
significant (fig. 2).

DISCUSSION

As several reports indicate, one of the most
important parameters for cyanoprokaryota species
diversity in hot springs is temperature. Therefore
thermal gradients can determine the occurrence of the
species in thermal springs. Most of the cyanobacterial
species were recorded in the temperature range 35—
40°C, followed by 40-50°C, 50-60°C and 60-70°C.
Diversity and complexity of cyanobacteria species
decrease with increasing temperature (Ferris & al.
1996a & b; Ward & al. 1998). Results of this study also
support the previous studies. Maximum species
diversity was observed in Fariyab (34-39°C), and
minimum species diversity in Todlooye (51-56°C).
Skimisdottir & al. (2000) showed that in thermal
gradients from 50°C to 75°C, the layered mats are
characterized by the presence of unicellular forms such
as Synechococcus. The cyanobacterial mats occurring
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Fig. 1. A, Jaaginema pseudogeminatum; B, Limnothrix mirabilis, C, Pseudanabeana limnetica; D, Pseudanabeana
catantea; E, Lyngbya major; F, Phormidium diguetii; G, Phormidium formosum; H, Tricocoleous sociatus.
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Fig. 2. Relationship between the temperature and species number in studied hot springs.
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Table 2. List of Cyanoprokaryota species (Oscilatoriales Order) in studied hot springs.

Fariyab Fotooye Todlooye
27°25"57/81" N 27°19” 59/35" N 27° 17 34/46" N
Taxa 54° 16" 44/78" E 54° 24" 24/70" E 55°46° 16/22" E

34135 136 (37| 39 | 37 | 39 | 40 | 41 | 42 | 51 | 52 | 54 | 56 |57
ccpeclpececpececpecpecpecpeclpec)eclecec|ec

Jaaginema angustissimum (W.
et G.S. West) Anagnostidis et + |+ |+ |+ ] + + | + + + |+ |+ |+ |+ |+ |+
Komarek1988

Jaaginema metaphyticum
(Komarek in Anagnostidis et S T R B O A S S I S I R S N o B
Komarek1988)

Jaaginema pseudogeminatum
(Schmid) Anagnostidis et + |+ |+ |+ ]+ + | + + + |+ |+ |+ |+ |+ |+
Komarek1988

*Jaaginema thermale
Anagnostidis 2001

Jaaginema subtilissimum
(Kiitzing ex De Toni) + | +
Anagnostidis et Komarek 1988

Jaaginemaa geminatum
(Meneghini ex Gomont) + | + + | + + + + |+ 1+ + |+ 1|+
Anagnostidis et Komarek 1988

Jaaginema quadripunctulatum
(Briihl et Biswas) Anagnostidis + |+ |+ |+ ]+
et Komarek 1988

Limnothrix mirabilis (Bcher)
Anagnostidis 2001

Limnothrix redekel (Van Goor)
Meffert 1988

Pseudanabaena mucicola
(Naumann et Huber-Pestalozzi) | +
Schwabe1964

Pseudanabaena limnetica
(Lemmermann) Komarek 1974

Pseudanabaena catenata
Lauterborn 1915

Pseudanabaena frigid (Fritsch)
Anagnostidis 2001

Geitlerinema amphibium
(Agardh ex Gomont) +| A+ |+ |+ + | + + + |+ |+ | +
Anagnostidis 1989

Geitlerinema thermale
Anagnostidis 2001

Geltlerinema jasorvense (Vouk)
Anagnostidis 1989

Soirulinamajor  Kiitzing ex
Gomont 1892

Soirulina meneghiniana
Zanardini ex Gomont 1892

Spirulina subtilissima Kiitzing
ex Gomont 1892

Spirulina tenerrima Kiitzing ex
Gomont 1892

Planktolyngbya limnetica
(Lemmermann) Komark ova- + |+ |+ |+ ]+
Legnerova et Cronberg 1992

Leptolyngbya foveolarum
(Rabenhorst ex Gomont) + | +
Anagnostidis et Komarek 1988

Lyngbya martensiana
Meneghini ex Gomont 1892
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Table 2. Continued.

Fariyab Fotooye Todlooye
27°25"57/81" N 27°19” 59/35" N 27° 17 34/46" N
Taxa 54° 16" 44/78" E 54° 24" 24/70" E 55°46° 16/22" E

34|35 (36 |37|39 |37 (39| 40 |41 | 42 | 51 | 52 | 54 | 56 |57
cCcleclecieciec eclecpeclecreclecleclececlrc

Lyngbya nigraAgardh ex

Gomont 1892 Tt

Lyngbya hieronymusii

Lemmermann 1905 Tt "

Lyngbya thermalis Kiitzing ex
Gomont 1892

Lyngbya aestuarii Liebman ex
Gomont 1892

Lyngbya maior Meneghini ex
Gomont 1892

Oscillatoria limosa Agardh ex
Gomont 1892

Oscillatoria tenuis Agardh ex
Gomont 1892

Oscillatoria subbrevis Schmidle
1901

Phormidium lucidum Kiitzing
ex Gomont 1892

Phor midium ambiguum Gomont
ex Gomont 1892

Phormidium tergestinum
(Kiitzing) Anagnostidis et + +
Komarek1988

Phormidium diguetii (Gomont)
Anagnostidis et Komarek 1988

Phor midium chalybeum
(Mertens ex Gomont) + | + +
Anagnostidis et Komarek 1988

Phormidium formosum (Bory ex
Gomont) Anagnostidis et + |+ | +
Komarek 1988

Phor midium pachyder maticum
Frémy 1930

Phormidium ornatum (Kiitzing
ex Gomont) Anagnostidis et + |+ | +
Komarek 1988

Komvophoron minutum (Skuia)
Anagnostidis et Komarek 1988

Gomontiella marthae Claus
1960

Trichocoleus sociatus (W. et
G.S. West) Anagnostidis 2001

Aphanocapsa thermalis Briigger
1863

Aphanocapsa elachista W. et
G.S. West 1894

Aphanocapsa salina Voronichin
1929

Aphanocapsa delicatissima W.
et G.S. West 1912

Synechocystis thermalis
Copeland 1936

Synechocystis aquatilis
Sauvagea 1892

Synechocystis minuscule
Voronichin 1926
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Table 2. Continued.
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Fariyab

Fotooye Todlooye

27°25"57/81" N

Taxa 54° 16" 44/78" E

27°19"59/35" N
54°24° 24/70" E

27° 17 34/46" N
55°46° 16/22" E

35 | 36 | 37
°cle°c|°cC

39
°C

39 1 40 | 41
°C| °C | °C

51
°C

52 | 54 | 56
°cl|ec|c°c

57

Chroococcus minutes (Kiitzing)
Nigeli 1849

+ |+ |+

Chroococcus turgidus (Kiitzing)
Négeli 1849

+ |+ |+

Chroococcus globosus (Elenkin)
Hindak 1978

J’_

Chroococcus membraninus
(Meneghini) Négeli 1849

Chroococcus limneticus
Lemmermann 1898

Chroococcus minor (Kiitzing)
Négeli 1849

Chroococcus thermalis
(Meneghini)Nigeli 1849

Chroococcus tenax
(Kirchner)Hieronymus 1849

Chroococcus macrococcus
(Kiitzing) Rabenhorst 1865

Synechococcus elongates
(Négeli) Nageli 1849

Cyanobacterium minervae
(Copeland) Komarek et al 1999

Eucapsis starmachii Komarek et
Hindak 1989

Microsystis sp.

Aphanothece minutissima (W.
Weat) Komarko va-Legnerova
et Cronberg 1994

Aphanothece nidulans Richter
in Wittrock &Nordstedt 1884

Cyanosarcina thermalis
(Hindak) Kovadik 1998

Cyanosar cina chroococcoides
(Geitler) Kovacik 1988

at the lower end of thermophily (40-50°C) are often
dominated by filamentous cyanobacteria like
Phormidium, Oscillatoria, Pseudanabaena, Calothrix
and Fischerella (Ward & Castenholz 2002; Sompong
& al. 2005). However, Norris & al. (2002) reported that
cyanobacteria such as Synechococcus also co-occur
with other unicellular and filamentous forms at lower
temperature. In the present study, Jaaginema has been
found in all studied hot springs and in all temperature
gradient and Synechococcus found in 39-42 °C with
other unicellular and filamentous forms. Some studies
also focus on the role of PH and other parameters on
the species distribution in the communities of
cyanobacterial mats below 60 °C (Ward & Castenholz
2002; Sompong & al. 2005). Results of this study
showed that increasing of PH and alkalinity and
decreasing of other factors such as TDS, TH, density of
Ca'", Mg', Na" K" and CL  are important factors
affecting species diversity and the diversity in

cyanobacterial species is affected by micro-chemical
characteristics of the spring waters.

REFERENCES

Anagnostidis, K. & Komarek, J. 1988: Modern
approach to the classification system of
Cyanophytes. 3 - Oscillatoriales. Algol. Stud. 50-
53:  327-472. Archive Fur Hydrobiologie,
Supplementband 80. -Stuttgart.

Anagnostidis, K. & Komarek J. 1990: Modern
approach to the classification system of

cyanophytes: 5-Stigonematales. Algol. Stud. 59: 1-
73. Archive Fur Hydrobiologie, Supplementband
80. -Stuttgart.

Anagnostidis, K. & Komarek J. 2005a: Modern
approach to the classification system of
cyanophytes: 1-Chroococcales. Algol. Stud. 19/1:
1-551.

Anagnostidis, K. & Komarek J. 2005b: Modern



247 Florigtic study on cyanophyta of hot springsin Iran

approach to the classification system of
cyanophytes: 2- Oscillatoriales. Algol. Stud. 19/2:
1-385.

Brock, T.D., 1967: Micro-organisms adapted to high
temperatures. Nature 214: 882—885.

Brock, T.D. 1978: Thermophilic Microorganisms and
Life at High Temperatures.- Spinger-Verlag, Berlin,
465 pp.

Castenholz, R. W. 1969: The thermophilic cyanophytes
of Iceland and the upper temperature limit.- J.
Phycol. 5: 350-358.

Castenholz, R.-W. 1996: Endemism and Biodiversity of
thermophilic cyanobacteria.- Nova Hedwigia Beih.
112: 33-47.

Compere, P. 1981: Algues des deserts d'Iran.- Bulletin
du Jardin botanique national de Belgique. 51: 3-40.

Desikachary, T. V. 1959: Cyanophyta. Indian Council of
Agricultural Research.- New Delhi. 684 pp.

Ferris, M.J., Muyzer, G. and Ward, D.M. 1996a:
Denaturing gradient gel electrophoresis profiles of
16S rRNA-defined populations inhabiting a hot
spring microbial mat community. -Appl. Environ.
Microbiol. 62: 340-346.

Ferris, M.J.,, Ruff-Roberts, A.L., Kopczynski, E.D.,
Bateson, M.\M. & Ward, D.M. 1996b: Enrichment
culture and microscopy conceal diverse thermophilic
Synechococcus populations in a single hot spring
microbial mat habitat. - Appl. Environ. Microbiol.
62: 1045-1050.

Fish, S.A. & Codd, G.A. 1994: Bioactive compound
production by thermophilic and thermotolerant
cyanobacteria  (blue-green algae).- World .
Microbiol. Biotechnol. 10: 338-347.

Hirano, M. 1973: Freshwater algae from Mesopotamia.-
Contr. Biol. Lab. Kyoto Univ. 24(2): 105-119.

Kondratyeva, N.V., Kovalenko, O.V. & Prikhod’kova,
L.P. 1984: Cyanophyta. General
characterization.Chroococcophyceae.
Chamaesiphonophyceae. Vol. 1, pt. 1. Nauk.Dumka
Press, Kiev.-[Ukr.]

Lffler, H. 1959: Beitrdgezur Kenntnis der Iranischen
Binnengewisser.-Intern.  Rev. Ges. Hydrobiol.
44(1):227-276.

Lffler, H. 1961. Beitrigezur Kenntnis der Iranischen
Binnengewisser. -Intern. Rev. Ges. Hydrobiol.
46(2):309-406.

Norris, T. B., Mcdermott, T. R. & Castenholz, R. W.
2002: The long-term effects of UV exclusion on the
microbial ~ composition  and  photosysthetic
competence of cyanobacteria in hot spring microbial
mats. -FEMS Microbiol. Ecol. 1323: 1-17.

Papke, R. T., Ramsing, N. B., Bateson, M. M. & Ward,
D. M. 2003: Geographical isolation in hot spring
cyanobacteria. -Environ. Microbiol. 5: 650-9.

Skimisdottir, S., Hreggvidsson, G. O., Hiorleifsdottir,S.,

IRAN. J. BOT. 20 (2), 2014

Marteinsson, V. T., Petursdottir, S. K., Holst, O. &
Kristjansson, J. K. 2000: Influence of sulfide and
temperature on species composition and community
structure of hot spring microbial mats. -Appl.
Environ. Microbiol. 66: 2835-2841.

Sompong, U., Hawkins, P., Besley, C. & Peerapompisal,
Y. 2005: The distribution of cyanobacteria across
Physical and chemical gradients in hot spring in
northern Thailand. -FEMS Microbiology Ecology
52:365-376.

Stanier, R. Y., Kunisawa, R., Mandel, M. & Cohen-
Bazire, G. 1971: Purification and properties of
unicellular blue- green algae (order Chroococcales).
Bact. Rev., 35: 171-205

Stanier, R. Y., & Cohen-Bazire, G. 1977: Phototrophic
Prokaryotes: The Cyanobacteria. In M. P. Starr, J. L.
Ingraham, & A. Balows (eds.), Annual Review of
Microbiology (pp. 225-274). Palo Alto, Annual
Reviews Inc.- CA.

Ward, D.M., Tayne T.A., Anderson K.L. & Bateson
M.M. 1987: Community structure and interactions
among community members in hot spring
cyanobacterial mats. Symp. Soc. Gen. Microbiol. 41:
179-210.

Ward, D.M., Weller R., Shiea J., Castenholz RW. &
Cohen, Y.1989: Hot spring microbial mats:
anoxygenic and oxygenic mats of possible
evolutionary significance. In: Cohen Y. and
Rosenberg E. (eds.), Microbial Mats: Physiological
Ecology of Benthic Microbial Communities.
American Society for Microbiology.- Washington
D.C. pp. 3-15.

Ward, D.M., Ferris M.J., Nold, S.C. & Bateson, M.M.
1998: A natural view of microbial biodiversity
within hot spring cyanobacterial mat communities.
Microbiol. Mol. Biol. Rev. 62: 1353-1370.

Ward, D.M., Castenholz, R. W. 2000: Cyanobacteria in
geothermal habitats in Ecology of Cyanobacteria.
Their Diversity in Space and Time. In: Whitton
B.A. & Potts M.(eds.), pp 37-59. - Dordrecht,
Kluwer Academic Publishers.

Ward, D.M. and Castenholz R.W. 2002: Cyanobacteria
in geothermal habitats. In: Whitton B.A. and Potts
M. (eds), The Ecology of Cyanobacteria. Kluwer
Acdemic Publishers.- Dordrecht. pp. 37-59.

Wasylik, K. 1975: Notes on the freshwater algae of
Iran.- Fragm. Flor. Geobot. 21(3): 369-397.

Woronichin, N.N. 1925: Materials for the flora of
freshwater algae Caucasus VI. Proceedings of the
North-Caucasian Hydrobiological Station 1(1):1-7.-
(In Russian).

Zareidarki, B. 2011: Cyanophyta from different water
bodies of Iran.- International Journal on Algae
13(1): 52-62.



IRAN. J. BOT. 20 (2), 2014 M. Arman & al. 248



