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Abstract
Cyanobacteria or blue-green algae are 

photosynthetic microorganisms, found in 
several habitats. Hot springs are considered 
as extreme habitats with “sub-cosmopoli-
tan” geographical distribution, the biodiver-
sity of which is unique due to their special 
conditions. Over the last century, these natu-
ral inhabitants have attracted the attention of 
biologists and tourists. In the present study, 
cyanobacteria were collected and identified 
from five hot and mineral springs located 
in East Azarbaijan province, Maragheh city 
during 2019. In this regard, the spring water 
was analyzed physic-chemically, the effect 
of some environmental parameters on algal 
communities was assessed, and the samples 
were fixed in 4% formaldehyde solution. 
Based on the results, 30 species were detect-
ed, which the highest and least diversity of 
cyanobacteria were respectively observed 
in Isty Bulakh (15 species) and Ghare Pal-
chigh spring. In addition, Phormidium sp. 
possessed the maximum diversity among all 
of the identified taxa. Finally, environmental 
factors such as total dissolved solids (TDS) 
and turbidity were determined among the 

factors affecting biodiversity.

Keywords: Cyanobacterial diversity, Hot 
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Introduction
Cyanobacteria are a group of ancient pho-

tosynthetic organisms with 2.8 billion years 
age (Dadheech et al., 2013). Due to the high 
compatibility of the microorganisms, they 
are found in extreme habitats such as saline 
waters and hot springs (Mishra et al., 2018).
In general, they are considered as free-living 
microorganisms, which occur in symbiotic 
association with some eukaryotic plants, 
algae, fungi, gymnosperms, pteridophytes, 
angiosperms, and bryophytes, as well as 
the lower group of animals like ascidians 
(Anand et al., 2019). Additionally, the mi-
croorganisms can play an important role in 
atmospheric nitrogen fixation (Jeevanan-
tham et al., 2019). The use of cyanobacteria, 
as an environmental indicator, is suggested 
during the recent decade (Barinova et al., 
2017). In general, cyanobacteria are studied 
in aquatic ecosystems for various purposes 
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(Dubey, 2019) such as floristic, ecological, 
physiological, or applied phycological ones.
Thermo-mineral springs are a special group 
of aquatic ecosystems with particular char-
acteristics. The aquatic ecosystems are high-
lighted as interesting habitats for evaluating 
algal microflora including the cyanobacte-
ria, which are often plentiful and can live 
in different ecological niches (Singh et al., 
2018). The issue makes them an appropriate 
candidate for different uses such as industri-
al processing, bottled water, power produc-
tion, and health and well-being sector (Lai 
et al., 2019). Therefore, academic commu-
nities highlighted the examination of the 
natural resources significantly over the past 
decades (Durowoju et al., 2018).
Cyanobacteria have been detected in the 
thermal-mineral springs of several countries 
such as China (Tang et al., 2018), Sri Lanka 
(Medhavi et al., 2018), India (Singh et al., 
2018), Russia (Gorlenko et al., 2019), Ire-
land (Shiels et al., 2019), Saudi Arabia (Ya-
sir et al., 2019), Kenya (Ngetha et al., 2019), 
Brazil (Ramos et al., 2019), Indonesia (Pri-
hantini et al., 2018), Turkey (Yilmaz-Sari-
ozlu and Yilmaz-Cankilic, 2018), Australia 
(McGregor and Sendall, 2017), Pakistan 
(Amin et al., 2017), Japan (Martinez et al., 
2019), Africa (Maree et al., 2018), and Iran 
(Heidari et al., 2013, 2018). In Iran, 149 
springs exist in Sarab and Bostanabad, and 
141 ones are found in Tabriz and Azarshahr 
area. Maragheh, as one of the most important 
tourist areas, is located in the northwest of 
Iran, one of the natural attractions of which 
includes the presence of several hot springs. 

So far, limited studies have been published 
regarding algal flora in East Azarbaijan. 
Thus, the present study aimed to assess cya-
nobacterial diversity in some of the springs 
in the area.

Material and methods
Study area and sampling sites

Samples were randomly taken from five 
thermal springs with different geograph-
ical situations located in Maragheh city, 
East Azerbaijan (Table 1, Fig. 1) during 
April-October 2019.
Further, benthic taxa were collected by 
scraping the algae from the bottom of the 
springs and the surfaces of marginal rocks, 
muddy sediments, aquatic plants, and mac-
rophytes. All samples were fixed in 4% for-
malin, labeled, and transferred to laboratory 
in cool containers. In order to assess some 
of the physical and chemical properties of 
each sitre, 1.5 L of water without formalin 
was taken by using plastic bottles. Further-
more, the temperature was measured by 
using a mercury thermometer, and pH was 
determined using a portable pH meter WTW 
LF 320 EC meter, a Testo 320 pH meter, 
and a multi-parameter analyzer. The electri-
cal conductivity, turbidity, alkalinity, TDS 
(Ca2+, Mg2+, Na+, K+, Cl-, SO4

2-, S2-, NH4
+, 

NO3
-, NO2

-) of water were determined by 
Arian Fan Azma Institute (WWW.AFA-Co.
ir). Table 3 summarizes laboratory measure-
ment methods.
Identification of cyanobacterial taxa
The semipermanent slides of colonies were 
prepared and morphometric study was per-
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formed by light microscopy (Olympus, 
Model BH-2) based on Desikachary (1959), 
Prescott (1970), Komárek and Anagnostidis 
(1986, 2005) and Komárek (2014). The most 
variable morphological characteristics were 
color and shape of colonies; color, shape and 
size of thallus, vegetative cells, apical cell 
shape,and presence or absence of mucilage 
sheath.

Results
Species diversity in Maragheh springs

In the present study, 30 taxa of cyanobac-
teria were detected and recorded from Mar-
agheh springs, which the highest and least 
diversity was respectively determined in site 
two (Isty Bulakh) and five (Ghare Palchigh) 
with 15 and 5 species (Table 2, Fig. 2). In 
Oscillatoriales, Phormidium sp. with fila-
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mentous structure (six species) represented 
the maximum species diversity among the 
identified taxa.
Physicochemical parameters of water
Table 3 presents the results related to the 
physicochemical analysis of five springs in 
East Azerbaijan province (Maragheh city). 
The water physical parameters in aquatic 
ecosystems affect the life cycle and diver-
sity of cyanobacteria. The factors provide 
accurate data for predicting the behavior of 
algae in aquatic ecosystems such as springs. 
Based on the results of the present study, 
water temperature varied between 19-45 ˚C 
so that the highest and least temperature was 
respectively observed in site one (Sari Sou) 
and four (Shour Sou). In addition, the max-
imum electrical conductivity, turbidity, pH, 
TDS, and salinity were obtained in Ghare 
Palchigh spring. Further, sulfate content 
was maximized and minimized in Ghare 
Palchigh and Shour Sou springs, respective-
ly (Table 3).
The results indicated that a decrease in total 
dissolved solid (TDS) resulted in increas-

ing the total hardness (TH), electrical con-
ductivity (EC), and turbidity diversity of 
cyanobacteria. The results indicated that a 
decrease in total dissolved solid (TDS), the 
total hardness (TH), electrical conductivity 
(EC), and turbidity resulted in increasing 
diversity of cyanobacteria. Furthermore, 
the highest species diversity was deter-
mined in Isty Bulakh (TDS: 1380 mg.L-1, 
TH: 721 mg.L-1, Ca+2: 437 mg.L-1, Mg+2: 284  
mg.L-1, Na+: 79.9 mg.L-1, K+: 7.20 mg.l-1, Cl-: 
65.3 mg.L-1) and the lowest was recorded 
in Ghare Palchigh (TDS: 4310 mg.L-1, TH: 
1524 mg.L-1, Ca2+: 1011 mg.L-1, Mg2+: 513 
mg.L-1, Na+: 690 mg.L-1, K+: 78 mg.L-1, Cl-: 
891.8 mg.L-1). 

Discussion
The cyanobacterial diversity has been 

studied in several aquatic ecosystems of Iran, 
but there are limited reports on the diversity 
of these microorganisms in thermo-mineral 
springs of our country. Based on the results, 
the maximum diversity of taxa was obtained 
in Isty Bulakh at 31 ˚C. The thermophilic al-
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gae can be divided into hypothermophilous 
(15-26 ˚C), mesothermophilous (26-45 ˚C), 
euthermophilous (45-65 ˚C), and hyperther-
mophilous (65˚C and more) communities. 
Additionally, the cyanobacterial taxa dis-
tributed in Sari Sou, Isty Bulakh, and Ghare 
Palchigh were mesothermophilous commu-
nity, while those in Goshayesh and Shour 
Sou included hypothermophilous one. Tem-
perature is an environmental factor which 
plays an important role in development of 
algal communities. Due to the impact of 
temperature on enzymatic reactions of living 
organisms, this environmental factor affects 
many critical biological mechanisms such 
as photosynthesis, respiration and cell divi-
sion. In addition, temperature can also affect 
species diversity of algae in aquatic ecosys-
tems (Aghashariatmadary et al. 2017).

Further, 30 cyanobacterial taxa were detect-
ed, and the results revealed that identified 
taxa belong to the several orders: Oscillato-
riales (36.6%), Chroococcales (30%), Syn-
echococcales (13.3%), Spirulinales (10%) 
and Nostocales (10%), respectively. Re-
garding Oscillatoriales, six species of Phor-
midium formed 20% of total taxa, which is 
the maximum diversity among the identified 
species. Accordingly, Oscillatoria, Phor-
midium, and Lyngbya genera seemingly 
adapted to the habitat and are the most dom-
inant species of Maragheh springs. These 
cyanobacteria are filamentous and success-
ful in mat-forming. In addition, species of 
the order Oscillatoriales appear in springs 
with the temperature ranging 25-45 ˚C (Pen-
tecost, 2003, 2014) and their exopolysac-
charide sheath is probably considered as the 
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backbone of developed microbial mat (Ab-
delwahab and Amin, 2017).
The electrical conductivity of water indi-
cates the amount of solutes in the water, 
which is a function of temperature and ions 
in the water. Among the studied stations, 
the lowest electrical conductivity is relat-
ed to the station of Isty Bulakh with 1825  
(µS cm-1) and the highest electrical conduc-
tivity is related to Ghare Palchigh station 
with 6010 (µS cm-1). Based on the results 
obtained in this study, there is an inverse re-
lationship between EC and species diversity. 
This negative correlation between variabil-
ity and EC was reported in some previous 
studies (Sheath and Cole,1992).
Moreover, salinity reduces productivity 
(Srivastava et al., 2005), as well as the phy-
logenetic diversity of some cyanophytes 
(Wang et al., 2011). According to the water 
analysis report, highest water hardness was 
180 mg/L and classified as hard water (Li et 
al., 2017). 
According to World Health Organization 
(WHO) standard, the highest desirable and 
permissible levels of water calcium content 
are 75 and 200 mg.L-1, respectively (Cotru-
vo and Bartram, 2009). In the present study, 
the calcium content ranged 437-1057 mg.L-1 
in Maragheh springs, which is higher than 
the level of WHO standard (200 mg.L-1) 
(Daghara et al., 2019). 
Sulfate is relatively non-toxic, the range 
of which in the drinking water is up to 200 
mg.L-1 so that the level more than 500 mg.L-1 
produces a bitter taste (Gaglioti et al., 2019). 
Regarding the present study, sulfate level 

was determined 70-380 mg.L-1 in Maragheh 
springs, while that of Ghare Palchigh and 
Sari Sou was obtained 380 and 208 mg.L-1, 
respectively. Thus, the water of Ghare Pal-
chigh and Sari Sou is not considered as suit-
able for drinking because of having sulfate 
content above the WHO standard level.
Based on the guideline for the chloride level 
allowed in water, the chloride range is set 
between 0 to 142 mg.L-1, which is appropri-
ate for irrigation, while the level above 355 
mg.L-1 is inappropriate for irrigation. Final-
ly, the chloride content of the springs un-
der study was measured 52.3-591.8 mg.L-1. 
Consequently, the springs of Ghare Palchigh 
and Sari Sou are non-suitable for irrigation 
(Shafikhani et al., 2019).

Acknowledgment
The present study was supported by the 

Shahid_ Beheshti University, Tehran, Iran. 
The authors would like to express their 
special thanks to the vice chancellor for re-
search affairs.

References
Abdelwahab HE and Amin AS. (2017). Diatoms 

Diversity of Thermal Springs in the South-

west Region, Saudi Arabia. Egyptian Ac-

ademic Journal of Biological Sciences, H. 

Botany. 8 (2): 59-74.

Aghashariatmadary Z., Shariatmadari Z., Ne-

jadsattari T. (2017). Models for estimating 

phytoplankton population densities under 

different environmental conditions with em-

phasis on climatic factors. Rostaniha. 18 (2): 

166-180.



579578

Amin A, Ahmed I, Salam N, Kim BY, Singh D, 

Zhi XY, Xiao M, Li WJ. (2017). Diversity 

and distribution of thermophilic bacteria in 

hot springs of Pakistan. Microbial Ecology. 

74 (1): 116-127.

Anand N, Thajuddin N, Dadheech PK. (2019). 

Cyanobacterial taxonomy: Morphometry to 

molecular studies. In Cyanobacteria. Aca-

demic Press. Pp 43-64.

Barinova S and Kukhaleishvili L. (2017). Diver-

sity and ecology of algae and cyanobacteria 

in the Enguri River, Georgia. Elixir Bio Sci-

ences.104: 45934-45947.

Cotruvo J and Bartram J. (2009). Calcium and 

magnesium in drinking water: Public health 

significance. World Health Organization, 

ISBN 978 92 4 1563550.

Dadheech PK, Glöckner G, Casper P, Kotut K, 

Mazzoni CJ, Mbedi S, Krienitz L. (2013). 

Cyanobacterial diversity in the hot spring, 

pelagic and benthic habitats of a tropical 

soda lake. FEMS microbiology ecology. 85 

(2): 389-401.

Daghara A, Al-Khatib IA, Al-Jabari M. (2019). 

Quality of drinking water from springs in 

palestine: West bank as a case study. Jour-

nal of Environmental and public health. 

Article ID 8631732, 7 pages. https://doi.

org/10.1155/2019/8631732.

Desikachary T V. (1959). Cyanophyta. Indian 

Council of Agricultural Research, New Del-

hi. 684 pp. 

Dubey AK. (2019). ESW VI Annual national re-

search conference on heritage conservation 

and natural resource management. 30-31 

January. Khajuraho, India.

Durowoju OS, Odiyo JO, Ekosse GI. (2018). 

Geochemistry of siloam and tshipise geo-

thermal springs, Limpopo province, South 

Africa. American Journal of Environmental 

Sciences 14 (2): 63-76.

Gaglioti S, Infusino E, Caloiero T, Callegari, G. 

Guagliardi I. (2019). Geochemical Charac-

terization of Spring Waters in the Crati River 

Basin, Calabria (Southern Italy). Hindawi 

Geofluids. Article ID 3850148, 16 pages. 

https://doi.org/10.1155/2019/3850148. 

Gorlenko VM, Burganskaya EI, Bryantseva IA. 

(2019). Phototrophic communities of the 

berikei highly mineralized mesothermal sul-

fide springs (Dagestan, Russia). Microbiolo-

gy. 88 (2): 146-155.

Heidari F, Hauer T, Zima J. Riahi H. (2018). New 

simple trichal cyanobacterial taxa isolated 

from radioactive thermal springs. Fottea. 18 

(2): 137-149.

Heidari F, Riahi H, Yousefzadi M, Shariatmadari 

Z. (2013). Morphological and phylogenetic 

diversity of cyanobacteria in four hot springs 

of Iran. Iranian. Journal of Botany. 19 (2): 

162-172.

Jeevanantham G, Vinoth M, Hussain JM, Muru-

ganantham P, Ahamed AKK. (2019). Bio-

chemical characterization of five marine cya-

nobacteria species for their biotechnological 

applications. Journal of pharmacognosy and 

phytochemistry. 8 (2): 635-640.

Komárek J and Anagnostidis K. (1986). Modern 

approach to the classification system of the 

cyanophytes 2: Chroococcales. Algological 

Studies. 43: 157-226.

Komarek J and Anagnostidis K. (1989). Modern 

approach to the classification system of cy-

anophytes, 4-Nostocales. Archive for Hydro-



581580

biology. Suppl. 82, Algological Studies. 56: 

247-345.

Komarek J and Anagnostidis K. (1998). Cyano-

prokaryota. 1. Teil: Chroococcales. -In: Ettl, 

H.; Gardner, G.; Heying, H. and Mollenhau-

er, D (eds.): Susswasserflora von Mitteleuro-

pa, vol. 19/1-548 pp. Gustav Fischer, Jena- 

Stuttgart- Lubeck- Ulm.

Komárek J and Anagnostidis K. (2005). Cyano-

prokaryota 2. Oscillatoriales. -In: Büdel, B., 

KrienitzL.,Gärtner G. and Schagerl M. (eds): 

Süsswasserflora von Mitteleuropa. 19/2. 

-759 p., Elsevier/Spektrum, Heidelberg.

Komárek J, Kastovsky J, Maresl J. (2014). Tax-

onomic classification of cyanoprokaryotes 

(cyanobacterial genera), using a polyphasic 

approach. Preslia. 86: 295-335. 

Lai GG, Beauger A, Wetzel CE, Padedda BM, 

Voldoire O, Lugliè A, Allain E, Ector L. 

(2019). Diversity, ecology and distribution of 

benthic diatoms in thermo-mineral springs in 

Auvergne (France) and Sardinia (Italy). Peer 

J. 7: e7238. Doi: 10.7717/peerj.7238.

Li H, Knoth A, Schwartz J, Wilson CB, Kahaian 

A, Ecolab Inc. (2017). Calibration method 

for water hardness measurement. U.S. Patent 

Application. 15: 200-728.

Maree L, Janse van Vuuren S, Levanets A, Tay-

lor J. (2018). First record of a cyanobacteri-

um petalonema alatum (Borzì ex Bornet & 

Flahault) correns (Cyanobacteria, scytone-

mataceae) in Africa. Check List. 14 (5): 827-

832.

Martinez JN, Nishihara A, Lichtenberg M, 

Trampe E, Kawai S, Tank M, Kühl M, Hana-

da S. Thiel V. (2019). Vertical distribution 

and diversity of phototrophic bacteria with-

in a hot spring microbial Mat (Nakabusa hot 

springs, Japan). Microbes and Environments. 

34 (4): 374-387.

McGregor GB and Sendall BC. (2017). Inin-

gainema pulvinus gen nov., sp. nov. (Cya-

nobacteria, Scytonemataceae) a new nod-

ularin producer from Edgbaston Reserve, 

north-eastern Australia. Harmful Algae. 62: 

10-19.

Medhavi P, Samarasinghe D, Herath H. (2018). 

Isolation and identification of thermophilic 

bacteria and cyanobacteria from Maha Oya 

hot springs in Sri Lanka. Research Sympo-

sium on Pure and Applied Sciences, Faculty 

of science, University of Kelaniya. Sri Lan-

ka.

Mishra A, Tiwari D, Rai AN. (2018). Cyano-

bacteria. 1st Edition, from basic science to 

applications. eBook ISBN: 9780128146682.

Ngetha E, Akhwale JK, Mwirichia RK. (2019). 

Phylogenetic and morphological diversity of 

culturable cyanobacteria from Lake Magadi 

in Kenya. African Journal of Biological Sci-

ences. 1 (4): 24-31.

Pentecost A. (2003). Cyanobacteria associated 

with hot spring travertines1. Canadian Jour-

nal of Earth Science. 40: 1447.

Pentecost A. (2014). Distribution and ecology of 

cyanobacteria in the rocky littoral of an En-

glish lake district water body, devoke water. 

Life (Basel, Switzerland). 4 (4): 1026-1037.

Prescott GW. (1970). Algae of the western Great 

Lake Area. WM. C. Brown company pub-

lishers. 977 pp.

Prihantini NB, Sjamsuridzal W. Yokota A. 

(2018). Characterization of culturable cya-

nobacteria isolated from geyser of Cisolok 



581580

in west Java, Indonesia. In AIP Conference 

Proceedings. 2023 (1): 020135.

Ramos G, Branco L, Moura C. (2019). Cyano-

bacteria from bromeliad phytotelmata: new 

records, morphological diversity, and eco-

logical aspects from northeastern Brazil. 

Nova Hedwigia. 108 (1-2): 51-72.

Shafikhani M and Chidiac S. (2019). Relation-

ships between free and water-soluble chlo-

ride concentrations in concrete. CSCE An-

nual Conference. June, 12-15. Laval (Greater 

Montreal).

Shiels K, Browne N, Donovan F, Murray P, 

Saha SK. (2019). Molecular characterization 

of twenty-five marine cyanobacteria isolated 

from coastal regions of Ireland. Biology. 8 

(3): 59.

Singh Y, Gulati A, Singh DP, Khattar J. (2018). 

Cyanobacterial community structure in hot 

water springs of Indian north-western Hima-

layas: a morphological, molecular and eco-

logical approach. Algal Research. 29:179-

192.

Srivastava K, Bhargava P, Rai L, 2005. Salinity 

and copper-induced oxidative damage and 

changes in the ant oxidative defense sys-

tems of Anabaena doliolum. World journal 

of microbiology and biotechnology: 21(6-7): 

1291-1298.

Sheath RG and Cole KM. (1992). Biogeography 

of stream macroalgae in North America. 1. 

Journal of Phycology. 28 (4): 448-460.

Tang J, Jiang D, Luo Y, Liang Y, Li L, Shah 

MMR, Daroch M. (2018). Potential new gen-

era of cyanobacterial strains isolated from 

thermal springs of western Sichuan, China. 

Algal Research. 31: 14-20.

Wang J, Yang D, Zhang Y, Shen J, Van Der Gast 

C, Hahn MW, Wu Q. (2011). Do patterns of 

bacterial diversity along salinity gradients 

differ from those observed for microorgan-

isms? PLOS One. 6 (11): e27597.

Yasir M, Qureshi AK, Khan I, Bibi F, Rehan 

M, Khan SB, Azhar EI. (2019). Cultu-

romics-based taxonomic diversity of bacte-

rial communities in the hot springs of Saudi 

Arabia. Omics: A Journal of Integrative Biol-

ogy. 23 (1): 17-27.

Yilmaz-Sariozlu N, Yilmaz-Cankilic M. (2018). 

Culturable thermophilic cyanobacteria in the 

hot spring Gediz-Kutahya, Turkey. Fresenius 

Environmental Bulletin. 27 (9): 6137-6145.

World Health Organization ( 2009) . Calcium 

and magnesium in drinking water, public 

health significance. Geneva.  World Health 

Organization. https://apps.who.int/iris/han-

dle/10665/43836.


