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A B S T R A C T
The work aims the study the species diversity and ecology of  Cyanobacteria in 
the benthos on the Israeli coast of  the Mediterranean Sea. As a result, 24 taxa of  
Cyanobacteria were found. Seven taxa were noted for the first time for this sea: 
Aphanocapsa incerta, Aphanothece nidulans, Chlorogloea cf. microcystoides, Pseudanabaena 
mucicola, Chroococcus sp., Gloeocapsopsis sp., Trichocoleus sp. Most Cyanobacteria spe-
cies were benthic (90 %) and marine (67 %). There were only four indicators of  
saprobity, and all of  them were freshwater species common in oligosaprobic and 
beta-mesosaprobic waters. Most species had a wide geographic distribution. Spe-
cies marked of  boreal (10 %), boreal-tropical (38 %), arctic-boreal-tropic (29 %) 
and cosmopolites (24 %) groups. The species richness of  Cyanobacteria in-
creased in the sites with the maximal anthropogenic loads from industrial and ur-
ban areas of  the central Israel, and the minimal ones were in the protected areas.
Keywords: Cyanobacteria, benthos, diversity, ecology, phytogeography, environmental 
variables, Mediterranean Sea, Israeli coast

Р Е З Ю М Е
Мирошниченко Е.С., Баринова С.С., Рябушко Л.И. Первые данные 
о разнообразии цианобактерий в бентосе израильского побережья 
Средиземного моря. Работа направлена на изучение видового разнообра-
зия и экологии цианобактерий бентоса израильского побережья Средизем-
ного моря. В результате найдено 24 вида цианобактерий. Для моря впервые 
отмечено семь видов: Aphanocapsa incerta, Aphanothece nidulans, Chlorogloea cf. 
microcystoides, Pseudanabaena mucicola, Chroococcus sp., Gloeocapsopsis sp., Trichocoleus 
sp. Большинство видов Cyanobacteria являются бентосными (90 %) и мор-
скими (67 %). Показателей сапробности отмечено всего четыре, которые 
относятся к пресноводным видам, обитающим в олигосапробных и бета-
мезосапробных водах. Большинство видов имеют широкое географиче-
ское распространение. Отмечены бореальные (10 %), бореально-тропиче-
ские (38 %), аркто-бореально-тропические (29 %) и космополитные (24 %) 
группы. Видовое богатство цианобактерий увеличивалось на станциях с 
максимальными антропогенными нагрузками со стороны промышленных 
и городских районов центрального Израиля, а минимальными – на охраня-
емых природных территориях.
Ключевые слова: цианобактерии, бентос, разнообразие, экология, фитогеогра-
фия, факторы окружающей среды, Средиземное море, побережье Израиля
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The first records of Cyanobacteria 
diversity in the benthos of the Israeli 
Coast of the Mediterranean Sea

Cyanobacteria inhabit all seas of  the World Ocean in 
va rious forms and appearances, which differ depending on 
the geographical distribution and ecological characteristics. 
Coas tal habitats of  cyanobacteria occupy a relatively small 
pro portion in the marine benthos, but they are ecologically 
he terogeneous and contain a high species diversity (Golu-
bich et al. 1999, Whitton 2012). This is why marine benthic 
com mu nities require close attention.

The study of  cyanobacteria in the Mediterranean 
Sea has a long history, and nowadays, 253 species have 
been identified (Na var ro & Uriarte 1945, Komárek & 
Anagnostidis 1999, 2005, Caroppo et al. 2006, Taskin et al. 
2008, De La Rosa et al. 2013, Komárek 2013, Lakkis 2013, 
Ulcay et al. 2015, Gke lis et al. 2016, Vondrásková et al. 
2017), being 88 species more than known at the beginning 
of  the 21st Century (Bou dou res que 2004). The highest 
number of  species was re cor ded in the Aegean (Komárek 
& Anagnostidis 1999, 2005, Caroppo et al. 2006, Taskin et 

al. 2008, Komárek 2013, Gkelis et al. 2016) and Adriatic 
seas (Komárek & Anag no sti dis 1999, 2005, Komárek 2013, 
Vondrásková et al. 2017): 108 and 102 species, respectively. 
The least studied are those from the western and southern 
parts of  the Mediterranean coast, totaling 28 (Navarro & 
Uriarte 1945, De La Rosa et al. 2013) and 11 species (Ko-
má rek & Anagnostidis 1999, 2005, Ko márek 2013), res-
pec tively. In the Asian part of  the sea, from the list of  97 
cyanobacteria species compiled by us, 56 species were noted 
on the coast of  Turkey (Taskin et al. 2008), 44 species on 
the coast of  the island of  Cyprus (Ul cay et al. 2015), and 18 
species on the coast of  Lebanon (Lakkis 2013). 

Despite their notable contribution to marine biodiversity 
and great ecological significance (Whitton 2012), marine 
ben thic cyanobacteria, in general, appear to be not studied, 
es pecially on the coast of  the Israeli sector of  the Eastern 
Me di terranean. Contrarily, benthic marine macroalgae have 
been studied in Israel for many years and are represented 
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by 160 species from three taxonomic phyla (Einav & Is-
ra el 2008). The large-scale research of  cyanobacteria in 
continental waters of  Israel showed that this group is do mi-
nant along with diatoms and green microalgae, totaling 432 
spe cies (Barinova et al. 2022). Despite the above-mentioned 
facts, there are no studies on the diversity of  benthic marine 
cyano bacteria on the Israeli coast of  the Mediterranean Sea.

Therefore, the work aims to study the species diversity 
and ecology of  cyanobacteria in the benthos of  the Israeli 
coast of  the Mediterranean Sea.

M A T E R I A L  A N D  M E T H O D S
Study area

The coastline of  Israel on the Mediterranean Sea is an 
al most smooth line, stretches from south to north for a dis-
tance of  about 200 km and has only one bay in the Hai fa 
area (Fig. 1). Only a few small streams flow into the sea 
along the entire coast. The sampling period is the most wa-
te ry during the year, however, no significant inflow of  fresh 
water was found. The information for the sampling sites 
position was taken from the published paper (Einav & Is-
rael 2008) and our field observations. All sites along the 
Me di terranean coast of  Israel that represented in previous 
stu dy of  macrophytes by R. Enav and A. Israel were visited 
for phytobenthos sampling. A total of  25 sites evenly dis tri-
buted along the coast were studied (Figs 1, 2).

Sampl ing and mater ia l  process ing
In order to establish the taxonomic composition of  

cyano bacterial communities, samples of  biological peri phy-
ton were collected along the coastal shore in the Eastern 
Medi terranean. A total of  25 samples were taken during 
the March–May 2021 from 25 sites, but cyanobacteria was 
found in 13 of  them (Table 1, Fig. 1). 

Samples were taken by scraping-off  the benthic com-
mu nity on the shore at a depth of  0–70 cm. The community 
was pictured at each sampling site (Fig. 2). The samples 
were taken in 3–5 replicates and placed in 50 ml plastic 
tubes. They were transported to Institute of  Evolution in 
an ice box. The samples were 1) used for direct microscopy, 
2) dried in 50 ml tubes, and 3) used as a fixed sample in 3 % 
neutral formaldehyde. Each sample received own unique 
num ber and the data about it was put in our database in 

Micro soft Access, and stored in the Collection of  Institute 
of  Evolution for later studies.

Direct microscopy was performed at Institute of  Evo-
lu tion, University of  Haifa in living and fixed samples un der 
mag ni fication 400–1000. The detected species were mea-
su red and photographed using an OMAX 3D-500 digital 
ca mera. Known species were identified using conventional 
de fi nitions whenever possible down to the genus or species 
level.

Part of  the dried material in 50 ml tubes was transported 
to A.O. Kovalevsky Institute of  Biology of  the Southern 
Seas of  Russian Academy of  Sciences for studies. Twenty-
five dried samples of  marine benthos from the coastal sites 
were soaked in water with a salinity of  35 ‰ for 1 hour 
be fore processing. The slides with samples were examined 
in native preparations (Barbour et al. 1999, Miroshnichenko 
2021) in a light microscope Bresser BioScience Trino (Ger-
ma ny) with Levenhuk M1000 Plus microscope digital 
camera at the ×400 and ×1000 magnifications.

The taxonomic identification based on morphological 
fea tures, the ecological characteristics, and geographical 
dis tri bution of  the cyanobacterial species were determined 
using specialized identification books and databases (Ko-
má rek & Anagnostidis 1999, 2005, Komárek 2013, www.
algaebase.org, www.marinespecies.org). The bioindicator 
va lues were performed using species-specific ecological 
pre fe rences of  the identified cyanobacteria (Barinova et al. 
2019). The species occurrence in samples (O, %) was cal cu-
lated from the ratio of  the number of  samples in which the 
species was found to the total number of  samples, in per-
cent (Shitikov et al. 2003). The frequency of  the species oc-
cur rence in the specific sample was assessed visually (F) and 
ex pressed on a 5-score scale from 1 (very rare) to 5 (very 
fre quent) (Whitton et al. 1991). The similarity of  the species 
com position of  cyanobacteria communities was assessed 
using the Sørensen index (Sørensen 1948). We scored the 
an thro pogenic load on the base of  its description in the 
macro algae study (Einav & Israel 2008).

The collection of  samples was carried out 
simultaneously with the measurement of  environmental 
variables. The tem pe rature, conductivity, and pH of  water 
were measured at the sampling time using HANNA 
Waterproof  Portable pH/Termometer. Water samples for 
the nitrate nitrogen ana lysis were collected at the sampling 

site in plastic tubes with a volume of  50 
mL and transported to the lab in an ice box. 
The nitrate nitrogen concentration was 
measured using a HANNA kit according 
to a spectrophotometric method in the 
laboratory of  Institute of  Evolution. 
The salinity was mea sured in psu with 
a Refractometer Salinometer, Seawater 
Salinity Meter (Ade Advanced Optics, 
Oregon, U.S.A.). The GPS coordinates 
of  sampling sites were determined with 
GARNMIN GISMAP 64.

Table 1. Sites name, abbreviation, sampling dates, and GPS coordinates in 
the Mediterranean coast.

No.Name Abbreviation Date Latitude,  
North

Longitude,
East

1 Yam Rosh HaNiqra RN 06.03.2021 33º05'36" 35º06'28"
2 Shave Zion Nh 06.03.2021 32º58'00" 35º04'53"
3 Akko Ac 06.03.2021 32º55'42" 35º04'08"
4 Haifa Bat Galim Casino HC 06.05.2021 32º50'02" 34º58'35"
5 Yam - Atlit, Newe Yam At 06.05.2021 32º42'21" 34º56'15"
6 Tel HaTaninim, Zarqa TT 06.05.2021 32º32'21" 34º54'06"
7 Caesarea, Al Hayam Qe 06.05.2021 32º29'40" 34º53'24"
8 Hadera, Tal Afar Ha 06.05.2021 32º26'46" 34º52'40"
9 Nature Reserve "Gador" Ga 06.05.2021 32º24'50" 34º52'15"
10 Bet Yanai Ya 06.05.2021 32º23'09" 34º51'47"
11 Bat Yam BY 23.04.2021 32º01'59" 34º44'32"
12 Yam Evtah Ye 23.04.2021 31º44'42" 34º35'59"
13 Askkelon north As 23.04.2021 31º42'12" 34º34'23"
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R E S U L T S

Species list of cyanobacteria found in benthos 
of the Israeli coast of the Mediterranean Sea

As a result of  the study of  25 samples from the coast of  
the Mediterranean Sea, cyanobacteria were found only in 13 
sam ples. There were 24 taxa belonging to 7 orders, 13 fa mi-

lies, and 17 genera. Seven taxa were recorded for the first 
time for the Mediterranean Sea: Aphanocapsa incerta, Apha no
thece nidulans, Chlorogloea cf. microcystoides, Pseudanabaena mu ci
cola, and three taxa, identified only as those belonging to the 
genera Chroococcus, Gloeocapsopsis, and Trichocoleus (Table 2).

Most of  cyanobacteria species were benthic (19 species, 
90 %). In the cyanobacterial community, marine (14 species, 

Figure 1 Map of  the sampling sites (black 
dots) on the Israeli coast of  the Medi ter ra ne-
an Sea in March-May 2021. Blue stars: sites 
where cyano bac teria were revealed

Figure 2 Sampling sites in the March–May 2021 in the eastern Mediterranean coast: A – 
site 1, Rosh HaNiqra; B – site 4, Haifa Bat Galim Casino; C – site 15, Gador; D – site 21, Bat 
Yam; E – site 24, Ashkelon

Table 2. The list of  cyanobacteria species from benthos of  the Israeli coast of  the Mediterranean Sea and their characteristics 

No. Taxa O, % Ec Hal S PhG
1 Aphanocapsa incerta (Lemmermann) G. Cronberg & Komárek 1994 * 4 B-P FW β C
2 Aphanocapsa litoralis Hansgirg 1892 8 B-P М, B, FW  АBT not
3 Aphanothece nidulans P. Richter 1884 * 4 B FW ο-β BТ not
4 Calothrix contarenii Bornet & Flahault 1886 12 B М  BТ not
5 Calothrix fusca var. marina Ervegović 1932 12 B М  B
6 Calothrix parietina Thuret ex Bornet & Flahault 1886 4 B FW ο C
7 Chlorogloea cf. microcystoides Geitler 1925* 12 B FW - C
8 Chroococcus sp. * 8 - - - -
9 Cyanostylon microcystoides Geitler 1928 8 B FW - B not
10 Entophysalis deusta (Meneghini) F.E. Drouet & W.A. Daily 1948 24 B М - BТ not
11 Gloeocapsopsis crepidinum (Thuret) Geitler ex Komárek 1993 4 B FW - АBТ not
12 Gloeocapsopsis sp. * 20 - - - -
13 Kyrtuthrix dalmatica Ercegovic 1929 8 B М - BТ
14 Lyngbya confervoides C. Agardh ex Gomont 1892 32 B М - C
15 Lyngbya semiplena J. Agardh ex Gomont 1892 12 B М - BТ not
16 Phormidium nigroviride (Thwaites ex Gomont) Anagnostidis & Komárek 1988 8 B М - C
17 Pseudanabaena mucicola (Naumann & Huber-Pestalozzi) Schwabe 1964 * 4 B FW, B β АBT not
18 Rivularia polyotis Roth ex Bornet & Flahault 1886 4 B М - BТ not
19 Scytonematopsis crustacea (Thuret ex Bornet & Flahault) Kováčik & Komárek 1988 12 B М - АBТ not
20 Spirulina tenerrima Kützing ex Gomont 1892 4 B М - АBТ not
22 Trichocoleus tenerrimus (Gomont) Anagnostidis 2001 8 B М - АBТ not
21 Trichocoleus sp. * 8 - - - -
23 Xenococcus pallidus (Hansgirg) Komárek & Anagnostidis 1995 4 B М - BТ
24 Xenococcus schousboei Thuret 1880 12 B М - BТ not
Notes: * – noted for the first time in this sea; O – occurrence of  species in samples; Ec – ecology: B – benthic, B-P – benthic and plank-
tonic, Hal – halobity: М – marine species, B – brackish, FW – freshwater; S – saprobity: ο – oligosaprobiont; ο-β – oligo-beta-mesosapro-
biont; β – beta-mesosaprobiont; PhG – phytogeographic elements: B – boreal species, BТ – boreal-tropical, АBT – arctic-boreal-tropical, 
C – cosmopolite, not – notal species found in the Southern Hemisphere. 
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67 %) and freshwater (6 species, 29 %) species prevailed. 
Only four species were the saprobity indicators, which were 
fresh water species common in oligosaprobic and beta-me-
so saprobic waters. Most species had a wide geographic 
dis tri bu tion and are usually found in the Northern Hemi-
sphere (100 %), including 62 % species also found in the 
Sou thern Hemisphere. Among them, the boreal (10 %), 
boreal-tropical (38 %), arctic-boreal-tropic (29 %) groups 
and cosmopolites (24 %) were noted.

Description of new records for the 
Mediterranean Sea cyanobacterial species

Below are microphotographs of  seven live species earlier 
not found in the Mediterranean Sea, which were ta ken on a light 
microscope (Fig. 3, A–G). The following is a description of  a 
cyanobacterial species new to the region in the annotated list.

Order SYNECHOCOCCALES
Family Merismopediaceae

Genus Aphanocapsa C.Nägeli 1849
Aphanocapsa incerta (Lemmermann) G. Cronberg 
et Komárek 1994 (Table 2; Fig. 3A); basionym: Poly

cys tis incerta Lemmermann 1899; = Microcystis incerta 
(Lemmermann) Lem mer mann 1903; Microcystis pulverea var. 
incerta (Lem mer mann) W.B. Crow 1923; Microcystis pulverea 
f. in cer ta (Lem mermann) Elenkin 1938; Diplocystis incerta 
(Lem mer mann) F.E. Drouet & W.A. Daily 1948; Anacystis 
incerta (Lem mermann) Drouet et Daily 1952
The species was found in March of  the Akko area, the nor-
thern Israel in the Mediterranean Sea (sample site Akko). 
The occurrence in the samples is 4 %. Colonies of  this spe-
cies with yellowish mucilage, spherical with densely spaced 
spherical bright blue-green cells with a diameter of  1.5–
2.0 µm. The species is benthic and planktonic, freshwater 
one, cosmopolite, and β-mesosaprobiont. 

Family Pseudanabaenaceae
Genus Pseudanabaena Lauterborn 1915

Pseudanabaena mucicola (Naumann & Huber-Pes ta lo-
zzi) Schwabe 1964 (Table 2, Fig. 3F); basionym: Phormidium 
mucicola Nauman et Huber-Pestalozzi 1929; = Lyngbya nau
man nii Iltis 1972
The species was found in May near Hadera Tal Afar (cent ral 
part, site Ha). The occurrence in the samples is 4 %. Tri-
chomes without sheaths, not lоng, irregularly curved, with 
cell size 1.2–1.4 µm; cells are barrel-shaped, more or less 

Figure 3 Cyanobacteria species new to the Mediterranean Sea from the benthos of  the Israeli coast: A – Aphanocapsa incerta (Lemmermann) 
G. Cronberg & Komárek 1994; B – Trichocoleus sp.; C – Aphanothece nidulans P. Richter 1884; D – Chroococcus sp.; E – Chlorogloea cf. microcystoides 
Geitler 1925; F – Pseudanabaena mucicola (Naumann & Huber-Pestalozzi) Schwabe 1964; G – Gloeocapsopsis sp. Scale bar: 10 µm
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square. The species is benthic, epiphyte, freshwater and bra-
ckish, β-mesosaprobiont, arctic-boreal-tropical-notal species. 

Family Trichocoleusaceae
Genus Trichocoleus Anagnostidis 2001

Trichocoleus sp. (Table 2, Fig. 3B)

The species was found in May near Hadera Tal Afar and Tel 
Ha Taninim (central part, sites Ha, TT). The occurrence in 
the samples is 8 %. The filaments are up to 15 µm, thick, 
long, with wide, colorless and sometimes yellowish sheaths, 
con taining several densely packed trichomes. Trichomes 
are blue-green, sometimes yellow-green, not constricted, 
with visible cell walls with cell size 0.8–1.0 µm wide and 
1.9–2.4 µm length. Trichocoleus polythrix, T. tenerrimus, and 
T. wuit neri previously detected in the Mediterranean Sea 
differ from found species in the filament organization, co-
lor, structure of  the mucilageous sheaths, and the color and 
size of  trichomes. 

Order CHROOCOCCALES
Family Aphanothecaceae

Genus Aphanothece C. Nägeli 1849
Aphanothece nidulans P. Richter 1884 
(Table 2, Fig. 3C); = Aphanothece saxicola f. 
nidulans (P. Richter) Elenkin 1938; Anacystis 
nidulans (Richter) Drouet et Daily 1952

This species was found in May near Ha de ra 
Tal Afar (cent ral part, site Ha). The occur-
rence in the samples is 4 %. The colony 
is shapeless, with colorless mucilage, in 
which cy lin drical cells are loosely packed 
with their own envelopes clear ly visible at 
the edge of  the colony. Cells 1.7–1.9 µm 
wide and 3.4–3.9 µm long. The species is 
ben thic, freshwater, boreal-tropical-notal, 
ο-β-mesosaprobiont. 

Family Entophysalidaceae
Genus Chlorogloea Wille 1900

Chlorogloea cf. microcystoides Geitler 1925 
(Table 2, Fig. 3E)

The species was found in March near Ak-
ko (north coast, site Ac), in April near Ash-
ke lon South (southern part, site As), and 
in May near Caesarea Al Hayam (central 
part, site Qe). The occurrence in samples is 
12 %. Colonies are brown-green, prostrate, 
com posed of  subcolonies with their own 
yel lo wish envelopes. Cells are yellowish to 
blue-green, surrounded by colorless enve-
lopes, and in co lo nies arranged more or less 
in rows, close to each other; there fore, their 
shapes vary from round to polygonal with 
a dia me ter of  3.4–4.1 µm. This spe cies dif-
fers from the diag no sis only in eco lo gi cal 
cha rac teristics, according to which it can-
not live in ma rine ecosystems (Ko má rek & 
An ag nostidis 1999). The spe cies is ben thic, 
fresh water one, and cos mo po lite. 

Family Chroococcaceae
Genus Chroococcus Nägeli 1849

Chroococcus sp. (Table 2, Fig. 3D) 
The species was found in March near 
Shave Zion (north coast, site Nh) and in 
May near Hadera Tal Afar (central part, 
site Ha). The occurrence in the samples 

is 8 %. The co lo ny consists of  densely packed round and 
semicircular yellow-green cells with their own co lor less thin 
mucilageous en ve lopes, with a diameter of  3.0–6.0 µm. The 
species dif fers from Chroococcus spp., pre viously described 
for the Me di ter ranean Sea, in the appearance of  colonies, 
sizes, and cell color. 

Order CHROOCOCCIDIOPSIDALES
Chroococcidiopsidales family incertae sedis

Genus Gloeocapsopsis Geitler ex Komárek 1993
Gloeocapsopsis sp. (Table 2, Fig. 3G)

The species was found in March near Shave Zion and Yam 
Rosh HaNiqra (northern part, sites Nh, RN), in April near 
Bat Yam (southern part, site BY), in May near Bet Yanai and 
Ha dera Tal Afar (central part, sites Ya, Ha). The occurrence 
in the samples is 20 %. The colonies are compact, irregular, 
and consist of  densely packed subcolonies containing cells 
with their own envelopes. Mucilage color from slightly purple 
to blackish at the edges, cells dark blue-green, he mi sphe rical 

Table 3. Visual assessment of  the abundance scores of  cyanobacteria species 
in samples of  the site community.

Taxon
Site

Ac Nh RN As Ye BY Ya Ga Ha Oe TT At HC
Aphanocapsa incerta 3 · · · · · · · · · · · ·
Aphanocapsa litoralis · · · · · 3 · · 2 · · · ·
Aphanothece nidulans · · · · · · · · 2 · · · ·
Calothrix contarenii · · 2 · · 3 2 · · · · · ·
Calothrix fusca var. marina · · 2 · · 2 2 · · · · · ·
Calothrix parietina · · · · · 4 · · · · · · ·
Chlorogloea cf. microcystoides 3 · · 2 · · · · · 4 · · ·
Chroococcus sp. · 2 3 · · · · · 3 · · · ·
Cyanostylon microcystoides · · · · · 4 · · 3 · · · ·
Entophysalis deusta · 4 3 · · 3 3 · 4 · · · 3
Gloeocapsopsis crepidinum 2 · · · · · · · · · · · ·
Gloeocapsopsis sp. · 3 · · · 3 3 · 3 · · · ·
Kyrtuthrix dalmatica · · · · · 3 · · 3 · · · ·
Lyngbya confervoides 4 4 · · 1 5 5 1 3 · 5 · ·
Lyngbya semiplena 2 · · · · · · · · · 3 2 ·
Phormidium nigroviride · · · · · 2 · · · · 3 · ·
Pseudanabaena mucicola · · · · · · · · 2 · · · ·
Rivularia polyotis · · · · · 3 · · · · · · ·
Scytonematopsis crustacea · 4 · · · 4 · · 4 · · · ·
Spirulina tenerrima · · · · · · · · 1 · · · ·
Trichocoleus sp. · · · · · · · · 3 · 2 · ·
Trichocoleus tenerrimus · 3 · · · · · · 1 · · · ·
Xenococcus pallidus · · · · · · 3 · · · · · ·
Xenococcus schousboei 2 · · · · · 2 · · 4 · · ·
Notes: abundance scores: 1 – very rare, 2 – rare, 3 – not rare, 4 – frequent, 5 – very 
frequent.

Table 4. Environmental variables, anthropogenic load scores and species rich-
ness of  Cyanobacteria in the Mediterranean coast sampling sites in March-
May 2021.

No Site N-NO3, mg L-1 pH EC, 
msm cm-1

Temperature,
°C

Salinity, 
psu

Anthropog. 
load, score

Number 
of  species

1 RN 3.9 7.9 10.66 18.6 40.0 1 4
2 Nh 0.0 7.9 10.68 18.6 39.5 3 6
3 Ac 0.0 7.9 10.69 18.6 40.0 4 6
4 HC 1.1 7.6 10.50 18.6 40.0 2 1
5 At 0.9 7.6 10.53 18.6 40.0 3 1
6 TT 0.0 7.7 10.52 18.6 40.0 5 4
7 Qe 0.7 7.7 10.51 18.6 41.0 1 2
8 Ha 2.2 7.7 10.49 18.6 41.0 1 12
9 Ga 0.8 7.6 10.46 18.6 40.0 nd 1
10 Ya 2.4 7.6 10.41 18.6 40.0 nd 7
11 BY 0.7 7.5 10.55 18.6 39.0 6 12
12 Ye 1.6 8.0 10.53 18.6 40.0 nd 1
13 As 1.3 8.0 10.45 18.6 40.0 nd 1
Note: nd – not determined.
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with a diameter of  2.5–4.5 µm. Two species with blackish 
mu ci lage, Gloeocapsopsis polyedrica, and G. chroo coc coi des, differ 
signi ficantly from the species found by us in terms of  color 
and struc ture of  cell envelopes, size and color, and eco lo gi cal 
cha racteristics. In the Mediterranean Sea, the species Gloeo
capsa compacta with dark, almost black mucilage was previously 
noted, but its generic morphological cha rac ters also differ 
sig nificantly from those of  the species found by us.

Characteristics of cyanobacterial 
communities on the studied sites

In general, cyanobacteria were found in 52 % of  the 
samples, where, in addition to macrophytes, there was also 
substrate fouling. Twelve species were found in the nor-
thern part of  the coast, twenty ones in the central part, and 
thirteen ones in the southern part. The highest occurrence 
in samples (О) had Lyngbya confervoides (32 %), Entophysalis 
deusta (24 %), Gloeocapsopsis sp. (20 %). 

A visual assessment of  the occurrence of  species ac-
cor ding to the scores (F) in samples (Table 3) showed that 
cyano bacteria are unevenly distributed over the micro ha-
bitats. The highest score (4–5) was noted in eight species.

In the samples, the dominant complex includes Ento phy sa
lis deusta (Fig. 4A), Calothrix parietina, Chlorogloea cf. microcystoides 
(Fig. 3E), Cyanostylon microcystoides (Fig. 4B), Lyngbya confervoides 
(Fig. 4C), Scytonematopsis crustacea (Fig. 4E), and Xenococcus 
schousboei (Fig. 4D). The species L. confervoides was the most 
frequent one among the dominant species in the community.

In order to identify the habitats variables of  revealed 
cya no bacteria species, an expeditionary field work was un-
der taken to collect data on communities and determine wa-
ter quality parameters along the Mediterranean coast at the 
same sites where macroalgae were collected earlier (Einav & 
Israel 2008). The results of  determining the environmental 
va riables are shown in Table 4 for the respective 13 sites only.

Our screening analysis of  water quality parameters at the 
13 sites along the Mediterranean coast showed (Fig. 5a–d) 
that the electrical conductivity decreases from north to south, 
in general following the distribution of  water pH (Fig. 5a). 

At the same time, the amount of  nitrate nitrogen is 
highest at the northern sites and follows a similar dis tri-
bu tion of  the water pH, as seen in the trends in Fig. 5b. 
Figs 5a, b, c demonstrated the tendency to lower values of  
pH, conductivity, and nitrate nitrogen as opposed to wa-
ter salinity at the sites under study. The species richness of  
cyano bacteria fluctuated from north to south with the lar gest 
species number at Hadera where the power plant coo ling 
water intake and Bat Yam where there are massive human 
settlements. Such sites as Gador, Hof  HaCarmel, and Atlit 
are parts of  protected areas of  the Carmel Mountain Bio-
sphere Natural Reserve and Gador Natural Reserve, where 
the species richness of  cyanobacteria was lowest. We re pre-
sent in Fig. 4c the anthropogenic load scores based on the 
data from (Einav & Israel 2008). It can be seen that species 

Figure 4 Dominant species of  cyanobacteria in samples from Israeli coast: A – Entophysalis deusta (Meneghini) F.E. Drouet & W.A. Daily 
1948; B – Cyanostylon microcystoides Geitler 1928; C – Lyngbya confervoides C. Agardh ex Gomont 1892; D – Xenococcus schousboei Thuret 1880; E – 
Scytonematopsis crustacea (Thuret ex Bornet & Flahault) Kováčik & Komárek 1988. Scale bar: 10 µm (a – c, d) and 100 µm (e)
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rich ness distribution, in general, followed the load scores 
and therefore demonstrated stimulation of  cyanobacteria 
di ver sity by anthropogenic activity. In Figs 5b, c, a sharp 
in crease in the nitrate nitrogen concentration can be seen 
at the northern station (Rosh HaNiqra) in 2021 which is 
oppo site to the 2008 anthropogenic load. It can be the re-
sult of  the oil pollution catastrophe that happened during 
our sampling period, moved southwest to northeast, and 
most ly affected biota on the northern sites of  the Eastern 
Me di terranean coast of  Israel (Fig. 2). Fig. 2b demonstrates 
oil pollution of  station Haifa Bat Galim Casino that also 
was found in the northern sites of  the Mediterranean coast 
under study. 

D I S C U S S I O N
In the benthic cyanobacterial community, characteristic 

features for the Mediterranean seashore were noticed, with 
the do minance of  marine benthic species with wide geo-
gra phical distribution. The contribution of  freshwater spe-
cies to the Israeli coastal zone is 29 %. The presence of  
fresh water species in the marine coastal community is also 
ob ser ved in other seas (Beljakova & Fushtey 2004, Gorin et 
al. 2016, Vinogradova & Bryantseva 2017, Miroshnichenko 
2021) but differs only in their proportion. Also, four in di-
cator species were identified, which are freshwater ones. All 
of  this probably indicates the migration of  freshwater spe-
cies into the Israeli coastal zone with continental waters, in 
which there are 432 cyanobacterial species in total (Barinova 
& Smith 2022).

According to the published lists of  cyanobacteria from 
dif fe rent areas of  the Mediterranean Sea, the similarity 
coef ficient (Ks) of  cyanobacteria communities on the coast 
of  Israel and neighboring water areas is low, ranging from 
19 % with the Lebanon coast community (Lakkis 2013) to 
26 % with the Cyprus coast community (Ulcay et al. 2015), 

gi ving 15 % similarity with those in the eastern part of  the 
sea (Komárek & Anagnostidis 1999, 2005, Caroppo et al. 
2006, Taskin et al. 2008,  Komárek 2013, Ulcay et al. 2015, 
Gkelis et al. 2016). 

The eight species, including dominants in the Israeli 
coas tal zone, are widely distributed in the marine ecosystems 
of  the Mediterranean Sea. For example, Rivularia polyotis, 
Lyngbya confervoides, and Phormidium nigroviride were found in 
benthos of  the most of  the Mediterranean ecosystems: in 
Albo ran, Balearic, Adriatic, Ionian, Aegean, Cyprus seas, as 
well as on the coast of  Turkey, Lebanon, and Africa (Na-
var ro & Uriarte 1945, Komárek & Anagnostidis 1999, 2005, 
Caroppo et al. 2006, Taskin et al. 2008, De La Rosa et al. 
2013, Komárek 2013, Lakkis 2013, Ulcay et al. 2015, Gkelis 
et al. 2016, Vondrásková et al. 2017). More than half  of  
the above ecosystems are inhabited by Calothrix contarenii, 
Entophysalis deusta, Lyngbya semiplena, Scytonematopsis crustacea, 
and Trichocoleus tenerrimus. All of  the listed species pre fe ren-
tially inhabit rocky substrates in the surf  zone (Kaštovský 
et al. 2021), and it can be assumed that these cyanobacterial 
spe cies are typical for the Mediterranean coast. However, 
our data on the benthic cyanobacteria of  the Israeli coast are 
new. Thus, the list of  identified dominant cyanobacteria on 
the sea coast differs from that in freshwater bodies, where 
Phormidium, Oscillatoria, Microcystis, Merismopedia and Apha no
cap sa (Barinova 2020, Barinova & Smith 2022) prevail. 

In contrast to the identified trend towards a decrease in 
the species diversity of  cyanobacteria from the continental 
wa ters of  Israel from north to south (Barinova 2011, Ba-
ri nova et al. 2015), species richness of  cyanobacteria from 
the marine coast under study was greatest among the sites 
with significant anthropogenic load. Cyanobacteria can suc-
cess fully grow under limited concentrations of  biogenic 
ele ments and rapidly changing environmental conditions on 
the seacoast due to their unique adaptive mechanisms, in clu-

Figure 5 Distribution of  environmental variables in March–May 2021 and species richness of  Cyanobacteria at the sites of  the Eastern 
Mediterranean coastline. Sites and anthropogenic load are according to (Einav & Israel 2008)
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ding nitrogen-fixing activity (Golubic et al. 1999, Whitton 
2012). Twenty-five percent of  cyanobacterial spe cies in 
benthos were heterocystous nitrogen-fixing ones, ma king 
significant contribution to the enrichment of  coastal wa-
ters with nitrogen-containing substances, whose values 
cor re lated with the oil pollution degree and the increasing 
anthro pogenic load. Cyanobacterial communities in the Jor-
dan River had similar features (Barinova 2020), such as the 
dramatic decrease of  the microalgae diversity and the in-
crease in the proportion of  cyanobacteria in the community 
downstream after the polluted water discharge.

C O N C L U S I O N
Nowadays, the benthic community of  cyanobacteria of  

the Mediterranean Sea, including the Israeli coast, remains 
poor ly studied, and the present study expands knowledge 
in this field. There are first records of  biodiversity of  Cya-
no bacteria in the benthos of  the Mediterranean coast of  
Israel, where 24 species from 7 orders, 13 families, and 17 
ge nera have been found. Seven species have been noted in 
the Mediterranean Sea for the first time. Dominant and fre-
quently encountered cyanobacterial species of  on the Israeli 
coast differ from those in its continental waters and are typical 
for numerous marine coastal habitats. In the cyanobacterial 
community, benthic marine (67 %) and freshwater (29 %) 
species have been found to dominate. Most of  the species 
have a wide geographic distribution and are usually found 
in the Northern Hemisphere (100 %), including 62 % of  
species also found in the Southern Hemisphere. Boreal 
(10 %), boreal-tropical (38 %), arctic-boreal-tropical (29 %) 
groups and cosmopolites (24 %) have been noted in the 
community. Cyanobacterial species rich ness was the greatest 
at the sites with oil pollution and other anthropogenic loads.

A C K N O W L E D G E M E N T S
This research was funded by Russian Academy of  

Sciences, Government research assignment of  IBSS RAS 
No. 121030300149-0, and by the Israeli Ministry of  Aliyah 
and Integration. We thanks Olena Chernyavska for her 
great help in sampling.

Conflicts of  Interest: The authors declare no conflict of  in-
terest. The funders had no role in the design of  the study; in the 
collection, analyses, or interpretation of  data; in the writing of  
the manuscript, or in the decision to publish the results.

L I T E R A T U R E  C I T E D
Barbour, M.T., J. Gerritsen, B.D. Snyder & J.B. Stribling 

1999. Rapid bioassessment protocols for use in streams and wade
able rivers: Periphyton, benthic macroinvertebrates and fish. Se cond 
edition. EPA 841-B-99-002. U.S. Environmental Pro tec-
tion Agency; Office of  Water; Washington, D.C., 339 pp.

Barinova, S. 2011. Algal diversity dynamics, ecological assessment, 
and monitoring in the river ecosystems of  the Eastern Mediterranean. 
Nova Science Publishers, Hauppauge, NY, 363 pp.

Barinova, S. 2020. Environmental preferences of  Cyano-
bac teria in the gradient of  macroclimatic factors and pol-
lu tion. Theoretical and applied ecology 1:51–57.

Barinova, S., V. Gabyshev, M. Boboev, L. Kukhaleishvili & 
O. Bilous 2015. Algal indication of  climatic gradients. 
Ame ri can Journal of  Environmental Protection 4(3–1):72–77.

Barinova, S.S., O.P. Bilous & P.M. Tsarenko 2019. Algal in
di cation of  water bodies in Ukraine: methods and perspectives. 
Haifa, Kiev, 367 pp. 

Barinova, S. & T. Smith 2022. Flora of  Algae and Cya no-
bacteria of  continental waters of  Israel in the XXI Cen-
tu ry: Taxonomy, autecology and water quality indicators. 
Diversity 14(5):328.

Belyakova, R.N. & T.V. Fushtey 2004. Cyanoprokaryota 
plank ton of  the Sea of  Azov. Novosti sistematiki nizshih ras tenii 
37:21–35 (in Russian). [Белякова Р.Н., Фуштей Т.В. 2004. 
Cyanoprokaryota планктона Азовского моря // Но вос-
ти систематики низших растений. Т. 37. С. 21–35].

Boudouresque, C.F. 2004. Marine biodiversity in the Medi-
ter ranean: status of  species, populations and communities. 
Scientific Reports of  the Port-Cros National Park 20:97–146.

Caroppo, C., S. Turicchia & M.C. Margheri 2006. Phy to-
plank ton assemblages in coastal waters of  the northern 
Ionian Sea (eastern Mediterranean), with special reference 
to cyanobacteria. Journal of  the Marine Biological Association 
of  the UK 86(5):927–937.

De La Rosa, J., M. Altamirano & M. Zanolla 2013. Checklist 
of  benthic marine cyanoprokaryota of  Chafarinas Islands 
(Alboran Sea, Western Mediterranean). Acta Botanica Ma
la citiana 38:182–186. 

Einav, R. & A. Israel 2008. Checklist of  seaweeds from the 
Israeli Mediterranean: Taxonomical and ecological app-
roa ches. Israel Journal of  Plant Sciences 56:127–184. 

Gkelis, S., I. Ourailidis, M. Panou & N. Pappas 2016. Cya-
no bac teria of  Greece: an annotated checklist. Biodiversity 
Data Journal 4(e10084):1–103.

Golubic, S., T. Le Campion-Alsumard & S.E. Campbell 
1999. Diversity of  marine cyanobacteria. In Marine cya
no bac teria (L. Charpy & A.W.D. Larkum, eds), pp. 53–76, 
Musée Océanographique, Monaco. 

Gorin, K.K.; V.N. Nikitina & R.N. Beljakova 2016. Cya no-
pro karyota structural features of  several coastal ha bi tats 
of  the Neva Bay, the Gulf  of  Finland, Baltic Sea. Trudy 
Kol'skogo nauchnogo centra RAN 7–4(41):58–71 (in Russian). 
[Горин К.К., Никитина В.Н., Белякова Р.Н. 2016. 
Струк тур ные показатели цианопрокариот некоторых 
при брежных биотопов Невской губы Финского за ли-
ва Балтийского моря // Труды Кольского научного 
цент ра РАН. T. 7–4, вып. 41. С. 58–71].

Guiry, M.D., G.M. Guiry 2022. AlgaeBase. World-wide elect-
ro nic publication, National University of  Ireland, Galway. 
Available online: URL https://www.algaebase.org (last 
accessed on 18.02.2022).

Kaštovský, J., T. Hauer & J. Komárek 2021. Cyanobacteria 
on rock surfaces. In: Life at Rock Surfaces (B. Büdel & 
T. Friedl, eds), pp. 87–140, DeGruyter, Germany.

Komárek, J. 2013. Cyanoprokaryota. 3 Teil: Heterocytous genera. 
Süßwasserflora von Mitteleuropa. 19/3. Springer-Verlag, Ber-
lin, Heidelberg, 1132 pp.

Komárek, J. & K. Anagnostidis 1999. Cyanoprokaryota. 1 Teil: 
Chroococcales. Süßwasserflora von Mitteleuropa. 19/1. Spektrum 
Akademischer Verlag, Heidelberg, Berlin, 548 pp.

Komárek, J. & K. Anagnostidis 2005. Cyanoprokaryota. 2 Teil: 
Oscillatoriales. Süßwasserflora von Mitteleuropa. 19/2. Elsevier 
GmbH, München, 759 pp.

Lakkis, S. 2013. Flore et faune marines du Liban 
(Méditerranée orientale). Biologie, Biodiversité, 
Biogéographie. Roma, ARACNE Editrice, 512 pp.

Miroshnichenko, E.S. 2021. The Cyanobacteria of  the inter-
ti dal zone of  the Kola Bay of  the Barents Sea: Species 



167Botanica Pacifica. A journal of plant science and conservation. 2022. 11(2):159–167

The first records of Cyanobacteria in Israeli coast

com position and ecology. Russian Journal of  Marine Biology 
47(4):274–282.

Navarro, P. & L.B. Uriarte 1945. Catálogo de la Flora del 
Mar de Baleares (Con exclusion de las Diatomeas). Anales 
del Jardin Botánico de Madrid 5:161–298. 

Shitikov, V.K., G.S. Rozenberg & T.D. Zinchenko 2003. 
Quantitative hydroecology: methods of  system identification. IEVB 
RAS, Tolyatti, 463 pp. (in Russian). [Шитиков В.К., 
Розенберг Г.С., Зинченко Т.Д. 2003. Количественная 
гид роэкология: методы системной идентификации. 
Тольятти: ИЭВБ РАН. 363 с.].

Sørensen, T. 1948. A method of  establishing groups of  
equal amplitude in plant sociology based on similarity 
of  species content. Det Kongelige Danske Videnskabernes 
Selskab. Biologiske Skrifter 5(4):1–34.

Taskin, E., M. Öztürk, O. Kurt & M. Öztürk 2008. The checklist 
of  the marine algae of  Turkey. Manisa, Ecem Kirtasiye, 87 pp.

Ulcay, S., Taşkin, E., Kurt O. & M. Öztürk 2015. Marine 
ben thic Cyanobacteria in Northern Cyprus (Eastern Me-
di terranean Sea). Turkish Journal of  Botany 39:173–188.  

Vinogradova, O.N. & Yu.V. Bryantseva 2017. Taxonomic 
revision of  the species composition of  Cyanobacteria/
Cya noprokaryota of  the Ukrainian Coast of  the Black 
Sea. International Journal on Algae 19(4):301–318.

Vondrásková, A., P. Fibich, J. Leps & J. Kaštovský 2017. 
De terminants of  cyanobacterial species com po si tion in 
the splash zone of  two Croatian islands. European Journal 
of  Phycology 52(2):179–187.

Whitton, B.A. 2012. Ecology of  Cyanobacteria II: Their diversity 
in space and time. Springer Science+Business Media, B.V., 
Berlin, Germany, 760 pp.

Whitton, B.A., E. Roth & G. Friedrich 1991. Use of  algae 
for monitoring rivers. Institut für Botanik Univ. Press, Inns-
bruck, 196 pp.

WoRMS Editorial Board 2022. World Register of  Marine Spe
cies. Available from https://www.marinespecies.org at 
VLIZ. (last accessed on 2022-01-19).


