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The article describes the distribution of the diversity of cyanobacteria in 51 Eurasian floras in the gradient of environ-
mental factors. Environmental factors in order to analyze the strength of their impact on the community of cyanobacteria were
divided into two main groups. The first group represents local factors that are distinguished by the instability of exposure,
short duration, and wide amplitude. This group includes organic and toxic anthropogenic pollution and temperature. They
are related to the seasonality and the intensity of using the catchment area. Cyanobacteria increases in productivity but
reduces the species richness in the gradient of increasing influence of the first group of factors. The second group combines
factors of global long-term macroecological stability associated with the latitude and altitude of the aquatic habitat. We took
for analysis cyanobacterial floras in a latitudinal gradient from Israel to the Arctic, as well as in a gradient of height from 4
t0 4213 m above sea level in the Caucasus and the Pamir. A group of global climatic factors, such as a decrease in the average
annual temperature at high latitudes, an increase in insolation at high altitudes, has a stimulating effect on the diversity
of cyanobacteria and at the same time increases their intraspecific variability. The index of intraspecific variation (Ssp/Sp
Index) increase in the gradient of the latitude of habitat and altitude that indicates the release of intraspecific variability and
can serve as an indicator of climatic stress and the surviving of cyanobacteria under climatic instability and local pollution.
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B crarne omeniBaetcs pacripeseneriie pazmoodpasus nuanonpokapuor B 01 espasniickoil aope, Kak 4acTu BOJHO-
ro coo01ecTsa, B rpajuente Gakropos orpyskaomieil cpeibl. GarTopbl cpefbl B LEsAX aHAIN3A CUJILL UX BO3JCHCTBISA HA
coobIrecTBa nuaHobarTepnii ObIIN pasiesieHbl Ha JiBe ocHOBHBIe TpyIibl. [lepBas rpyiia npeacrasiser coboii harropsl,
KOTOPBIE OTINYAIOTCA HECTaOMILHOCTLIO TTPOABIEHNS, KOPOTKOI MPOOJFKNTEIBHOCTBIO 1 IMTHPOKROI aMIinTyoit. K aroii
IpyIiiie OTHeCeHbI JIOKaIbHbIE PAKTOPbI, TAKIE KAK OPraHMYeCKOe 1 TOKCHYECKOe AHTPOITOTEHHOE BarPSI3HEeH e, & TAKKe TeM-
repaTypa, KoTopble CB3aHbI ¢ CEB0HHOCTHIO 1 XapPAKTePOM MECTHOTO KJIMMaTa i MHTeHCTBHOCTHIO NCITOJIb30BAH S TLTOTIAJLN
Bofrocboproro d6acceiina. Ilepsas rpymnmna GarTopoB MOBBINIAET TTPOLYKTUBHOCTD ITHAHOOAKTEPHUIl, HO YMEHbBIeT 60raTcTBO
BUJIOB B IpajiieHTe yeujieHust Bosjeiicteust. Bropas rpynna oobefunser (GarTopbl riobaabHOI 0JT0CPOUHON MAKPOIKO-
JOTMYeCKOIl ¢TabUIbHOCTH, CBSI3AHHbBIE ¢ HIMPOTHOCTHIO U BBICOTHOCTLIO MecToobuTanms. [lns anannsa 6buai B3sThl (DIOpPbI
nuamodarTepuii B impoTHoM rpajuente ot Vzpamis o ApRTIKI, a Takske B TpajinenTe BHICOTHI OT 4 /10 4213 M naji ypoBsiem
mopst Ha Raskasze u [Tamupe. Oranock, uto naHobakTepun pearnpyoT Ha 3MeHeH U s 100 IbHBIX KINMAaTHYeCKIX (DAKTOPOB,
TAKNX KaK CHUKEHIe CPeJIHerojloBOIl TeMIlepaTypbl B BBICOKUX IINPOTAX, U YBeJIMUYeHNe NHCOJSINNI Ha GOJBIINX BbICOTAX.
Itn HaKTOPBI OKABBIBAIOT CTUMYJINPYIOIIee BANAHNE HAa padHooOpasne nunanodaKTepuii 1 B TO ke BpeMs yBeJTMUNBAIOT NX
BHYTPUBUIOBYIO U3MeHYNBOCTh. Paree HaMmu pazpaboraH nHjIeKe BHYTPUBU0BOI uamenunoctu (Mugexe Ssp/Sp), paccun-
ThIBAEMBbIII HA OCHOBE H3BECTHOTO BI0BOTIO OoraTcTBa ()/1opbl Boflopocieii 1 inanodarrepuii (Sp) u 4mcsia mpucyTeTyonmnx
B crrcke urophl TAKCOHOB paHToM Hinke Busia (Ssp). B pesyibrare pacuéron n anannsa 6b110 BBISIBIEHO BO3pacTanme WHIerea
B rpajueHTe mmnpoTbl MeCTOO6MTaH]AH 1 BbICOTHI HAJL YPOBHEM MOPHA, 4YTO CBUJIETE/ILCTBYET O BblCBO60"}l{J_LeHJ/1M BHYTPUBUIOBOIO
noanMopguaMa Ha rpaHiile apeasia i MOYKeT CJYRUTh MHIANKATOPOM KIMMATHYeCKOT0 CTPecca 1 BhIKUBAH ST IHaHOOAKTe il
B YCJIOBUAX RIANMATHYECKOI HECTaOMIHLHOCTH 1 JIOKATHHOTO 3aTPA3HEH .

Kaouesvle caosa: muanodbaxkrepnu, BujioBoe 6OraTcTBO, KINMATHUYECKUIEe IPAJUEHTEI, BEICOTA HAJ YPOBHEM MOPI,
3arpsisHenue, EBpasus.
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The factors affecting the species richness of
cyanobacteria and the quantitative indicators
of their communities can be divided into two
main groups: 1) on local scale like a reservoir
or basin of a small river, and 2) on global scale
like a large administrative or floristic region, a
large river basin, and a part of the continent. In
the first case, to determine the degree of reaction
of the communities of cyanobacteria, beta- and
alpha-diversity are analyzed. In the second case,
diversity is combined from large floristic or
geographical regions, and alpha- and gamma-
diversity can be analyzed. Factors of the first
group, such as local water temperature, nutri-
ent saturation, are represent a group of rapidly
changing indicators with a large amplitude. At
the same time, macroclimatic factors can be con-
sidered relatively stable compared o the scale of
development of algal communities.

Factors such as the latitude or altitude
gradient [1] are associated not only with the
main climatic characteristics but also with key
players in the formation of biota diversity fac-
tors that were established at the current stage
of biome evolution. The study of the diversity of
cyanobacteria of continental water bodies and
the patterns of response of their communities to
the influence of various factors, both local and
macroclimatic, was the aim of this work.

The aim of present work was the identifica-
tion of the response of cyanobacterial communi-
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ties in water bodies of various regions in Eurasia
to the climatic and local state of its habitats in
latitude and altitude gradients using compara-
tive floristic and new statistical methods.

Material and Methods

The material for this study comes from our
own and with the co-authors long-term studies
in rivers and lakes of Eurasia [2, 3] (Fig. 1). A
total of 95 floras were studied, with 2985 taxa,
among them 70 floras contain cyanobacteria.
The studied algal diversity for current analysis
included 599 genera from 51 floras.

The main approach to the analysis of data on
the floristic diversity of algae, including cyano-
bacteria, was made from [3] to determine the main
models for the distribution of species richness by
climatic and local environmental gradients.

Similarity calculation was performed using
the BioDiversity Pro 2.0 program and network
analyses in JASP on the botnet package in R
Statistica package of [4].

Results and Discussion

We revealed 92 genera of cyanobacteria in
o1 Eurasian aquatic floras. There is represented
of 23 flora contains 17 genera with more than 3
species, and 16 floras contain 10 species-rich
common cyanobacterial genera (Table 1).
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Fig. 1. Studied algal floras in the waterbodies of Eurasia

Teoperuueckast u npurnaguas sroaormst. 2020. Ne 1 / Theoretical and Applied Ecology. 2020. No. 1



MOHUTOPUHT ITIPUPOIHBIX 1 AHTPOIIOTEHHO HAPYHIEHHBIX TEPPUTOPUII

Ten most species rich cyanobacteria genera in studied aquatic floras of Eurasia. fable d
Abbreviated: FE — Russian Far East; IS — Israel; TJ — Pamir; Si — Siberia;
STJ — South Tajik depression, Panj River tributaries basin

Genus FE-1|FE-3|FE-5|FE-9 Fﬁ_ IS-1]1S-2|TJ-1|TJ-2|TJ-3|TJ-4|TJ-5|Si-1| STJ-4| STI-5|STIJ-6
Phormidium 0 6 3 0 11116445 3|44 10 3 4
Oscillatoria 4 1 1 0 31149 [ 1310 12| 7 | 3 4 0 0
Microcystis ) 7 2 3121719143313 215 3 2 1
Merismopedia 2 4 4 1 31654 2 2 14 5|3 6 4 )
Gloeocapsa 2 1 0 012,06 63|45 ,6]0 7 1 2
Dolichospermum | 0 3 2 o |6 2,0 2433, 1]0 1 1 1
Chroococcus 0 3 1 0 711 7 1 2 1 2 12| 2 1 0 1
Aphanotece 1 ) 1 4 1401812 2 0| 2 111 1 0 0
Aphanocapsa 0 4 1 21648 |1 1 1 1 111 1 0 0
Anabaena 6 1 3 O |6 1|4 6|6 6 8|6 |3 3 0 1

A diversity of cyanobacteria and its dis-
tribution have been studied in various regions
with a climatic gradient associated with lati-
tude. The species richness of cyanobacteria and
their contribution to algal communities were
evaluated at the levels of alpha- and gamma-
diversity [9].

Research on such a wide area using obser-
vations and experimentation has shown that
temperature is one of the most important factors,
both local and climatic, and that cyanobacterial
communities respond to changes in water tem-
perature, but sometimes this can only be seen
through bioindication or floristic analysis. Some
studies mentioned that cyanobacteria response
to pollution impact could be used as indicators
of toxicity in the northern areas [6]. In the bo-
real region of Eurasia, usually, there are three
extremums in the development of algae, one of
which is dominated by cyanobacteria, while in
the more southern regions it has two, or south
to one extremum only [3].

Seasonal fluctuations in environmental pa-
ramelters and species richness of cyanobacteria
can thus be attributed to local dependencies that
link algae growth in relation to nutrient levels,
temperature, and insolation [1, 3]. Moreover,
the last two factors are already global, although
on a local scale they appear in a “masked” form.

Thus, the relationship between the species
richness of freshwater cyanobacteria in the riv-
ers of Israel and the climatic parameters of the
region from north to south in the direction of
the temperature gradient and humidity of the
climate turned out to be quite distinct. Analysis
shows that in a semi-arid and desert climate,
the anthropogenic influence (local factors) is
masked by the influence of climatic (global)

factors and hydrology. Therefore, diversity dra-
matically decreases from north to south [1, 3].
Figure 2 demonstrate dramatically decreasing
of algae species richness after polluted sewage
input to the Lower Jordan River and increasing
the role of cyanobacteria after local anthropo-
genic impact on the algae diversity.

Comparison of the algae diversity of the
characteristic of the rivers Oren in northern
and Zin in southern Israel over a hundred years
with trends in temperature and climate humid-
ity showed that the effect of desertification is
similar to anthropogenic, provokes an increase
in salinity and can degrade the diversity of
both cyanobacteria and the entire aquatic com-
munity [3]. The use of statistical methods for
the algae flora of Israel showed that the spe-
cies composition was divided into four groups
corresponding to mountain, foothill, coastal
habitats, and located in the rift valley [3], that
is, it corresponds to the climatic characteristics
of the studied territory.

The climate affected not only species rich-
ness in algal communities, but also such vari-
ables as the abundance and biomass of river
phytoplankton in the water bodies of Ukraine
and Kazakhstan [1, 7, 8]. This suggests that
sunlight intensity and ambient temperature are
the most important local regulatory factors for
models of alpha diversity distribution.

Latitudinal climate change from the boreal
region to the Arctic affects the distribution of
cyanobacteria [1]. With an increase in climatic
loads, their species richness correlated quite
clearly with a decrease in the number of ice-free
daysin the direction of the north of the continent.
That is the species richness of cyanobacteria in-
creases in the latitude of the habitat and is asso-
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Fig. 2. Distribution of algae and cyanobacteria species in taxonomic divisions and increasing the role
of cyanobacteria in the Lower Jordan River under strong anthropogenic impact (black arrow down)

ciated with a decrease in integral insolation, but
does not detect a reaction to lower temperatures
averaged over the growing season. Consequently,
cyanobacteria under climatic stress are more
competitive in comparison with algae of other
taxonomic Division at high latitudes [1].

One of the widely known natural phenom-
ena is the distribution of biological diversity by
habitat altitude [1]. While plant communities
are fairly well studied in this regard, the study
of the distribution of freshwater algae, including
cyanobacteria, is at the initial stage.

To identify patterns of distribution of cya-
nobacteria, the mountainous countries of the
Caucasus (Fig. 3) and the foothills of the Pamirs,
aswell asin the regions of Kazakhstan and Israel
were selected [1]. The results of the analysis
showed that the proportion of cyanobacteria
increases due to a decrease in the proportion of
diatoms and other taxonomic Division of algae
from a height of 200 to 2500.

Adding analysis of the diversity of cyano-
bacteria in the foothills of the Hindu Kush and
high mountains of the Pamirs showed a clear
trend of an increase in the species richness of
cyanobacteria at altitudes from 2500 to 4500 m.
That is, with an increase in altitudinal and
climatic stress in habitats above 2200 m above
sea level, cyanobacteria remain more competi-
tive compared to algae of other Division [1]. At
the same time, the distribution of species rich-
ness in the regional flora of the high mountain

tributaries of the Indus River according to the
height gradient [1] showed a large participation
of green algae and cyanobacteria, compared to
diatoms.

A significant feature of the taxonomic struc-
ture of algae in the water bodies of the southern
regions of Eurasiais a large proportion of mono-
morphic species. Such exceptionally low intra-
specific variability may be associated with recent
climatic instability and anthropogenic impacts
that have destroyed habitat differentiation and
contributed to the survival of highly resistant
monomorphic populations.

To identify the degree of intraspecific vari-
ability, we developed the Ssp/Sp index as the
ratio of the number of species, including in-
traspecific variations (Ssp), to the number of
species (Sp) in each algal flora [1]. Thus, the
index values in the aquatic flora of the Holarctic
increase from south to north, which correlates
with global climate changes. At the same time,
for cyanobacteria of the high mountain habitats
of the Pamirs, as well as the high-latitude Arctic,
an increase in the Ssp/Sp index correlates with
an increase in climate stress. Figure 4 show the
correlation of the cyanobacteria species richness
in 51 algal floras of Eurasia. Clusters combined
the most similar cyanobacteria floras. The
first cluster includes the Pamir high mountain
habitats only. Second cluster combine cyano-
bacteria floras in Russian Far East, mountain
Kazakhstan and Israel as well as the floras of
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South-Tajik depression habitats in Pamir pied-
monts. Cluster 3 represented mostly Russian
North habitats and cyanobacterial floras of cold
habitats in Russian Far East and mountain
Israel and Kazakhstan. Four cluster includes
different cyanobacterial floras from lowland
habitats of Kazakhstan, Turkey, Georgia, India
and South Tajik depression lowlands of the Panj
River basin. So, we can see the climatic factors

regulation in the distribution of cyanobacteria
species richness in Eurasia.

Therefore, the trend of increasing intraspe-
cific variability in cyanobacterial communities
at high altitudes and high latitudes suggests
that extreme living conditions play a major role
in their polymorphism and may be a mechanism
for protecting species from environmental stress
for future survival and development.
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Fig. 3. Taxonomic distribution of algae and cyanobacteria species richness over
the Caucasus Mountains (A) and cyanobacteria in Pamir (B) aquatic habitats and increasing the role of
cyanobacteria species in high altitude communities. The dotted line is the polynomial trend line of the
Cyanobacteria species number distribution over the altitude of its habitat
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Fig. 4. JASP plot of correlation of the cyanobacteria species richness in 91 algal floras of Eurasia.
The dashed colored lines are marked of the clusters with most similar floras. Abbreviations
for the Kurasian algae and cyanobacteria floras: STJ, South Tajik Depression; FE, Far East; IS, Israel;
KZ, Kazakhstan; TJ, Tajikistan, Pamir; RN, Russian North; G, Georgia; TR, Turkey

Conclusion

Based on our floristic material from 51 algae
flora in continental water bodies of Eurasia, the
influence of the main environmental factors on
the distribution of the diversity of cyanobacteria
was revealed. The first group represents local
factors that are more related to local condi-
tions and pollution, which are characterized by
exposure instability, short duration and wide
amplitude. The second group represents climate-
related global factors, such as habitat latitude
and altitude. Cyanobacteria respond to changes
in local factors, such as temperature, associated
with the seasonality of the climate, increasing
their productivity, but reducing their species
richness. A group of global climatic factors, such
as adecrease in the average annual temperature
at high latitudes, an increase in insolation at
high altitudes, is reflected in the confinedness of
the diversity of cyanobacteria to the amplitude
of these factors in the region. At the same time,
they have a stimulating effect on the diversity
of cyanobacteria and increase their intraspecific
variability. The intraspecific variability index
increases ils values with increasing latitude and
altitude of the habitat of cyanobacteria. Thus, the

Ssp/Spindex can serve as an indicator of climat-
ic stress and, at the same time, as an indicator of
the survival of cyanobacteria under conditions of
climatic instability and local pollution.

This research was partly supported by The
Russian Foundalion for Basic Research grant
Ne 19-04-20031 and Israeli Ministry of Aliyah and
Integration.
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