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Abstract

Species and taxonomic composition of cyanobacteria and al-
gae inhabiting rocks of different geological strata in the cen-
tral and southern Negev Desert were studied by the cultural
method. Thirty—two species of 27 genera belonging to three
taxonomic divisions (Cyanoprocaryota — 22, Chlorophy-
ta — 9, and Eustigmatophyta — 1) were identified. Twelve
taxa were first recorded from Israel. In studied habitats, the
most diverse and frequent taxonomic group were Cyanopro-
caryota. They colonised all studied rock types (dolomite,
sandstone, limestone, chalk, flint, gravel, granite, gneiss, and
porphyry). Algal species diversity and occurrence on the in-
vestigated rock types were different. The highest occurrence
of photosynthetic microorganisms was recorded on gravel,
gneiss, porphyry, flint and dolomite. Granite seemed to be
the most unfavourable substrate among all the investigated
rock types. The most diverse taxonomic composition was
recorded on dolomite: 14 species belonging to blue-green (Cy-
anoprocaryota, 1| species), green (Chlorophyta, 2 species) and
yellow-green (Eustigmatophyta, I species) algae. The rocks

ISSN 0372-4123. ¥kp. Goman. xcyph., 2004, m. 61, Ne 2 7



poorest in species number were porphyry and gravel (4 species each), and the most
species-rich rock was flint (15 species). Our comparative analysis showed that
assemblages of species inhabiting igneous granite and several sedimentary rocks (flint,
dolomite, sandstone) display greater relatedness than assemblages of species compared
between rocks of similar origin.

Introduction

In deserts, terrestrial (edaphic and lithophytic) cyanoprocaryotes and algae' play an
important role with respect to the input of both carbon and nitrogen into the ecosys-
tem [23, 26, 36, 37]. They occupy habitats ranging from soil to rock fissures and rock
surface [ 14]. Lithophytic (epilithic and cryptoendolithic) algal communities have been
reported from many regions of the world. Data concerning terrestrial algae of hot
deserts of the World have been summarised in several publications, e.g. [3, 13, 18, 27].
In Israel, algological studies of xeric habitats mostly focused on the Negev Desert have
been conducted during the last 35 years. Friedmann’s work was the first published, a
first short preliminary report on the Negev algal flora [12]. He noted the widespread
occurrence of algae (mainly blue-green and green algae) in edaphic and rock habi-
tats [ 14]. Recent publications on the desert algae of Israel mainly deal with microphyte
community composition, physical and biological properties of the cryptogamic (most-
ly cyanobacterial) crusts that cover large areas in the southern regions of the country
16, 19, 20, 23, 25, 33, 35], and cytological and ecophysiological peculiarities of the
species isolated from various terrestrial habitats [4, 16, 17, 24, 31]. However, our
knowledge of the species diversity, not to speak about other aspects of biodiversity, of
algae inhabiting dry desert rocks is still incomplete. In this paper we report on species
(and taxonomic) composition of Cyanoprocaryota and algae inhabiting rocks of dif-
ferent lithological substrates in the Central and Southern Negev, and discuss their
occurrence and distribution regionally and globally.

Material and methods

Study area. The Negev Desert forms an isosceles triangle with its base towards the
north, running from a point near Gaza on the Mediterranean coast to the shores of
the Dead Sea (Fig. 1). From these two points the sides of the triangle run some 200
kilometres south to the apex at Eilat, at the northern end of the Gulf of Agaba. The
altitude varies from 392 m below sea level at the coast of the Dead Sea to over 1000 m
above the Mediterranean Sea level west of Makhtesh Ramon (Central Negev High-
land). The greater part of the Negev is occupied by hills and mountains built of vari-
ous Precambrian igneous rocks such as in the Southern Eilat region, and by mostly
sedimentary rocks (Paleozoic sandstone, Mesozoic—Neozoic limestone, flint, chalk,
soft shale, clays) in the southern and central Negev Mountains. Precambrian rocks
include coarse-grained grey and rose granite, dar diorite, gabbro, banded gneiss, crys-
talline schist, dikes of violet porphyry, and other types). About half of the region is

'To avoid duplication of terms, <algaesand <algalsin the text are also implicit in
Cyanoprocaryota unless as otherwise noted.
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Fig. 1. Map of southern Israel with sampling sites
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made up of rock outcrops, hamadas, red soils, gravelly slopes, and coarse desert allu-
vium. The valleys are mostly filled with loess [2, 11].

The climate is characteristic of deserts. In a large part of the area, annual precip-
itation is less than 100 mm, and can reach 30 mm only in the South Negev. Some-
what higher precipitation (above 100 mm) occurs in the Central Negev Highland.
Rainfall is limited to a few days during the short winter season.

Dew is a significant water source in this region, especially in drought years. Rela-
tive humidity is generally very low. The yearly average at 2.0 p.m. is less than 40 % in
the north and in the west and less than 35 % in other parts of the Negev. During dry
periods, relative humidity falls below 20 % and may even reach extreme lows of less than
5 %. The mean annual temperature ranges from 21 to 35 °C in the south and east, and
from 19 to 21 °C in the north, while in the Central Negev Highland it fallsto 15 °C [2].

Methods of collection, cultivation and identification. Sample collection to study
algal diversity were made in December 1996. They represent 31 localities of southern
Israel (the Negev desert and Eilat area) starting from the southern rim of Makhtesh
Ramon via Hazeva, Timna to Taba on the boarder with Sinai, and back north to the
Znifim anticline (Fig. 1). Samples of rocks (dolomite, sandstone, limestone, flint,
chalk, gravel, granite, gneiss, and porphyry) were broken off with a hammer and put
into sterile packets. Altogether, 49 samples were collected (Table 1). All of them lacked
any visible growth; some of them were covered by varnish. In the laboratery the surface
layer of rocks was scraped off and put in Petri dishes with 1 % agarized Drew medium
[22]. Cultures were incubated at 25 °C, with photon flux (PAR) of 40 ppE m-2sec”! and
a light:dark regime of 12 :12 hours.

To detect most of the species, the cultures were studied periodically during the first
four months of cultivation. Light microscopy was performed by means of an Olympus
BX-40 Photomicroscope. All species were identified in the living state. Identification
was made according to the cited taxonomic treatises [1, 7, 8, 10, 15, 21, 22].

Table I. Number of the samples of different rock types which were collected
and cultivated (I), and in which algae were found (IT)

Kind of rock Number of samples Number of species found
I 1 BG G YG Total
Dolomite 10 8 11 2 1 14
Sandstone 9 6 1 1 — 12
Limestone 6 4 6 3 — 9
Flint 10 9 13 2 — 15
Chalk 4 3 4 1 - 5
Gravel 1 1 4 — - 4
Granite 5 2 3 — 4
Gneiss 2 2 4 1 - 5
Porphyry 2 2 4 - — 4

N ot e: blue-green (BG), green (G), and yellow-green (YG) algae.
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Results

Species and taxonomic diversity of algae. The presence of algae was detected in 37 out
of 49 samples collected and cultivated. No photosynthetic microorganisms appeared
in cultures from 12 rock samples. Cyanoprocaryota were found in 33 samples; Chlo-
rophyta in 13, and Eustigmatophyta only in one sample. The number of species per
sample ranged from 1 to 7.

We identified 32 species belonging to 27 genera (1.18 species per genus) of algae
in the lithophytic communities of the Negev (Table 2). Most of them were cyanobac-
teria, numbering 22 species (69 %) representing 17 genera (63 %). Filamentous forms
(orders Oscillatoriales and Nostocales) dominated, the share of coccoid Chroococ-
cales was 31.8 %. Among genera, the most diverse was the genus Schizothrix Kiitz. ex
Gom. with four species. Note that all of them were recorded on flint as well as on some
other rock types. Genus Nostoc Vauch. was represented by two species, and the re-
maining genera were represented by one species each.

Chlorophyta were represented by nine species in nine genera, belonging to three
classes, four orders, and six families. The most diverse families were Chlorococcace-
ae, Chaetophoraceae, and Klebsormidiaceae (22.2 % each), the most diverse order,
Chlorellales (33.3 %), and the class, Chlorophyceae (55.6 %). Three species (Kleb-
sormidium dissectum, Leptosira terrestris, Stichococcus bacillaris) are filamentous forms
or can easily disintegrate into separate cells; other recorded species have cells of the
coccoid type.

One species, Monodopsis subterranea, belongs to the Eustigmatophyta (class
Eustigmatophyceae, order Eustigmatales, family Monodopsidaceae).

Most of the species found had low frequency quotients? . Nostoc punctiforme (F =
24.5 %), N. linckia (20.4 %), Pseudophormidium edaphicum (18.4 %), and Schizothrix
arenaria and Sch. friesii (in both cases 16.3 %), proved to be the most widespread spe-
cies in the studied samples.

Rela{tionsllip of rock type to algal community. The various kinds of rock in our study
evinced differences in occurrence, species diversity and taxonomic compaosition of
epilithic communities. Comparison of the number of collected and cultivated sam-
ples with those where we observed algal growth vielded the following results: presence
of photosynthetic microorganisms was recorded in the samples in 100 % of gravel,
gneiss and porphyry, in 90 % of flint; in 80 % of dolomite, and in 75 % of chalk. Sam-
ples of sandstone and limestone were less populated: algae appeared in 66 % of each
of these rock types. Granite turned out to be the most unfavourable substrate among
the investigated rock types: only 40 % of granite samples were inhabited. The highest
number of species (15) was found on flint, whereas gravel, granite and porphyry were
the poorest in species (four in each case). As may be seen from Fig. 2, number of spe-
cies found on different rock types was not related in a linear fashion to the number of
samples examined.

Concerning taxonomic composition of algae found on different types of rocks,
the highest taxonomic diversity was on dolomites: 14 species representing Cyanop-
rocaryota (11), Chlorophyta (2), and Eustigmatophyta (1) were found in samples of
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Table 2. The list of algae species found on different rock types in the Negev Desert

Taxon 1 2 3 4 5 6 7 8 9
Cyanoprocaryota
Aphanocapsacf. incerta (Lemm.) Cronb. et Kom. | + + + £ e TR SR ey FITCN PR
Aphanothece castagnei (Briib.) Rabenh. | R N B 2 T [T () e (s
Calothrix parietina (Nag.)) Thur. £ nodosaErceg, | — |+ | — | — | = | = | = | = | =
Chroococcidiopsis sp. + R P (e SN NS (RN R o o) SO
Giloeocapsopsis crepidinum (Thur.) GeitLexKom| — | — |+ | — [ — | = | = | — | —
Gloeothece confluens Nag. + + oA R e et RS ) AR
Leptolyngbya foveolarum (Rabenh. ex
Gom.) Anagn. et Kom. =1 P C S SET R | -
L. golenkinianum (Gom.) Anagn.etKom. | — |— |— | — [ = | = | = | + | —
Microcystis pulverea (Wood) Forti i e i i ey o e = ) = Sy e
Nodularia harveyana Thur. + |- | = + |l =1=1- £ s
Nostoe linckia (Roth.) Born et Flah sensu
Elenk. f. terrestris Elenk. + |+ |+ - + + | = + |+
N. punctiforme (Kstz.) Hariot L B S 2 + |+ =]+ + | =
Phormidium ambiguum Gom. - |=—=]+ === =1=
Porphyrosiphon luteus (Gom.) Anagn. et Kom.| — e e e e s - R S T S
Pseudophormidi daphicum (Elenk.)
Anagn. et Kom. & + + + —i = | =)= -
Rhabdoderma sp. —_ l=b=lF ==l =] — | =
Schizothrix arenaria (Berk.) Gom. + |+ =]+ |+t ]|+ ]|=]=]=
Sch. friesii (Ag.) Gom. P 6 OO et MR ) R e MRt e |
Sch. Lennormandiana Gom. e e e e R e e e R
Schizothrix sp. e el | RS S ] T = e e
Synechococcus elongatus Nag. i el it ot i) St iR s ] e
Tolypothrix byssoidea (Hass.) Kirchn. + - |- + iy d s | B ] R
Eustigmatophyta
‘Monodopsis subterranea (Boye-Pet.) Hibberd | F l — | — I — | — | — | s | e l =
Chlorophyta

Bracteacoccus grandis Bischoff et Bold e ey o oo Yl | R L Bl e
Chilorella minutissima Fott et Novok. i el [ il el [ e e |
Chlorococcum pinguideum Arce et Bold — - —_ _ - = — e -
Diplosphaera chodatii Bial. Emend. Visch. | + | = | = | = | = | = | =] = | —
Klebsormidium dissectum (Gay) Lokhorst —|=|=]1=1=]1=1=1]1%*1-
Leptosira terrestris (Fritsch et John) Printz | — | — e ([HARE R R o
Myrmecia biatorellae (Tsch.-Woess et
Plessl) Boye-Pet. e [ + el s [
Stichococcus bacillaris Nng. s.1. g o] RS [ IWTRE 7 | SR FREE
Tetracystis aggregata Brown et Bold - | + RN B (R B FYYR  (FTE
Total 14 |12 9 15 5 4 4 5 4

N o te (here and in the Table 3): | — dolomite; 2 — sandstone; 3 — limestone; 4 — flint; 5 — chalk;
6 — gravel; 7 — granite; 8 — gneiss; 9 — porphyry.
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Fig. 2. Relationship between the proportions (%) of species found on different rock types and number
of samples of the same type (a straight line shows simple mean of calculated ratios)

this rock. From the sandstone and limestone samples were identified 12 and 9 algal
species, respectively. In the samples of porphyry and gravel only representatives of
cyanoprocaryotes were found.

The oceurrence of different taxonomic groups of algae in the samples of the stud-
ied rock types varied. The only species of Eustigmatophyta discovered was recorded
on dolomite. In the samples of dolomite, sandstone, limestone, flint, chalk, granite
and gneiss we found various species of Chlorophyta (Table 2). Cyanoprocaryota were
the most diverse and frequent taxonomic group in the studied samples, since they were
isolated from all rock types examined. Species and generic diversity, as well as frequen-
cy of lithophytic cyanoprocaryotes, was highest on flint (13 species in 10 genera);
dolomite and sandstone had 11 species in nine genera in each case. The relationship
between coccoid and filamentous species on dolomite, sandstone and limestone were
about the same: 35 to 65 %, and on flint, 30 to 70 %. The ratios of Oscillatoriales :
Nostocales on dolomite, sandstone, and limestone were 1:1.3; 1.3:1, and 1:1, respec-
tively. On flint, the share of Oscillatoriales was twice as that of Nostocales. Chalk,
gravel, and gneiss had poor species composition, and representatives of Chroococ-
cales have not been found there.

The distribution of species on rock types was also dissimilar. Of all species, 56.3 %
were recorded from one rock type only. Further 15.6 % of species occurred on two or
three rock types. Chroococcidiopsissp. inhabited dolomite, sandstone, flint, and gran-
ite; Aphanocapsa incerta, Schizothrix arenaria and Pseudophormidium edaphicumwere
distributed on five rock types, and Schizothrix friesii — on six. The most widespread
were species of Nostoc: Nostoc punctiforme was found on all studied rock types except
gravel and porphyry, Nostoc linckia, on all rock types except flint and granite. Com-

? Frequency quotients were calculated as F = a/A, where @ — number of samples where
species was found; A — total of studied samples.
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Fig. 3. Cluster diagram based on Jaccard similarity indices (a 100 %/a+b+c) of the species
composition of algae found on rock types studied

parison of the lists of species found on different rock types using the Jaccard similar-
ity index (JSI) and the measures of inclusion and similarity allows us to draw some
conclusions. We were able to use JSI for the comparison of dolomite, sandstone, lime-
stone, and flint. In other cases the difference in the number of species overshadowed
differences in species composition. The JSI attested that each rock type examined had
a fairly characteristic species composition. Dolomite and sandstone were most sim-
ilar (Fig. 3), limestone had the lowest rate of resemblance in its species composition
of algae. The measures of inclusion and similarity method [32] can be applied to the
comparison of lists of species with great differences in their number. We found that
species inhabiting dolomite and sandstone rocks contributed to the formation of

Table 3. Measures of inclusion and similarity (%) of the species composition
of algae found on the studied rock types

A K(B,A)
1 2 3 4 5 6 7 8 9
1 100 66.7 44.4 533 80.0 50.0 15.0 60.0 100
2 57.1 100 44.4 40.0 80.0 75.0 5.0 40.0 100
3 28.6 333 100 26.7 40.0 333 100 40.0 150
4 57.1 50.0 44.4 100 60.0 33.3 100 40.0 15.0
5 28.6 33.3 22:2 20.0 100 50.0 50.0 40.0 50.0
3 14.3 25.0 1.1 6.7 40.0 100 0 20.0 25.0
7 21.4 25.0 222 26.7 40.0 0 100 20.0 25.0
8 214 16.1 222 13.3 40.0 25.0 25.0 100 25.0
9 28.6 33.3 333 20.0 40.0 25.0 25.0 20.0 100

Note: K (A,B) =c/B:100 %; K (B,A) = c/A-100 %; A — the number i i
2 ¢ b 3 A— of species found ;B —
the number of species found in B; ¢ — the number of species common to Apand B. i
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Fig. 4. Orgraphs of the measures of inclusion and similarity of the species composition of algae found
on the studied rock types: ! — dolomite, 2— sandstone, 3 — limestone, 4 — flint, 5§ — chalk, 6 —
gravel, 7— granite, § — gneiss, 9 — porphyry

epilithic communities on all rock types (see Table 3, Fig. 4). The most particular spe-
cies composition of cyanoprocaryotes was recorded on gneiss: at threshold y o 50 %
it had only one connection of inclusion, and at y o 70 % gneiss lost all connections
with lists of species of other rock types. Connections (Fig. 4) between the list of spe-
cies inhabiting hard igneous rock granite and a number of sedimentary rocks (flint,
dolomite, sandstone) proved to be firmer than those between rocks of similar petrol-
ogy. Thus, the physical and chemical peculiarities of the rock do not seem to be the
major factor determining the species composition of litophytic algae.

Discussion
Terrestrial algal rock communities exist under the conditions of drastic temperature
changes, high insolation, and periodical desiccation. Species forming such commu-
nities must to possess ecological and physiological adaptations that enable them to
survive in extreme conditions. Prokaryotes are much better adapted to environmen-
tal extremes than eukaryotes [9]. Consequently, cyanobacteria make up the bulk of
species diversity of arid lithophytic habitats. Novichkova-Ivanova [27] in her mono-
graph on terrestrial algae of the Sahara—Gobi arid area showed that the relationship
between the proportions of blue-green (BG) and green (G) algae in the regional flo-
ras of this area could serve as an index of aridity. According to original data and those
generalized from the literature by the author, in terrestrial habitats of the Sahara—Gobi
area this index was in the range of 1.9 : | in the Irano—Turanian region and upto 3.6 : 1
in the Saharo—Sindian region. Qur data corroborate the conclusions of Novichko-
va-Ivanova. For the Negev this ratio is 2.4 : 1. Species composition of algae found on
the Negev rocks had much in common with results for rock-living algae of other hot
arid regions of the world. Seventy—two percent of species found in the Negev are
known from deserts of Asia, Africa, and America. Among them Nostoc linckia, Nos-
toc punctiforme, Synechococeus elongatus, Nodularia harveyana, Tolypothrix byssoidea,
Schizothrix arenaria, Sch. friesii, and Sch. lenormandiana are characteristic for dry
rocks. Tolypothrix byssoidea is perhaps the most widespread species on tropical and
subtropical limestones [28]. Chroococcidiopsis is a well-known genus from cold and
hot arid lithophytic habitats [5]. Chroecoccidiopsissp., isolated from quartz flints col-
lected in the Negev [16], had thickened cell envelopes containing sporopelline-like
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Plate. Taxa newly recorded from lIsrael: ] — Schizothrix arenaria (Berk.) Gom.; 2 — Plectonema
golenkinianum Gom.; 3 — Calothrix parietina (Nng.) Thur. f. nodosa Erceg.; 4 — Monodopsis
subterranea (Boye-Pet.) Hibberd, 5 — Bracteacoccus grandis Bischoff et Bold; 6 — Chlorococcum
pinguideum Arce et Bold: a — vegetative cell, b — zoospore, ¢ — zoospore papilla; 7 — Myrmecia
biatorellae (Tsch.-Woess et Plessl) Boye-Pet.; §— Tetracystis aggregata Brown et Bold: a — zoospore,
b— young cell, c — agglomeration of adult cells, d — adult cells in tetraedric tetrade, e — adult cells
in isobilateral tetrade; 9 — Chlorella minurissima Fott et NovGk.; 10— Diplosphaera chodarii Bial.
emend. Visch.; 11— Leptosira terrestris (Fritsch et John) Printz; 12— Klebsormidium dissectum (Gay)
Lokhorst (scale bars 10 mm; all figures except of Fig. 3 have the same scale)
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compounds, polysacharides, positively charged glycoproteins, lipids and proteins.
Authors presumed that it could be useful for preventing water losses by cells. All the
representatives of Chlorophyta and Eustigmatophyta we found in the Negev are typ-
ical terrestrial species [10]; most of them are first records for Israel. Only Stichococ-
cus bacillaris (Chlorophyta) was known earlier for the country [29, 30, 34], and only
once it was registered in its typical terrestrial habitat («Evolution Canyon», Lower
Nahal Oren, Mount Carmel Nature Park, Israel) [34]. Overall, 59.4 % of the species
identified in the course of the present study were previously recorded in Israel in ter-
restrial habitats. New records for Israel are: Schizothrix arenaria (Plate, Fig. 1), Lep-
tolyngbya golenkinianum (Plate, Fig. 2), Calothrix parietina f. Nodosa (Plate, Fig. 3),
Monodopsis subterranea (Plate, Fig. 4), Bracteacoccus grandis (Plate, Fig. 5), Chlorella
minutissima (Plate, Fig. 9), Chlorococcum pinguideum (Plate, Fig. 6), Diplosphaera
chodatii (Plate, Fig. 10), Klebsormidium dissectum (Plate, Fig. 12), Leptosira terrestris
(Plate, Fig. 11), Myrmecia biatorellae (Plate, Fig. 7), and Tetracystis aggregata (Plate,
Fig. 8). Of these, Sch. arenaria, M. subterranea, B. grandis, Ch. minutissima, Ch. pin-
guideum, D. chodatii, K. dissectum, L. terrestris, M. biatorellae, and T. aggregata are
cosmopolitan species known from terrestrial (e.g. rock) habitats. C. parietina f. nodosa
was described from calcareous rocks in Croatia. Marine species Leprolyngbya golen-
kinianum has been found on gneiss rocks near the Eilat underwater observatory on the
bank of the Gulf of Agaba.

Our study showed that the most preferable rock types for algal colonization are
flint, dolomite and sandstone which harboured 71.9 % of the revealed species. Our
results support Friedmann’s conclusion [12] that the rock substrates most favorable
foralgae are light-colored with a porous structure. Precisely, the porous rocks are able
to soak up and retain moisture, and to support balanced temperature conditions in a
hot desert microclimate [13].

Totally, this study documented 32 species from the Negev Desert of Israel includ-
ing 12 taxa newly recorded for Israel. We demonstrated a differential distribution of
species according to different rock types. The ensemble of the described species ranged
across extremely xeric environments, but they displayed rock specificity, thereby com-
bining climatic and lithologic adaptive radiation.

We thank Dr. Tomas Pavlichek for his comments on and discussion of the manu-
seript. This work was supported by the Ancell—Teicher Research Foundation for
Genetics and Molecular Evolution and The Baron De Hirsch Fund (New York, USA,
Mrs. L. Katzovich, General Manager).
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O.M. Bunozpadosa, 0.B. Koeasenxo, A.A. Hesaneus, 1. Heso, C.I1. Baccep

Iucruryr 6oranikm im. M.T. Xonoanoro HAH Ykpainn, m. Kuis
InctuTyT eBosmiouii XaiiBcbKoro yHisepeurtery, M. Xaiida, [3pains

ENJITTHI YTPYTIOBAHHA BOHOPOC'E;EH
CYXHX CKEJIb [TYCTEJII HETEB, I3PALIb

Crart npucBsAYeHa pe3ynbTaTaM BHBYEHHS BMIOBOTO i CHCTEMATHYHOTO CKIAAY BONOPOCTEN,
L0 KOJAOHI3YIOTH FipCbKi MOPOIN PI3HOTO reoIOriMHOTO MOXOMKEHHS Y UEHTPAALHIN | niBaeHHTA
yactuHax nycteni Heres. Metonom KynbTyp Gyno BusiBieHo 32 Buau BoJIOPOCTEil, 1O HANEKATh
1o 27 posin 3 Tprox signinis (Cyanoprocaryota — 22, Chlorophyta — 9, Eustigmatophyta — 1).
JlpaHazuath BUIAIB BOZOPOCTEH BMEpLIE HABOAATHCA T8 TepuTopHM l3painio. CuHboseneHi
BOZOPOCTI BMABHJIMCS HAWPIJHOMAHITHILLIOW Ta HAWUNOWMPEHIOK TPYNOK B IOCHIMKEHHX
MicueapocTaHHAX. BOHM 3HafaeHi Ha moBepxHi yciX NOCHIKEHMX THMIB TipChbKHMX MOpiL:
LONOMITAX, MICYAHMKAX, BanHsAKax, KpeHdi, KpemeHi, rpasii, rpaditi, rHeici i nopdipi.
PisHoMaHiTHICTS | TPArIAHHA BOAOPOCTEH Ha pisHUX nopojax 6yau Heoanakori. Haluacriwe
(horocHHTE3YI04i MiKPOOPTAHM3MH TPATUISIKCS Ha rpasii, rHeici, nopdupi, KpeMeHi Ta 1010MHTI.
T'paHiT BUABUBCS HAWMEH LI NPHIATHUM U1 BOIOPOCTei cybCTpaTOM cepe/l A0C/ILKEHUX THITB
ripcbkux nopia. HaipisHoMaHiTHitmit cucTeMaTHuH il ckian Boaopocse BUABIEHO Ha MNOBEPXHI
JONOMITY — TYT 3HaiiieHo 14 BHAiB BomopocTeil 3 TpboX Binainie: Cyanoprocaryota (11 Buais),
Chlorophyta (2) i Eustigmatophyta (1). 3a BU10BHM Pi3HOMaHITTAM BOJAOpOCTEH HaHGIAHIIMMK
Gy nopdip i rpasiid, Ha HUX ineHTHdIKOBAHO MO 4 BUAK, HalBaraTIIMM BUAAMK cyBCTpaToM
BHABHBCS KpeMeHB (15 BuaiB). AK nokasanmn Mip BKIIOMEHHS , MiXK CITHCKAMH BHILIB, 1110 3aceieHi
Ha TiPCBKMX TOPOAAx Pi3HOro reoloriyHOro MOXO/KEHHA (BYJKAHIYHI Ta Jesaki ocanosi),
cnocTepiraeThes Ginblue BiAHOWEHB MOMAIGHOCTI, HIX MiX CMMCKaMH BHAIB BOAOPOCTEH,
JHAMAEHUX HA NOPOAAX CNILHOTO MOXOMKEHHA.
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O.H. Bunozpadoea, O.B. Kosanrenxo, A.A. lesarneu, H. Heso, C.II. Baccep

Hucruryr 6otannku uMm. H.T. Xonoanoro HAH Ykpauusl, r. Kues
HuetutyT asomounn Xaidcekoro ynusepeurera, r. Xakda, Mapanns

SMUJINUTHBIE COOBIIECTBA BOAOPOCJIEN
CYXHMX CKAJI NYCTbIHH HETEB, U3PAWJIb

Cratbsi NOCBAUICHA PE3yIbTATaM H3Y4EHHs BUAOBOIO M CHCTEMATHYECKOTO COCTABA BOAOPOC/E,
HACE/IAIOUIMX TOPHBIE NOPOABI PA3THYHOTO TEONIOTHYECKOTO NMPOHCXOXKACHUSA B LICHTPANBHON W
10XkHOH yacTax nycTeiHW Heres. MerosoM kyabTyp Gbulo BbifIBAeHO 32 BMAA Bogopocieii,
oTHocsawMecs K 27 poaam u3 Tpex otaenos ( Cyanoprocaryota — 22, Chlorophyta — 9, Eustigmato-
phyta — 1). lpeHaauars BUAOB BOAOPOCIEN BIIEPBbIE YKA3biBAIOTEA MWist TeppuTopun Mapanns.
CuHese/ieHble BOAOPOCAH OKa3aIMch Haubonee pasHooBpa3Hoi M YacTo BeTpeyalolecs rpynnoi
B MCCeoBaHHBIX MecToobUTaHuAX. OHN oGHapyXeHbl HA NMOBEPXHOCTH BCEX HCC/IEN0BAHHBIX
THIOB NOPHBIX MOPOA: 10JOMHTAX, NECHaHHKAX, H3BECTHAKAX, MENIC, KPEMHHWH, IPABHH, IPAHHTE,
rxeiice u nopgupe. PazHoobpasue H BCTPeHaeMOoCTb BOAOPOC/E HA pasiiHiHbIX nmopoaax Guiin
HeoauHakosbl. Yale Bcero GOTOCHHTEIMPYIOLLHE MHKPOOPraHM3Mbl BCTPEYANNCh HA IPABHH,
rueice, nopgupe, KpeMHUH W tonoMuTe. FPaHUT 0Ka3anCcs HaUMEHEe MPHTOLHBIM UL 0OUTaHUA
Bojiopocieif cyGeTpaToM Cpear HecaelyeMBIX TUTIOB ropHblx nopon. Haubonee pasHoobpasHbiii
CHCTEMATHYECKUiT COCTAB BOJOPOCEil BhISIBIEH HA TOBEPXHOCTH AONOMHUTA — 31eCh 0BHAPYKEHO
14 Bunos sonopocneit u3 Tpex oraenos: Cyanoprocaryota (11 sunos), Chlorophyta (2) w Eustig-

phyta (1). Mo oMYy pa3Hoobpasnio ponopociei Hanbonee GeaHBLIMKM OKaszanHueh nopdup
W rpaBuii, Ha HUX o6HapyxeHO 1o 4 Buaa, HauGonee GoraTIMK BUIAMH CYGCTPATOB — KPeMHHIA
(15 BunoB). Kak nokasanu Mepbl BKJIIOUEHUS, MEXIY CITHCKAMH BHIOB, HACCSIOUWMX TOPHBIE
MOpo/ibl  PA3fIHYHOTO TEONOrHYECKOr0 MPOMCXOXAEHHS (By/JKaHMYECKME M HEKOTOopble
ocanouHsie), HaGmonaercs Gofblle OTHOIIEHMH CXOACTBA, YEM MeXJy BHAOBBIM COCTABOM
BOAOPOC/EH, OOHAPYKEHHBIX HA MOPOAAX CXOAHOTO NPOHUCXOKAEHHS,
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