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Abstract: Algal communities from the Algeti National Park in eastern Georgia were studied between 2005 and 2008. 

Th e algal species diversity comes from 77 algological samples and includes 315 species and infraspecies, which belong 

to 7 taxonomical divisions. Of these fi ndings, 295 species are reported for the fi rst time in the Algeti National Park and 

9 of them are new for Georgia. Th e most abundant are diatoms, with 220 species. Communities were dominated by 

Cladophora glomerata (L.) Kütz. (Chlorophyta), Spirogyra sp. (Charophyta), Ulnaria ulna (Nitzsch) Compère (diatom), 

and Phormidium autumnale (C.Agardh) R.Trevis. ex Gomont (Cyanobacteria). Th e index of species diversity per area 

in the Algeti is 6.89. Th e comparative fl oristic and statistical analysis of algal communities from Algeti and 13 other 

Georgian Natural Reserves, altogether 1063 species, divides the communities into groups of less than or more than 

200 species, with diatom or nondiatom domination that correlates with climatic variables. Th e species diversity in the 

natural reserves increases from the Black Sea coast to the east, a movement that corresponds to a similar increase in 

altitude. In this study, 3 fl oristic groups are recognized: mountainous areas, lowlands, and piedmonts. Th e most species-

rich communities are found in extreme environments. A correlation of algal diversity with environmental conditions 

shows that the altitude-dependent regional climatic variables and the lowest winter air temperature in particular, are the 

major factors. Th e index of infraspecies variation in each reserve is a small range (1.01-1.15) and shown to be a result of 

constant altitude combined with seasonal climatic fl uctuations. Th e diversity indices and bioindication analysis refl ect a 

moderate level of anthropogenic disturbance for the protected areas.
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Introduction

Th e biodiversity of algal communities in the 
Georgian protected areas was formed under natural 
climatic and anthropogenic conditions. Research 
into algal diversity in the rivers of the southern 
Caucasian region still remains at an initial stage, 
whereas a rather advanced algal monitoring system 

has been developed for the European Mediterranean 
and Black Sea coasts (Dell’Uomo, 1999; Prygiel et 
al., 1999). In Georgia, knowledge of regional algal 
diversity is far from exhaustive; the algal communities 
of the Natural Reserves and Parks are better known 
but still sporadically studied (Kanchaveli, 1970, 
1973; Kanchaveli et al., 1986; Kukhaleishvili, 2008, 
2009a, 2009b, 2009c). Prior to this report, however, 
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the Algeti Natural Park, located in an inaccessible 
mountainous area, was insuffi  ciently studied in this 
respect. 

Th erefore, this work was aimed at creating an 
inventory of algal diversity in this area and comparing 
the species content with those of other Georgian 
natural reserves. We have assumed that a comparison 
of species diversity in protected areas will help to 
reveal trends in algal diversity under climatic impacts. 
Th e main characteristics of the southern Caucasian 
region are the wide-ranging altitudes and the sharp 
seasonality of the climate. Of these factors, elevation 
plays a larger role in regulating plant species richness 
patterns. Altitudinal studies of high plant diversity 
distribution are very developed, especially for rare 
species. From the standpoint of the factors that 
regulate distribution, however, the study of common 
species is the most important (Jaccard, 1912). Th e 
diversity-temperature relationship for the high plants 
is well known (Qian et al., 2007). Altitude-diversity 
correlations have been studied for vascular plants, 
bryophytes, and lichens (Qian et al., 1999), but the 
relationship has not been made clear for freshwater 
algal communities.

Th e studied areas are protected from strong 
anthropogenic impact. Th e methods used to reveal 
environmental impacts with the help of ecological 
indicators are as follows: community structure 
fl uctuation analysis, bioindication of major 
impacting factors, calculations of integral density-
diversity indices, and statistical approaches linking 

structural and functional aspects of the community 
with environmental fl uctuation (Heywood, 2004). 

Description of the study area 

Th e Algeti National Park is located at the upper 

reaches of the Algeti River in the Tetrizkaro district 

(Figure 1). Th e park was organized in 2007 at the base 

of Algeti National Reserve, which has been protected 

since 1965. Th e area of the park is 68.22 km2 (Figure 

2). Most of this space is covered with coniferous and 

broad-leaved forests, the protection of which, in 

particular the Caucasian fi r at the eastern border, is 

the basic purpose of the park (Mamisashvili, 1975). 

Th e relief of the park is mountainous and the altitude 

ranges from 1000 to 2000 m. Th e main river of the 

park is the Algeti River with its many tributaries. It 

originates from a height of 1900 m on the eastern slope 

of the Trialeti Range and is typically mountainous. 

Th e river fl ow is supplied with ample rains in summer 

and thaw waters in winter and spring, causing a 

considerable rise in the water level. Th e velocity of 

the river is about 1 m/s, with water temperatures that 

fl uctuated from 18 °С to 25 °С during the sampling 

period (Zhovrebashvili, 1956; Maruashvili, 1971; 

Zomaya, 1974). In the territory of the park, there are 

many streamlets, springs, temporary reservoirs, and 

artifi cial ponds. Before the current study, the algal 

fl ora of the Algeti National Park had been episodically 

studied by Kanchaveli (1970, 1973; Kanchaveli et 

al., 1986) and Kukhaleishvili (2008, 2009a, 2009b, 

2009c).
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Figure 1. Th e location of the Algeti National Park (as 12, bold) within the Georgian 

Natural Reserves system.
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Materials and methods

Th e Algeti National Park species list includes algae 
from 77 benthic and planktonic samples collected 
from 17 diff erent sampling stations in each of the 
above mentioned types of rivers and pools during 
the summer periods of 2005, 2007, and 2008. Th e 
samples were fi xed in a solution of 4% formaldehyde 
and studied in temporary and permanent Canadian 
balsam slides under an Amplival microscope. Species 
were identifi ed according to international guides 
and the taxonomy follows the modern taxonomical 
system (Guiry & Guiry, 2009), including the recent 
taxonomic revision. Th e list also contains some 
“unchecked” taxa from the international system. 

For species diversity and ecological analysis, 
we applied the bioindication methods widely 
used in European countries under the Framework 
Directive (European Parliament, 2000). Our 
database for indicator species was published by 
Barinova et al. (2006). Th e statistical methods used 
were those recommended by Heywood (2004) 
for the development of fl oristic and taxonomic 
studies, namely the CANOCO program (ter Braak 
& Šmilauer, 2002) for representational diff erence 
analysis (RDA) and canonical correspondence 

analysis (CCA) (ter Braak, 1987, 1990), the GRAPHS 
program (Novakovsky, 2004) for comparative 
fl oristic studies, and the Statistica 7.0 program for 
stepwise regression analysis and distance-weighted 
least squares calculations.

Results and discussion

Diversity and environmental variables

A total of 317 species of algae were identifi ed 
in the studied river systems of the Algeti National 
Park. As a result, the comprehensive species list, 
including those recorded before this study, contains 
404 species and infraspecies (Table 1). Compiled 
for the fi rst time, Table 1 represents the complete 
freshwater algal species diversity list for all Georgian 
Natural Reserves; it has been assembled as a part 
of our database (Barinova et al., 2006) and includes 
information on ecology and distribution. 

Table 2 contains not only the physical variables, 
species richness, and our calculations of diversity 
indices for Algeti National Park, but also the similar 
information that we have compiled for the 13 other 
Georgian Natural Reserves (Kanchaveli et al., 1986; 
Kukhaleishvili, 2008, 2009a, 2009b, 2009c). 
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Figure 2. A schematic map of Algeti National Park. 
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Diversity and ecology of algae in the Algeti National Park as a part of the Georgian system of protected areas
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Diversity and ecology of algae in the Algeti National Park as a part of the Georgian system of protected areas
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Diversity and ecology of algae in the Algeti National Park as a part of the Georgian system of protected areas
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Before diversity analysis, we constructed the 
Willis curve (Figure 3) to assess how representative 
the assumed material is. As was concluded from 
many investigations into the algal fl oras of Eurasia 
(Barinova et al., 2006), the Willis curve has a 
hyperbolic shape in suffi  ciently studied cases. In the 
case of the Algeti freshwater fl ora, the Willis curve 
approaches hyperbolic shape, thereby confi rming 
that a suffi  cient amount of material is known in order 
to make taxonomic and ecological analysis feasible. 

Th e Willis proportion is also close to hyperbolic for 
the consideration of algal diversity in other Georgian 
natural reserves.

Th e taxonomic structure of the algal communities 
of Algeti National Park is represented in Table 3. Th e 
Algeti algal fl ora belongs to the most species-rich 
group found in the Georgian Natural Reserves. Of 
8 taxonomic divisions represented in the fl ora, the 
diatoms are the most species-rich. 

To infer the major factors of the alpha-diversity 
forming process, we compared the taxonomic 
structure of algal fl oras from all of the protected areas 
of Georgia. 

Figure 4 presents the species richness of algal 
taxonomic divisions in the Algeti fl ora compared to 
that from other natural reserves in Georgia. Th e plot 
has been organized in order of increasing altitude. 
As can be seen, the richest algal fl oras are located 
near the Black Sea and in the Caucasus Mountains. 
Overall, 3 groups of fl ora can be distinguished: 1) the 
coastal zone group (Sataplia-Colchis and Pizunda), 
2) the high mountain group (Algeti, Borzhomi, 
Kazbegi), and 3) the piedmont group (the rest). Th e 
fi rst and third groups include fl oras with more than 

Table 2. Physical and climatic parameters of the protected areas of Georgia, the numbers of algal species, and the diversity indices 

against the increase of altitude.

No. Name

Altitude 

(m)

a.s.l.

Area

 (km2)

No. of 

Infraspecies

Index

Sp/Area

Index 

Infrasp/

Species

T

max.

 °C

T

mean

°C

T

Jan.

°C

T

July

°C

T

min.

°C

Rainfall 

(mm/

year)

1 Sataplia-Colchis 4 5.00 327 65.40 1.0093 41.0 14.5 5.2 23.0 -18.0 1600.0

2 Pizunda 12 37.71 297 7.90 1.0068 39.0 14.6 6.2 24.0 -11.0 1500.0

3 Adzameti 50 48.48 205 4.23 1.0099 41.0 14.2 4.8 23.0 -18.0 1525.0

4 Kintrishi 350 71.66 155 2.16 1.0131 42.0 11.0 6.5 21.0 -18.0 2750.0

5 Vashlovani 400 80.34 181 2.27 1.0111 41.0 10.0 0.4 22.0 -26.0 420.0

6 Akhmeta 600 162.97 181 1.11 1.0112 37.3 10.8 1.6 20.5 -24.6 912.5

7 Liakhvi 720 60.84 172 2.83 1.0118 32.5 6.0 6.5 14.7 -33.0 1100.0

8 Pskhu-Gumista 750 276.43 181 0.66 1.0111 41.0 14.0 5.5 23.0 -14.0 1450.0

9 Saguramo-Mariamdzhvari 950 52.47 155 2.95 1.0131 38.5 10.5 0.0 22.0 -25.0 625.0

10 Lagodekhi 1000 177.00 169 0.95 1.0120 38.0 7.0 3.0 17.0 -27.0 1510.0

11 Rizini 1055 162.87 205 1.26 1.0099 29.0 13.0 3.0 20.0 -27.0 1800.0

12 Algeti 1200 68.22 404 6.89 1.1530 29.0 5.0 -7.0 15.0 -29.0 850.0

13 Borzhomi 1350 180.48 414 2.30 1.0048 32.5 4.5 -6.0 16.0 -23.0 1300.0

14 Kazbegi 2500 87.07 433 4.98 1.0070 31.0 0.0 -8.0 12.5 -36.0 950.0
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Figure 3. Th e Willis curve for the algal fl ora of Algeti National 

Park shows the number of species per genera (such 

as 1 genus with 38 species, 2 genera with 16 species, 3 

genera with 6 species, etc.).
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200 species, whereas the fl oras of the second group 
have no more than 200 species.  

Th e percentage of taxonomic divisions in each 
fl ora, shown in Figure 5, indicates that the high 
mountain fl oras are considerably richer in nondiatom 
species, whereas in the fl oras found in the piedmont 
and coastal zones, diatoms prevail. Th e species 
diversity distribution in the natural reserves (Figure 
4) has 2 peaks: a smaller peak near the Black Sea 
coast and a larger peak in the mountains to the east.

RDA and CCA analysis

Statistical analysis of algal diversity and 
environmental variables was performed in order 
to reveal the major factors that infl uence the algal 
diversity in the Georgian Natural Reserves.  

Th e biplot of RDA calculation at the level of 
taxonomic divisions shows 4 fl oristic groups (Figure 
6). Circle 1 (top right) includes the rich fl oras of the 
high mountain regions. Circle 2 (top left ) assembles 

Table 3. Taxonomical structure of algal communities in the Georgian Natural Reserves. No. of reserves given as in Table 2. 

No. of Reserves 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Bacillariophyta 170 143 95 94 100 121 94 112 95 109 133 262 159 140

Charophyta 34 29 27 19 24 19 19 19 19 19 20 33 125 75

Chlorophyta 75 61 25 24 25 23 28 26 23 23 28 34 53 88

Cyanobacteria 24 48 35 13 25 13 26 19 13 13 18 45 50 72

Euglenozoa 6 4 17 2 4 2 2 2 2 2 2 23 17 31

Heterokontophyta 7 11 6 3 3 3 3 3 3 3 3 3 4 23

Myzozoa 11 1 0 0 0 0 0 0 0 0 1 4 1 2

Glaucophyta 0 0 0 0 0 0 0 0 0 0 0 0 2 2

Rhodophyta 0 0 0 0 0 0 0 0 0 0 0 0 3 0

Index Species/Area 65.4 7.90 4.23 2.16 2.27 1.11 2.83 0.66 2.95 0.95 1.26 6.89 2.30 4.98

Total Species No. 327 297 205 155 181 181 172 181 155 169 205 404 414 433
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the lowland fl oras located near the Black Sea coast. 
Circle 3 (bottom left ) comprises the transboundary 
fl oras inhabiting the lowland and high mountain 
groups. Th e central circle, Circle 4, includes the fl oras 
of the piedmonts.

Th e triplot of CCA analysis (Figure 7) shows 
that climatic variables depend on the altitude of the 
preserved areas. Whereas minimum and January air 
temperatures are correlated with altitude positively, 
mean and July air temperatures and rainfall are 
correlated negatively. Th e species diversity of the 
algal communities is correlated with the complex of 
most important environmental factors, including the 
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Figure 6. Biplot of RDA analysis of the taxonomic diversity at 

the divisional level throughout the Georgian Natural 

Reserves. Dashed lines delineate 4 groups of reserves: 

1- high mountain fl oras, 2- lowland fl oras found near 

the Black Sea coast, 3- transboundary fl oras shared by 

lowland and high mountain groups, and 4- fl oras of 

the piedmonts.
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January temperatures and minimal air temperatures 
(grouped with altitude), whereas July temperatures, 
mean air temperatures, and rainfall appear to be 
much less signifi cant in the plot (Figure 7). Only 
the indices of infraspecies per species ratio were 
negatively correlated with altitude. Th at allows us 
to conclude that the species of the high mountain 
ecosystems are less polymorphic.  

Bioindication of environmental variables for 
the protected areas

Th e bioindication analysis gives us the basis 
for assessing the sustainability of the ecosystems 
represented in the natural reserves and, therefore, 
for evaluating the eff ectiveness of the system of 
protected areas in Georgia. Th e bioindication results 
are presented in Figure 8. It can be seen that each 
analysed group  includes a wide ecological range of 
indicator species, but the trend lines for each variable 
cuts off  the middle indicator group, with the exception 
of those that indicate trophic levels and heterotrophy. 
As a result of this analysis, it is possible to conclude 
that the aquatic communities of the Georgian natural 
protected areas form planktonic and periphytonic 
communities that indicated temperate, moderately 
oxygenated, fresh, neutral water with a moderate 
level of organic pollution. Th erefore, bioindication 
shows that the Georgian protected areas are only 
slightly anthropogenically impacted. 

Comparative fl oristics

Th e comparative fl oristic approach provides for 
the grouping of freshwater fl oras of protected areas 
with respect to their taxonomic similarities and 
phytogeographic affi  nities.

A similarity tree of fl oristic composition was 
constructed for the Georgian Natural Reserves 
(Figure 9), showing 3 species diversity clusters at a 
similarity level of 50%. Cluster 1 includes 3 fl oras 
with more than 200 species each. Cluster 2 includes 
the richest high mountain fl oras, and Cluster 3 
comprises all other fl oras with a species diversity of 
less than 200 each. 

Th e dendrite of taxonomic overlap (Figure 10) 
shows that the algal fl ora of the Kintrishi Natural 
Reserve shares species with many other fl oras (about 
90%), and therefore it is placed in the centre of the 
dendrite. Th e fl oras with minimal overlap are found 

in the Kazbegi, Borzhomi, and Algeti reserves; these 

are the richest high mountain algal fl oras. Of these 

3, the Kazbegi and Borzhomi are peculiar in the 

richness of nondiatom species. 

Th e ratio of higher-to-lower taxa for vascular 

plants can help to characterise a fl oristic region. 

Diversity ratios in Asian fl ora parity are primarily 

due to the temperate-tropical taxa (White, 1983). 

In Georgian algal fl oras, the index of infraspecies 

variation (Table 2) is rather low, less than 1.01, which 

means that only a few species of the total species list 

of each reserve are divided into taxonomic varieties. 

Yet in the algal fl ora found in the Algeti Natural 

Reserve, this index is more than 1.15 (species of the 

total species list are divided into taxonomic varieties, 

including Fragilaria capucina Desm. with 5 varieties, 

Planothidium lanceolatum (Bréb. ex Kütz.) Lange-

Bert. (as Achnanthes lanceolata (Bréb. ex Kütz.) 

Grunow), and Cocconeis placentula Ehrenb. with 4 

varieties, 9 species with 3 varieties, and 26 species 

with 2 varieties). Th is calculation refl ects a low 

infraspecies variation. Th is can be explained by the 

location within the Georgian Natural Reserves, an 

environment with marked seasonal fl uctuations and 

low-to-moderate anthropogenic impact. 

As was revealed for the high plants, species 

richness is dependent upon the studied area and 

is close to maximal in certain territories (Palmer 

& White, 1994). It can therefore be used as one of 

the characteristics of each studied territory. We 

calculated the index of species richness over the unit 

of area from the data provided in Table 2. As can be 

seen (Figure 11), the range of the index is rather high, 

from 65.4 to 0.66. Figure 11 represents the dynamic of 

the species/area index together with the total species 

diversity in the protected areas. Using this Figure, 

we fi nd that the most species-rich areas are those 

near the Black Sea coast (in the Sataplia-Colchis and 

Pizunda Reserves). Th e Sataplia-Colchis Reserve is a 

small territory, about 5 km2, which includes a river 

estuary inhabited by a large number of bird species 

(Nankinov, 1996). Th e index also fl uctuates slightly 

in the high mountain areas, while in the majority of 

protected piedmont areas, it ranges between 0.66 and 

2.95. Th erefore, the most species-rich areas are those 

located in extreme environments. 
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Figure 8. Bioindications of major environmental variables by the algal fl oras of the Georgian Natural Reserves. A- P = planktonic, P-B 
= plankto-benthic, B = benthic, Ep = epiphyte, S = soil; B- cool = cool water, temp = temperate water, eterm = eurythermic 
water, warm = warm water; C- st = standing water, str = streaming water, st-str = low streaming water, ae = aerophiles; D- 
hb = oligohalobes-halophobes, i = oligohalobes-indiff erent, hl = halophiles, mh = mesohalobes, ph = polyhalobes; E- alb 
= alkalibiontes, alf = alkaliphiles, ind = indiff erents, acf = acidophiles, neu = neutrophiles as a part of indiff erents; F- sx = 
saproxenes, es = eurysaprobes, sp = saprophiles; G- ats = nitrogen-autotrophic taxa tolerating very small concentrations of 
organically-bound nitrogen, ate = nitrogen-autotrophic taxa tolerating elevated concentrations of organically-bound nitrogen, 
hne = facultatively nitrogen-heterotrophic taxa needing periodically elevated concentrations of organically-bound nitrogen, 
hce = obligately nitrogen-heterotrophic taxa needing continuously elevated concentrations of organically-bound nitrogen; 
H- ot = oligotraphentic, o-m = oligo-mesotraphentic, m = mesotraphentic, me = meso-eutraphentic, e = eutraphentic, hy = 
oligo- to eutraphentic (hypereutraphentic); I- x = xenosaprobes, x-o = xeno-oligosaprobes, o-x = oligo-xenosaprobes, x-b = 
xeno-betamesosaprobes, о = oligosaprobes, о-b = oligo-betamesosaprobes, b-o = beta-oligosaprobes, b = betamesosaprobes, 
b-a = beta-alphamesosaprobes, b-p = beta-polysaprobes, o-a = oligo-alphasaprobes, a-b = alpha-betamesosaprobes, a = 
alphamesosaprobes,  a-p = alpha-polysaprobes, p = polysaprobes, i = i-eusaprobes, m = m-eusaprobes.
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A tree of the taxonomic structure similarity 
(Figure 12) shows 3 groups of diversity. Both the 
Borzhomi-Kazbegi and Pizunda-Colchis-Algeti 
groups represent diff erent types of extreme areas 
characterised by species diversity of more than 200 
and they are quite diff erent from the third group, 
which includes the rest of the reserves. Each of the 
reserves in Group 3 contains no more than 200 
species. 

Analysis of climate impact  

We analysed the correlation of the algal species 
diversity in the natural reserves with the climatic 
conditions occurring in each of the reserve areas 
(Table 2). Table 4 presents the stepwise calculation 
results for the diversity of algal communities and 
climatic variables of the Georgian Natural Reserves. 
Using this method, we were able to determine the 
major variables that impact the algal species richness, 
the taxonomic structure of algal communities, and 
the index of the number of algal species per area 
in each of the natural reserves. As can be seen, the 
species richness of an algal community is dependent 
on the minimal air temperature in the reserve area, 
and especially on the January temperatures. Th ese 
results correlate with the altitudinal position of the 
natural reserves (from 0 to 2500 m above sea level) 
and the species richness distribution over the higher 
taxonomic divisions (Table 3 and Figure 4). For the 
latter, the mean air temperature is the most important 
impact factor (Table 4). Comparing the data from 
Tables 2 and 4, we can conclude that the minimal 
air temperature is a strong regulator of the species 
richness as a whole, whereas the mean temperature 
is more important for diversity among the higher 
taxa. Th e species richness per area index (Table 2) is 
related to the total species diversity and is shown to 
be the result of a complexity of factors including, in 
descending order of importance, the mean, minimal, 
and maximal annual temperatures. 
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Figure 10. A dendrite of taxonomic diversity overlaps within 

the Georgian Natural Reserves, as constructed by 

the pair-similarity calculating method on the basis of 

the Sørensen-Chekanovsky indices. Th e fl oristic core 

of the Georgian Natural Reserves algal diversity is 

marked by bold lines.
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Correlation between species richness and major 
climatic condition variables was calculated by 
distance-weighted least squares using the Statistica 
7.0 program. Figure 13 presents the relationship 

between species richness, especially diatom numbers, 
and the altitude of the preserved territory. Th is plot 
confi rms that species richness increases with altitude 
even though the number of diatom species decreases. 
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In Figure 14, information is presented on the 
distribution of species numbers with regard to 
altitude and the annual minimal temperature in the 
Georgian Natural Reserves. In the centre of the plot, 
a curve representing 200 species is correlated with an 
altitude of approximately 600 m, and the distribution 
is divided into 2 diff erent parts. 

Figure 15 refl ects the relationship between 
species number, altitude, and annual rainfall rate 
in the Georgian Natural Reserves. Th e curve in the 
centre of the plot represents a species number of 200 
and is correlated with an altitude of about 600 m; 
distribution is divided into 3 diff erent parts. 

Th e analysis thus reveals a strong climatic 
control over the major diversity estimates in the 
Georgian Natural Reserves. In particular, the January 
temperature is shown to be the critical factor in the 
development of high altitude algal communities, 
while a species number of 200 per fl ora is found to be 
the critical diversity level.

Conclusion  

We studied fl oristic diversity of algal communities 
in Algeti National Park and compared it to what 
is known about freshwater algae present in the 
country’s other national reserves. Aft er extensive 
sampling and a revision of the previously described 
materials, a total of 1063 species were listed. All of 
the local algal fl oras refl ect temperate, moderately 
oxygenated, fresh, neutral water aff ected by only a 
moderate level of organic pollution. Th e pattern of 
diversity distribution depends on altitude and local 
climatic conditions. Th e study identifi ed 4 fl oristic 
groups corresponding to the high mountain, low 
mountain, piedmont, and lowland regions. Th e 

Table 4. Multiple regression coeffi  cients (R2) relating the diversity estimates as dependent variables to climatic factors as independent 

variables (T
min

: minimal temperature years’ average; T
max

: maximal temperature years’ average, T
mean

: mean temperature years’ 

average, T
Jan

: January temperature years’ average, N
Sp

: species richness).

Diversity Estimates
Stepwise Model by Climatic Factors

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

Species Richness -
T

Jan

0.52**

T
Jan

0.60**

T
Jan

, T
min

0.71**

T
Jan

, T
min

0.74**

T
Jan

0.75**

Taxonomic Divisions 

Content
-

T
mean

0.48**

T
mean

0.60**

T
min

0.71**
- -

Index Species/Area
- -

N
Sp

0.75#

T
max

, N
Sp

, T
min

, T
mean

0.65*

T
min

, T
max

, N
Sp

, T
mean

0.77**

T
min

, N
Sp

0.78*

Note: #,*, ** = statistically signifi cant at P < 0.1, P < 0.05, and P < 0.01, respectively.

3D Surface Plot (Spreadsheet1 18v*14c)
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statistical analysis identifi ed a threshold of 200 
species per natural reserve, dividing the sites into 
species-rich and species-poor assemblages. In terms 
of the total species numbers and the numbers per 
area unit (1 km2), the most species-rich areas occur 

at the extremes of the altitudinal ranges, that is, in 
the coastal lowlands and in high mountains. Th e 
numbers of infraspecies per species are negatively 
correlated with altitude and, therefore, species of the 
high mountain ecosystems are less polymorphic.

3D Contour Plot (Spreadsheet1 18v*14c)
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Th e general trend indicates a decrease of species 

diversity from the mountainous areas in the east to 

the Black Sea, with a secondary peak over the narrow 

coastal zone. Th e intergroup dominant relationships 

(the relative species richness of the higher taxonomic 

divisions) change in parallel with fl oristic diversity in 

such a way that diatoms prevail in the coastal zone 

and piedmont fl oras, whereas the nondiatom groups 

come to the forefront throughout the mountainous 

areas. Th is inversion of the traditional dominant 

relationships between diatom and nondiatom can 

be seen as a regional peculiarity of the Georgian 

protected areas. Th us, on the west coast of the 

Black Sea, in Moldova (Biodiversity, 2010; Cocirta, 

2000) and Romania (Cărăuş, 2002), and in the high 

mountain habitats of Turkey (Kolaylı & Şahin 2009; 

Şahin, 2009; Şahin et al., 2010), the algal fl oras are, 

as a whole, enriched by nondiatom algae (the green 

algae and euglenoids), as is found in the mountainous 

regions of Georgia, whereas diatoms are ubiquitously 

prominent in the freshwater fl oras occurring along 

the Turkish coast (Gönülol et al., 1995; Kolayli & 

Baysal, 1998; Kara & Şahin, 2001; Dere et al., 2002; 

Şahin, 2003; Aysel, 2005; Baykal et al., 2009). In 

contrast, diatoms constitute only about 50% of the 

freshwater algal fl ora in Turkey as a whole, a total 

that is represented by 2030 species (Aysel, 2005). 

According to Azovsky (2002), algal diversity per area 

is cell size-dependent. Diatoms, a small-celled group, 

are less dependent on the area for their diversity than 

most of the nondiatom algae.

Our analysis reveals a strong climatic control over 

the major diversity estimates in the Georgian Natural 

Reserves. Th e January temperature is shown to be the 

single most critical factor, particularly for the high 

altitude algal communities.
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