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Abstract

Zhukov O., Arabadzhy-Tipenko L.: The ecological interpretation of unbiased estimator for the taxonomic ratio: different approaches for local and
regional flora. Ekoldgia (Bratislava), Vol. 40, No. 4, p. 348-356, 2021.

Taxonomic ratio in an ecological context is considered as an indicator of the level of competitive exclusion. In spite of more than a century of discus-
sions on taxonomic ratio, the problem of finding an unbiased estimator for flora characterisation remains unsolved. The traditional form of taxonomic
ratio (species/genus or species/families ratio) is biased, which depends on the area of territory for which the floral composition was established. This
circumstance makes the taxonomic ratio an inadequate characteristic of the flora. To solve the problem of finding an unbiased estimator for the
taxonomic ratio, we have combined two fundamental ecological generalisations. The first is that species that belong to the same genus usually live in
similar habitats and have similar morphological features. The struggle for life between species from the same genus is, therefore, more intense than
between species from different genera. The second is species—area relationship. We have considered the problem of finding an unbiased taxonomic
relationship using the Arrhenius curves to fit species—area relationships. This combination allowed us to find a form of unbiased taxonomic relation-
ship. The example of Cyanophyceae flora shows that this indicator is closely related to a wide range of ecological and biogeographical characteristics of
vegetation. The residual of the linear equation of dependence of the logarithm of the number of species on the logarithm of the number of genera is an
unbiased indicator of the taxonomic relation, which is independent of the number of genera (or number of families) and the sampling size (or area).
An unbiased taxonomic relationship is a characteristic of regional flora, which depends on a wide range of its ecological and biogeographical features.
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Introduction

Taxonomic ratios (ratio of the number of species to the number
of genera or families) are used in ecology to use evolutionary
arguments to explain the ecological features (He, 2005; Hubbell,
2001; Rosindell et al., 2011). Darwin noted that species that be-
long to the same genus typically live in the same habitat and have
similar morphological features. The struggle for life between
species from the same genus will, therefore, be more intense than
that between species from other genera (Darwin, 1859). Taxo-
nomic ratios are seen as an indicator of the level of competitive
exclusion (Elton, 1946). Close species should not coexist for long
periods because of the shared resources they use (Elton, 1946;
Enquist et al., 2002; Strong, 1980; Williams, 1947). To test this
hypothesis, Paul Jaccard proposed a ‘generic coefficient’ that was
applied to describe biogeographical patterns and to measure the
impact of competition on diversity (Jaccard, 1901). Palmgren
related changes in the generic coeflicient to random sampling
effects (Palmgren, 1921). In 1929, this factor was criticised by A.
Maillefer for the fact that the factor depends on the size of the
accounting area or the area within which the flora is considered

(Maillefer, 1929). In 1941, Jaccard responded to the criticism and
noted that area alone cannot explain the difference between the
values of the generic coeflicient of different plant communities
and insisted on his vision of the coefficient as a measure of the
ecological properties of flora (Jaccard, 1941). It has been shown
that where the distribution of species and genera is subject to
the distribution of log series, the genus factor is a function of the
community diversity index (Williams, 1949).

An important generalisation of island biogeography is that the
species:genus ratio for island flora and fauna is always lower than
for areas that are sources of replenishment of island biodiversity
(MacArthur, Wilson, 1967). Two alternative explanations were
discussed for the interpretation of this result. These are interpreta-
tions of the genus ratio as a marker of similarity between species,
or only as a statistical artefact. Indeed, it was shown that random
samples are always characterised by a lower genus ratio than the
total sample that generates them (Williams, 1964). The relative
number of species should be smaller relative to the number of gen-
era, provided there is high intensity of competition. But as a quan-
titative parameter of flora, the taxonomic ratio is a biased measure
depending on the number of species (Gotelli, Colwell, 2001).
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The species/genus ratio is traditionally interpreted as an in-
dicator of the intensity of competitive exclusion: species of the
same genus are characterised by similar requirements to envi-
ronmental conditions, so they will be involved in relations of
a higher level of competition (Krug et al., 2008). A number of
studies show that taxonomic ratios do not differ from the zero
alternative (Chase, Leibold, 2003; Simberloff, 1970). Some stud-
ies have found that the number of species of the same genus is
greater than the random alternative (Daehler, 2001; Enquist et
al., 2002; Tofts, Silvertown, 2000). The species/genus ratio for
freshwater fish parasite fauna is significantly higher than for ma-
rine fish parasites, indicating fundamental differences in the pat-
terns of freshwater parasite fauna diversity relative to the marine
environment (Poulin, 2016). The higher taxonomic ratio is inter-
preted as an indicator of a higher level of competition within the
taxonomic genus for Bryozoa (Figuerola et al., 2017).

The species/genus ratio is so sensitive to diversity that the
zero alternative increases with the number of species in the flo-
ra or fauna (Gotelli, Colwell, 2001; Jarvinen, 1982; Simberloff,
1970). Taxonomic ratios may reflect features of the phylogenetic
development of the taxonomic structure as well as the potential
for dispersal of marine bivalve molluscs (Krug et al., 2008). It has
been shown that the taxonomic ratio of marine molluscs signifi-
cantly increases in latitude gradient, even with a rapid reduction
in the number of species with increasing latitude (Roy, 1996).

The relationship between the number of species and the
number of genera can be described after logarithm transforma-
tion by a linear model (Palmer et al., 2008):

log(species) = b, +b, log(genera) + e,

where species - the number of species, genera — the number of
generaand b, 1a b, - regression coefficients. For North American
flora, no clear trends in the number of species and genera with
latitude have been found, but the residuals of this model show a
clear dependence on latitude (Palmer et al., 2008). The number
of species is a growing function of area — this is one of the most
important generalisations of ecology (Arrhenius, 1921; Connor,
McCoy, 1979; Fisher et al., 1943; Gleason, 1922; Preston, 1960).
The Arrhenius generalisation (Arrhenius, 1921) indicates degree
dependence between the area and the number of species: S = ¢
A%, where S is the number of species, A is the area and c and z are
the coeflicients. The Arrhenius formula is the best model for the
biogeographical scale both empirically and theoretically (Rosen-
zweig, 1995; Fridley et al., 2005, 2006).

Despite almost more than a century of discussion about the
taxonomic ratio, the problem of finding an unbiased estimator
of the flora characteristics remains unresolved. To solve it, we
combined two fundamental environmental generalisations. We
considered the problem of finding an unbiased taxonomic ratio
through the prism of diversity/area dependence. This combina-
tion allowed us to find a form of unbiased taxonomic ratio. The
example of the flora of Cyanophyceae shows that this indicator is
closely related to a wide range of ecological and biogeographical
characteristics of vegetation.

Methods

Cyanophyceae studies were conducted within the Pryazovskyi
National Natural Park. On the territory of Pryazovskyi Park, nine
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experimental polygons were identified, which covered the steppe
areas or slopes, salt marshes, coastal sandy soils and ponds (riv-
ers, lakes, estuaries, sea bays, lagoons). One hundred and twen-
ty-four algological individual and united water and soil samples
served as the material for the study on Cyanophyceae. Sampling
was carried out in the spring-winter period during the routine
surveys carried out in 2013-2019. Ecological and biogeographi-
cal analysis of the identified species was conducted on the basis
of the information given in the monograph O. M. Vinogradova
(Vinigradova, 2012), as well as with the help of literary sources
devoted to the algae of Ukraine and other countries (Kostikov
et al., 2001; Whitton, 2012). According to the preferred salinity
conditions of the environment, Cyanophyceae are divided into
halotolerant, halobiont, halophilic and marine ecological groups
(Komarek, Anagnostidis, 1999). The marine species occupy an
intermediate position between the halophilic and halotolerant
groups. According to the criterion of preferences of salinity giv-
en under the classification of O. M. Vinogradova (Vinigradova,
2012), we divided the investigated flora into: stenotopic halotol-
erant (freshwater forms according to O. M. Vinogradova), eu-
ritopic halotolerant (all other halotolerant forms according to
O. M. Vinogradova), halobiont and halophilic. According to the
preferred salinity conditions of the environment, the ecological
groups of Cyanophyceae can be quantified as follows: stenotopic
halotolerant (freshwater) - 1, euritopic halotolerant - 2, halobi-
ont - 3 and halophilic - 4. An ecotope salinity indicator based
on the information on the structure of the Cyanophyceae com-
munity would be as follows:

N
dalo = LN 6L
aO—S‘_1 Si)

where Halo - phytoindication assessment of salinity of the eco-
tope for Cyanophyceae community; S - total number of species
in the community; i - serial number of the environmental group
by preference given to the conditions of salinity, N - total num-
ber of such groups and S, - the number of species belonging to
the relevant environmental group. Thus, the phytoindicative as-
sessment of salinity of the ecotope for Cyanophyceae community
(Halo) can vary from 1 to 4. Level 1 corresponds to a fresh pond
without signs of salinity and level 4 corresponds to the most sa-
line ecotopes.

According to the spatial coverage of the range of Cyano-
phyceae, the regional flora can be divided into the following
groups: European temperate zone inhabitants, European spe-
cies, Eurasian species, circumcontinental or circumoceanic and
cosmopolitan. Consequently, the range width of species can be
conventionally characterised as: 1 — species with a narrow range
within the temperate zone, 2 — European species, 3 - range cov-
ers Europe and Asia, 4 - species of circumcontinental or circu-
moceanic distribution and 5 - cosmopolitans. The indicator of
geographical distribution of community species by the arealo-
logical structure of Cyanophyceae can be calculated as follows:

1on Gri
Geogr = 131V, &1
L

where Geogr —assessment of geographical distribution of Cy-
anophyceae community species; S — total number of species
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Fig. 1. Results of numerical modelling of dependence between the
number of species and genera on area and dynamics of taxonomic
ratio. Here abscissa is area (conventional units); ordinate is number
of species (S), number of genera (G) and taxonomic ratio of number
of species to number of genera (S/G).

4.0
S G F y=014x +2.32 *
3.5
3.0 =0.0%+2.19 n
25
. y=0.06z+1.72
2.0 - /
1.5 ‘ ‘ ‘ : )
2.0 3.0 4.0 5.0 £.0 7.0 2.0

Fig. 2. Relationship between area and the number of species (S), gen-
era (G) and families (F) for the flora of vascular plants in Ukraine.
Axis abscissa is the area, ha (decimal logarithm); axis ordinate is the
number of taxa of the corresponding level (decimal logarithm). For-
mulas indicate linear approximations of the dependence of the num-
ber of taxa on the area by the method of least square.
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in the community; i - serial number of the arealogical type;
N - total number of such types; S, - number of species belong-
ing to the respective arealogical type and Gr, - range width of
species (1 - species with a narrow range within the temperate
zone, 2 — European species, 3 - range covers Europe and Asia,
4 - species with a wide range, but not cosmopolitan, 5 - cos-
mopolitan).

Results

Unbiased estimator of the taxonomic ratio

It can be assumed that there is a dependence of the number of
genera on the area, which can be described by a power func-
tion. Then, according to the Arrhenius formula, for the number
of species and the number of genera, the following dependencies
will be correct:

S =A% (1)

G =c,A* 2)

where S - the number of species; G — the number of genera; A -
areaand ¢, ¢, z,, z, - coefficients.

The taxonomic ratio of the number of species to the number
of genera can be derived as follows:

S g prs
s ' (3)

Thus, the taxonomic ratio is a constant characterising the
flora and does not depend on the area of the investigated terri-
tory only under the condition z, = z,, that is, if the growth rates
of the number of species and number of genera with the growth
of the area are equal. This situation is illustrated in Fig. 1, but the
most probable situation is when the rate of species and genus
growth is different, and in this case, the taxonomic ratio will be
an indicator, which depends both on the properties of the flora
and the area of the territory (Fig. 2). Thus, the taxonomic ratio
has a bias, which depends on the area of territory for which the
floral composition is determined. This fact makes the taxonomic
relation an inconsistent characteristic of the flora. The following
transformations allow us to find the level of estimation bias and
take it into account when characterising flora.

Logarithmic equations allow us to obtain:

logS =1logc, + z,logA TalogG =logc, + z,logA, (4)
where we derive the formula from:

logS — logc
% = logA and (5)
1

logG — logc
o8t ~ ‘08 _ logA. (6)
Z2



It allows us to obtain an expression that does not contain the
area:

logS — loge;  logG — logc, | (7)

Z1 Z3

We get rid of the denominator in the equation:
z,logS - z,logc, = z,1ogG - z,logc,, (8)

where does the logarithm of the number of species equal:
z z
logS = —logG + loge; — —loge,-  (9)
Z2 Z2

It is worth considering that Zis constant, so it is reason-
2
able to replace %: K; also, is constant, so we can write down
loge, — iimgcz = const + &. Accordingly, we get a linear dependence:
2

logS = KlogG + const + ¢, (10)

where K and const are coefficients of the linear regression
and ¢ is a residual of the linear regression.

It is not difficult algebraic transformations (10) that drive us
the taxonomic ratio has the form:

logS

const + ¢
logG

= 11
ogC K (11)

Thus, the taxonomic ratio is a constant that characterises
only the flora and does not depend on other factors, only if the
correction is taken away from this ratio le'ztg; ¢ . Now, let us find
out under what conditions the taxonomic ratio will be a constant
that characterises the flora and does not depend on the number
of species or genera. For this purpose, let us assume that if G >
oo (i.e. the number of genera is ‘very large’), then% > 0and
we can assume % ~ . That is, for the unrealistic, large regional
flora, the ratio of the logarithm of the number of species to the
logarithm of the number of genera (or to the logarithm of the
number of families) is practically a constant, which character-
ises this flora. The physical sense of this relation consists of the
fact that it characterises relative rate of the growth of number of
taxa with increase in area. If the number of genera (or families)
is insignificant, that is, in the situation with local flora, then the
ratio of logarithms will be a biased estimation, which depends
very much on the floristic diversity and area of territory.

It is obvious that the coefficients K and const characterise the
regional flora as a whole, as they can be found on the basis of the
data on local flora, which make up the regional flora. The charac-
teristic of the local flora can be the residual of the global regres-
sion dependence & containing two components — information
noise and the local component of variation, which is a specific
characteristic of the local flora:

logS - KlogG - const = ¢, whereto get it from  (12)
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Fig. 3. Dependence of the number of species on the number of gen-
era or families in the flora of vascular plants of Ukraine. The abscissa
axis is the number of genera (G) or families (F) (decimal logarithms),
the ordinate axis is the number of species (decimal logarithm).

S
log (G_K) — const = ¢, which allows to get (13)

GK

— 10const +¢€

(14)

Thus, with the accuracy of statistical error, an unbiased char-
acteristic of the flora is not the taxonomic relation itself, but the
ratio of the number of species to the number of genera raised to a
power that is numerically equal to the ratio of the growth rate of
the number of species to the growth rate of the number of genera
with the area. The regression coefficients K and const can be es-
timated on the basis of the information on global flora and, con-
sequently, the taxonomic ratio for the local flora cannot be found
in unbiased form if the properties of global flora are unknown.

Taxonomic ratio for the flora of Ukraine

The dependencies of the number of species on the number of
genera or the area of the territory are most often considered in
the context of island biogeography problems due to the obvious
and clear spatial dimensions of the areas for which flora or fauna
characteristics are defined. For terrestrial ecosystems, there are
well-documented species lists for administrative areas — coun-
tries or regions — and for protected areas (Appendix 1). Areas
of relevant sites are clearly defined. Analysis of dependence of
the number of taxa on the area for flora and vascular plants of
Ukraine confirms the assumption that with an increase in area in
the logarithmic scale, the number of taxa grows linearly; growth
occurs the fastest for the number of species, less quickly for the
number of genera and quite slowly for families (Fig. 2). The slope
angles of corresponding dependencies are considerably different;
therefore, the assumption about invariance of the taxonomic ra-
tio cannot be confirmed. As it was supposed, there is a linear
dependence between the number of species and the number of
genera or families on logarithmic scale (Fig. 3). Coefficients K
are equal to 1.59 and 1.45, respectively. It should be noted that
the ratio of the number of species to the number of genera and
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Fig. 4. Dependence of the number of regional flora species of Cyano-
phyceae on the number of genera. The abscissa axis is the number of
genera (decimal logarithm), the ordinate axis is the number of spe-
cies (decimal logarithm).

Table 1. Multiple regression analysis of residuals of dependence of
the number of species on the number of genera (R * = 0.87, p <
0.001). Standardised regression coefficients are presented.

Predictor b+ st.error | p-value
Indicator of the level of salinity 491+ 0.82 <0.001
of ecotopes (H)

Indicator of geographical range

of species ini cfmﬁlunity (GZ()g 1.79£0.49 <0.001
H? -4.93 +£0.80 | <0.001
G? -2.05+0.48 | <0.001
Aerophyte 0.17 £0.07 0.017
Aquale -0.31+£0.13 | 0.022
Aquale-subaerophyte -0.27 £0.10 | 0.007
Aquale-terrestrial -0.12+£0.07 | 0.088
Eurybiont 0.27 £ 0.07 <0.001
Subaerophyte -0.41 £0.09 | <0.001
Terrestrial -0.34 £ 0.08 | <0.001
Terrestrial-subaerophyte -0.50 £0.10 | <0.001

families statistically significantly correlates with area (r = 0.68,
p <0.001 Ta r = 0.72, p < 0.001, respectively). Thus, taxonomic
ratio significantly depends on area. In turn, S/G* and S/F* ratios
are predictably independent of area (r=0.17, p=0.32 tar = 0.22,
p = 0.19, respectively).

Thus, dependence of the number of species on the number of
higher taxa (genera, families) is a characteristic of the flora as a
whole and is a tool to recalculate the number of species depend-
ing on the surveyed area, which is presented in a clear or latent
form.

Taxonomic ratio for Cyanophyceae flora

For the flora of Cyanophyceae, a linear dependence between the
number of species and the number of genera in the logarithmic
scale was also found (Fig. 4). The dependence is able to explain
89% of the variation of the studied characteristic. The S/G ratio
statistically significantly correlates with the number of species (r
=0.53, p < 0.001), while the S/GX ratio does not depend statisti-
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cally on the number of species (r = 0.24, p = 0.10) and the num-
ber of genera (r = -0.11, p = 0.45).

The local flora is described by the residuals from the linear
dependence of the logarithm of the number of species on the
logarithm of the number of genera. These residuals comprise
11% of the variability in the logarithm of the number of species.
In turn, 87% of variation of residuals can be explained by the
level of salinity of ecotopes, which is an indicator of geographi-
cal range of species in a community and a marker of preferential
habitat (Table 1).

The level of salinity of ecotopes naturally affects the ratio of
species to the number of genera. This dependence has a non-
linear character, as evidenced from the regression coefficients
and can also be illustrated graphically (Fig. 5). In general, with
increasing salinity levels, the ratio of number of species to the
number of genera increases, but with very high salinity levels,
there is a sharp decline. Also, dependence of taxonomic ratio
on the width of geographical distribution of species is non-lin-
ear. The increase in the community of widely distributed spe-
cies contributes to the growth of the ratio to a certain level. In
communities that are predominantly species with wide ranges,
the taxonomic ratio decreases. The increase in the community
of aerophytes, aquatic and terrestrial forms contributes to the
growth of taxonomic ratio.

Discussion

The taxonomic ratio was widely used over a long period of time
as a quantitative indicator of the community structure. Its main
idea is to assess the differences or similarities of species in a com-
munity and to find out the role of interspecific competition in
community formation. Taxonomic ratios are consistent with the
intuitive notion that the number of species does not fully re-
flect the diversity of a community. The number of species and
its derivatives diversity indices (Shannon, Simpson, etc.) do not
take into account differences between species in a community,
namely such differences are a source of diversity in a commu-
nity (Magurran, 2004; Pielou, 1969). Similarity of species in a
community is an indirect sign of the degree of competitive in-
teraction and can be used to test hypotheses about the role of
competition in community structuring (Roughgarden, 1983).
Species/genus or species/family ratio is used to describe the level
of interspecific competition at the community level (MacArthur,
Wilson, 1967). Low taxonomic ratios can be explained by the
high level of competition between species within genera (El-
ton, 1946). However, in small samples, regardless of the level of
competition among the community, the taxonomic ratio will be
naturally lower (Simberloft, 1970).

It has been shown that the number of species with increas-
ing sample size increases faster than the number of genera,
resulting in a shift in the ratio that depends on sample size
(Colwell, 2000; Gotelli, Colwell, 2001). The known spatial de-
pendency of the number of species (Arrhenius, 1921) can be
rephrased to mean that increased sampling efforts result in the
identification of more species (Gotelli, Chao, 2013). Thus, an
increase in geographical coverage of an area could be seen as an
increase in data collection efforts that provide more complete
estimates of the number of species and taxa of higher order.
The application of the Arrhenius model to simulate the behav-
iour of the number of taxa at different levels depending on area
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(or the intensity of effort for collecting) has resulted in a form
of taxa of different rank. It is established that not the ratio of
taxa, but the ratio of logarithm of taxa possesses the best prop-
erties for description of flora. This ratio for rather large samples
does not depend on the size of a sample and can be used for the
solution of some problems for which the taxonomic ratio was
initially applied. In small samples, the ratio will give systemati-
cally underestimated results. Also, the best form of taxonomic
ratio can be considered:—,(, which K allows to get an indica-
tor that does not depend on the sample size. This coefficient
can be estimated on the basis of regression dependence for the
whole regional flora. This ratio has the desired property - in-
dependence from sample size (or area) — and can be applied
to compare local flora and plant communities. But according
to equation (14), this ratio is quantitatively equal to the expo-
nential sum of the constant, which is common to the flora as
a whole, and the variable, which is specific to the local flora
and the random variables. Therefore, the best characteristic of
taxonomic ratios is the residual of equation (10). The residual
of equation (10) can be considered as an unbiased indicator
of taxonomic relations, which is normalised to the number of
genera (or number of families) and to the sample size (or area).

The practical application of the obtained results consists
in the fact that the proposed quantitative indicators of the
taxonomic ratio are unbiased estimates, on the basis of which
it is possible to statistically test hypotheses for comparison of
different flora and about the influence of different factors on
the taxonomic ratio. An effective statistical tool for testing hy-
potheses is very important for monitoring taxonomic diversity
in the context of anthropogenic influence and global climate
change at different spatial and hierarchical levels of biota or-
ganisation.

Conclusion

The taxonomic ratios in the traditional form are biased charac-
teristics of the flora, which depend on the diversity of flora at the
level of genera/families and the area of the investigated territory.
Only for large regional flora, the ratio of logarithm of number
of species to logarithm of number of genera (or to logarithm of
number of families) is unbiased index, which characterises this
flora in a meaningful way. Thus, for traditional floristic research-
es, it is reasonable to use as a quantitative indicator the taxo-
nomic ratio in the form of the ratio of logarithm of number of
species to logarithm of number of corresponding taxa (genus or
families). If the number of genera (or families) is insignificant in
comparison with regional flora, which is the case for local flora
or plant communities, then this indicator will be a biased esti-
mate, which will largely depend on floral diversity and area. An
unbiased floral characteristic is the ratio of the number of species
to the number of genera that is raised to some power. This power
is nothing more than a ratio of the rate at which the number
of species and genera increases with area. This power is region-
specific and specific to regional flora. Thus, there is no universal
form of taxonomic ratio as unbiased floral characteristic. The
residuals of the linear equation of dependence of logarithms of
the number of species on logarithms of the number of genera
are the unbiased evaluation of the taxonomic ratio, which does
not depend on the number of genera (or number of families)
and the sampling size (or area). An unbiased taxonomic ratio
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is a characteristic of local flora that is ecologically relevant. It is
confirmed by the fact that this indicator depends on a wide range
of ecological and biogeographical features of the flora.

The results obtained indicate that different forms for quan-
titative description of taxonomic ratio should be used to solve
the problems of flora and plant communities’ characteristics. For
flora description, it is correct to use the ratio of logarithms of
number of corresponding taxa (ratio of logarithms of number
of species to logarithms of number of genera or families). To de-
scribe the taxonomic ratio in local flora or in a community of
plants, it is necessary to sample from regional flora to construct
regression dependence of logarithms of number of species on
logarithms of number of genera (or families). The residual of this
model will be an unbiased taxonomic ratio characteristic for the
local flora or plant community.
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Appendix 1. Information on objects with known area and known flora species diversity.

Object Area, ha Species Genus | Families | Source

Ukraine 60,362,800 4523 1052 156 Zaverukha (1985)

Dnipropetrovsk and Zaporizhia Region 5,910,600 1944 645 139 Tarasov (2012)

Dnipropetrovska Oblast 3,192,300 1714 615 126 Tarasov (2012)

Zaporizhia Region 2,718,300 1522 548 120 Tarasov (2012)

Nizhnedneprovska arena 181,000 595 318 50 Melnychuk and Trochymenko (2017)
Carpathian BR 58,035 1364 497 112 Onyshchenko and Andrienko (2012a)
‘Azovo-Syvasky’ NNP 52,154 716 325 81 Onyshchenko and Andrienko (2012b)
Danube BR 50,252 955 380 101 Onyshchenko and Andrienko (2012a)
NNP Synevyr 42,704 890 398 104 Onyshchenko and Andrienko (2012b)
NNP Holy Mountains 40,448 1160 480 116 Onyshchenko and Andrienko (2012b)
NNP Skolivski Beskydy 35,684 844 395 103 Onyshchenko and Andrienko (2012b)
Crimean NR 34,563 1348 532 110 Onyshchenko and Andrienko (2012a)
Ascania-Nova BR 33,307 509 265 63 Onyshchenko and Andrienko (2012a)
Hetman NPP 23,360 635 376 105 Onyshchenko and Andrienko (2012b)
‘Polissya’ NR 20,104 602 333 92 Onyshchenko and Andrienko (2012a)
NNP Velykyi Lug 16,756 410 259 76 Onyshchenko and Andrienko (2012b)
‘Desnsko-Starohutsky’ NPP 16,215 798 402 109 Onyshchenko and Andrienko (2012b)
Pryazovskyi NNP 16,073 1060 418 92 Onyshchenko and Andrienko (2012b)
North Podillya NPP 15,587 1100 470 113 Onyshchenko and Andrienko (2012b)
Yalta Mountain-Forest NR 14,523 1363 509 100 Onyshchenko and Andrienko (2012a)
‘Gomilshanskie Woodlands’ NPP 14,314 900 320 100 Onyshchenko and Andrienko (2012b)
‘Gadyach’ RLP 12,803 947 448 114 Khannanova (2015)

NPP Vyzhnytsky 11,238 683 235 96 Onyshchenko and Andrienko (2012b)
NNP Dzriylgatsky 10,000 500 252 72 Onyshchenko and Andrienko (2012b)
NNP ‘Kremenecki Gory’ 6951 950 320 95 Onyshchenko and Andrienko (2012b)
NNP ‘Meotyda’ 6343 731 324 84 Onyshchenko and Andrienko (2012b)
Gorgan NR 5344 451 266 79 Onyshchenko and Andrienko (2012a)
‘Dnipro-Orilsky’ NR 3766 670 360 95 Onyshchenko and Andrienko (2012a)
Chersky NR 2975 760 382 103 Onyshchenko and Andrienko (2012a)
Karadag NR 2874 1175 477 103 Onyshchenko and Andrienko (2012a)
Ukrainian steppe NR 2768 604 295 75 Onyshchenko and Andrienko (2012a)
Rotochia NR 2084 944 457 122 Onyshchenko and Andrienko (2012a)
NR Opksky 1592 452 244 62 Onyshchenko and Andrienko (2012a)
NR ‘Chalky Flora’ (Department Onyshchenko and Andrienko (2012a
of the Ukrzinian SEepppe Nature Reserve) 1134 490 274 65 i ( !
NR Kazantip 450 617 301 71 Onyshchenko and Andrienko (2012a)
NR ‘Stone Graves’ (Department Onyshchenko and Andrienko (2012a
of the Ukrainian St(eppz Nature Reserve) 389 470 252 > i ( )
NR ‘Mykhailivska Tsilina’ (Department 202 531 287 66 Onyshchenko and Andrienko (2012a)

of the Ukrainian Steppe Nature Reserve)
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