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Calculation of the external factors influence indices on plants
and its application to Deschampsia antarctica E. Desv. populations

Abstract. The main objective of the research is developing and describing in detail the calculation algorithm of the United Tem-
perature Influence Index (UTII) and United Macroelements content in Soil Influence Index (UMCSII) on basic plant charac-
teristics in sample populations. Additionaly, we present an example of its application in Deschampsia antarctica E Desv. research
at Galindez Island, Argentine Islands, maritime Antarctic under natural condition based on experimental data sets. The final
goal of the research was to evaluate the UTII and UMCSII, based on the sample plant populations contribution to the United
Quality Latent Index of adaptability (UQLI). Methods. The surface temperature data set was obtained by temperature loggers
at each individual plant population during April 2017 — April 2018. To determine the individual D. antarctica cover and measure
the morphometric parameters of eleven D. antarctica populations, we evaluated leaf length, inflorescence length, flower length
(by lower flower glume), and the number of flowers in inflorescence. Protein densitometry profiles of seeds for eleven D. antarc-
tica populations were analyzed. To obtain the United Temperature Influence Index (UTII) and United Macroelements Content
in Soil Influence Index (UMCSII) on basic plant characteristics, the extreme grouping method was applied. This method is
described in current work in detail. The estimation of UTII and UMCSII were calculated by pairwise comparisons of spatial pair
differences indices sets. Results. The calculation algorithms of the United Temperature Influence Index (UTII) and United
Macroelements Content in Soil Influence Index (UMCSII), based on the example of eleven populations of D. antarctica, were
developed and described in detail for Galindez Island in the 2017/18 season. Determining the total contribution of UTII and
UMCSII to the UQLI is an example of comparing the value of temperature and soil macroelements to environmental param-
eters. Conclusions. UTII was shown to have a significant contribution to the UQLI in December and January, when the largest
spatial temperature variations were observed. UMCSII did not have a statistical confidence of contribution to the UQLI, but
sum with the UTII increased UTII contribution value to the UQLI. The index UTII is proposed to describe an influence of
source temperature data to a large number of plant populations sample different characteristics by reducing the dimension to
one number. The index UMCSII is proposed to describe an influence of a large number of source macroelements content in soil
data to sample populations covers by reducing the dimension to one number. The UTII and UMCSII sets can be used to com-
pare them with sets of the UQLI of adaptability populations sample of the same species growing under different conditions to
construct correlation models for different populations.
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INTRODUCTION

Today it is extremely important task to develop me-
thods that allow to quantitatively study of adaptation
of organisms to extreme environmental conditions.
Particularly relevant is the task for the polar regions,
in particular Antarctic, for which it is important to
study how Antarctic life evolved and survived (Ken-
nicutt et al., 2014). One of the good objects to study
is polar vascular plants, characterized by a wide range
of adaptations (Callaghan, Cllins, 1981; Alberdi et
al., 2002; Convey, 2003). In Antarctica, where there
are only two species of vascular plants, they may be
indicators of climate change (Fowbert, Lewis Smith,
1994; Gerighausen et al., 2003; Cannone et al., 2016;
Séez et al., 2018). Monitoring of populations of one
of the native Antarctic vascular plants — Deschamp-
sia antarctica E. Desv., 1837 on the model of Galin-
dez Island, the Argentine Islands was started. As a
result of this effort we have proposed a method of cal-
culation United Quality Latent Index of Adaptability
(UQLI) for a comprehensive assessment of the re-
sponse of different adaptation mechanisms (Ayva-
syan et al., 1989; Bauman et al., 2008; Miryuta et al.,
2019). This integral index has described the adapt-
ability of D. antarctica populations to stressful envi-
ronmental conditions. The maritime Antarctic natu-
ral conditions were quite heterogeneous (Komarkova
etal., 1985, 1990; Barcikowski et al., 2003; Parnikoza
et al., 2018). That’s why the UQLI integral index has
different value for plant populations localized at dif-
ferent parts of Galindez Island. The spatial distribu-
tion of soil temperatures during the season and spa-
tial distribution of macroelements content in the soil
are known to exist in Antarctica, particulary on Gal-
indez Island (Casanova-Katny et al., 2010; Parnikoza
etal., 2016, 2018; Saez et al., 2018). It means that the
soil temperature is very different at different popula-
tion’s locations at the beginning of the season, what
determines different initial conditions for the devel-
opment of different plant populations. The tempera-
ture equalization at distinct sites is observed during
the season, and the end result of the development of
plants having different initial conditions is diverse at
the end of the season. The same thing happens with

the initial concentrations of macroelements in soils
of different sites, only the relaxation time to the equi-
librium state is much longer (Bockheim, 2015).

To understand which external factors play the larg-
est role in the formation of end-of-season plant po-
pulations, which are described by the UQLI value,
based on plant population characteristics only (Ay-
vasyan et al., 1989; Bauman et al., 2008), we decided
to research the influence of spatial soil temperature
differences and differences in spatial soil macroele-
ments content on the spatial differences in the indi-
vidual plant adaptation indices values for ten popula-
tions from Galindez Island. To compare UQLI data
set with data sets of temperature and macroelements
content, it was needed to lead the latter to the same
abstraction level as UQLI. To achieve this goal, we
developed algorithms of a statistical methods set ap-
plication to construct the United Influence Indices
of two external factor sets on determining the influ-
ence of different environmental conditions on D. an-
tarctica populations. The construction of United
Influence Indices of different environmental factors
on different indices of the plant populations adapt-
ability will allow a better determination of which of
the measured indices makes the greatest contribu-
tion to the United Quality Latent Index of plant
population adaptability. We remind you that UQLI
takes into account the maximum possible number
of external influences. Intermediate data under ap-
plying the algorithm of calculation United Indices
of specific external conditions influence on each
plant population adaptability indices also allows to
design correlation models of the individual influ-
ence indices interaction with the individual adapt-
ability indices in the probability relationships form
for each studied population.

MATERIALS AND METHODS

Localization of studed D. antarctica populations is
presented in Table 1.

The temperature data sets from experimental sites as
external factor were obtained by loggers HOBO UA-002-
64 for 11 D. antarctica populations (Parnikoza et al., 2018).
The macroelement content in the soil data sets for 10
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Fig. 1. Distribution of average soil surface temperatures by month
(T, °C) for studied D. antarctica populations of Galindez Island,
Argentine Islands, season 2017/2018 (Parnikoza et al., 2018)

D. antarctica populations from Galindez Island have

been taken from the article (Parnikoza et al., 2016).
T, is the average monthly soil surface tempera-

ture, wherei =1, 2, ... 11 and runs around the values

corresponding to the number of the studied site of
the populations D, (D1), D, (D2), ... D, (D7), D,
(D9), ... D, (D12), 1= 1, 2, 3 corresponds to the
month summer season number (T, — average tem-
perature in December 2017, T, — in January 2018,
T, — in February 2018). The temperature data du-
ring this season are shown in the following Table 2
and Fig. 1.

Or, isthe macroelement content in the soil, where
i=1, 2, ... 10 and runs around the values correspon-
ding to the number of the studied site of the popula-
tions D, (D1), D, (D2), ... D, (D6), D, (D9), ... D,
(D12): (D(7) is absent because soil sample have not
sampled, D8 is absent because this population had
less than five plants while we used for analizes ten
plants), m = 1, 2, 3, 4, 5 corresponds to number of
the corresponding parameter: relative content CQrg
(organic carbon) (Or,), content N (nitrogen) (Or,)),
content P,O, (phosphorus) (Or,,), content K,O (po-
tassium) (Or,,), pH,, (exchange acidity) (Or)). The

Table 1. Localization and plant population cover (S) of studied D. antarctica populations,
Galindez Island, Argentine Islands, season 2017/2018 (Miryuta et al., 2019)

i D* Localization of the population S, %
1 D (D1) Meteo Point, coastal rocks of Marina Point near the meteorological station, 1
S 65.244780°, W 64.255800°
2 D,(D2) near main station building (Coronation House), Marina Point, S 65.245700°, 30
W 64.256400°
D,(D3) Leopard Tower, Penguin Point, S 65.247500°, W 64.241200° 3
4 D,(D4) Ship Rock, Penguin Point, S 65.248600°, W64.238230° 3
D,(D5) the upper terrace of the Govorukha dome under the Anna Hill, S 65.248260°, 1
W 64.245240°
6 D, (D6) near the Antarctic pearlwort (Colobanthus quitensis (Kunth) Bartl.) point on the 3
Roztochia Ridge, S 65.247990°, W 64.242720°
7 D (D7) on the Krapla Rock, S 65.247017°, W 64.243167° 5
8 D (D9) on the rocky shore of the Neck Ridge behind the large magnetic pavilion, S 65.245467°, 15
W 64.249867°
9 D,(D10) on Magnit Cape, S 65.245008°, W 64.253205° 5
10 D, (D11) on the Cemetry Ridge near the pavilion of Very Low Frequencies (VLF), S 65.246170°, 1
W 64.248250°
11 D, (D12) on the Gull Tower slopes on Stella Point, S 65.247450°, W 64.252740° 10

Notes: * The absence of a D8 population in this column is due to the fact that in the last five years this plants population has
decreased to several plants and sampling has become impossible without definitive destruction of this population.
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Fig. 2. The macroelements content in the soil of studied D. antarctica populations of Galindez Island, Argentine Islands

(Parnikoza et al., 2018)

macroelements content is shown in the following
Table 3 and Fig. 2.

General characteristics and examples of D. ant-
arctica plant source data sets under nature conditions
used in our work have been presented below (Miryuta
etal., 2019).

The plant population cover (S)) was estimated vi-
sually as the percentage cover of the vertically pro-
jected area of the above-ground plant parts forn =11
populations, whereas the i-th value corresponds to
the number of studied population: D, (D1), D, (D2), ...
D, (D7), D, (DY), ...D,_, (Dn), D (D (n+1). In this

data series due to the absence of population data with a
fixed number on the map (D8 population had less than
five plants while we used for analizes ten plants, the next
population was assigned a regular number with the con-
stant number in brackets, for example, D, (D9)). S, sets
data used in our work have been obtained by methods
described in article (Parnikoza et al., 2015).

Ph, were morphometric parameters, where j = 1,
2, 3, 4 corresponded to the parameters, respectively:
leaflength (dl), inflorescence length (dm), flower length
(lower flower glume length, dk), number of flowers in
the inflorescence (dn). Phij sets data used in our work

Table 2. The average soil surface temperature indices in December 2017, January 2018,
February 2018 for D. antarctica populations and control site of Polytrichum —Chorisodontium moss bank,
Galindez Island, Argentine Islands. Data in table cells: mean * standard deviation / variance (Parnikoza et al., 2018)

D, T, °C T, range °C T, °C T, range °C T,°C T, range °C
D,(D1) 5.7+2.7/7.5 0.3—10.5 54+2.1/4.6 1.3—-9.0 4.1+1.6/2.7 1.7—7.4
D,(D2) 4.1+2.5/6.1 0.2—8.5 4.5+2.0/4.1 0.1—8.2 42+1.8/3.4 1.2—7.8
D,(D3) 5.8+2.6/7.0 0.3—10.4 5.2+2.2/5.0 0.1—-8.4 39+1.4/2.0 1.6—6.6
D, (D4) 49+27/7.5 —0.2—9.7 43+2.1/43 0.1—8.2 3.6+ 1.8/3.1 0.9—9.1
D(D5) 6.8+ 3.4/11.6 0.7—14.0 6.0+ 3.1/10.1 0.1—12.5 33+1.4/2.1 0—5.9
D6(D6) 1.3£2.0/4.0 —0.1-7.0 32+1.7/2.8 0—6.2 29+1.1/1.3 1.0—5.7
D.(D7) 5.1+2.8/8.0 0.3—11.5 4.5+2.0/4.1 0.1-8.1 3.5+1.5/2.2 1.4—7.5
Dy (D9) 5.3+£2.7/7.1 0.1-9.6 4.8+22/4.8 0.1-9.0 4.0+1.5/2.3 1.7—6.8
D,(D10) 55+29/8.4 0.1—11.0 4.8+2.3/5.4 0.1-9.6 4.0=£1.6/2.7 1.4—7.4
D, (D11) 5.8+2.9/8.3 0.1—11.0 52+23/53 0.1-9.0 42+1.6/2.7 1.7—7.2
D, (D12) 5.0+2.5/6.4 0.2—9.1 4.6+2.1/4.6 0.1—-8.7 3.9+ 1.5/2.7 1.7—7.2
Control 29+1.8/3.4 —0.1—6.7 3.1£1.6/2.6 0.1-5.8 29+ 1.3/1.6 0.7—5.6
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Fig. 3. Density functions of a leaf length of D. antarctica plants from populations: a — D1, ¢ — D3,g— D7, h — D9, i — D10,
k — D12 (Gaussian model) and b — D2, d — D4, e — D5, f— D6, j — D11 (Polinomial Fit), Galindez Island, Argentine Is-

lands, season 2017/2018 (Miryuta et al., 2019)

have been obtained by methods described in articles
(Parnikoza et al., 2015; Miryuta et al., 2015, 2017).
Pr, were the relative content of protective and re-
serve proteins in the seeds, where k =1, 2, ... 5 (6)
(number of the fraction that correspond to: globulins
with molecular mass more than 150, glutenins with
MM from 94 to 145, sulfur-poor prolamins — from
45 to 80; sulfur-rich prolamins — from 20 to 40; part
of sulfur-rich prolamins and probably IRIP protein —
27—31; not full formed prolamins and low molecular

98

weight dehydrins — less than 20 kDa). Pr, sets data
used in our work have been obtained by methods set
described in articles (Miryuta et al., 2015, 2017).

An example for the season 2017/2018 is shown in
Table 2 and Fig. 3—5.

RESULTS AND DISCUSSION

The described UQLI (/) in article (Miryuta et al.,
2019) characterized the multi-level population re-
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Fig. 4. Density functions of flower length (lower glume length) of D. antarctica plants from populations: a — D1, b — D2 (Gauss-
ian model) and ¢ — D3,d — D4, e — DS, f— D6, g — D7, h — D9, i — D10, j — D11, k — D12 (Polinomial Fit), Galindez
Island, Argentine Islands, season 2017/2018 (Miryuta et al., 2019)

sponse to the all types of environmental conditions
variation in the their growth in nature microenviron-
ment on the basis of data characterizing the plants
populations by method (Ayvasyan et al., 1989; Bau-
man et al., 2008), but did not allow to estimate con-
tributions of the influence of individual environmen-
tal factors to it (Table 4).

Loggers have been used to evaluate specific envi-
ronmental factors. The loggers measured the tem-
perature on the soil surface in populations located

on Galindez Island, in which the plants adaptability
was monitored over five years. After obtaining data
from the temperature in specific plants populations,
the question arose as to how to take into account the
temperature influence on the plant population’s
ability to adapt to a changing environment. The
Mantel test is used in such cases in ecology. This test
is based on the comparison of spatial differences ma-
trices of the index to be affected, and the parameter
that is likely to exert this influence. But this test has
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Fig. 5. The values of the different protein fractions parts in D. antarctica seeds from populations: a — D1, b — D2, ¢ — D3, d — D4,
e— D5, f—D6,g— D7, h — D9, i — D10, j — D11, k — D12, Galindez Island, Argentine Islands, season 2017/2018. Fractions
of protective and reserve proteins that corespond to: globulins with molecular mass more than 150, glutenins with molecular
mass from 94 to 145, sulfur-poor prolamins — from 45 to 80; sulfur-rich prolamins — from 20 to 40; part of sulfur-rich prola-
mins and probably IRIP protein — 27—31; not full formed prolamins and low molecular weight dehydrins — less than 20 kDa

(Miryuta et al., 2019)

several disadvantages (Legendre et al., 2015). In ad-
dition, the studied system is quite complex. This
means that the impact factor has to have the same
level of abstraction as the impacted index in order to
determine the contribution of the former to the lat-
ter. In addition the system may have intermediate
components that provide this effect. These can be
both external and internal factors. Therefore, we ha-

100

ve developed a system of algorithms for the calcula-
tion of United Influence Indices of various factors,
which can be called external (or internal) in relation
to the United Quality Latent Index of adaptability.
These United Influence Indicators of different fac-
tors have the same level of abstraction as the UQLI
(17), so they can be used to determine the contribu-
tion of relevant factors to it.
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Here are examples of the developed algorithms of
United Temperature Influence Index (UTII, I) and
United Macroelements Content in Soil Influence
Index (UMCSII, F) content on studied plant popu-
lations. These UTII (/') and UMCSII (F) are values
of the same abstraction level as UQLI (/). So, the
correlation coefficient between it sets values and the
corresponding UQLI (/%) value set by regression
technique perhaps would show the contribution of
the relevant influencer index to the integral index of
population adaptability under all kinds of conditions
for the studied populations.

The algorithm for the United Temperature Influ-
ence Index on the adaptability plants indices deter-
mining is given in Fig. 6.

The algorithm for the United Macroelements in
the Soil Content Influence Index on the adaptability
plants indices determining is given in Fig. 7.

We will explain the scheme shown in Fig. 6, 7 step
by step.

1. Source data sets. The source data sets of the ave-
rage monthly temperatures (T, ) were used to charac-
terize the weather conditions at the populations
growth places (Table 2, Fig. 1) (Parnikoza et al.,
2018). The content of macroelements in the soil
(Or, ) was determined to characterize the substrate,
where the selected populations grew (Table 3, Fig. 2)
(Parnikoza et al., 2016). The source data sets that
characterize the plants populations partly shown in
Table I (S) and in Fig. 3—5 (Phij and Pr, ) (Miryuta
et al., 2019) were used also.

2. Spatial pairwise comparison of each source data set
which characterized the plant populations environment
(by i). The comparison was carried out as follows. We
have found pairwise spatial differences in modulus for
data sets T, and Or,_. The resulting sets of pairwise
spatial comparisons were denoted by AT, and AOr, .
Examples of such comparisons are given in Tables 5, 6.
We have found pairwise spatial differences for S, Phij
and Pr, data sets, which presented in Tables 2, 3 in our
previous article (Miryuta et al., 2019).

We have found pairwise spatial differences in the
modulus for S, and Pr, data sets. The test value for
pairwise comparison of distributions for the data set
Phij has been found by the Mood median test. This

ISSN 1727-7485. Ykpaincokuii anmapxkmuunuii acypran. 2019, Ne 2(19)

non-parametric test is a variation of the y? test, which
allows estimating intra-group differences for two
populations without assessing the normal distribu-
tion of population indices. The Table 2 included the
non-zero values of criterion statistics (which are pro-
portional to the distance between the medians),
which exceeded the table value of 5% limit x> =

Table 3. Basic biogeochemical parameters of soils
under populations of D. antarctica (Galindez Island,
Argentine Islands) (Parnikoza et al., 2016)

‘ c General content (%)
l o @ | P N | PO, | KO
1 D (D1) 47.0 4.1 2.60 | 1.67 | 0.21
2 | D(D2) 27.0 5.5 2.57 | 098 | 0.14
3 | DyD3) 49.9 6.1 3.07 | 3.38 | 0.35
4 | D,(D4) 10.6 7.5 1.19 | 8.33 | 0.16
5 | D«(Ds) 21.3 7.4 202 | 7.10 | 0.20
6 | D(D6) 41.9 6.6 1.99 | 3.18 | 0.16
7 | D(D9) 41.2 4.8 294 | 2.77 | 0.32
8 | Dy(D10) 44.6 6.7 2.50 | 2.38 | 0.32
9 | D«(DI11) 45.1 6.0 2.50 | 2.01 | 0.46
10 | D,(D12) | 63.0 5.0 276 | 1.56 | 0.21
Table 4. Results of the United Latent Quality Index
determination for i-th D. antarctica populations,
Galindez Island, Argentine Islands, season 2017/2018
(Miryuta et al., 2019)
i Di Ir‘[ IiZ [L? [4‘_
1 D (D1) 0.16 0.56 0.15 0.87
2 D, (D2) 0.05 | —0.56 | —0.4 | —0.55
3 D,(D3) 0.22 0.64 0.4 1.26
4 D,(D4) 0.43 0.44 0.35 1.22
5 D,(D5) 0.03 0.48 0.1 0.61
6 D, (D6) —0.29 0 0 —0.29
7 D.(D7) —0.2 | —0.08 | 0.05 | —0.23
8 D,(D9) —0.36 | 0.44 0 0.08
9 D, (D10) 0.26 0.52 0.3 1.08
10 Dy(D11) 0.05 0.48 0 0.53
11 D, (D12) 0.34 0.36 0.2 0.9
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Source data sets

Prik
Source data sets pairwise spatial comparison by index i,
where i is population number for each | index
Prik

Extreme grouping of spatial differences pairs sets of temperature
soures data and others one by index i in studied population

forp=lAforp=2/Kforp=3
| X;p | Xi?p | XZ'/p | Xi;'lp | X;clp | X;dp

Determination of each i-th population probability of matching
to a positive or negative group

Determination of the normalization factor by values i, j, k

n

Determination of United Influance Indices for each pair of spatial
differences sets of temperature soures data and others one
for each summer month (1 value) by the formula:

1;.,=[L,.,X”+;L._ X+ BLX, ]

il il ild” “ild

Determination of the average United Temperature Influence
Index (UTII) on i-th population plants by the formula:

—
Il
W=
M-
—

Li[Xi[ + 2L Xt ZLik[Xik[

il ™= il

Fig. 6. An example of an algorithm for UTII determination for vascular plant populations

= 3.84 (n = 2) and zero if test value didn’t exceed | such comparisons are presented in Tables 2, 3 in ar-
3.84 by y? test (Pollard, 1982; Corder, Foreman, | ticle (Miryuta et al., 2019).

2014). The resulting sets of pairwise spatial compa- 3. Extreme grouping of points in coordinates pairs: pair-
risons were denoted by AS;, APh,, APr, . Examples of | wise spatial differences sets of plant population charac-
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Source data sets

Source data sets pairwise spatial comparison by index i,
where i is population number for each m index

Extreme grouping of spatial differences sets of macroelements content
in soil and cover by indices i, m in researched populations

T

+
Xim

| X

im

Determination of each i-th population probability of matching
to positive or negative group for each m value

im

| X, m=1 | X

(m=2)| |x,.m(m=3)| |X[.m(m=4)| |x,_m(m=5)|

Determination of the normalization factor by value m

L]

[L1] (81 [51] (571

Determination of United Influance Indices for each pair of spatial
differences sets of macroelements content in soil and cover one for each m value

s s
T

S S S
b 1 ]

by formula:

a i;': - I]

] (X, =X

im im )

Determination of the United Macroelements Content In Soil Influence
Index (UMCSII) on i-th population plants by the formula:

5

2

=

, 1& o
| !r}u i 5 Z Lr"\ i

ne=1

Fig. 7. An example of an algorithm for UMCSII determination for vascular plant

populations

teristics against pairwise spatial differences sets of tem-
peratures on soil average value and (or) the macroele-
ments in the soil content in population growth places.
We have calculated the UQLI (/) of plants adapt-
ability for each population of the sample based on the
results analysis of the extreme grouping of points in
indices pairs that characterize plant populations
(Table 3). These indices /%, characterized adaptabil-
ity of each population to all conditions of population

ISSN 1727-7485. Ykpaincokuii anmapxkmuunuii acypran. 2019, Ne 2(19)

growth in general. But the obtained adaptability indi-
ces have reflected the ability to adapt in the studied
populations by indirect way. Measuring the tempera-
ture on the soil by loggers, as well as chemical analy-
sis of soils in growth population location, allowed to
specify the measured external indices influence on
the populations total UQLI.

Changes in temperature and soil composition are
known to influence on the various plant populations
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parameters by a different method. That’s why we have
introduced the United Temperature Influence Indices
(UTII) and United Macroelement in the Soil Con-
tent Influence Indices (UMSCII) on each plant pop-
ulation. UTII and UMSCII were calculated by ana-
lyzing the spatial pairwise differences in the different
plant parameters characteristics with spatial pair their
environment characteristics differences in the pairs:
|AS| versus [AT|, APh, versus [AT], |APr, | versus |AT],
|AS| versus |[AOr,_|. This way of taking into account
the external factors influence on the plants changing
parameters, would reflect the researched populations
adaptability by more direct way.

This assertion could be justified by comparing the
series of United Temperature Influence Indices (UTII)
and United Macroelements in the Soil Content In-
fluence Indices (UMSCII) with a series of UQLI for
population sampling. So, the following method was
used to determine the UTII and UMSCII.

Table 5. Spatial differences (by value i)

of average monthly temperatures (AT,) during

the summer months (by value /) of D. antarctica
populations of Galindez Island, Argentine Islands,
season 2017/18

Al AT, (I=1) | AT,(I=2) | AT,(I=3)
DI—-D2 1.658 0.853 0.094
DI—D3 0.067 0.227 0.231
DI1—D4 0.794 1.109 0.472
DI1—D5 1.107 0.615 0.766
D1—-D6 4.471 2.23 1.224
DI1—-D7 0.622 0.936 0.633
DI1I—D9 0.484 0.613 0.056
DI1—-DI10 0.253 0.64 0.149
DI1—-DI11 0.077 0.23 0.091
DI—-D12 0.725 0.805 0.574
D2—D3 1.725 0.626 0.325
D2—D4 0.864 0.256 0.566
D2—D5 2.765 1.468 0.86
D2—D6 2.813 1.377 1.318
D2—D7 1.036 0.083 0.727
D2—D9 1.174 0.24 0.15
D2—D10 1.405 0.213 0.243
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End of Table 5
Ai AT,(I=1) | AT,(I=2) | AT,(=3)

D2—Dl1 1.735 0.623 0.003
D2—D12 0.933 0.048 0.668
D3—D4 0.861 0.882 0.241
D3—D5 1.04 0.842 0.535
D3—D6 4.538 2.003 0.993
D3—D7 0.689 0.709 0.402
D3—D9 0.551 0.386 0.175
D3—DI10 0.32 0.413 0.082
D3—Dl1 0.01 0.003 0.322
D3—D12 0.792 0.578 0.343
D4—D5 1.901 1.724 0.294
D4—D6 3.677 1.121 0.752
D4—D7 0.172 0.173 0.161
D4—D9 0.31 0.496 0.416
D4—D10 0.541 0.469 0.323
D4—Dl11 0.871 0.879 0.563
D4—D12 0.069 0.304 0.102
D5—D6 5.578 2.845 0.458
D5—D7 1.729 1.551 0.133
D5—D9 1.591 1.228 0.71

D5—D10 1.36 1.255 0.617
D5—Dl1 1.03 0.845 0.857
D5—DI2 1.832 1.42 0.192
D6—D7 3.849 1.294 0.591
D6—D9 3.987 1.617 1.168
D6—D10 4.218 1.59 1.075
D6—Dl1 4.548 2 1.315
D6—DI12 3.746 1.425 0.65

D7—D9 0.138 0.323 0.577
D7—D10 0.369 0.296 0.484
D7—Dl11 0.699 0.706 0.724
D7—DI2 0.103 0.131 0.059
D9—D10 0.231 0.027 0.093
D9—Dl1 0.561 0.383 0.147
D9—D12 0.241 0.192 0.518
D10—Dl1 0.33 0.41 0.24

D10—D12 0.472 0.165 0.425
D11—-DI12 0.802 0.575 0.665
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Extreme grouping was carried out by pairwise linear | 7able 6. Spatial differences (by value i) of macroelements
regression technique. The choice of this technique is | content (AOr, ) of D. antarctica populations, Galindez Island,
based on the fact that it is probably the only possible way | Argentine Islands for value m = 1...5, season 2017/2013

to interpret these results. The closest Mantel test only AOTF AOT AOT AOT AOT
finds cases when the analyzed parameters are in syn- Ai m=1,| m=2, | m=3, | (m=4, | (m=5,
chrony (with positive correlations). In this context, we Co) N F.0) KO | P
compared the differences between populations in the | | 5;_p» 20 0.03 069 | 007 1.4
measured indices sample series by quantitative changes | | D1—D3 2.9 0.47 1.71 0.14 2

phase or antiphase (that from biological point of view | | D1—D4 36.4 1.41 6.66 0.05 3.4
correspond to synchrony or asynchrony of following | |P1—D5 257 | 058 | 543 | 0.01 33
adaptation mechanisms, Parnikoza et al., 2015). B}:gg g ; ggi 1]'511 8?? (2)§
Example of extremal grouping of pairwise spatial | |5, o 2: 4 01 0.'71 0:11 26
variables for pairs of indices |AS| versus [AT,|, APh, | |pi—p11 1.9 0.1 034 | 025 1.9
versus |AT,|, |APr, | versus |AT, | for /=2 (for determin- | |D1—DI2 16 0.16 0.11 0.0 0.9
ing the influence of average temperatures in January | |D2—D3 22.9 0.5 24 0.21 0.6
2018 on the plant populations characteristic at the D2—D4 16.4 1.38 7.35 0.02 2

. P . . D2—D5 5.7 0.55 6.12 0.06 1.9
season end), j = 1, k = 2 is shown in Fig. 8. DI—D6 149 0.58 59 0.0 L1

Ap ex?mple of the extrem.al grouping of pairwise D2—D9 142 037 1.'79 018 07
spatial differences for the pairs of values |ASi| versus | | pD2—D10 17.6 0.07 1.4 0.18 1.2
|AOr, |, m=1, 2, 5 (for determining the influence of | |D2—D11 18.1 0.07 1.03 0.32 0.5

C,.» N, pH, content on the cover at the season end) D2—-D12 36 0.19 0.58 0.07 0.5
D3—D4 39.3 1.88 4.95 0.19 1.4

isshown in Fie. 5 D3—D5 28.6 1.05 3.72 0.15 1.3
Extreme grouping refers to heuristic methods of - : : : : .

.. . D3—D6 8 1.08 0.2 0.19 0.5
statistical analysis, those cannot be performed ac- | |p3_pg 8.7 0.13 061 0.03 13
cording to a given machine algorithm, but needs to | | D3—D10 5.3 0.57 1 0.03 0.6

solve special problems with researcher participation. | | D3—D11 4.8 0.57 1.37 0.11 0.1
Extreme grouping is as follows: one spatial differ- | [D3—DI12 | 13.1 | 0.31 1.82 | 0.14 L1
ences set are applied on the x-axis and another one D4—D5 10.7 0.83 1.23 0.04 0.1
. . . D4—D6 31.3 0.8 5.15 0.0 0.9
on the y-axis for all pairs of experimental popula- D4—D9 30.6 175 5.56 0.16 27
tions. The regression line and the coefficient R*indi- | | ps4—_p1o 34 1.31 5.95 0.16 0.8
cate that there is no correlation. Next, the researcher, D4—D11 34.5 1.31 6.32 0.3 1.5
based on points location, determines the possible | |D4—DI12 | 524 1.57 6.77 0.05 2.5
configuration of the passage of the regression lines, gg_gg ?gg 8(9); Zzi 8?‘2‘ (2)2
thlch are likely to ‘have pqsfuve gnd negative correla}— D5—D10 | 233 048 472 012 o7
tions. Separate point manipulations allow you to di- D5—DI11 238 048 5.09 026 1.4
vide the points of the spatial differences values into | |ps—_pi12 | 41.7 0.74 5.54 0.01 24
two groups for optimal R? of regression values. Note | | D6—D9 0.7 0.95 0.41 0.16 1.8
that, after isolation of groups with significant corre- | | D6- D10 2.7 0.51 0.8 0.16 0.1
lations, the manipulation of each individual doubtful D6- D11 3.2 0.51 117 0.3 0.6

. . . D6- D12 21.1 0.77 1.62 0.05 1.6
orientated difference only slightly changes the overall DI—D10 14 0.44 0.39 0.0 19

picture of the grouping (Miryuta et al., 2019). D9—DI1 3.9 0.44 0.76 0.14 1.2
4. Determination of the matching probability into | |D9—D12 | 21.8 0.18 1.21 0.11 0.2
positive or negative group for each population (by num- | |D10—DI11 | 0.5 0.0 0.37 0.14 0.7
ber i) depending on the spatial changes in the tempera- | |D10—DI12 | 18.4 | 0.26 0.82 0.11 1.7
ture and in the content of macroelements. DI1-Di12] 17.9 0.26 0.45 025 !
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The distribution probability in groups for each popula-
tion for |AS|, APh, |APr,| sets depending on spatial
changes in temperature. The measured pairs number
was indicated by the lower index p in the algorithm
shown in Fig. 11. The value p = 1, 2, 3 was assigned to
the indices pairs |[AS| versus |AT, |, APh, versus |AT, |,
|APr, | versus |ATﬂp|, respectively. In the same algorithm,
the value of / =1, 2, 3 was assigned to the average soil
surface temperature in the population growth places
for the each season months, respectively.

To determine the matching probability into posi-
tive or negative group for each population (by num-
ber i) the table obtained for each indices pair in Ms-
Graph was presented in the form was given in exam-
ple presented in Table 7.

The distribution probability by each population groups
Jfor |AS| set depended on spatial temperature changes.
The measured pairs number was indicated by the lower
index m in the algorithm shown in Fig. 6. The value
m=1,2,3,4,5 was assigned to the indices pair |AS
versus |AOr, |. The example presented in Table 8.

The probability of matching number into the posi-
tive and negative groups was indicated as X*ilp and

Table 7. The result of extreme grouping for indices pairs |AS)
versus [AT, |, APh, versus |AT, |, [APr, | versus |A T, | for the case
of comparison (by value i) of the spatial differences sets [AS],
APh, (j=1), |APr, | (k = 2) with spatial average soil temperature
differences set |AT,| for (/= 2) of D. antarctica populations

of Galindez Island, Argentine Islands, season 2017/2018

. AT, | las] =1y | AU D AP T2

A [ R e R i B
D1—-D2 0.853 0 1 0 1 1 0
D1—-D3 0.227 1 0 1 0 1 0
DI—D4 1.109 0 1 0 1 0 1
D1—-D5 0.615 0 0 0 1 1 0
DI1—D6 2.23 0 1 1 0 0 1
DI1—-D7 0.936 1 0 0 1 0 1
D1—D9 0.613 0 1 0 1 0 1
D1—-D10 0.64 1 0 0 1 1 0
D1—-D11 0.23 1 0 0 1 0 1
D1—-D12 0.805 1 0 1 0 1 0
D2—D3 0.626 0 1 1 0 1 0
D2—D4 0.256 0 1 1 0 0 1
D2—D5 1.468 1 0 0 1 0 1
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End of Table 7

APh. (j=1), | APr, (k=2
N AT, | las] =1y | SIS D AP T2

=2 T T+ _ + -

D2—D6 1.377 1 0 0 1 0 1
D2—D7 0.083 0 1 1 0 0 1
D2—D9 0.24 0 1 1 0 0 1
D2—D10 0.213 0 1 1 0 1 0
D2—DIl11 0.623 0 1 1 0 0 1
D2—D12 0.048 0 1 1 0 1 0
D3—D4 0.882 1 0 0 1 0 1
D3—D5 0.842 1 0 1 0 1 0
D3—D6 2.003 0 1 1 0 0 1
D3—D7 0.709 1 0 1 0 1 0
D3—D9 0.386 0 1 1 0 0 1
D3—D10 0.413 1 0 1 0 0 1
D3—Dl11 0.003 1 0 0 1 0 1
D3—D12 0.578 1 0 1 0 1 0
D4—D5 1.724 0 1 0 1 1 0
D4—D6 1.121 0 1 0 1 0 1
D4—D7 0.173 1 0 0 1 0 1
D4—D9 0.496 0 1 1 0 0 1
D4—D10 0.469 1 0 1 0 1 0
D4—D11 0.879 1 0 1 0 1 0
D4—D12 0.304 1 0 1 0 0 1
D5—D6 2.845 0 1 0 1 0 1
D5—D7 1.551 0 1 0 1 0 1
D5—D9 1.228 1 0 0 1 0 1
D5—D10 1.255 0 1 0 1 1 0
D5—DI11 0.845 1 0 1 0 1 0
D5—D12 1.42 0 1 0 1 0 1
D6—D7 1.294 0 1 1 0 1 0
D6—D9 1.617 0 1 0 1 1 0
D6—D10 1.59 0 1 0 1 0 1
D6—D11 2 0 1 0 1 0 1
D6—D12 1.425 0 1 0 1 0 1
D7—D9 0.323 0 1 1 0 0 1
D7—D10 0.296 1 0 1 0 0 1
D7—D11 0.706 1 0 1 0 0 1
D7—D12 0.131 1 0 1 0 1 0
D9—D10 0.027 0 1 1 0 0 1
D9—DI11 0.383 0 1 1 0 0 1
D9—D12 0.192 1 0 1 0 0 1
DI10—Dl11 0.41 1 0 1 0 1 0
D10—D12 0.165 1 0 1 0 0 1
DI11—-DI12 0.575 1 0 1 0 0 1
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35 ASi a 35 ASI b 35 AS, !
V14 g 8 30 01 9 g

25 {ee y=-3.0281x + 10.465 25 25 {e¢ y = -9.3794x + 20.201
20 R?=0.0424 20 20 e

y=10.402x - 1.1154
R’ = 0.3408

120 il 120
100 100
80 : ¢ 80

y = -42.266x + 86.005

2 =
60 y=15822x + 24422 60 RZ= 05354

R’ =0.0011 40
01%0 op y=33.002x -0.7522

20 R?= 06198 20
0 0
20 20 3
APr, APr.
0.06 i i2 g 0.06 7, APry 0.06 71 i2 ;
0.05 P 0.05 1 h 0.05 rYs
. -
| * = 0.0111x +0.028

0.04 PO * y = 0.0053x + 0.0201 0.04 0.04 PN ¥ R = 03742
0031 8% R2=0.0654 0.03 - 0.03 ¢
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Fig. 8. Dependence of spatial differences sets cover (JAS|), leaf length (APh, ) and protein content of 95—145 KDa fraction (|APr, )
of D. antarctica populations of Galindez Island, Argentine Islands, season 2017/2018, on spatial average temperature differences
sets in the 01.2018: g, d, g — for all points located on the plot between population indices sets pairs |AS| versus |AT, |, APh, versus
|AT, |, |APr, | versus |AT,|; b, e, h — for points located on plane of the plot which belong to positive group, |AS* | versus |AT, |, APh*
versus |AT, |, |APr* | versus |AT, |, ¢, f, i — for points located on plane of the plot which belong to negative group, |AS~] versus |AT,,
APh~ versus |AT,|, |APr— | versus |AT,|. There are regression equations by the least squares technique and squares of the corre-
sponding correlation coefficients between the above indices values on the charts. The test value of R?, on the charts: a — FL6 , = 2.816,
d—F ;=0.053,g—F ;= 3.710 (do not exceed the value of the upper 5% F-distribution limit for N=66 (F, ¢ =4.00), N =55
(F ;,=4.08)),b—F ;,=15510,e —F ; =48.900,h — F, ,=17.898 (exceed the value of the upper 5% F-distribution limit for
N=32(F,,=4.17),N=32(F ,,=4.17),N=21(F ,=4.35));c— F,,,=27.616,/— F,, =24.192,i — F , =19.136 (exceed
the value of the upper 5% F-distribution limit for N = 34 (F]’32 =4.17), N=34 (sz =4.17), N=23 (Fl,21 =4.32)). These facts
mean the absence of linear dependence in the cases a, d, g and the presence of linear dependence in the cases b, e, 4, ¢, f, i

X forp=1,/1=1,2,3, X" and X" (j=1,2,3,4)for 1

2 L » — | X=X =X)
p=2,1=1,2,3,X" and X~ (k=1,2..5forp= i1 VT
=2t ikip  ikip n forp=1,1=1,2,3 (1)
=3,/=1, 2, 3 for each value i in the example presented .
in T;lllble 7. Tgle p;)pulatlon_s ia;m;alﬂ; size was i, =b nlox, = EZ(XJI 2= Xii2)
(in t' e considered case n = 11). he scores number j forp=2,1=1,2,3 (2
maximum was n-1 = 10. To determine the total prob- 1
ability of matching into one of two groups (X*; or | X;;= —Z(X&B - Xig3)
X,,,) for the indices pairs |AS| versus |ATilp| =1, n-1% forp=3,1=1,2,3 (3).
|APh,| versus [AT, | (p = 2), |APr,| versus |AT, | (p = 3) We have three values sets /=1, 2, 3 for each season
we applied formulas for each value p =1, 2, 3: month separately in formulas (1), (2), (3).
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Fig. 9. Dependence of spatial differences sets cover |AS| of D. antarctica plants populations of Galindez Island, Argentine Is-
lands, season 2017/2018, on spatial macroelements content differences sets: a, d, g — for all points located on the plot between
population indices sets paires |AS| versus |AOTr, |, |AS| versus |AOr, |, |AS | versus |AOr,J; b, e, h — for points located on plane of the
plot which belong to positive group, |AS*| versus |[AOr, |, [AS*] versus |AOT, |, |AS*| versus |AOr,J, ¢, f, i — for points located on
plane of the plot which belong to negative group, |AS-| versus |AOT, |, |AS-| versus |AOT, |, |AS-| versus |AOr,|. There are regression
equations by the least squares technique and squares of the corresponding correlation coefficients between the above indices
values on the charts. The test value of R?, on the charts: a — F],43 =0.043,d — F|,43 =1.935,g — F],43=0.045 (do not exceed the
value of the upper 5% F-distribution limit for N = 45 (F1,43 =4.08)),b—F, , =11.847, e — F = 13.509, h — F, , =14.784
(exceed the value of the upper 5% F-distribution limit for N = 23 (F1,21=4'32)’ N=21(F, ,=4.38),N=23 (F1,21 =4.32));¢c—
Fl,zo =10.180, f— F1,22=20'35’ i— FL20=23.840 (exceed the value of the upper 5% F-distribution limit for N = 22 (F,,,=4.35),
N=24 (FL22 =4.30), N=22 (F1,20=4.35))‘ These facts mean the absence of linear dependence in the cases a, d, g and the presence
of linear dependence in the casesb, e, h, ¢, f, i

The matching number in the positive and negative | 4, 5) we applied the formula (4):
groups X" and X", form=1,2,3,4,5was determined 1 N B
for each value i in the example presented in Table 8. Ky = E(Xm ~X) _
. . AR form=1,2,3,4,5 4).
The populations sample size was i, = n (in the case
under consideration n = 10). The scores number 5. Determination of the coefficient normalization for
maximum was n-1=9. To determine the total prob- | each data set.
ability of matching into one of two groups (X*, or Each pair of indices [AS| versus [AT, |, APh, versus
X-,,) for indices pairs |AS| versus |AOr, | (m = 1,2, 3, | AT, |, |APr,| versus |AT, | had a different total points
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number on all charts subject to extreme grouping in
the example presented in Table 7, therefore the nor-
malization was performed for each pair of indices
separately. The coefficient normalization was deter-
mined as follows.

The coefficient normalization for the first indices
pair [AS| versus [AT, |was L, =1(/=1,2,3,p=1).

The normalization coefficient for the second pair
of indices APh, versus |ATHP| (I=1,2,3,p=2,j=m)
(in this case, m = 4) was Lijlp =1/m, L,,=0.25.

The normalization coefficient for the third pair of
indices |APr | versus |AT, | (/ = 1,2,3, p=3, k=) (in
this case ¥ = 5) was L,.klp =1/r(k=r),L,,=0.2.

Each pair of indices |AS| versus |AOr, [m=1,2, 3,
4, 5 had the same total points number on all charts
for the example presented in Table 8, therefore the
normalization coefficient was L, = 1.

6. Determination of United Temperature on soil In-
Sluence Indices (I') and United Macroelements Content
in Soil Influence Index (I) to adaptability indices for
the i-th population.

The United Temperature Influence Index (UTII)
for each indices pair was indicated I’ , I',,, I',, for the
indices pairs [AS| — |AT, | (p=1), |APh, | AT, |
(p=2), |APr |- |AT“p| (p=3) respectively. The formulas
for the intermediate indices derived from the formu-
las (1—3) was written as:

1 N _

Iit1:|-|1><xl1 ( _1)(X X )

1 N _
IItZZLijIZXXIZZWZ(XijIZ_Xijlz) (5),

j

1
I:SZLikISXXISZWZ( iz — Xiaa)

—4)%
where X* , X* X' . — the matching number to the

ir ijl2° ikl3?
positive group, X, , X° 2 X, ;— the matching number

to the negative group, X, , X, ,, X, ,— the i-th popula-
tion matching probability to corresponding group for
each indices pair|AS | versus |AT, | (p=1), |APh,| versus
AT, | (0 = 2), |APr,| versus |AT, | (p = 3), respectively,
L, Ly,z, L,,, — normalization coefficients for each
pair of indices |AS| versus [AT, | (p = 1), |APh,| versus
AT, | (= 2), |APr,| versus |AT, | (p = 3), respectively.

The United Macroelements Content in the Soil

Influence Index (UMCSII) was indicated F°, for the
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Table 8. The result of extreme grouping for indices pairs sets [AS]
versus |AOr, | (by value i) where the spatial differences set |AS|
depended from spatial soil macroelements content differences sets
|AOF, |for (m=1, 2, 5) of D. antarctica populations of Galindez
Island, Argentine Islands, season 2017/2018

AOr, AOr, AOr,
Al s | m=1C | m=2N) | n=5pH)

+ - + - + -

D1—D2 29 0 1 0 1 0 1
D1—-D3 2 1 0 1 0 0 1
D1—-D4 2 0 1 0 1 0 1
D1—-D5 0 0 1 1 0 0 1
D1—D6 2 1 0 1 0 0 1
D1—D9 14 1 0 0 1 0 1
D1—-DI10 4 1 0 1 0 0 1
D1—-Dl11 0 1 0 1 0 0 1
D1—-D12 9 1 0 1 0 1 0
D2—D3 27 0 1 0 1 0 1
D2—D4 27 0 1 1 0 1 0
D2—D5 29 0 1 0 1 1 0
D2—D6 27 0 1 0 1 0 1
D2—D9 15 1 0 0 1 0 1
D2—D10 25 0 1 0 1 0 1
D2—Dl11 29 0 1 0 1 0 1
D2—DI12 | 20 1 0 0 1 0 1
D3—D4 0 0 1 0 1 1 0
D3—D5 2 0 1 0 1 1 0
D3—D6 0 1 0 0 1 1 0
D3—D9 12 1 0 0 1 0 1
D3—D10 2 1 0 1 0 1 0
D3—Dl1 2 1 0 1 0 1 0
D3—DI12 7 1 0 1 0 1 0
D4—D5 2 1 0 0 1 1 0
D4—D6 0 0 1 0 1 1 0
D4—D9 12 1 0 0 1 1 0
D4—D10 2 0 1 0 1 1 0
D4—Dl11 2 0 1 0 1 0 1
D4—D12 7 0 1 0 1 0 1
—D6 2 0 1 1 0 1 0
D5—D9 14 1 0 1 0 1 0
D5—DI10 4 0 1 1 0 1 0
D5—Dl11 0 0 1 1 0 1 0
D5—D12 9 0 1 0 1 0 1
D6—D9 12 1 0 1 0 1 0
D6—D10 2 1 0 1 0 1 0
D6—D11 2 1 0 1 0 1 0
D6—D12 7 0 1 0 1 0 1
D9—D10 10 1 0 0 1 0 1
D9—DI11 14 1 0 0 1 0 1
D9—D12 5 0 1 1 0 1 0
D10—DI11 | 4 1 0 1 0 1 0
D10—DI12| 5 0 1 1 0 0 1
D11-DI12 | 9 1 0 1 0 1 0
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I [12.2017 [01.2018 [102.2018
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Fig. 10. The United soil surface Temperature Influence Index
(UTII) to D. antarctica populations plants during each stud-
ied month of season 2017/2018

I3,
0.4
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Fig. 11. The United Macroelements Content In Soil Influ-
ence Index (UMCSII) of D. antarctica populations of Galin-
dez Island, Argentine Islands, season 2017/2018

indices pairs |AS| versus [AOr, | (m=1,2,3,4,5). The
formula for intermediate indices sets derived from
formula (4) was written as:

1
(n-1)

7. Determination of the United Influence Indices on
adaptability indices of the n populations samples for
each i-th population.

The final formulas for the United Temperature In-
fluence Indices (UTII- I') and the United Macroele-
ments Content in the Soil Influence Indices (UMC-

SII- F) on the i-th plant population adaptation de-
termination were (7, 8):

13, 18 : ;
) 252 1, :32|:Lilxil + 2 Ly Xy +2Liklxik'} (7)
[ 1=1 k=1

I =LxX, = (Xp =X;) (m=1,2,3,4,5) (6).

=

I 15IS 15LX
Teg Xl =g bXn (®).

m=1 m=1

The I, calculation result for the above example of
the 10 D. antarctica plants populations sample in the
season 2017/2018 by the formula (7) is presented in
Table 9 and in Fig. 10.

The F, calculation result for the above example of
the 10 D. antarctica plants populations sample in the
season 2017/2018 by the formula (8) is presented in
Table 10 and in Fig. 11.

Table 9. Results of the United Soil Surface Temperature Influence Index (UTII) to different adaptation
indices determination for i-th population of D. antarctica of Galindez Island, Argentine Islands, season 2017/2018

Di t[ 11 [t[ZI Fij‘ 1 ]Ii 12 [ti22 pi32 ]ti3 1 [t[j'Z pi}} ]ti
D,(D1) 0.7 0.6 —0.6 0.025 0.225 0.575 0.72 0.72 0.62 1.195
D,(D2) —0.8 —0.8 0.5 0.05 0.35 —0.05 0.1 0.36 0.3 0.003
D,(D3) 0.7 0.7 0.6 0.65 0.325 0.65 0.66 0.7 0.68 1.888
D,(D4) 0.6 0.6 0.7 0.875 0.6 0.725 0.4 0.36 0.42 1.76
D(D5) 0.6 0.5 0.6 0.7 —0.8 0.35 0.36 0.52 —0.18 0.88
D (D6) —0.8 —0.9 —0.8 —0.05 —0.35 0.225 —0.1 0.16 0.16 —0.818
Dy(D9) -0.9 —0.8 —0.7 0.7 0.35 0.275 —0.56 —0.46 —0.12 | —0.738
D,(D10) 0.7 0.6 0.7 0.45 0.475 0.7 0.52 0.48 0.68 1.768
D, (D11) 0.7 0.8 —0.7 0.6 0.25 —0.05 0.76 0.5 0.58 1.15
D, (D12) 0.8 0.7 0.6 0.9 0.8 0.775 0.46 0.2 0.38 1.872
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Fig. 12. United Temperature Influence Index during the three summer months 7' of the season 2017/2018 to morphometric param-
eters, content of different seed proteins and cover of D. antarctica populations of Galindez Island, Argentine Islands (a), United
Macroelements Content In Soil Influence Index F, to the cover (c); total UTII and UMCSII /' +F, to individual adaptability indi-
ces (e). Dependence of the United Qualilty Latent Index of Adaptability (/) on I, (b), F, (d), I' +F, (f) (Parnikoza et al., 2018)

The result of the F, calculation for the above example
for sample of 10 D. antarctica plants populations Ga-
lindez Island in 2017/2018 season according to the
formula (8) are presented in Table 10 and in Fig. 11.

A comparison of the data series of UQLI — /4 ver-
sus UTII — /',and UMCSII — F, was made and pre-
sented in Fig. 12 and in Table 11.
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The biological meaning of both calculated United
Influence Indices could be described by following way.
The population plants, that had small/large spatial
changes in surface temperature/macroelements con-
tent in the soil (for the corresponding populations
pair) accompanied by small/large spatial changes in
the all studied adaptation indices (for UTII)/ in cov-
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er (for UMCSII), had positive values of United In-
fluence Indices on population plants. The popula-
tion plants, that had small/large spatial changes in

Table 10. Results of the United Macroelements Content
In Soil Influence Index (UMCSII) to cover determination
for i-th population of D. antarctica plants populations

of Galindez Island, Argentine Islands in 2017/2018 season

D, e, | r, | r, | B, | Py | T
D (D1) 0.333 | 0.333 | 0.111 | 0.333 |—0.778| 0.067
D,(D2) |-0.556|—0.778|—0.556 | —0.111|—0.556 | —0.51
D,(D3) 0.333 | —0.111| 0.111 |—0.333| 0.333 | 0.067
D,(D4) |-0.556|—0.778|—0.556 | 0.111 | 0.333 | —0.29
D(D5) |-0.556| 0.111 |—0.333| 0.111 | 0.556 |—0.022
D (D6) 0.111 | 0.111 | 0.111 | 0.111 | 0.333 | 0.156
D,(D9) 0.778 | —0.333|—0.333| 0.778 |—0.111| 0.156
Dy(D10) |—-0.111| 0.333 | 0.333 | 0.333 | 0.333 | 0.24
D, (D11) | 0.333 | 0.333 | 0.111 |—0.333| 0.111 | 0.111
D, (D12) | -0.111| 0.111 | 0.333 | 0.333 | 0.111 | 0.156

Table 11. Contributions of United soil surface

Temperature Influence Index (UTII—F), United
Macroelements Content In Soil Influence Index (UMCSII —
F) and I', + F, to the United Qualilty Latent Index

of Adaptability (UQLI—F*) of D. antarctica populations

of Galindez Island, Argentine Islands, season 2017/2018
(Parnikoza et al., 2018)

Mndeesses | M| R P | @ide | R
1% versus I' | 11 [0.6778 | 18.94 5.12 0.823
19 versus I',, 11 10.4989| 8.96 5.12 0.708
19 versus I' 11 10.2978 | 3.81 5.12 0.55
14, versus I, 11 | 0.585 [12.636 5.12 0.764
14 versus I*, 10 10.0799 | 0.696 5.32 0.282
14 versus (' +F) | 10 |0.8573|48.104 5.32 0.926

Notes: I', is the United soil surface Temperature Influence
Index in December 2017, I, is the same in January 2018,
and I’ is the same in February 2018; F, is the United Mac-
roelements Content In Soil Influence Index, n is the number
of researched populations, R? is the square of the correlation
coefficient, F ,is the test value, F . (a=0.05) is the up-
per 5% F distribution limit, R is the correlation coefficient
that is equivalent to the corresponding influence index con-
tribution to UQLI (/%).
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surface temperature/macroelements content in the
soil (for the corresponding populations pair) ac-
companied by large/small spatial in the all studied
adaptation indices (for UTII)/ in cover (for UMC-
SII), had negative values of United Influence Indi-
ces on population plants.

The data comparison analysis of UQLI (/%) with
uTIt 7, r,, I, I'), UMCSII (F) and its sum
(' +F) were presented in Table 11. These analysis re-
sults allow to make a conclusion that the largest soil
surface temperature factor contribution (about 80%)
to D. antarctica populations / (UQLI) on Galindez
[slands took place in December 2017 (F',). Its contri-
bution has been 70% in January 2018 (/' ), the con-
tribution value was not reliable in February 2018 (1',)).
The average contribution value of the UTII (I') was
approximately 76% during the summer months of
the Antarctic season. The F, contribution to /7, was
not significant (about 20%). However, the total (/' +
F) contribution to /% has increased compared to the
I'.contribution (76%) to about 90%. It should be not-
ed that the analysis did not take into account the ef-
fects of humidity, salinity and other factors (its re-
mained latent), which may either increase or decrease
the contribution of (/' + F) to I“.

The reliable UTII contribution to UQLI is shown
in December and January, at the time of the greatest
temperature variation. UMCSII is shown to influ-
ence to UQLI only the UMCSII summarized with
UTII, and this sum had significantly more increase
contribution to UQLI (Table 11).

Additional information can be obtained by creat-
ing correlation models for each population. These
correlation models show probabilistic relationships
that reflect the relationships between individual
adaptability indices for different plant populations.
An example of such correlation model is presented
in Fig. 13.

Information about the probability of matching
number into the positive and negative groups, ob-
tained from the Tables 7, 8, was used to create correla-
tion models. The values of X*ilp or X'ilp, X*ijlp or X‘ijlp,
X*iklp or X’iklp (in formulas (1)—(3)) were used to creat
the correlation model, depending of that value X* or
X was larger by module.
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Fig. 13. Correlation model for D1 D. antarcti-
ca populations of Galindez Island, Argentine
Islands, season 2017/2018 demonstrating pro-
babilistic relationships between plant popula-
tion characteristics. The numbers indicate the
likelihood of relationships between indices in
phase (+) or antiphase (—). The markings are
spatial differences: leaf length (Adl), inflores-
cence length (Adm), flower length (lower
flower glume length, Adk), number of flowers
in the inflorescence (dn); fractions that corre-
spond to: globulins with molecular mass more than 150 (APr1), glutenins with MM from 94 to 145 (APr2), sulfur-poor prola-
mins — from 45 to 80 (APr3); sulfur-rich prolamins — from 20 to 40 (APr4); part of sulfur-rich prolamins and probably IRIP
protein — 27—31 (APr5); not full formed prolamins and low molecular weight dehydrins — less than 20 kDa (APr6)

Pr1 —>150 kDa
Pr2 — 95—145 kDa
Pr3 — 45—80 kDa
Pr4 — 20—40 kDa
Pr5 — 27—30 kDa

dl — leaf length
dm — inflorescence length

dk — flower length

dn — number flower in inflorescence

Fig. 14. Correlation model of the influence of spatial changes in temperature and macroelements composition on spatial dis-
tances of individual adaptability indices in the D1 D. antarctica populations of Galindez Island in January 2018 (T,). Pr1-5 —
seed protein fractions of the respective groups by weight. The numbers indicate the likelihood of relationships between indices
in phase (+) or antiphase (—). The marking are spatial differences: leaf length (Adl), inflorescence length (Adm), flower length
(lower flower glume length, Adk), number of flowers in the inflorescence (dn); fractions that correspond to: globulins with mo-
lecular mass more than 150 (APrl), glutenins with MM from 94 to 145 (APr2), sulfur-poor prolamins — from 45 to 80 (APr3);
sulfur-rich prolamins — from 20 to 40 (APr4); part of sulfur-rich prolamins and probably IRIP protein — 27—31 (APr5); not
full formed prolamins and low molecular weight dehydrins — less than 20 kDa (APr6)
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This correlation models (Fig. 14) demonstrate the
probabilistic relationships between spatial temperature
differences and spatial macroelements content differ-
ences and the plant adaptability population characteris-
tics for the D1 plant population in January 2018 (T,).

Such correlation models for 11 sampling populations
in dynamics will allow to trace changes in the probabi-
listic relationships of the spatial changes in the plant
population characteristics depending from spatial dis-
tances in temperature and other indices of environmen-
tal influance during annual monitoring studies.

CONCLUSIONS

The algorithms for the United Temperature Influ-
ence Index (UTII, I) and United Macroelements
Content in Soil Influence Index (UMCSII, F) on the
base of population characteristics set were described
in detail for ten D. antarctica populations from Gal-
indez Island studied in season 2017/18.

The UQLI (/%) was evaluated for eleven experimen-
tal populations of D. antarctica from Galindez Island
by algorithm described in work (Miryuta et al., 2019).

UTII (I') was shown to have a significant contribu-
tion to the UQLI (/%) in December and January,
when the largest spatial temperature variations were
observed. Therefore, the most sensitive D. antarctica
is in the begining of the growing season. UMCSII (F)
did not have a statistical confidence of contribution
to the UQLIA, but sum with the UTII increased
UTII contribution value to the UQLIA.

The index UTII is proposed to describe an influ-
ence of source temperature data to a large number of
different characteristics in sample populations by re-
ducing the dimension to one number. The index
UMCSII is proposed to describe an influence of a
large number of source macroelements content in soil
data to sample populations covers by reducing the di-
mension to one number. The UTII and UMCSII sets
can be used to compare with a set of the UQLIA pop-
ulations sample of the same species growing under
different conditions to construct correlation models
for different populations.

The intermediate data in the calculation UQLI,
UTII, UMCSII can also be used to create correla-
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tion models. Such correlation models for eleven
sampling plant populations in dynamics will allow to
trace changes in the probabilistic relationships of the
spatial changes in the plant population characteris-
tics depending from spatial distances in temperature
and other indices of environmental influence during
annual monitoring studies.
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Po3paxynok innekciB BILTMBY 30BHIIIHIX (DAKTOPIB HA POCJIMHU TA HOTO 3ACTOCYBAHHS

10 nonysiit Deschampsia antarctica E. Desv.

Pedepat. MeTta nocaimkeHHs — po3pOOUTH i IETAIBHO OMKUCATU aJITOPUTMU PO3PAXYHKY 3BEIEHUX MOKA3HUKIB BIUIMBY TEM-
TepaTypu MIOBEPXHi IPYHTY Ta BMiCTY MAKpOEJIEMEHTIB y TPYHTi Ha OCHOBHI XapaKTepUCTUKU CyTUHHUX POCIVH Ha TIPUKIIAai
Deschampsia antarctica E. Desv. 3 0. [aninne3, ApreHTHHCHKI ocTpoBu, Mopcbka AHTapKTUKa. KiHIleBa MeTa poGOTH MoJIsITae
B OLIiHLII BHECKY Y 3BEJICHUI JJATEHTHU I MMOKA3HUK MPUCTOCOBYBAHOCTI POCAMH AoCHilKyBaHuxX nomysiuii (3JITTIT) 3Bene-
HUX MOKa3HMKIiB BIUIMBY TaKuX (baKTOPiB HOBKIiIS, sIK TemrepaTypa nosepxHi (3[1BT) Ta BMicT MaKpoeJIeMeHTiB y IPYHTI
(3I1BI'). Meroau. Habip BuXigHMX TaHUX TEMIEpaTyp MOBEPXHi IPYHTY OTPMMAHO 3a JIOTIOMOTOI0 JIOTEPiB /111 KOXKHOI OKpe-
Moi TTomyJisii mpotsiroM KBiTHs 2017 p. — kBiTHs 2018 p. [t oTprMaHHs HaOOPiB eKCIIePUMEHTATBHUX TaHUX IUTST OMUHAI-
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usITy onyssuiit D. antarctica 3acTOCOBaHO METOAM BU3HAYEHHST iHANBITyaTbHOTO TPOEKTUBHOTO MOKPUTTS D. antarctica Ta
BUMipIOBaHHS MOP(MOMETPUYHMX MOKA3HUKIB: JOBXMHU JIUCTKA, CYLIBITTS, KBITKH (32 HYZKHBOIO KBITKOBOIO JIYCKOIO), KiJlb-
KOCTi KBIiTOK y CyUBiTTi. CIIEKTpY 3aMacHMX i 3aXMCHMX OiKiB HACIHHS AOCIIKEHO 3a I0NOMOTrolo eleKTpodopesy B mostia-
KpwiaMminHomy reii. JUisi oTprMaHHS 3BeIeHUX MOKAa3HMKIB BILJIMBY TEMIEpaTypu MOBEPXHi Ta BMiCTy MaKpOEJEMEHTIB y
I'PYHTI Ha POCIMHU AOCHIIKyBaHUX TOIMYJISILiN 3aCTOCOBAHO METOJ, eKCTpeMajibHoro rpyryBaHHs. Po3paxyHok 3I1BT ta
3IIBI mpoBoamIM Ha OCHOBI TTOTIAPHUX ITPOCTOPOBUX TIOPIBHSHB PSIiB MOKa3HUKIB. Pe3yasratun. Po3pobieHo i netaabHO
OMKMCAHO AJITOPUTM PO3PaxyHKY 3BEACHUX MOKA3HUKIB BIUIUBY TEMIIEPATYPU Ta BMICTy MaKpOEJIEMEHTIB Y ITPYHTI Ha OKpeMi
rapaMeTpu MPUCTOCOBYBAHOCTI POCIMH ONUHAALNATH nmonyasuiii D. antarctica o. Taninne3 B ce3oHi 2017/18 p. BusHaueHHs
BHecky 3I1BT Ta 3I1BI" y 3JITTIT HaBeaeHO sIK MpUKJIAA OL[IHKM 3HAYMMOCTI LIMX MapaMeTpiB OTOUYIOYOTo CepeloBuUIla B
aganTuBHOCTI pociavH. BucHoBku. [TokazaHo, mo 3T1BT mae nocroBipuuii BHecok y 3JIITIT B rpyaHi i CiuHi, B MOMEHT Hali-
6inpIoi mpoctopoBoi Bapiattii Temmepatypu. 3I[1BI mae mocroBipauit BHecok y 3JIIIII e y cywmi i3 3T1BT, 36inburyoun
3Ha4YeHHs BHecKy octaHHboro y 3JIITII. [Mokasuuk 3I1BT 3ampornoHoBaHO AJig TOTO, 11100 OMKMCATH BIUTMB HA0OPY BUXiTHUX
JIaHUX 3 TeMIIEpaTypy Ha pi3Hi XapaKTepUCTUKKM POCIMH BEIUMKOI BUOIPKM MOMYJISILIN HIISIXOM 3MEHILIEHHSI iX PO3MipHOCTi 10
onHoro uucia. [Tokasuuk 3T1BI 3armponoHoBaHO 1181 TOTo, 11100 OMUCATH BILUIUB BEJIMKOI KiJIBKOCTI BUXiIHUX TaHUX i3 BMic-
Ty MaKpOEJEMEHTIB B IPYHTi Ha MPOEKTHUBHE MOKPUTTS BUOIPKU MOMYJISILii HIISIXOM 3MEHIIEHHS iX pO3MipHOCTi 10 OAHOTO
yucna. 3[BT ta 3T1BI MoxXyTh 6yTH BUKOPUCTAHi 115l OPiBHsAHHSA ix i3 3JITIIT BUGipKu momysisLiii 01HOro BULY, IO 3pOC-
TAIOTh 32 PI3HUX YMOB, JIJIS CTBOPEHHST KOPEJISIIMHIX MOJIENIei TSl Pi3HUX TTOTYJISIIIINA.

Karouosi caosa: Deschampsia antarctica E. Desv, 3BefieHUi1 IaTeHTHUII TOKA3HUK mpucTocoByBaHocti (3J1I1I1), 3BeneHuii
MoKasHuK BIuBy remiieparypu (3T1BT), 3Beie HMIA TOKa3HKMK BIUIMBY BMicTa MakpoesieMeHTiB Y rpyHTi (3TIBI), Apre HTMHCBKI
ocTpoBU, Mopcbka AHTapKTHKA.

116 ISSN 1727-7485. Ukrainian Antarctic Journal. 2019, Ne 2(19)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


