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PHYTOINDICATORS OF ECOSYSTEM DYNAMICS
POLISSIA

IN RING-BANK UKRAINIAN

© |. Khomiak, I. Onishchuk, N. Demchuk

YV nybnixayii ananizyromoca pezyiemamu 00cnioxHceHb OUHAMIKY eHepeemUYHUX XAPAKMePUCHUK eKOCUCMeM.
Memoto pobomu € Ha OCHO8I NOKA3HUKI@ KIIbKOCMI HaAO03eMHOI pimomacu, iT 6iky ma 3minu gropucmuunoeo
CKA0Y, NPOOEMOHCMPYBAMU MONCIUBICIb DIMOTHOUKAYIUHOT OYIHKU OUHAMIKU eKOCUCMeEM, USHAYUMU K NO-
KA3HUKU HAO3eMHOI ghimomacu 3aKOHOMIPHO 3pOCMAIONb Ni0 4ac CAMOPO3BUMKY NPUPOOHUX eKocuUcmeM (asmo-
2eHHOI cyKyecii).

Mamepianu i memoou. Haozemna pimomaca eumipsnacs 8 eKocucmemax, uwjo 3Haxo00simvCsi Ha PI3HUX CMAOIsX
aemozennol cykyecii. /[ ypiHOBadCeHHs KOIUBAHHSA NOKA3HUKIG, SUKIUKAHUX OOMIHYBAHHIM 6UOIE i3 PIZHUM
munom pomocunmesy, 6UKOPUCMAHO NONPABKY HA BIK HA3eMHOI himomacu.

Pezyromamu. Ilokaznux OUHAMIKYU 3AKOHOMIPHO 3DOCMAE NIO 4aC A8MO2eHHOT cyKyecii. 3068HIWHI 6NIUGU BIOXU-
JIAIOMb 11020 8i0 OCHOBHO20 MPeHOY. AHMPONO2eHHUl 6NIUG YACTNO 3MIWYE CYKYECIIo 8 NPOMUNEHCHOMY HANPS-
mi. Memoo anpobosano na mepumopii Ilpasobepesictoeo [lonicca 6 Yxpaini. Pozwupenns 6azu 0anux pe3yiv-
mamie U3HAYEHHs. NOKA3ZHUKA OUHAMIKU 00360I€ GUIHAYAMU Yell NOKA3HUK i3 O0OCMAMHBbOIO 05l NPAKIMUYHUX |
meopemuunux yinet moynicmio. Lleii memoo dae modicaugicms nPoeoOUmYU 00CHIONCEHH MEPMOOUHAMIKU (3a-
nacie enepeii il eHmponii) ma OUHAMIKU eKocucmem Oe3KOHMAKMHUM cnocobom Oe3 eniugy Ha OiopisHOMaHim-
ms pociun. Bin € natibinbuw npuiHAMHUM 0N MAKUX OOCAIONCEHb 8 MeNCAX NPUPOOHO-3aN08IOHUX MEPUOPILL.
B meorcax maxux 06’exmie He 0036013€MbCA BUNYUAMU HAO3EMHY (imomacy, O 8USHAYEHHS eHepeemUYHUX i
OUHAMIYHUX NOKASHUKIB.

Bucnosku. Ilokasnux ounamiku, wjo 6ionogioae noioNCeHHIO HA NIHII aeémozenHol cykyecii, 3anexcumos 6i0 @i-
momacu ma it 6iky. 3Hauenns enmponii exocucmemu 6yoe 0bepHeHo nponopyitine NOKA3HUKY it ounamixu. Lei
NOKA3HUK MOJice OYMU 8UHAYEHUM 3 BUKOPUCTNAHHAM (DimoiHOuKayiinux memooux. Ilpu ybomy noxubxa eumi-
Pro8anHs Konueamumemvcs 6 oianazoni 3 %—10 %. Mu modicemo ye suxopucmogyeamu nio 4ac niaHyeauHs po-
bomu 6 3an0BIOHUKAX, HA PEKYIbMUBOBAHUX 3EMIISX, 8 iCO08OMY 2ocnodapcmsi mowjo. Odparull memoo 0ae 8u-
COKULL eKOHOMIYHULL egheKm ma CMBOPIOE MONCIUBOCT NOKPAWEHHS 8I0HOCUHU TFOOUHU i3 O0BKILIAM

Knrouosi cnosa: exocucmema, ounamira, pimomaca, pimoinoukayis, cykyecis, enepeis, eHmponis, NOKAZHUK
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1. Introduction

At the present stage ecological science is finishing
its transition from descriptive methods to more complex
system approach [1, 2]. In order to accomplish this objec-
tive it is necessary to create realistic models of the eco-
system dynamics and energy cycling [3, 4]. Because eco-
systems are very complex objects consisting of a vast set
of elements affected by many factors, the final determi-
nation of their thermodynamic properties can be regarded
as a difficult theoretical and practical problem [5]. How-
ever, without achieving this goal further progress in
ecology is impossible [4].

2. Literature review

Integrating biospherological ideas of Vernadsky,
ecosystem approaches of E. Odum and classical laws of
thermodynamics, we can conclude that ecosystems tend to
decrease the entropy level in the process of their self-
development [2, 6]. However, we do not see entropy in
ecosystems similar to its definition in the second law of
thermodynamics [7, 8]. Since above-organism organiza-
tion levels are higher units of nature, their individual prop-
erties gain new emergent content. [9, 10]. For ecosystems
we define entropy as a measure of indeterminacy or ran-
domness of energy that has entered from outside the sys-
tem, and some of which has dispersed and lost [7, 11]. The
biomass energy accumulated by autotrophic organisms
and exiting directly or indirectly the ecosystem could be an

example of such indices [12, 13]. Energy stored in the eco-
system and the time during which it is held, can be a relia-
ble indicator of entropy and characteristics of the current
ecosystem development phase [15, 16].

It should be noted that the direct biomass assess-
ment methods are rather costly, inconvenient and in some
cases (protected areas or presence of endangered species)
unacceptable, while existing contactless remote methods
can be inaccurate, giving significant measuring errors
[17]. Today, the search for convenient noncontact ap-
proach to determining the level of ecosystem entropy is
very crucial [18, 19]. As the composition of natural vege-
tation changes characteristically during the ecosystem
self-development, the use of indirect phytoindication
methods is very promising [20, 21].

3. The aim and objectives of the study

The goal of the study is to search for objective pa-
rameters to determine the indicator of the ecosystem dy-
namics.

To accomplish the aim, the following tasks have
been set:

1. Reveal the dependence of above-ground phy-
tomass with indicator of the ecosystem dynamics.

2. To explain the energy changes in ecosystems
from the standpoint second law of thermodynamics

3. Set the ability to use phytoindication for setting
the indicator of the ecosystem dynamics.
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4. Determine the application scope of the phy-
toindication dynamics indicator.

4. Materials and methods

Research materials are represented by the stand-
ard phytosociological relevés made at 8 stationary poly-
gons and 1052 relevés obtained from expeditions using
route-based assessment method on the territory of Right-
Bank Polesie [22]. Polygons were divided into 10 equa-
ble plots. The aboveground phytomass from one of the
research plots was sampled for weighting. Also field
measurements of ground phytomass amount were carried
out directly on the stationary polygons [18]. Additionally
forest inventory materials were used kindly furnished by
Bilokorovychi forestry.

In order to analyze the environmental conditions
we used phytoindication methods. Phytosociological
relevés were processed using Simargl 1.12 software
package [23]. Environmental factor indices were meas-
ured in points according to the uniform phytoindication
scale, developed by Ya. Didukh and P. Plyuta [21]. Us-
ing mentioned above phytoindication approach we have
selected polygons with similar initial conditions.

5. Results and discussion

In all investigated plots yearly increase of above-
ground phytomass was observed (Fig. 1). However, there
are certain reasons why this attribute cannot serve as a
universal indicator of dynamics. Since the first plant
communities were formed mainly by therophytes, the

phytomass was decomposing mainly during the offsea-
son. Thus, the first three years after the termination of
soil tilling, the energy in the ecosystem was not accumu-
lating. The increase in aboveground phytomass amount
was due to the increased productivity. The productivity
changes were, in turn, due to the increase in segetal spe-
cies projective cover and also due to the plot colonization
by more productive populations of ruderal species. Such
changes cannot give information about reducing of the
ecosystem entropy, and therefore cannot serve as devel-
opment indicators. Some researchers have mentioned
cases of a slight phytomass reduction in the process of
phytosystem self-development [20]. This happens dur-
ing the displacement of tall ruderal species by meadow
species, along with the replacement of dominant species
in renewable young forests (Betula pendula Roth., Pop-
ulus tremula L. Salix caprea L.) by the characteristic
species of primary and subclimax woodlands (Quercus
robur L., Carpinus betulus L., Acer platanoides L. ).
Phytomass reduction in the early stages of secondary
succession is described by A. A. Titlyanova with co-
authors [20].

We have observed similar phenomena for the for-
est succession stage in the Central Polesie. The loss of
the dominant Betula pendula for a short time has led to
phytomass decrease in different plots from 232 t/ha to
194 t/ha; from 237,7 t/ha to 210,9 t/ha; and from 205 t/ha
to 194.3 t/ha respectively. Quercus robur, represented in
the second tree layer, was not able to recover quickly
from this loss due to the low growth rate.
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Fig. 1. Phytomass change rates (t/ha) over time (years). I-VI1I1 — stationary polygons.

Another important indicator is the rate of phy-
tomass buildup, which combines the productivity in-
crease and perennials phytomass accumulation (Fig.
2). In all studied polygons and plots growth rates
were different due to internal and external factors.
Among the external factors there are various anthro-
pogenic impacts, seed dispersal from the other
neighboring habitats, zootic and microclimatic fac-
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tors. Some changes in phytomass buildup are syn-
chronized. They are caused by internal factors -
structural rearrangements of plant communities,
changes of dominant species and their life forms.
These changes are associated with the decrease in
annuals dominance and formation of stable meadow
communities involving biennials and phanerophyte
layer formation.
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phytomass buildup (t/ha)

Fig. 2. The indices of phytomass buildup rates (t/ha). I-V1I1 — stationary polygons.

Considering that for the reduction of ecosystem
dissipated energy not only its gross rate is important, but
also the ability to retain energy for a long period of time,
we can use the following formula to determine the degree
of ecosystem self-development:

_XIT.G,
' k

S

where S;- index of ecosystem self-development (position
within the sequence of autogenic succession), T, — num-
ber of vegetative seasons since the time of phytomass
formation, G,— volume of living aboveground phyto-
mass (t/ha), k — score conversion coefficient. In order
to convert our results into phytoindication points we

used the flatland area of Poyaskivskiy Forest as a
standard. This grove is the oldest and best preserved
on the territory of Polesie (the wood procurement and
other intensive forestry management on its territory
was stopped more than 150 years ago) The forest had
a top quality shipbuilding timber resources; and be-
came protected in 1926 for the detailed model studies
of natural forest development without human impact.
We have created a 21-point scale, where the highest
score was attributed to parameters of the plot men-
tioned above, and "0" was attributed to the territory
with little to no vegetation. This index best represents
the thermodynamics of ecosystem self-development. It
gives good results in all investigated succession series
(Fig. 3).
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Fig. 3. The indices of naturally occurring self-development of ecosystems (point). I-VIII — stationary polygons

In our experiment, indices from different sites dif-
fered insignificantly during the first four years (c? ranged
from 0.04 to 0.22) (Fig. 4). Since the seventh year of the
study, the dispersion ranges from 0.93 to 1.37. The rea-

sons for such dispersion growth cannot be edaphic and
microclimatic conditions in the studied areas. The initial
conditions were very similar. For edaphic factors starting
indices varied within the range of 5.2 % on average and
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the maximum deviation for carbonate content was 6.1 %.
Microclimatic conditions indices varied 5.2 % on average
and a maximum deviation was 9.63 % for ombroregime
(Om) factor. The anthropogenic factor values (degree of
anthropogenic transformation) deviated 2.22 % on average
and a maximum recorded deviation was 2.85 %. Such
deviations are within the measurement error for segetal
ecosystems. Dispersion ranged from ¢°=0,035 to
0220,2918 with the mean value of (52:0,766.

The most important reason for such variation of
parameters is the anthropogenic factor. It is considered
that most of the anthropogenic pressure returns the eco-
systems to their earlier development stages. Our study
confirms the high inverse dependence between self-
development ecosystem indices and the stage of ecosys-
tem anthropogenic transformation (Fig. 5). The correla-
tion and reliability approximation coefficients amount to
0.91 and 0.83 respectively.
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Fig. 4. Dispersion values (c®) for the natural ecosystem self-development indices
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Fig. 5 The relationship between the indices of anthropogenic transformation degree
(HE) and the stage of natural ecosystem self-development (ST) (point)

The analysis of species occurrence along the
sequence of succession stages allows transition from
the direct (instrumental) measurements ecosystem
dynamics towards the indirect phytoindication ap-
proach. Plant species always conform to the certain
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parameters of ecosystem self-development. The dis-
tribution of species’ projective covers along the phy-
toindication scales show classic patterns, described
by the optimum law and Shelford's Law of Tolerance
(Fig. 6, 7).
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Fig. 6. Indices of natural ecosystem self-development stage for Echinochloa crusgalli
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Fig. 7. Indices of natural ecosystem self-development stage for Poa prantense

This allows using classical phytoindication tech-
niques. To this end, we have created a database of more
than 700 plant species, with defined indices of dynamics.
Further, this database was extended by calculating indi-
ces, based on phytosociological relevés, where data on
most species have previously been imported. The meas-
urement error, associated with phytoindication method,
ranges from 3 % to 10 % depending on the number of
species in the relevé and their availability in the main da-
tabase. These values commensurate with the accuracy of
data, obtained by direct measurements (5-10 %).

6. Conclusion
1. The unit that will correspond the self-
development stage, is an index that is directly propor-

tional to the aboveground phytomass quantity and its
age.

2. The ecosystem entropy value will be inversely
proportional to the self-development stage index.

3. This index can be determined by classical phy-
toindication methods upon detailed database availability.
Measurement errors, associated with phytoindication
method range from 3 % to 10 % comparing to 5-10 %
for the direct method, are commensurate.

4. The phytoindication approach allows applica-
tion of this methodology on the protected areas. The in-
dex of ecosystems self-development stage can be used to
predict the development of specific studied plots and for
the needs of ecosystem classification.
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