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Introduction

Ecosystem standardization is part of applied dimedh ecology — standardization of level of
anthropogenic pressure on the environment.

Introducing ecosystem standardization is basedoomptex integral indices of harmfulness.
These indices individually or in combination refldbe degree of resistance or equilibrium of
ecosystems of different scales.

According to any parameter reflecting reproductiveogy or relationships between a plant
and environment, the species form continuum thatedsiced to the discrete types because of
pragmatic reasons. Continuum of species strategjyaflior) reflects their relationships to the level
of resource supply, biotic factors and disturbar{@éegl, 5]. The last index is basic for analysis of
disturbed habitats on the territory of Donbass [11]

Different species adapts to the same environméadttdr using different sets of physiological
and structural modes. The greater number of suatles)yadhe more successfully species can get
over environment resistance [3, 10]. When monitpriandscape changes, the visual landscape
should also be considered. This pertains to tharnmdtion function of ecosystems and landscapes
that refers to environmental structure and its fimmcfor satisfying needs [6, 12].

The program is ambitious. Essential elements ape:cdnsider temporal and spatial
interactions, to involve an adapted managementlloéc@systems, an integrative monitoring of
changes in ecosystem structures and functions, irttexdisciplinary research with a broad
perspective and a close cooperation with stakeholdied decision makers, cooperative decision-
making including scientists, landscape plannerktigians and the local and regional population, to
include integrative ecological perspectives in fpatial and temporal planning procedures, the
attempt to carry out appropriate decentralizedsi@stmaking and, last not least, to implement all
regions with various population densities into staimable ecosystem management [7, 8, 10].

The working hypothesis of the article is as folloviiansformation of ecosystem in the
direction of imbalance results in visible disorders the structural levels of the organization of
plant organisms.

The aim of the work is to prove correlation betwésa level of transformation of ecosystems
and the extent of phytoindication informativitynmonitoring research in industrial region.

Material and methods

When justifying the quantitative estimates of ecbsyn stability resistance of separate
components of natural and technogenic systems waeidered. While studying the qualitative
state of plant landscape elements the principtareshold actions were used [5, 6, 9].

The definition of stability of natural ecosystenssdlosely connected with phytoindication
indices. We considered indices of weed plants stracas informative criteria of ecosystems
resistance towards anthropogenic pressure. Thargtsavas conducted in the Donetsk region
(Ukraine). The materials were being collected fr2d01 till 2012. The test sites were laid in node
localization of the monitoring network. To obtatatsonary data we chose 30 points where the level
of industrial pollution is the highest in the regid0 points that were the most affected by human
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influence (landscape transformation, agricultuss)uand 5 control points — the sites corresponding
to the background environmental monitoring — a#asatural reserve fund of Ukraine. Principles
of laying the monitoring grid were in conformanceathwthe literature [8, 12], the regional
environmental terrain, topography, soil horizon &ne type of plant communities being taken in
consideration. Phytoindiacation experiment was migga on out-ecological level. In accordance
with the procedures accepted in scientific literatthe structural changes in plant organisms under
high human pressure and toxic pollution were takémaccount [9, 11].

The material is structurally presented by the fellay scheme:

- peculiarities of the environment state in indiastregions (edaphotopes and superficial
pollution of biogeocenaosis);

- ways of determining of plants’ reaction to thaarcof factors of technogenic stress;

- indication trends: asymmetry of plants textureucural transformations, abnormalities,
functional criteria;

- strategies of species' survival under conditiohmdustrial pollution, ways of realization of
vital positions of species of plants and signs wictional adaptation in the anthropogenically
transformed environment.

Berteroa incana(L.) DC., Capsella bursa-pastorigL.) Medik., Echium wvulgarel.,
Polygonum aviculare.., Euphorbia seguierianaNeck., Kochia laniflora (S. G. Gmel.) Borh
Agrostis stoloniferal., Elytrigia repens(L.) Nevski), Artemisia absinthiunL., Anthoxanthum
odoratumL., Artemisia vulgarisL., Convolvulus arvensik., Digitalis purpurealL., Eupatorium
cannabinum L., Chenopodium albuni., Cirsium arvense(L.) Scop, Daucus carotal.,
Calamagrostis epigeiof..) Roth, Lactuca tatarica(L.) C. A. Mey., Amaranthus retroflexus.,
Dactylis glomeratalL., Cyclachaena xanthiifolialNutt.) Fresen.,Deschampsia caespitosd..)
Beauv, Galium mollugo L., Cynoglossum officinaleL., Diplotaxis tenuifolia (L.) DC.,
Arrhenaterum elatiugl.) J. et C. Presl.Swida albaOpiz, Gnaphalium uliginosurh., Cyclachaena
xanthiifolia (Nutt.) Fresen,Grindelia squarrosa(Purch) Dunal, Xanthium albinum(Widd.)

H. Scholz,Ailanthus altissimaMill.) Swingle, Stenactis annudNees,Reseda luted.., Fallopia
convolvulus(L.) A. Love, Rumex crispud.., Erucastrum armoracioide$Czern. ex Turcz.),
Amaranthus albus., Digitaria sanguinalis(L.) Scop.,Persicaria maculatgdRafin.) A. & D. Love,
Oberna beheriL.) lkonn., Salsola australidR. Br., Ambrosia artemisiifolid.. were used as plant-
indicators. Most of them are species with wide egimal amplitude and valence, found with equal
probability both in experimental and control areas.

This work is implemented in the complex and in toatinuation of the previous publication
[11].

Results and conclusions

Management decisions taken while organizing propewironmental control of the
environment in the Donetsk region requires adequddemation on the current state of the natural
environment. Plants are a key element in the streaf natural ecosystems, and therefore reflect to
a large extent the dynamics and specifics of poluin different points of observation.

Among classical sciences used in ecological prograotany stands out very well and not
without reason. Informative character of the datatbe state of plants has been underlined
repeatedly in many scientific works [3, 5, 6, ©, 12], but against the background of numerous
digital, spatial and neo-analytical methods, elabons of botanists-ecologists are presented quite
superficially or are being ignored undeservedlyngnuals and specialized scientific reviews.

In conditions of estimation of monitoring systemstlie Donetsk region there are only State
Administration of ecoresources and the departméntomputer systems of monitoring in the
Donetsk National Technical University mentioned.dtloften the botanical component is not used
in investigating ecological state of the region.slich cases they operate only with the amount of
omissions, thousands of tons a year, but this imédion can by no means help to reflect the real
picture of ecosystems state and the extent of haisba in natural systems, especially for such
anthropogenically transformed region as the Donetsfion. The purpose of the work is
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conducting, parallel to the existing technical, additional botanical and ecological monitoring
which is based on the methods of structural phgioation of metallic pressure in
anthropogenically transformed environment. Totaldiges of paratypical variability of
phytoindicators have been obtained, where values #1 to 60 correspond to inadmissible level of
pollution.

In conditions of anthropogenically transformed eorment and raised toxic pressure onto
natural systems the top priority task was finding the possibilities and reality of practical
introduction of phytoindication methods with themaof total summary estimation of ecological
misbalance in an industrialized region [11].

On preliminary research we have elaborated a pgrapécthe method of «The integral
phytoindication index of combinative influence afmspecific stress factors». After approbation of
this method and for adaptation of scale formati@swggest to increase maximum diapason of the
scale from 60 to 100, so that the maximum indeX)Yb@rresponded to maximal possible diapasons
of steadiness of plants under given ecological tmms$. There can be several approaches,
directions and criteria of phytoindicational estirna of metallic pressure in anthropogenically
transformed environment. The most important is ioibig objective and adapted to a given locality
results as well as the possibility of conductingnpenent monitoring for replenishment of the
database and checking out the obtained conclusions.

It's stated that there are certain reactions ohtplao pollution of anthropogenically
transformed environment with heavy metals, besidesomplex of methodological modes of
structural phytoindication of south-eastern indastrenters of the Donetsk region had been worked
out. The most successful and therefore perspeutitre extrapolation of phytoindication methods
turned out to beCichorium intybud.., Tripleurospermum inodorungL.) Sch. Bip., Plantago
major L. andTanacetum vulgark. These species are indicator not due to frequanoyatural and
transformed ecotopes, but due to their morpholdgasticity, which is informative under
conditions of metallic pressure, mostly of anthrggmical origin.

For providing a 100-mark summary scale by the maofdrmative indices (over 90%
probability) we've chosen the following (table):

- the level of pollen defectness;

- indices of trichome diversity, that is complexitiytbe form and texture of trichomes;

- indices (2) of matrical heterocarpy and heterospgffor various-seeded forms);

- indices (2) of teratological synchotily and schiswoily;

- index of deformation of terminal floema of leaf@fytoindicators;

- index of abnormality of anastomose net of the tdafpex formation;

- index of total variability of pollen form (accordjrto determined pollen types);

- index of frequency of deformed or under formed gralof phytoindicators.

For each of the indices there's an individual adeliestimation scale of 10 marks maximum
value in regional standards, established experafigrfor Donetsk region. The whole diapason of
structural ecological changeability of plants hasrbtaken into account.

Provided the use of 10 mentioned parameters, suynimaex of plants reaction to the action
of non-specific stress will be totally equal aregal level and power of stress factors on ecoédgic
systems of the territory under analysis. The marrmumber of marks with the help of these
indices equals 100, the minimum — 10. Accordinggproved methodologies for different research
objects we recommend the following conventionalescd estimation of the level of toxic pressure
to natural systems (table 1): 10-25 — normal spatecosystem; 26-35 — admissible, 36-75 — level
exceeding normal one, 76-100 — inadmissible lef/atisbalance in natural systems under analysis.

The inevitable though frequently informal use opest opinion in modeling, the increasing
number of models that incorporate formally expginmn from a diverse range of experience and
stakeholders, arguments for participatory modeding analytic-deliberative-adaptive approaches to
managing complex environmental problems, and aramdipg but uneven literature prompt this
critical review and analysis [8].
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Table 1
Results of phytoindicational monitoring (for 1-2 kmzone of each of enterprises)
Enterprise 2001 yr2005 yr 2006 yn 2007 yrn 2012 yi

981 98,3 97,2 95,4 95,3
97,3 97,2 96,8 95,3 95,5

v

0OJSC «llyich Iron and Steel Works of Mariupol
0OJSC «Iron and Steel Works of Mariupol

'‘Azovstal'»
Starobeshevo TEPS OJSC «Donbassenergo» 60,0 60,8,1 |6 60,6 60,5
Kurakhovo TEPS OJSC «Skhidenergo» 30,5 30,4 30,90,2 3 30,0

Vuglegirsk TEPS OJSC «The State energy

generating company «Centrenergo» 28,4 28,4 28,8 29,0 27,3

0JSC «The Zasiadko coal mine» 70/0 70,0 72,5 72,31,8 1
Zooevka TEPS-2 «Skhidenergo» 25)9 24,2 18,4 10,3 ,8 18
Slovyansk TEPS OJSC «Donbassenergo» 26,7 26,5 1 P525,1 25,0
0OJSC «Iron and Steel Works of Makiyivka» 88,4 88,386,0 84,5 80,6
0OJSC «Iron and Steel Works of Yenakiyevo» 98,6 98,695,1 96,2 94,4
0JSC «Coke and Chemical Works of Avdiyivka» 25,5 ,025 20,6 21,0 21,0
0JSC «Markokhim» 35,5 35,7 39,0 40,1 401
0OJSC Coalmine «Pivdennodonbasika» 32,6 40,0 43,2 43,0 41,1
0JSC «Donetskstal», 98.8 98.1 921 94.7 92.6

OJSC Iron and Steel Works of Donetsk»
0JSC «Coke and Chemical Works of Yasynuvata®0,5 10,0 10,3 10,1 10,2
0JSC «Coke and Chemical Works of Yenakiyevo#9,0 77,0 74,2 75,3 73,9
0JSC «Coke and Chemical Works of Makiyivka»,

CJSC «Makyivkoks» 75,6 41 73,0 72,2 73,1
0JSC «Donetskkoks» 34,( 33,4 33/5 32,9 32,5

Aims are to propose common fotions, identify and categories existing conceptsl
practice, and provide a frame of reference andamngd for future environmental modeling. The
inevitable though frequently informal use of expgpinion in modeling, the increasing number of
models that incorporate formally expert opinion nfroa diverse range of experience and
stakeholders, arguments for participatory modedind analytic-deliberative-adaptive approaches to
managing complex environmental problems, and aramdipg but uneven literature prompt this
critical review and analysis [8]. Aims are to pregpocommon deitions, identify and categories
existing concepts and practice, and provide a frashereference and guidance for future
environmental modeling. The extensive literatundaw and classication conducted demonstrate
that a broad and inclusive fagtion of experts and expert opinion is both regdiand part of
current practice. Thus an expert can be anyonergitivant and extensive or in-depth experience in
relation to a topic of interest. The literatureiesv also exposes informal model assumptions and
modelers subjectivity, examines in detail the fdroses of expert opinion and expert systems, and
critically analyses the main concepts of, and issuresing in, expert elicitation and the modelirig o
associated uncertainty. It is noted that modeltsgruand use of expert opinion in modeling will
bendit from formal, systematic and transparent procesiuteat include as wide a range of
stakeholders as possible. Enhanced awareness #isdtioh of expert opinion is required for
modeling that meets the informational needs ofbaetitive fora. These conclusions in no way
diminish the importance of conventional science sgidntfic opinion but recognise the need for a
paradigmatic shift from traditional ideals of urded and impartial experts towards unbiased
processes of expert contestation and a pluraligxpertise and eventually models. Priority must be
given to the quality of the enquiry for those rasfible for environmental management and policy
formulation, and this review emphasises the roteséience to maintain and enhance the rigour and
formality of the information that informs decisiomaking.
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The criteria for establishing the degree of nortyatire indices of indicational botanical
expertise: informative transformation of plant icators' structure, the scope of their ecological
range and implementation of strategies for newsygeadaptive scenarios.

If you break up the structure of plants into infatnae blocks, the most informative species of
plants in these groups are as follows:

- appearance of the structure of plants, the lfienf Berteroa incana(L.) DC., Echium
vulgarelL., Reseda luteh.);

- architectonic features of the underground orgé@apsella bursa-pastorigl.) Medik.,
Polygonum avicularé., Reseda lute&., Echium vulgard..);

- transformation in the root tip terminal€gpsella bursa-pastorif_.) Medik., Reseda lutea
L., Echium vulgard..);

- variability in shoot formation, inflorescence fioaition Berteroa incangL.) DC., Capsella
bursa-pastorigL.) Medik., Reseda lutel., Echium vulgard..);

- variability of the conduction system in the steyh plants Fallopia convolvulus(L.)
A. Love,Rumex crispuk., Capsella bursa-pastorit..) Medik.);

- foliage system formation in different formatiogBerteroa incana(L.) DC., Digitaria
sanguinalis(L.) Scop.,Persicaria maculatgRafin.) A. & D. Love,Elytrigia repens(L.) Nevski,
Reseda luted&., Echium vulgard..);

- variation in leaf surface structureBefteroa incanalL.) DC., Erucastrum armoracioides
(Czern. ex Turcz.Amaranthus albuk., Reseda luted&., Echium vulgard..);

- conformational variability of the internal tissuef the leaf Berteroa incana(L.) DC.,
Euphorbia seguierian®eck., Reseda luted.., Eupatorium cannabinurh., Chenopodium album
L., Kochia laniflora(S. G. Gmel.) Borb;

- teratological manifestations in the floweCgpsella bursa-pastori¢L.) Medik., Echium
vulgareL., Convolvulus arvensis., Oberna behe(L.) Ikonn.,Reseda luted.);

- variability in the male generative sphere — dafecpollen Dactylis glomeratd.., Berteroa
incana(L.) DC., Digitalis purpurealL., Polygonum avicularé., Reseda luted.);

- variability in the female generative sphere —edafe ovules Rolygonum aviculard..,
Echium vulgareL., Capsella bursa-pastori§L.) Medik., Salsola australisR. Br., Dactylis
glomeratal., Reseda luted.);

- genetic heterogeneity of seedsmbrosia artemisiifolialL., Capsella bursa-pastorigL.)
Medik., Reseda luteh., Echium vulgard.., Polygonum aviculare.);

- morphological heterogeneity of fruBérteroa incangL.) DC., Capsella bursa-pastorid..)
Medik., Echium vulgarel., Amaranthus retroflexuk., Artemisia absinthiuni., Anthoxanthum
odoratumL., Cynoglossum officinalé., Diplotaxis tenuifolia(L.) DC., Artemisia vulgarisL.,
Reseda luted.);

- histochemical heterogeneity of fruBérteroa incangL.) DC., Echium vulgard.., Capsella
bursa-pastorigL.) Medik., Cirsium arvenséL.) Scop, Daucus carotd.., Artemisia absinthiuni.,
Stenactis annublees Anthoxanthum odoratuin, Xanthium albinungwWidd.) H. Scholz Artemisia
vulgarisL., Reseda luted.);

- detection of deviations during seed germinati@apsella bursa-pastorigL.) Medik.,
Lactuca tatarica(L.) C. A. Mey., Amaranthus retroflexu&., Polygonum aviculard.., Echium
vulgareL., Agrostis stoloniferd.., Oberna beheflL.) Ikonn.,Salsola australifk. Br.,Reseda lutea
L.);

- general generative transformation subpopulatiBerteroa incana(L.) DC., Kochia
laniflora (S. G. Gmel.) Borh Capsella bursa-pastori¢L.) Medik., Cyclachaena xanthiifolia
(Nutt.) Fresen.Echium vulgareL., Deschampsia caespitoga.) Beauv, Galium mollugoL.,
Reseda luted.);

- disorientation in life strategyBerteroa incangL.) DC., Calamagrostis epigeiof..) Roth,
Capsella bursa-pastorifl..) Medik., Arrhenaterum elatiugL.) J. et C. Presl.Swida albaOpiz,
Cyclachaena xanthiifoli@Nutt.) Fresen.Reseda lute&., Echium vulgard..).
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Bioassessment programs are often required to makewith available tools to fulfill
regulatory mandates, yet they lack resources ttuateathe tools for applications in all habitats of
concern. Although all sampling methods in this gtedffered from poor efficiency in collecting
organisms, the margin — center — margin modificatid reach-wide method greatly improved
efficacy and reduced the frequency of rejected $esng-urthermore, the lack of significant
disagreements and inconsistencies suggests thamM@M method produced results that were
comparable to the other methods already in usealifiohia [9], which may facilitate integration of
historical data sets. Therefore, we recommend #ee af margin—center—margin modification of
reach-wide method in low-gradient streams in Catifo as a substitute for the currently preferred
method. In conclusion, bioassessment programs rognove data quality and avoid unnecessary
expenses by explicitly evaluating assessment tebén assessing novel habitat types.

There are, however, drawbacks to relational datshaghey are more complex than simple
data tables or collections of files; they can reguiroprietary software that must be maintained,
upgraded, and paid for annually; and they requiogeninformation technology expertise to set up
and maintain. The advantages of constraint chedkawg been mentioned, but constraints require
expertise to define and implement, and they conik ai<hassle factor». For example, constraints
may need to be temporarily removed to unload amdace records if corrections are needed.
Accommodating new data that require changes tosthesture of the database can also present
challenges. Some redesign of the database maydukedéo accommodate the new data and this
may have consequences for how existing data igsepted and stored in the database.

Finally, ensuring long-term permanence of datalational databases, after the project and its
funding end, requires more planning and documentatian for data in simple file-based systems.
It is worth considering different approaches tham telational database model. Simpler approaches
may be more appropriate, depending on the scoffeeqirograms and the volume and types of data
to be collected. For example, flat files, such p®adsheets or comma-separated-values files, can
hold data and much metadata in an intuitive lay@ugy., NARSTO Quality Systems Science
Center) that is easier for subject matter expertsniderstand and analyze. They may more easily
accommodate changed data structures; if the chamgdso great, an entirely new layout can easily
be devised for the changed data.

Flat files may be easier to place in a permanetd dechive. Challenges in designing and
working with flat files include the difficulty of grforming integrated analyses on data in diffesentl
structured files; safely changing or correcting f#zne element of basic information when it is
contained in many records, and the issue of doctingethe associated information (site location
and type, sampling and analysis methods, etc.). erhergence of metadata standards and tools,
previously discussed, helps immensely with thisiEsie.

Whatever the type of data management system, fgrfdincentral data management is vital
for long-term multiinvestigator projects. Fundingush be commensurate with the volume and
complexity of the data. It should commence veryyesr the project to permit sufficient time to
understand the data that will be generated anchéleels of the users. It should last beyond the
traditional end of the project, to support acqurihe final data into the database, assembling or
creating the needed permanent documentation, avitprg the data to a permanent data archive.

A permanent archive should be selected well befteeend of the project, and perhaps even at
the beginning. Possibilities include EPA’'s STOREBtem (EPA 2008) [2], although using this
requires that the data be in a particular structwiech is obviously easiest if this was adopted at
the project outset. Other possibilities include A Data Active Archive Center, which is
particularly suitable for data in flat files.

Finally, the importance of good data managementtiges in the environmental sciences is
becoming increasingly recognized and supported. Nagonal Science Foundation has recently
initiated a multi-year, multiinstitution project &wn as DataONE (Data Observation Network for
Earth [2]). This project will develop, provide, afmbter a variety of cyberinfrastructure resources
to support scientific data management. Educatiorsitutions are also expected to include more
data management concepts in science curricula. Lbmg Term Ecological Research (LTER)
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community has, over the last decade or two, reaeghiconfronted, and studied these issues.
Effective data management tools should become asorgly available. Long-term biomonitoring
programs should therefore find it increasingly easo meet the challenge of documenting and
preserving their valuable data for use by futuneegations of scientists.

An important element in the valuation of naturab®estems is the establishment of signal
indicators — the so called indication criteria taldw to judge with a certain probability the I&woé
transformation and ecosystem depletion, to deternihre real and energy balances in local
geosystems.

The theoretical importance of this publicationasdentify the information links between the
actually existing flows of matter and energy in tthevelopment of ecosystems with intensive
exploitation of their resources.
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Caghonos A. 1. Anpodanisa KpUTepilB eKOCHCTEMHOr0 HOPMYBAaHHS 3a (ITOIHANKANINHOI CKJIaA0BOIO. —
Kputepisimu 1jIsi BCTAHOBIJICHHS CTYICHIO HOPMAJBHOCTI EKOCHUCTEMH € TIOKa3HWKH 1HIUKAI[IHHOT OOTaHIYHOT
eKCIIepTH3M: iHPOpMAaTUBHI TpaHcopMaIlii CTPYKTYp POCIHH-IHIUKATOPIB, po3Max iX €KOJOTIYHOI aMIUNTYyIW Ta
peastizariisi cTpaTeriii BUIiB 32 HOBUMH aJIaITABHUMU CIICHAPIsSIMHU.

Kmouoei crosa: inpukariiiina 00TaHigHa eKCIIEPTH3a, TpaHchopMarii CTPYKTYp pOCIUH-THIANKATOPIB.

Cagonoe A. H. Anpobdanmsi KpuUTepHeB 3JKOCHCTEMHOI0 HOPMHPOBAHHA MO (UTOMHIMKALMOHHOM
cocrapisomeii. — KputepusamMu 11t yCTaHOBJIEHHS CTENIEHH HOPMAJIbHOCTH SKOCHCTEMBI SIBISIOTCS ITOKA3aTEIN
MHIVKAINOHHON OOTaHMYECKON SKCIepTH3bl: MH(OPMATHBHBIE TPAHC(HOPMAIMU CTPYKTYp PacTCHUI-WHIUKATOPOB,
pa3Max MX 3KOJOTHYECKOH aMIUIUTYABI U pealu3alis CTPATEeruii BUIOB 110 HOBBIM aJallTUBHBIM CIIEHAPHSM.

Kniouegvie cnosa: WHOWKAUMOHHAs OOTaHMYECKAasl OKCIEPTH3a, TpaHCHOPMALMKM CTPYKTYp pPacTEHHMH-
HHIIIKaTOPOB.
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