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The results of approbation of three methods of an estimation of stability and prob-
able development trends of populations on the example of rare plant species of Na-
tional natural park ,Desnyansko-Starogutsky” are presented. The study objects were
three rare plant species of NNPDS listed in the third edition of the Red Data Book of
Ukraine: Epipactis helleborine (L.) Crantz (the population occurs in the phytocoenosis
Querceto-Pinetum coryloso (avellanae)-caricosum (ericetorum), Listera ovata (L.) R. Br.
(in the phytocoenosis Betuleto-Pinetum coryloso (avellanae)-stellariosum (holosteae)
and Platanthera chlorantha (Cust.) Rchb. (sporadically spread throughout the wood-
lands in National Nature Park “Desniansko-Starogutsky”, in Querceto-Pinetum coryloso
(avellanae)-caricosum (ericetorum). It is established that MVP and the analysis of popu-
lations structure methods do not give a trustworthy information about the real develop-
ment trends in local populations, particularly if in disposal of researcher data only for
one or for 2-3 years of observations are available. PVA is a highly effective method that
enables to assess stability of plant populations on a complex of individuals features in
the population and population characteristics as a biological integrity. Thus, three me-
thods revealed the likelyhood of degradation of E. helleborine and L. ovata local popula-
tions and relatively higher stability of local population of P. chlorantha. The organization
of long-term monitoring of local populations of rare plant species is recommended on all
protected areas.
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INTRODUCTION

In recent decades floral diversity has been declined. Comparing the data of the
2 edition of the Red Data Book of Ukraine published in 1996 and the 3 edition published
in 2009, the authors state that “in general, the situation with the conservation of rare plant
species... has worsened during this period” [13]. More and more species are getting en-
dangered. Simultaneously with the publication of the Red Data Books, regional lists of
rare plant species, enlargement of protected areas and development of ecological net-
work of Ukraine, an important component of the scientific basis for the flora protection is
a detailed study of local populations of rare plant species with the assessment of their
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stability and eventual dynamics of their development. S. L. Mosiakin and Yu. Ya. Tykho-
nenko [8] note that this direction in terms of systematic monitoring of rare plant species
is one of the most actual for modern botany. The same view is shared by many leading
phytosozologists, such as T. L. Andrienko [1], Ya. P. Didukh [3], A. V. Lucash, and T. L. An-
driienko [7] and others.

From this perspective, the task was to analyze methods of assessment of stability
of the populations of rare plant species, and on the basis of its results to assess the
status and eventual population dynamics of three rare plant species of the Orchidaceae
family, listed in the Red Data Book of Ukraine and protected in National Nature Park
“Desniansko-Starogutsky” (NNPDS).

MATERIAL AND RESEARCH METHODOLOGY

The field studies were conducted in 2009-2011. The study objects were three rare
plant species of NNPDS listed in the 3 edition of the Red Data Book of Ukraine pub-
lished in 2009:

Epipactis helleborine (L.) Crantz; the population grows in the phytocoenosis
Querceto-Pinetum coryloso (avellanae)-caricosum (ericetorae).

Listera ovata (L.) R. Br.; the local population — in the phytocoenosis Betuleto-
Pinetum coryloso (avellanae)-stellariosum (holosteae).

Platanthera chlorantha (Cust.) Rchb.; it is sporadically spread throughout wood-
lands in NNPDS. The studied population is a component of Querceto-Pinetum coryloso
(avellanae)-caricosum (ericetorae).

The generally accepted methods in geobotany and population ecology of plants
were used to obtain the field data. For accurate counting all the individuals were marked.
Ontogenetic and vitality structure of the populations was determined in accordance with
the techniques of T. A. Rabotnov [10] and Yu. A. Zlobin [4, 6] using the ANONS and VI-
TAL computer programs. Forecasts of the stability and possible dynamics of the studied
plants populations were made using three independent methods with the aim of their
testing and assessing their effectiveness: a) the MVP methodology — minimum viable
population, b) the actual population structure and b) the PVA methodology (population
viability analysis). The POPULUS [15] and VORTEX [25] non-commercial computer
programs were used to make the calculations.

RESULTS AND THEIR DISCUSSION

The MVP Methodology. This methodology is based on the ideas of island biogeo-
graphy [29] and involves short- or long-term census of the population and finding the
trend in this number [28]. The application of the simplified genetic models has led to the
conclusion that there is a general threshold for survival of populations of living organisms,
and it is equal to 50-500 individuals that is regarded as the “effective population size”.

The results of counting the number of individuals in the populations of rare plant
species in NNPDS based on MVP for three years are shown in Fig. 1. It is seen that for
three years there has been a general reduction in the number of individuals in all local
populations. The sharpest decline was observed in L. ovata. The assessment of pro-
spective number trend with the use of a simple linear regression [20] has shown that
there is a probability of complete extinction of the L. ovata and E. helleborine local
populations by 2014, whereas the P. chlorantha population can exist until 2021 under
the trend established in 2009-2011.
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Fig. 1. Dynamics of the number of individuals in the populations of rare plant species in 2009-2011: 1 —
Epipactis helleborine; 2 — Listera ovata; 3 — Platanthera chlorantha

Puc. 1. [lnHamika umcensHOCTi 0cobuH y nonynsauisx pigkicHux Bugie pocnuH y 2009-2011 pp.: 1 — Epipactis
helleborine; 2 — Listera ovata; 3 — Platanthera chlorantha

When interpreting the obtained results, it should be taken into account that the as-
sessment of trends in the number counted on the basis of the MVP method, as indi-
cated by a number of researchers, has a low validity, and the shorter the series of ob-
servation is, the lower this reliability is. This is due to the fact that many populations of
rare plant species are characterized by rather sharp annual fluctuations in their number.
On the basis of long-term monitoring of populations of one rare species, Elzinga et
al. [21] found that for the first 8 years the number of individuals has decreased almost
twice, and has increased by 2.5 times in the next 11 years. The work of H. Jacquemyn
et al. [22] contains the unique data based on the observations over the Spiranthes spi-
ralis (L.) Chevall. (Orchidaceae) population during 25 years. It has turned out that the
number of individuals in this population ranges by years from 80 to a few pieces, and
the proportion of flowering plants varies from 0 to 100 %. It is obvious that on the basis
of a random 3-5-year period of time as a part of this 25-year observation over popula-
tion, it is possible to make inappropriate conclusions about its viability.

Thus, the method of accounting dynamics of the number of individuals in popula-
tions (especially over short time periods of about 3-5 years) cannot be considered effec-
tive to predict the population stability. G. Meffe et al. [24, p. 151] summarized this method
of assessment of the population stability: “It would be naive to think that someone with
a simple magic number could control the population, and when this number were reached,
the population would be safe”. It is also naive to conclude on the population’s future
based on the trends in the number of individuals for a small number of years.

But the data on negative trends of individuals in the populations of the studied
plants itself, even for a short three-year period of time, should set the researcher on the

ISSN 1996-4536 e bionoriuxi Ctygji / Studia Biologica e 2016 « Tom 10/Ne2 e C. 123-132



126 H. O. Klymenko, I. M. Kovalenko

alert and make him to organize long-term monitoring of the similar populations and use
more powerful modern techniques to establish their stability.

Method of analysis of the population structure. To assess the status and stability of
the populations of rare plant species many researchers make the analysis of their onto-
genetic structure with evaluation of the population type (invasive, normal or regressive)
and analysis of vitality structure with the division of populations by type of this structure
into prosperous, equilibrium and depressive. These works quite often contain evalua-
tion of the stability and trend of the population development only on the basis of the in-
ternal population structure once established.

Terminology for the names of population types, which is used to define the vitality
and ontogenetic structure of populations, has turned out to be somewhat ambiguous.
The names of population types that are determined on the basis of one year, seldom
2-3 years, with the record of ratio of individuals of different ontogenetic or different vita-
lity condition in the population: “invasive”, “regressive” (T. A. Rabotnov), “prosperous”,
“depressive” (Yu. Ya. Zlobin) seem to suggest that some populations are implemented
in the coenosis, while others are in the condition of reduced viability and, therefore, fall
out from it. A lot of researchers have started to fall into the trap of such terminology and
to conclude on the stability or possible degradation of the local populations of rare plant
species on the basis of the ontogenetic spectrum once established [2, 9, 12, and others]

In fact, these terms, as well as the information on the basis of which the category
of population is determined, are not originally associated with the dynamic status of
these populations. Such categories as “invasive”, “regressive” and others only reveal
the form in which populations of plant community exist, and nothing more. Depending
on the life form of plants, length of individual occurrence in a particular ontogenetical
condition, populations can be invasive, regressive or depressive for many decades [11].
In order to make a reliable diagnosis of stability of the populations of rare plant species,
it is necessary to analyze the direction, in which ontogenetic or vitality structure of pop-
ulations varies for quite a long period of time. The period required for monitoring is
shorter for annual grasses, and longer for perennial grasses, and shall not be less than
two decades for shrubs and trees.

To test the method of analysis of the population structure we have recorded onto-
genetic and vitality structure of the populations of the studied species of rare plants in
NNPDS for three years. The results of these surveys are presented in Table.

Ontogenetic and vitality structure of populations of rare plant species
OHTOreHeTU4Ha i BiTaniTeTHa CTPyKTypa nonynsuii piakicHUX BUAIB POCINVH

Ontogenetic structure and Vitality structure and
Species generative individuals, % vitality index Q

2009 2010 2011 2009 2010 2011
Epipactis helleborine 1-383 1-306 1-145 E-025 E-025 P-0.38
Listera ovata 1-371 1-211 1-373 E-027 P-035 E-0.29
Platanthera chlorantha 1-14.5 I-110 1-48 P-039 E-027 D-0.10
Comments: | — invasive population; P — prosperous population; E — equilibrium population; D — depressive

population

Mpumitkn: | — iHBasiiHa nonynsuis; P — npougiTatoda nonynsuis; E — piBHoBaxHa nonynsuis; D — genpe-

CuBHa I'IOI'IyJ'IﬂLl,iﬂ
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Using a formal approach and considering the structure of populations only, we can
conclude that as the studied populations belong to the category of invasive, we can ob-
serve a rapid introduction of the studied species into the forest phytocoenoses of NNPDS.
This conclusion may seem quite significant, because for three years the vitality analysis
of the population has given positive results: the populations belong to the category of
equilibrium or prosperous with the index of vitality amounted to 0.25-0.39, and only the
population of P. chlorantha was in a depressed vitality condition (Q = 0.10) in 2011.

Evaluating the obtained actual data, it is necessary to take into consideration that
propagation by seed is important for sustainable existence and maintaining the studied
local populations of three species of the Orchidaceae family. But the number of genera-
tive plants in the populations is critically small. In 2011, in absolute terms the number of
L. ovata was 22 pcs., and the number of E. helleborine and P. chlorantha amounted to
3 pcs. Therefore, the presence of pollinating insects, specific for members of the Orchi-
daceae family, provided the small number of flowering plants, can be a critical factor for
conservation of the studied populations. It must be acknowledged that the risk of extinc-
tion of these local populations is quite high, regarding the three-year trend in reducing
the number of individuals in populations.

The PVA Methodology. PVA can be defined as the methodology for assessment of
the probability of survival of a population during a certain period of time, which is based
on a comprehensive analysis of the viability of individuals in the population and viability
of populations as biological integrity. Over the past decade and a half, a lot of survey
and methodical works have been devoted to PVA[14, 16—-19, 30].

Currently, there are five main varieties of PVA:

1. Simple PVA, which is based on determining the number of individuals in the popu-
lation and defining the possible trend of this magnitude, given the specific growth
rate of the population, and often amended in response to stochastic factors.

2. Structural PVA, which is based on a metric model of the demographic characte-
ristics of the population (the individuals are divided into groups (classes) by onto-
genetic condition or size), including the specific growth rate of the population, the
fecundity of individuals, the risk of dying-off of various groups of individuals etc.

3. Metapopulation PVA, which is applied to a set of populations or a fragmented
population. It takes into account the rate of fragmentation and the risks of extinc-
tion of individual subpopulations.

4. “Spatially accurate” PVA, which includes the mandatory mapping of the popula-
tion fields that allows us to consider the size of subpopulations and the real
distances between them.

5. Multispecies PVA, in which all species, included in the aggregation, are evalua-
ted. The implementation of this form of PVA in relation to all dominants or char-
acteristic species of a certain phytocoenosis gives the opportunity to assess the
stability and trend of transformation of plant aggregation as a whole [26].

The basic source model in calculation of the dynamics of populations according to

the PVA method is the following equation:

Nui=% N,
where N,is the number of individuals in the population in the year of t, A is the specific
growth rate of the population.

The basic idea of the PVA method is to use as much information about the condition
of the populations as possible for quite a long period of time in order to assess their
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stability. M. A. McCarthy et al. [23] believe that to predict the condition of the populations
for the next 100 years, it is necessary to obtain output at least for 10 years of continuous
population monitoring.

The following data is, at least, required to implement the PVA methods: a) the num-
ber of individuals in the population, b) the birth rate, c) the mortality rate, d) the specific
plant fecundity, e) the demographic structure of populations with the division of individu-
als into classes of ontogenetic or vitality condition (no less than 3-5 classes, but division
into 15 classes is used in some cases). Selection of the essential indicators is individu-
al for different plant species.

PVA does not provide versatile techniques to assess stability of populations due to
the individuality of biology and ecology of species and specificity of ecological and coe-
notic conditions, under which the studied population existed. It is necessary to re-solve
the task for each plant species and each situation [5].
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Fig. 2. Forecast of the number of individuals in the populations of three species of the Orchidaceae family in
NNPDS for the next 30 years based on the PVA model

Puc. 2. [NporHo3 uncenbHOCTi 0COBUH y nonynsauisx Tpeox Buais poanHu Orchidaceae B HIMMOC Ha HacTynHi
30 pokiB Ha ocHoBi Mogeni PVA
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It must be emphasized that PVA is not a methodology of predicting the future of
populations or species. It is a methodology of finding the probability of such an event,
that is, the chance of survival [26].

The application of the PVA methodology in the study of the local populations of three
rare plant species in NNPDS involved the premature assessment of the specific growth
rate of populations. The specific growth rate A of the investigated populations was esti-
mated on the basis of three-year data as the difference between the birth rate b and the
mortality rate d of individuals in the populations. All calculations have been made with the
use of the POPULUS and VORTEX computer programs. The results are shown in Fig. 2.

For E. helleborine the specific growth rate of the studied population A = -0.4494 that
indicates a general trend of decreasing the population size and its probable extinction
in about 10-12 years.

In the L. ovata population A =-0.427, and the estimated period of its probable exis-
tence also corresponds to 10-12 years.

Due to low mortality of individuals in the P. chlorantha population, the specific
growth rate was positive A = 4.78. In this population we can expect the sustainable con-
servation of the number of individuals in the next 8-9 years, and a probable active
growth of this population in prospect.

Overall, taking into account the results of the consistent application of the MVP
methodology, the analysis of population structure and the PVA methodology to assess
the stability of the populations of three rare plant species in NNPDS, it is arguable that
the local populations of E. helleborine and L. ovata are at a high risk, and the local
population of P. chlorantha is in a more stable condition.

The first priority for the protection of these rare plant species in NNPDS is to con-
tinue the population monitoring and record the main parameters of their condition.

CONCLUSIONS

The problem of the biodiversity reduction and loss of rare plant species is of gro-
wing relevance. Many experts are in search of the ways to objectively evaluate the
stability of populations of rare plant species and the risks of their extinction in order to
minimize these risks by using adequate measures for the protection of rare plants. Dif-
ferent methodological approaches have been used to solve the set tasks.

The analysis of the local populations of three rare plant species has been con-
ducted to make a comparative assessment of the effectiveness of different methods of
evaluation of the population stability. It has shown that the MVP method and the method
of analysis of the population structure taken separately do not provide reliable informa-
tion on the actual trends of the local population development, especially when the re-
searcher has data for only 1 or 2 or 3 years. These two methods are suitable only as
launching techniques at the initial stage of monitoring the status of populations of rare
plant species.

Currently, the method of assessing the population viability (PVA) is more deeply
developed and theory-based, and allows us to assess the population stability based on
a set of properties of the individuals condition in the population and characteristics of the
population as a biological unit. Progress and prospects of the PVA methodology are
related to the fact that it is not just a method for the analysis of the population condition,
but a powerful stimulus for long-term studies in biology and ecology of the species.
Moreover, multispecies PVA is an incentive for a comprehensive study of ecosystems.

ISSN 1996-4536 e bionoriuxi Ctygji / Studia Biologica e 2016 « Tom 10/Ne2 e C. 123-132



130 H. O. Klymenko, I. M. Kovalenko

The use of one of the PVA models in relation to the local populations of three spe-
cies of the Orchidacea family has allowed us to assess a probable high risk of degrada-
tion of the local populations of E. helleborine and L. ovata and the relatively higher sta-
bility of the local population of P. chlorantha. The organization of long-term monitoring of
local populations of rare plant species is recommended on all protected areas.
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OCHOBHI NiAXoau Y BU3HAYEHHI CTIMKOCTI
nonynauin PIOKICHUX BUAOIB POCNUH
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MpencTaBneHi pesynbratn anpobadii TPbOX METOLIB OLiHKM CTIMKOCTI Ta MMOBIPHMUX
TpeHAiB po3BUTKY NOMynsuin Ha Npuknagi pigkicHUX BuAiB pocnvH HauioHansHoro npu-
pogHoro napky “‘HdecHaHcbko-CtaporyTteekuin”. O6’ekTamu gocnigxeHHs 6ynv Tpy Buam
piakicHnx pocnun HMTMOC, 3aHeceHux oo YepBoHOi kHUMM YKpainu: Epipactis helleborine
(L.) Crantz. (y gitoueHosi Querceto-Pinetum coryloso (avellanae)-caricosum (ericeto-
rum), Listera ovata (L.) R. Br. (y ditoueHosi Betuleto-Pinetum coryloso (avellanae)-
stellariosum (holosteae) i Platanthera chlorantha (Cust.) Rchb. (cnopaguyHo Tpanns-
€TbCs No BcboMy CTaporyTCbkOMy JliCOBOMY MacumBy). [loCrnigKeHnn nokanitet NexuTb
y cbiToueHosi Querceto-Pinetum coryloso (avellanae)-caricosum (ericetorum). BctaHos-
neHo, wo metog MVP i metog aHanidy CTpyKTypu nNonynsuin He AalTb 4OCTOBIPHOI iH-
dopmMaLii Npo pearnbHi TPeHAM PO3BUTKY JTOKaIbHUX NOMynsUiin, 0cCoObBNMBO KONM B pO3-
nopsiaKeHHI JocniaHvKa € AaHi Tinbky 3a oguH abo 3a 2—3 pokun. Bucoky ehekTUBHICTb
mMae metog PVA, akuii fae aMory oLiHioBaTU CTIMKICTb NONYMSUIN POCAINH 32 KOMMNSIEKCOM
03HaK CcTaHy ocobuH y nonynsuii i o3Hak nonynsauii sk GionoriYHoi uinicHocTi. Y cy-
KYMHOCTI TpbOMa MeTodaMu 3’ACOBaHO MMOBIPHICTb Aerpazalii nokanbHUX nonynsuin
E. helleborine i L. ovata i nOpiBHSAHO BULLYY CTIilKICTb floKanbHOi nonynsuii P. chlorantha.
Ha Bcix NprpogooOXOPOHHUX TEPUTOPISX PEKOMEHAYETHCS OpraHisauis 4OBrOCTPOKOBO-
rO MOHITOPUHIY FIOKanbHUX NONYnsUin piaKicCHUX BUAIB POCIIVH.

Knrouosi cnoea: MVP metogonoris, PVA metogonoris, pigkicHi pocnvHu, nony-
nauil, CTIKKICTb, AWHaMIKa.
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OCHOBHBbIE Nnoaxoabl K OLIEHKE YCTOWYMBOCTU Nonynauumm
PEOKUX BUOOB PACTEHUU

A. A. KnumeHko, U. H. KosaneHko

CymMckull HayuoHarnbHbIU agpapHbIl yHugepcumem
yn. I Kondpameesa, 160, Cymbl 40021, YkpauHa
e-mail: hgrip@rambler.ru

MpencraeneHsbl pesynsraTtbl anpobaunm TpexX METOL0B OLEHKM YCTONYMBOCTY U Be-
POSATHLIX TPEHOOB Pa3BUTUA MONYNAUMIA Ha NpuMepe peakux BUAOB pacTeHuin Hauuo-
HanbHOro npupogHoro napka “AdecHsHcko-CTaporyTckuin”. ObbekTamy mccrnegoBaHus
nocnyxunu Tpu suaa pegkmx pacreHun HMMOC, 3aHeceHHble B KpacHyto Knury Ykpan-
Hbl: Epipactis helleborine (L.) Crantz. MNonynsauna Haxogutcs B putoueHose Querceto-
Pinetum coryloso (avellanae)-caricosum (ericetorum). Listera ovata (L.) R. Br. Jlokanb-
Hag nonynauusa pasMmelleHa B dutoueHose Betuleto-Pinetum coryloso (avellanae)-stel-
lariosum (holosteae). Platanthera chlorantha (Cust.) Rchb. Cnopagnyeckn Bctpeyaertcs
no scemy CTaporyTtckomy rnecHoMy Maccuy. Mccnegyemblii nokanuteT HaxoauTes
B kBapTane 19 B utoueHose Querceto-Pinetum coryloso (avellanae)-caricosum (ericeto-
rum). YctaHoBneHo, 4to metog MVP 1 metoq aHanusa CTpyKTypbl NONynsaunii He gakoT
OOCTOBEPHON MHpOpMaLMK O pearbHbIX TpeHAax pasBUTUS NoKarnbHbIX NOMYNsuuia,
0CODEHHO KOra B pacrnopsiKeHUN UccrefoBaTens MMeTCst AaHHbIe TONbKO 32 OAMH UMK
3a 2-3 roga. Bbicokyto acpdekTMBHOCTL MMeeT MeTton PVA, no3Bonsiowmii oLeHMBaThb
YCTOMYMBOCTbL MOMNYMSILUA pacTEHUIA MO KOMMIEKCY MPU3HAKOB COCTOSIHMS 0COBew B no-
Nynsuum n NpU3HaKoB MONyNsaLUMU Kak OMOMNormyeckomn LenocTHoCTM. B coBokynHocTH
TpU MeToAa nokasanu BepoATHOCTb Aerpagalmmn nokanbHblx nonynauun E. helleborine
n L. ovata n cpaBHUTENbHO OONee BbLICOKYD YCTOMYMBOCTL JlOKaNbHOM MOMynsummn
P. chlorantha. Ha Bcex oxpaHsieMblX NPUPOAHBLIX TEPPUTOPUAX PEKOMEHYETCS OpraHu-
3auus JONrOBPEMEHHONO MOHUTOPUHIA NOKarnbHbIX NOMYNSAUUA peaKMX BUAOB pacTeHUN.

Knroyeenie crnoga: MVP metogonornsa, PVA meTtogonorus, pegkve pacTeHus,
nonynsaumm, yCTOM4MBOCTb, AMHAMMKA.

OpepxaHo: 25.04.2016
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