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THE CONCEPT OF PESTICIDE-FREE PEST CONTROL IN THE
CRIMEAN FORESTS

ANATOLIY IVASHOV, ANDRIY SIMCHUK

Abstract. Oak leafroller, gypsy and winter moths contribute to a pathological situation in the
Crimean forests exposed to strong recreational activities, which add to the weakening of the forest
ecosystems. In this respect we develop a concept of pesticide-free forest protection that
presupposes an optimal balance between natural self-regulation opportunities and management,
taking into account the long-term effects. The practical steps include preventive and current
biological pest control, different in primary, secondary and tertiary niduses of pest outbreaks in the
Crimean forests. All pest-control measures should be elaborated as a successive chain of steps
joining in a common ecologically and economically sound system. Preventive and current bio-
control actions become easy and soft with increase in the forest’s ecosystem complexity and
restoration of natural self-regulation.
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1. INTRODUCTION

Forest simulation usually begins from elaboration of conceptual approaches. This preliminary step
is important because conceptual mistakes could not be corrected with only further mathematical
manipulations [1, 2]. As proceeds from the experience, only initial correct postulates allow constructing
a forest simulation to generate policy contingent distributions of outcomes [3].

Forest pests as a rule show relatively rare-repeated outbreaks. From one hand, strong repeated
defoliation may influence tree viability. From another hand, artificial interference with natural self-
regulation could break sustainable community. In this respect pest control activities are often
groundless and a decision on them should follow preliminary prognostic simulation predicting their
economic effects [4].

Alternative methods of forest management, including these aspects, were shown on the instance of
forest protective activity against western spruce budworm in Canada [3]. Successful decision-creating
system, elaborated from the computer database on 145 moths from Europe, has already been created in
Netherlands. It considers population parameters of pests, their entomophagans and host plants.
Managers have successfully used this system for optimisation of the pest control in national reserves,
natural and urban parks [5].
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Thus, acceptable strategy in forest management should take into account the long-term effects of
protective manipulations [1], elaborating the criteria for the forest ecosystem sustainable development
[6].

Crimean forests are exposed to a strong anthropogenic pressure due to intensive recreational
activity in nearest areas. In this respect pesticide-free control of forest pests in Crimea is a necessary
goal.

2. DISCUSSION
2.1 SHORT DESCRIPTION OF THE CRIMEAN FORESTS

The forests of the Crimean peninsula grow in the very south of the Ukraine. Now their area exceeds
300,000 ha. They stretch in a broad swathe from Sevastopol northeast to Planerskoye and Pheodosia,
and from Zuya in the north southward to Alushta (Figure 1). They are regularly dissected by
agricultural areas throughout their margins along the Black Sea coast. “Jaylas,” or mountain meadows
substitute them on the mountain tops.
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Fig. 1. Map of the Crimean forests.

Crimean forests are mainly represented by young-wood areas and forest patches, what produces a
favourable environment for pest outbreaks. Such the environment, spreading around the southern
slopes of the Crimean mountains and watersheds, is especially profitable for the pests adapted to dry
and warm conditions.

Gypsy moth (Lymantria dispar L.), oak leafroller moth (Tortrix viridana L.), and winter moth
(Operoptera brumata L.) strongly contribute to the pathological situation in the Crimean forests [7].
Relatively warm Crimean winters, high spring-summer average daily temperatures and reduced
precipitations also add to the conditions favourable for the pest outbreaks.

2.2 OPTIMIZATION OF FOREST PROTECTION: PEST MONITORING AND DECISION MAKING

Evidently, pest control using only natural entomophagans is not a simple task. Its essence means
switching from the attempts to exterminate the pests to the activity on their control at the densities
below the level of the economic significance. In this respect, conceptual priority should displease from
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solitary actions to the long-term monitoring with acceptance of a decision on the expedient interference
in natural processes. This is especially important in forests with yet not lost self-regulation.

From the theoretical point of view, pest control consists of corrections to the operating actions
produced by the ecosystem genoplast. The term genoplast was introduced by M.A. Holubets [8] and
means a complex of genotypes (population gene pools) of all the species interacting in the ecosystem. In
any ecosystem the genoplast plays a role of operating sub-system. It has its own managing aims, which
are recorded in the form of super-species associations formed during the ecosystem development. At
the same time, they do not always coincide with human expectations [9, 10].

Any management requires reception and processing of the necessary information. This information
may be provided by a special monitoring system, as it, for instance, have been done during the
monitoring for the Lymantriids in the European and North-American forests [11]. The monitoring
consists of observations on the economically important pests, including calculation of pest ovipositions,
application of pheromone traps for imago, artificial refuges for larvae and pupae and calometrical
method for larvae [12].

Above described experience would be very applicable and acceptable for optimal pest control in the
Crimea, and its adaptation requires following steps:

- Forest pest monitoring.

- Prognosis of any step consequences on the base of current and earlier obtained data on ecosystem.

- Acceptance of only ground correcting interference in natural process.

- Estimation of the effects of the bio-preparations applied against pests.

Of course, real initiation of these approaches needs an effective information technology. We have
already elaborated the preliminary database on oak leafroller moth. It is based on the data of long-term
investigations on the leafroller survival at different developmental stages, adult fecundity, efficiency of
larval and pupal parasites and genetic variation in the moths, their parasitoids and host plants.

Modeling of pest population dynamics requires consideration of all the accessible information.
With that it should adhere to principles of chosen conception, whereas applied mathematical approach
and method of the modeling should have secondary significance.

Adoption of a decision on interference in the native process is the most responsible operation in the
management program, which intends choice of one or another method of pest control or rejection of
any correction to the native patterns. It requires clear, scientifically based estimations of critical pest
densities, which mark lower border of significant economic wastes. Negative effects of artificial
interference in forest ecosystems should also be taken into account. Thus, elaboration of all the
necessary criterions and the range of their importance is the first and foremost task.

Short-term and long-term effects of accepted decision may strongly differ between themselves in
their consequences for the ecosystem. In this relation the fourth step (see below) should be subjected in
a wider sense: it should include estimations of not only nearest efficiency of applied actions but also
their long-term effects.

World-wide experience has shown that, when human takes a role of a regulator (even temporary),
he as a rule disturbs ecosystem self-regulatory mechanisms [3, 13]. As a result, further management
demands an additional interference and correction. Thus, the economic and ecological efficiency
should be evaluated in the overall design.

Our experience of scientific researches in the Crimean forests shows that lack of co-ordination
between researches and forest services in their monitoring and control programs causes both them
inefficiently spending the energy and funds. Besides, in this case both them obtain the data, which
could not be completely unified and jointly processed. This situation is now well understood both by
scientists and forest managers, but unfortunately the database concerning the information on forest
protection in Ukraine is not satisfactory. As a result, the forest-protective actions are not always
adequate and scientifically based.
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2.3 THE CONCEPT OF LIMITED INSECTICIDE APPLICATION

The unique natural complexes of the Crimea and its South Coast require special attention to
anthropogenic influences. Hence, forest protection should be based here on the limited use of
insecticides and priority of biological control that also should aspire to the minimum. Any decisions in
this respect should take into the consideration the long-term effects of pest control. Acceptable pest
control should intend forest management methods closely approaching natural principles, which
minimize risk of pest outbreaks [14].

Figure 2 shows the conceptual scheme of the pesticide-free forest protection based on natural
mechanisms, which regulate pest population dynamics. In natural ecosystems this regulation is
performed by the feed-backs between pest and host plant, and between pest and its consumers.
Positive and negative feed-backs between trees and pests may cause cyclic processes, which for
example drive population dynamics in Epirrita automnalia on birch (Betula pubescens) in Fennoscandia
[15]. In this respect, periodic oscillations of pest numbers should be considered as a normal, natural
process.

Abiotic factors influence the population numbers modifying its equilibrium state. Unequilibrium
pest populations show strong outbreaks, when pest density significantly exceeds an ecosystem
optimum, and natural regulation is inefficient. Forest service attempts to regulate this situation. The
essence of these managing influences consists of effective reinforcing of feedbacks (pointers 5, 7 in fig.
2) using biological regulators. Monitoring block collects the information for further construction of
predictions and decisions.
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Fig. 2. Conceptual scheme of pesticide-free control of pest populations: 1 - 13 basic bonds (see text for explanation).

Pointers 1-3 in fig. 2 represents abiotic factors, mainly the weather, influencing the pest and its
natural regulators. This information is also collected into the monitoring block. These data should be
used appropriately because the weather could influence the situation differently in different areas [16].
Besides, it should be taken into the consideration that the temperatures vary wider in the mountains
than in plain [17].
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The most of the links, included in the process of natural regulation, belong to poikilothermic
organisms that are very sensitive to the temperature factor. Temperature dynamics affects their
phenological rhythms. For example, the lack of synchrony between the oak leafroller eclosion and
budburst in oaks can cause a crush of the pest population [18, 19, 20, 21]. This factor is also critical for
gypsy moth, while autumn humidity strongly control the winter moths in Crimea.

The pointers 4, 5 reflect interaction between pests and their host plants. Quality of an accessible
food could influence oak leafroller moths [22], gypsy moths [23] and winter moths [24] densities. In this
respect very interesting data were obtained for Crysomela vigintipunctata during its outbreaks in the
Rain region (Germany) from 1985 to 1987 [25]. Overwintering insects were completely eliminated on
some resistant trees of white willow. On the author’s opinion, this was caused by high contents of
tannin, rutine and some other secondary metabolites.

Eating-caused damage could also change leaf quality. For instance, oak leaves change the contents
of some their basic and secondary metabolites in response to eating-caused damage by herbivores
[22, 26]. These biochemical changes decrease in the nutritional quality of secondary foliage restored
after defoliation.

In the Crimean forests the gypsy and oak leafroller moths prefer to invade pubescent oaks and
usually reach their higher densities there than on durmast oaks. This effect may be partially explained
due to higher content of proteins-inhibitors of trypsin-like proteases in the durmast oak leaves than in
pubescent oak ones [27]. At the same time, these oak species do not differ sufficiently in the contents of
secondary compounds such as polyphenols [28]. Thus, patterns influencing foliage quality, i.e. quality
of herbivores’ forage should be considered as a major constituent in the density regulation system of
forest pest populations [3, 29].

Creation of the oak populations resistant to damage by oak leafroller moths and other pests is a
very perspective strategy for the long-term regulation. Resistance to the pests may be based on the
variation in the phonological rhythms of host plants, as it has been shown for the oaks in the National
natural park in Great Britain [30]. Biodiversity of woody plants should be incorporated as a base
principle into any program on the new forest creation. Some models showed importance of this factor
for prediction of oak defoliation from damage by gypsy moth larvae [4].

Diverse entomophagans influence pest populations (pointers 6, 7) and estimation of their role is
always important for bio-control. There are sufficient data on efficiency and composition of
entomophagans parasitizing oak leafroller moths [31, 32, 33, 34]. In particular, we have found that a
considerable part of their eggs was yearly invaded by Trichogramma telengai Sor. [35]. This species is a
possible candidate for bio-control in Crimean forests. Unfortunately, species composition and
regulatory effort of predator insects is not yet studied sufficiently in the Crimea.

Extensive application of bacterial preparations or formulations showed good results for
suppressing the pest outbreaks in the Crimean forests. Evidently, these preparations will remain
irreplaceable in this application. Such viral preparations as Virin-NSH (based on the nuclear
polyhedrosis virus) were applied effectively against gypsy moth in Crimea. Study of population
susceptibility of T. viridana and L. dispar to diverse bacterial and viral infections can raise effectiveness
of their application. Our results have shown high informative outcomes from evaluation of genetic
changes in the T. viridana Est-3 locus in response to application of sub-lethal doses of such bacterial
preparation as “lepidocide”. Protease locus Pts-4 could also be included in genetic monitoring of the
pest populations [36]. Unfortunately, genetic methods of pest control, such as introduction of sterile
males, are not usual in forestry management programs in Crimea. These methods could contribute to
the system of pesticide-free control, as it has been shown for L. dispar at its latent-phase in the North-
American forests [37].

Forest protection actions could influence natural entomophagans exploiting populations of target
pest (pointer 7). Although there are sufficient data on this theme, both the factors, microbiological agent
and decreasing host density, influencing the entomophagan population should be taken into the
consideration.
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Analytic block providing collection and processing of all the accessible information (pointers 8-10)
occupies central place of the pest management system. The data on the abiotic factors, biotic factors
including the ecological indexes of pest populations: density, surviving, fecundity, biotic potential,
emigration, immigration form the source for decision-making activity.

Recently obtained data show that genetic factors may play a role in the pest population dynamics
[36]. The application of allozyme-analysis method allowed displaying genetic alterations on the diverse
stages of the T. viridana ontogenesis in esterase, protease and some other loci [38, 39]. Larval coloring
phenes may also serve as good markers for the genetic monitoring in the pest populations [40]. These
approaches were elaborated for T. viridana and they allow predicting the population states, and also
forecasting the changes of insect density caused by the application of control methods. Combination of
such methods as pheromone catching of males and their genotype screening may give the sufficiently
reliable prognosis of the pest population state.

Manager block provides the adoption of optimum decisions on the base of information, obtained
from the monitoring (pointer 12). The manager influences (pointers 11 and 13) affect the target pest.
Acceptable scientific prognosis and management should be based on ecological-genetic analysis of
interactions between populations in the chain: populations of arboreal plants — pest populations —
populations of entomophagans [41]. Herewith, it is necessary to consider that neither natural nor
introduced entomopagan species could not provide full and long-term regulation. We argue for a
complex of approaches and means where any entomophagan should have its definite place.

Abrupt changes in numbers, typical for gypsy moth and in less degree for oak leafroller and winter
moths is probably a consequence of their relatively short evolutionary ages. The mechanisms of
homeostasis, working on intrapopulation and ecosystem levels, do not reach the degree when
adaptation to environmental conditions approaches the most economical method. Besides frequent pest
outbreaks may be provoked by unreasoned control actions or other human influences.

2.4. SYSTEMS OF PREVENTIVE AND APPLIED PEST BIO-CONTROL IN THE CRIMEAN FORESTS

The long-term pest control in the Crimean forests should be based on the concept of limited use of
pesticides. These current tasks should be taken into elaboration on local levels and should be subjected
to strategy of development and preservation of forest ecosystems [6]. The complete spectrum of these
tasks represents the system of preventive and current bio-control. Preventive bio-control is a complex
of forestry and biotechnical practices undertaken with an aim to form unfavourable conditions for
pests. Current bio-control includes active application of bio-control actions for the suppression of pest
outbreaks.

Crimean forests are heterogeneous in respect to their resistance to different pests. Therefore, it is
possible to distinguish areas of primary, secondary and tertiary niduses of pest outbreaks. Estimation
of damage caused by gypsy moth in USA showed that forest-protection treatments are economically
reasonable only in the plantations, which are the most susceptible to the herbivore [42]. Therefore
search and exposure of primary niduses is a very actual task.

The primary pest niduses arise under the conditions that are most favourable for the pest, mainly in
mono-cultured, thinned, cleared forests with low quality stand that loses its biological resistance to the
pest. This is peculiar for the Crimean forests, which are mainly represented by forest areas on seaside
that are exposed to strong recreational pressure. The pest densities increase here faster and more
dramatically than in other areas, and are frequently accompanied with full defoliation. Hence, the
natural regulation is almost lost here.

Secondary niduses may be observed under the conditions that are less favourable for pest
outbreaks. The pest numbers grow slowly with relatively rare cases of full defoliation. This is a
category of forests with partial loss of natural regulation. In Crimea they are represented by a majority
of mountain forests, which are exposed to a moderate recreation pressure.

The tertiary niduses arise in forests that belong to a category of biologically resistant plantings.
These forests have high levels of biodiversity and stratification, high quality stands and a complicated
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overall ecological structure. Niduses of pest outbreaks rarely happen here, and may arise only due to
migration from pandemic areas. An example was observed in 1988-1989 years, when gypsy moth
outbreak spread over the zones of steppe and forest-steppe in European Russia and Ukraine. However,
the forests remained less damaged due to the biological steady state.

Therefore, preventive and current bio-control should differ among these different categories of
forests in respect to the necessary amount of forestry, biotechnical and protective actions. Description of
diverse bio-control actions in these different categories of forest is represented in Tab. 1.

Nidus Potential outbreak Forecast structure Control measures
Primary Mass Simple Reconstruction of forest
plantations
Secondary |Slow growth of the pest Complex Preventive and operative bio-
population numbers control
Tertiary Little chance of any pest|Very complex Operative bio-control
outbreak

Tab. 1. The characteristics of bio-control in primary, secondary and tertiary pest
outbreak niduses.

The system of bio-control actions is simplest in the forests which belong to the category of tertiary
pest niduses. No specific forestry and biotechnical actions are necessary there. They may serve as
standards of sustainable forest ecosystems. Natural complex of entomorphagans and pathogens,
mechanisms of self-regulation and ecosystem ties should be studied there. When even the pest density
threshold is exceeded, protective actions may be restricted to current bio-control with application of
microbiological preparations. If defoliation is less than 30%, then any interference would be
economically and ecologically inexpedient. Air-treatment using only bio-formulations (preparations)
should be applied when defoliation is from 30 up to 80%. Only when defoliation exceeds 80%,
treatment by bio-formulations (preparations) mixed with immunodepressants (dimilin) would be
necessary.

Aesthetic requirements to determination of permissible defoliation level are sufficient for the
recreational areas. Acceptance of 25%-level of defoliation as an aesthetic requirement allowed more
than two-fold decrease in pesticide applications against orangestriped oakworm (Lepidoptera:
Saturniidae) in streets and parks of Norfolk, Virginia (USA) [43].

More complex system of the pest bio-control is required in the forests with wicked natural
resistance. In the secondary niduses of T.viridana, for example, preventive bio-control should include
attraction of insectivorous birds and re-establishing of the forest red ants. The observations and studies
of retaining predators and their regulating role showed their effectiveness against L. dispar at the pest’s
low density level. The role of ants was peculiarly significant nearby ant-hills [44].

Attraction of parasitic and predatory insects may serve as strong protective action. Detailed study
of an egg-eating Trichogramma minutum in Canada showed prospectively of its application against the
leafroller Choristoneura fumiferana [45]. Intromission of a specialized egg-eater Tr. telengai into niduses of
oak leafroller moth in the Crimean forests may also bring good results.

The method of seasonal colonization of viruses as preventive protection measure against gypsy
moth [46] also is a good tactics. The current bio-control in the Crimean forests presumes: single
application of bacterial preparations against larvae of pests of early-spring phenological group; single
application of bacterial preparations against T. viridana and other pests of early-spring group if
defoliation has exceeded 30 %.

Use of polymeric compositions, which overwhelm the larval eclosion from eggs, is the perspective
method for current regulation of gypsy moth density [47]. As an experience show, suppression of the
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winter moth outbreaks in Canada could be reached using introduction of parasitoids. They effectively
decreased pest numbers and local unspecialized predators completed the suppression [48].

The preventive bio-control is difficult in the forest areas with completely lost natural resistance
because they need deep interference for restoration of their ecological state. Current bio-control actions
are usually inefficient there due to lack of long term effects. Nevertheless, use of chemicals is in conflict
with requirements of recreation zone even when defoliation reaches 100% level.

The application of bacterial preparations on the base of Bacillus thuringiensis is already well studied
and is recommended for practice [49]. Virulent strains of B. thuringiensis were successfully applied
against gypsy moth in three Canada provinces [50].

There are some positive results of B. thuringiensis application against new T. viridana larvae in the
Crimean forests using local air-treatments. At the same time, application of the bacteria against L. dispar
was not effective there. The pest outbreak still resulted in strong defoliation decreasing aesthetic quality
of recreational zone, but chemical pollution of the area was avoided.

The causes of post-outbreak depression are not well understood yet as well as the role of parasites
in this process. At the same time, it is well known that the tachina flies were an important natural factor
decreasing the numbers of gypsy moth over 1984-1986 in Germany [51]. The infection of the pest by the
tachina flies (Parasitigena silvestris) reached 100% to the end of the outbreak [52]. The gypsy moth
outbreak was repeated in a decade. At this time eggs of gypsy moth were infected by Ooencyrtus
kuvanae and larvae were parasitized by tachina flies. The parasite action was completed by effects of
damp weather and initiated polyhedrosis virus infection [53]. At the same time, long-term experience
of gypsy moth control in France showed that the control actions over the large forest areas, as a rule,
resulted only in some delay of an outbreak [54].

More acceptable forest protection strategy in the zones of intensive recreation lies in the restoration
of forests. It includes: increase of biodiversity, planting of soil-improving shrubberies, creation of
glades with nectariferous plants for attraction of useful insects-regulators. In some areas of the Crimean
forests the deciduous species were replaced by coniferous species. However, extended plantings of
coniferous species undergo strong frequent fires, damage from which considerably exceeds the damage
from pest-caused defoliation. In this reason, The narrow planting ribbons of coniferous that cross
mountain slopes decrease in probability of fires, and, at the same time, they promotes effectiveness of
entomophagans [55]. Besides, forestry specialists are not focussing on the creation of resistant forests by
introducing of deciduous species.

Comparative data on three oak species in south New England (USA) have shown that the most
light-loving and drought-resistant specie, Q. velutina, is the most variable [56] and therefore could be
acceptable for these purposes. Correct selection of plants could be probably the most effective way for
creating balanced resistant forests. For instance, in north Florida Q. germinata oaks were lowly damaged
by Stilbosis quadricustatella moths, and main part of their eggs died till larval eclosion. These oaks had
smaller leaves and earlier vegetation than other oaks. On the whole, mortality of the moths was
stronger affected by host plants than by their natural enemies [57].

All pest-control measures should be elaborated as a successive chain of steps joining in a common
ecologically and economically sound system. Preventive and current bio-control actions become easy
and soft with increase in the forest’s ecosystem complexity and restoration of natural self-regulation.
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Ipamos Amnaroaiir, Cimuyk Anapiit. Konrernist Ge3nmecTunMAHOIO KOHTPOAIO IMIKiAHMKIB y aicax Kpumy.
Kypnanr puxapnamcvicozo yrisepcumeny imeni Bacurs Cmegparura, 7 (4) (2020), 34—45.

AyboBa 3eaeHa aucrosirika (Tortrix viridana L.), memapumii moskonpsa (Lymantria dispar L.) ta
aumosuit m'sayn (Operoptera brumata L.) cyTT€BO BILAMBAIOTh Ha MATOJAOTIYHIN CTaH KPUMCBKUX 4iciB, sKi y
CBOIO Yepry 3a3HalOTh CHABHOTO pPeKpealjiiiHOTO TUCKY, IO CIpus€ ocaabAeHHIO AicOBUX eKocucreM. Y
3B’sI3Ky i3 IIMM, pOo3po0OKa KOHIIEIii OXOpOHM! AiciB Oe3 IecTuLNAiB, AKa Iepesbadae onTUMaAbHUI GaaaHC
MK HPUPOJHUMU MOXKAMBOCTSAMU CaMOpPETyAIOBaHHA Ta VIIPaBAiHHJ, BPaxOBYIOUM JOBIOCTPOKOBI
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HacAigku, € Ay>ke aKTyaAbHOIO. Y TIOPiBHSAHHI i3 TpagULiiHUM MiAXOAOM OiAbII HPUIHATHA CTpaTerist
OXOPOHU AiCy B 30HaX iIHTEHCHBHOIO BiAIIOYMHKY IIOAsATa€ y BigHOBAeHHI aiciB. BoHa BKalOdae: 36iabIeHHA
OiopisHOMAaHITT:, Hacaa>XeHb YarapHMKIiB, IO MOAIMNIIYIOTh IPYHT, CTBOPEHHA TaAsBUH 3 HEKTaPOHOCHUMIU
pocauMHaMM AAsl 3aAy4€HH: KOPMCHUX KOMaX-peryAsaTopis. ¥ AesaKMX palloHaX KPMMCBKUX AiCiB AMCTsIHI
nopoau 3aminman xpoviHumu. OgHak TpuBaadi IOocaAKM XBOMHUX IIOPi/ 3a3HAIOTh CUABHUX JacTUX IOXKEX,
TIOIIIKO/ KEHH: SIKUX 3HAYHO IIepeBUIYE 30UTKM, CIpUIMHeHi dedoaiarii€ro mKigHmkis. 3 mi€l npuanHu
BY3bKi IIOCAAKOBi CTPiUKM XBOMHMX IIOpi4, IO HEPeTHMHAIOTh TipChbKi CXMAM, 3MEHIIYIOTh MMOBipHIiCTb
MIOXeX, i, B TOM >Xe 4Jac, BOHM CHPUAIOTh epeKTUBHOCTI eHTOMO(aris. KpiMm Toro, cremiaaicti aicoporo
roCIIogapcTBa He 30Cepes KyIOTbCs Ha CTBOPEHHI CTiMIKMX AiCiB INAAXOM IHTPOAYKIIl AMCTSIHUX IIOpig,.
INpakTnuHi KpOKM 3allpOIIOHOBAHOI KOHIIEMINl BKAIOYAIOTh IpoQdilaKTHMUHY Ta CcydacHy Oioaoriuny
6opoTrOy 31 MIKIAHMKAMM Ta PO3PI3HAIOTHC Y IIePBUHHNX, BTOPMHHIX Ta TPETMHHIX OocepeAKax CIlalaxiB
IIKiAHUKIB y KPMMCBKUX dicaX. Yci 3ax04u DOpOThOM 3 MKigHMKaMU MalOTh PO3POOASTICS 5K ITOCAIAOBHII
/aHITIOXKOK eTaliB, I0 00'€AHYIOThCA B 3aralbHy €KOJOTIYHO Ta €KOHOMIYHO OOIPYHTOBaHY CHUCTEMY.
ITpodisakTuyHi Ta TOTOUHI Ail 3 GI0OKOHTPOAIO MAIOTh CTaBaTU OiABII AETKMMMU Ta M'AKMMH i3 3014bIIIEHHAM
CKAa4HOCTi €KOCUCTEeMU AiCy Ta BIAHOBAEHHSIM IIPUPOAHOI CAMOPEryASsIIil.

Karouosi caoBa: mKigHukm, Aicorocnogapcbkuii MeHeAKeMeHT, OiOKOHTPOAb.



