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The analysis of literature and data of the author's experiments suggest that the composition of the factors suppressing the gypsy moth (GM), Porthetria dispar (L.), Lepidoptera, Lymantriidae varies depending on environmental conditions. For characteristic of this composition, it has been proposed to use the concept of the life system (LS) according to L.R. Clark et al. (1967). LS of GM is considered to be a result of interaction between its species potential (i.e. species' traits protecting from factors of mortality) and components of ecosystem stability to plant pests. The latter include factors of ecosystem stability to plant pests and their prerequisites - obligatory conditions of efficiency of these factors. The environmental conditions, for which LSes have been described, are classified in point of the following principles: 1) the type of host-tree resistance - tolerance or antibiosis, 2) the zone of the GM range according to W.C. Cook (1929), 3) the level of ecosystem stability to GM according to A.I. Il'insky (1959), 4) special cases. It has been described LSes of GM for a number of combinations of the above categories in Eurasia and North America. On the ground of composition of these LSes, it has been proposed measures for suppressing this pest insect. They are directed on promotion all the natural enemies of GM and on increase of vigor of its host-trees. There exist a possibility to establish forest stands with a significant level of stability to GM. Such stands promise to be useful for providing mankind with abundant forest production and for protection of the environment.
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INTRODUCTION

The gypsy moth (GM), Porthetria dispar (L.), Lepidoptera, Lymantriidae can be a very aggressive pest, as F.H. Forbush and C.H. Fernald (1896) showed it. Now, however, the aggressiveness of GM in the generally infested area in North America is not so high. Nevertheless, it continues to spread its range. In Eurasia, the aggressiveness of GM is diverse. Here, there are areas where outbreaks of GM follow one after another with intervals of about ten years, and, on the other hand, there are some ecosystems  (even spreading on vast territories within the range of this species) where the outbreaks are rare or never occur. Such a diversity of patterns in population dynamics of GM is worth studying.

The initial ideas of the studies are as follows:

1. Due to its traits, GM can realize the ability to Ch. Darwin' s unrestricted multiplication in the wider range of environmental conditions than the most of other species of insect herbivores do.

2. The traits of GM are counteracted by the environmental resistance composed by various factors.

3. Depending on environmental conditions, the composition of these factors varies; the degree of their activity also varies in the wide range.

On the ground of the above-stated ideas, the studies were conducted with  several tasks, namely:

1. To specify the composition of factors of the environmental resistance in particular environmental conditions.  

2. To find out a method of convenient demonstration of the factor' s composition.

3. To determine a principle of classification of the patterns of GM population dynamics in a diversity of environmental conditions.

4. To draw some conclusion as to the ways of suppression of GM.

In the present report, it is not possible to give an analytical review of literature that is needed for solving the task under the point 1. But the results of this review will be used for doing of the tasks under the points 3 and 4.

As to the second task, the concept of the life system (LS) will be used for its solving. "The part of an ecosystem which determines the existence of particular population is called a life system - and is composed of the subject species and its effective environment... the agencies, both biotic and abiotic which oppose the survival and reproduction of individuals of the subject species" (Clark et al., 1967, p. 55).

In this report, the following meaning of the LS concept will be used. Effective environment (EE) - this is a part of a hypothetical subsystem of an ecosystem that determines its stability in the respect of all the complex of herbivores and phytopathogens of the plant species composing dominants of an ecosystem. The composition of EE is characteristic for ecosystems of the same category. It includes factors of the environmental resistance, inherent for an ecosystem of a given category  (later on they will be referred to as "factors of ecosystem stability to plant pests" - FESPPs), and obligatory conditions of an efficacy of these factors - their prerequisites. Let the combination FESPPs and its prerequisites be called "a component of ecosystem stability to plant pests" - CESPPs. The term "resource of herbivores" will be considered as CESPPs related to their host-plants. Thus, EE is a set of CESPPs characteristic for ecosystems of the same category of stability to herbivores or phytopathogens, in the given case - to GM. The matter of such categories of ecosystems will be cleared later on. Also, the effect of the activity of CESPPs on density of a herbivore species should be taken into account when describing LSes. The term "subject species" in the context of the present report will be considered as traits of a species that determine its success to overcome EE. The term "species potential" (SP) is proposed for denomination of these traits as being more exact than that of "subject species". The interrelations within LS of GM might be expressed by abbreviations and conventional signs as the follows:

LS of GM  = SP <-----> EE (1. CESPPs  + 2. CESPPs  +....... + n.CESPPs), the dependence of the activity of CESPPs on GM density,  where <------> is a sign of counteraction.

A graduation of CESPPs in the row of EE reflects their probable role as factors suppressing GM.

At the classification of EEs in relation to environmental conditions (the task number 3), the following principles will be used:

1. The type of resistance of host-trees of GM,

2. The zone of the GM range,

3. The level of stability of an ecosystem to GM,

4. Special cases (reservations, plantings in the semi-arid bioclimatic zone, shade trees, neglected fruit orchards, the infested area in North America).

In LS of GM, the type of host tree resistance is the main CES. It determines the composition of EE. Two types of the resistance are important - tolerance and antibiosis.

Tolerance is characteristic of the deciduous species (Angiospermae) whereas antibiosis - of the evergreen coniferous species (Gymnospermae). Tolerance is an ability to repair foliage after consumption of it by herbivores. This trait is present in all the tree species, but in a very different degree. Most of evergreen species respond by heavy mortality on losses of the main stock of their foliage even within one season whereas deciduous species and the larch (Larix spp.) survive in spite of complete defoliation over two-three seasons in succession. When the trait of tolerance is well developed, host-trees allow pest insect density to grow up to high values that induce an activity of natural enemies of these pests. Then, the enemies suppress their insect hosts (preys) to low density. Hence, to be effective, tolerance should have a co-operator - natural enemies of pest insects. By means of tolerance, host-trees expose pest insects under an effect of natural enemies. In some cases, suppressive weather factors can serve as a co-operator of the tolerance. When host-trees are interacting with a pest species by the tolerance, protective substances, i.e. those destructive for this species, are absent in its food or present in less degree as in larch trees.

Antibiosis is a protective response of host-trees to feeding by pest larvae. In coniferous species, when larvae begin to feed by needles, walls of oleoresin ducts occurred to be breach and on condition that these host-trees are healthy, oleoresin exudes from the ducts intensively. The abundant oleoresin exudation kills or repels young larvae.

The prerequisite of efficacy of both antibiosis and tolerance is a good physiological state of host-trees. In such trees, weakened by any stressor, neither oleoresin exudation nor repairing of eaten by insects foliage occurred to be.

The zone of the GM range is determined by climatic conditions according to the classification by W.C. Cook (1929). The range of GM might be subdivided into four zones as follows: 

1. The zone of normal abundance. This is a climatic optimum for GM where its outbreaks are most frequent. Here, weather conditions are nearly always favorable for arising of GM outbreaks.

2. The zone of occasional abundance or the zone of possible outbreaks of GM. This is a climatic suboptimum of GM where weather conditions are favorable for GM not always - the outbreaks arise on condition that there appears an appropriate weather situation.

3. The zone of possible abundance of GM. This is a climatic subpessimum of GM. Here, the climate allows GM to exist in a territory of the zone, but the growth of its density up to the level of damage of significant part of host-tree foliage is a very rare event.

4. The zone of possible occurrence of GM. This is a climatic pessimum of this species. Here, weather conditions preclude continual existence of GM. Individuals of this species, which sometimes occur in this zone, have migrated from the above three zones.

The effect of the climate from the W.C. Cook's view on population dynamics of GM will be considered taking East Europe and neighbor areas of West Siberia as an example. If one draws a line between Chelyabinsk and St.-Petersburg (Russia) on a map, all the four W.C. Cook' s zones will be found along this line with the zone of normal abundance in the southeast and the zone of possible occurrence in the northwest.

It would be interesting to consider population dynamics of GM from the standpoint of W.C. Cook' s zonation in other regions (Western Europe, North America).

The next principle of the classification of environmental conditions is based on the fact of existence of the various levels of stability of ecosystems to GM. These levels correspond to three types of GM infestation spots (foci)  according to A.I. Il'insky(1959 ). At the high level of the stability, outbreaks of GM never arise in such ecosystems. It is observed only negligible increase of GM density mainly on outskirts of these ecosystems when an area-wide outbreak of GM takes place in this region. At the intermediate level of the stability, outbreaks of GM arise sometimes in the ecosystems of this category, but defoliation of the most part of a crown is observed only during one season. The growth of the density can be interrupted at a defoliation of a less part of foliage. At the low level of the stability, outbreaks of GM arisen every 8 - 20 years, and defoliation close to complete one continues over two-three seasons in succession.  The characteristic of environmental conditions for the special cases of LSes will be given when considering a correspond LS.

MATERIAL AND METHODS

EEs in GM LSes are be described according to the above classification principles, namely:

1. The type of host-tree resistance (tolerance or antibiosis),

2. The Cook' s zone of the GM range,

3. The level of the ecosystem stability,

4. Special cases.

In so doing, it is used the data on population dynamics of GM obtained from literature, personal communications and bioassays of the author. The latter, in short, consisted in releasing of GM eggs in various environmental conditions, and observation of mortality factors of the insects over their life cycle. Simultaneously in the same conditions, GM individuals were reared from egg to pupal or adult stages in cages on leaving trees or cut branches of host-trees. The difference among rate of mortality and factors of mortality of the released and caged individuals gave important information about CESPPs operating in a given ecosystem. Some details of the tests on releasing of GM were presented in the publication by G.I. Vasechko (1990).

Considerations on SP of GM are given on the base of analytical review of literature and own author' s observations. In so doing, the traits of GM are evaluated from the view of their advantages for survival of GM in various phases of its life cycle.

Also, it is chosen temporary suppressive measures that able to inflict the least negative effect on natural enemies of GM as well as silvicultural measures aimed on promoting of activity of CESPPs as to GM.

Probable maximal values of GM density at various categories of LSes are shown in the Figures 1, 2, 3, 4 and 5. The composition of EEs of the considering LSes is given as follows.

RESULTS

1. The type of host-tree resistance - tolerance.

1.1. The zone of normal abundance.

1.1.1. The low level of stability of ecosystems to GM.

The 1.1.1.of LSes is characteristic of population dynamics of GM in the southern part of the forest-steppe bioclimatic zone in Chelyabinsk Region  (Russia, Western Siberia). Here, forest vegetation is composed by island stands with birch trees occupying nearly 5% of the territory in treeless steppe. These stands are characterized by open canopy, lack of undergrowth, and suppressed grass cover that has suffered from heavy grazing over many centuries. This is a region of a distinctly continental climate with severe winter, short spring, hot and dry summer. Such conditions are hostile for nearly all the natural enemies of GM (parasites, insectivorous birds and acute forms of infection). Here, outbreaks of GM are very lasting, and intervals between them are close to ten years  (Rafes, 1980).

There are the grounds to suppose that the main factors of population dynamics of GM in this area are fluctuations of health of the local GM population, namely: affection of it by an inapparent form of a pathogen at a decline of an outbreak, and sanitation of the GM population as a cause of arising of an outbreak. The very low activity of vectors of infection ( parasites, predators ) and other factors promoting its spreading ( rains during larval phase of GM are usually insignificant )  serves as a cause of infecting of GM individuals by inapparent form of pathogens that does not turn into acute form over a number of generations and spreads in the population mainly in a transovarial way. However, the accumulation of inapparent form of infection in the GM population is not unlimited. Sooner or later, this infection gets fatal inducing nearly complete mortality of the GM population. Such a case was observed by P.M. Raspopov and P.M. Rafes (1978), who recorded the mortality of GM embryos  (eggs) equaled 96% several months after oviposition, i.e. in fall of the same season. In spring of the next season, over 99% of the embryos occurred to be dead.

GM individuals that survive at such a severe selection by pathogens give after a number of generations a healthy population - a source of a new outbreak.

LS of GM of this category (1.1.1.) might be expressed as follows:

1.1.1. LS of GM = SP <-----> Host-tree tolerance + lethal effect of 

inapparent form of infection, the suppression of a GM population is

directly density-dependent, with a prolonged delay.

The prerequisites of these CESPPs include low activity of parasites and predators, poor conditions for the "horizontal" spread of infection in a GM population, the prevalence of the "vertical" way of the spread.

The probable maximal values of GM density in this category of LSes are presented in the Figure 1.

In the zone of normal abundance of GM, the ecosystems of the high and intermediate levels of stability to GM are not known (within the vegetation characteristic for the zone).

1. The type of host-tree resistance - tolerance.

1.2. The zone of occasional abundance of GM.

1.2.1. The low level of stability of ecosystems to GM.

This zone is situated in the southeast part of East Europe - from Bashkiria to Tula Region  (Russia). Its climate is characterized by decreasing of continental properties in the direction from southeast to northwest. The ecosystems of the considered category are stands with low stem density, open canopy, lack of undergrowth, and grass cover suppressed by grazing. The composition of the main forest stock is usually pure - the oak, the birch, the lime.

Here, weather conditions do not favor arising of GM outbreaks every season. It has been shown that large (area-wide) outbreaks of GM are induced by a special weather situation - drought in May-June in particular two seasons in succession and severe winter that occurs close to the drought (for review see V.I. Benkevich, 1984). The intervals between GM outbreaks are equal 8-13 years in the south-east part of the zone (Khanislamov et al.,1958) and roughly 18 years on its north-west border ( Il' insky, 1959).

The effect of the drought and the severe winter consists in the destruction of natural enemies of GM  (parasites, insectivorous birds), quick desiccation of diseased GM individuals, which therefore cannot serve as an effective source of infection. The negative effect of such a weather situation is particularly potent in conditions of the low type of the stability where the disturbed structure of forest does not relax the weather extremes killing natural enemies of GM. The decreasing of their activity in a result of the above-mentioned weather shocks leads to sanitation of a GM population due to disappearing of pathogen' s vectors. Being free of inapparent form of infection and having no serious suppression on the part of entomophagous organisms, a GM population grows quickly up to an outbreak level. When GM density gets high (at nearly complete defoliation of host-trees), it arises a favorable conditions for appearing and spreading over all the population an acute form of infection. As vectors of this form of infection, it serves mainly parasites that prosper in a dense host population on condition that weather situation gets favorable for them. Even as an abundance of pathogen's vectors leads to transforming inapparent infection into acute one. Two-three seasons with high density of GM it is enough to affect nearly all the population with acute form of infection and parasitization that results in sharp decreasing of the density.

LS of GM of this category (1.2.1.) is as follows:

1.2.1. LS of GM = SP <-----> Host-tree tolerance + complex effect of 

parasites and pathogens with acute form of infection, the suppression

of a GM population is directly density-dependent, spasmodic.

The prerequisites of these CESPPs are the following: high density of GM, weather conditions favorable for activity of natural enemies of GM, first of all its parasites; they spread pathogens and render direct mortality.

The data on GM density in 1.2.1. are shown in the Figure 1.

The relation between a territory and a category of LS of GM operating therein it is not absolute. Weather vicissitudes can slur over their borders. In the zone of normal abundance, appearing of wet weather in the period of GM larval phase is possible that causes the decline of a GM outbreak at affection by acute form of infection. P.M. Rafes (1980) observed such a case. On the other hand, in the southeast part of the zone of possible abundance, it is possible prolonged drought in the period of high density of GM. Such a drought suppresses vectors of pathogens, and therefore speeds up spreading of infection. In so doing, duration of an outbreak increases from six years to ten years    (Khanislamov et al., 1958). These outbreaks continue until appearing of wet weather which induces acute form of infection.

1. The type of host-tree resistance - tolerance.

1.2. The zone of occasional abundance of GM.

1.2.2. The intermediate level of ecosystem stability to GM.

In such ecosystems, forest structure has been disturbed in a less degree than that in the ecosystems of the above categories. In the former, there exist a rather dense canopy, an undergrowth and a developed grass cover. Drought in May-June and severe winter suppress the activity of natural enemies of GM that leads to growth of its density. However, this growth is interrupted before complete defoliation, and the cause of this interruption is restoration of activity of local natural enemies of GM. Significant contribution in the suppression is came to be by penetrating of parasites from neighbor ecosystems, which are more favorable for GM parasites. Small outbreaks of GM can be suppressed by migrating flocks of birds.

LS of GM of the category 1.2.2. is as follows:

1.2.2. LS of GM = SP <-----> Host-tree tolerance + predators + parasites 

+pathogens, the suppression of a GM population directly density-

dependent, with a delay.

The prerequisites of  these CESPPs are characteristics of ecosystems (not too much disturbed forest) at which activity of natural enemies of GM is able to restore at the intermediate level of its density.

The data on GM density in 1.2.2. are shown in the Figure 1.

1. The type of host-tree resistance- tolerance.

1.2. The zone of occasional abundance of GM.

1.2.3. The high level of stability of ecosystems to GM.

This is a forest in mesic or hydric habitats with a closed canopy and rich composition of tree, brush and grass species. Here, the high activity of predators, parasites and pathogens retains at any weather situation. The following factors promote them: a closed canopy (it ensures an appropriate microclimate favoring natural enemies of GM at the drought and severe winter as well as continual retaining of infection due to lack of insolation); rich species diversity of vegetation (these species ensure an imaginal feeding of parasites, provide insectivorous birds with a fodder - various insect species, seeds, berries); rich composition of insect herbivores provides parasites of GM with alternative hosts that is obligatory for successful hibernation in a number of parasite species. The presence of diverse factors of GM mortality and continually low its density impede the growth of resistance of a GM population to pathogens.

LS of GM of this category (1.2.3.) is characterized by the following formula:

1.2.3. LS of GM = SP <----> Predators + parasites + pathogens + host-

tree tolerance, the suppression of a GM population is

directly density-dependent, smooth.

The prerequisites of these CESPPs are ecological conditions in an ecosystem composing the optimum for all the natural enemies of GM that ensures the high activity of them at any weather situation.

Because GM density at 1.2.3. stays continually low, host-tree tolerance  plays only an insignificant part in this EE.

The data on GM density in 1.2.3. are shown in the Figure 1.

   1. The type of host-tree resistance - tolerance

   1.3. The zone of possible abundance of GM.

   1.3.3. The high level of ecosystem stability to GM.

    The population dynamics of GM in Moscow Region (Russia) can serve as an example of such a situation. This species inhabits this area permanently staying, however, as a rule at very low density  (Semevsky, 1973). Over all the history of entomology, it was recorded only one outbreak of a local population of GM - in the beginning of 1980-ies (Vorontsov, 1987). Two times (in 1892-1893 and in 1958-1959), it was observed mass appearing of this species that was obviously a result of a migration from the areas more favorable for GM than Moscow Region. As to the outbreak of 1958-1959, it was observed the sudden appearing of a great many of GM butterflies at the wind of south-east direction, and an attraction by a light trap not only males but also females of GM. The flight of GM females is characteristic for the Asia and Bashkirian GM populations  (Baranchikov and Kravtsov, 1981).

In this zone, weather conditions actually always are favorable for high activity of GM natural enemies. The latter keep the local GM population on innocuos level over many decades or even centuries. Moreover, they suppress myriad of migrated individuals. The migrated population of GM is abundant only during two seasons. In this area, prolonged and cold rains are common in end of May and beginning of June. They play the important part in population dynamics of GM. In fact, low air temperatures suppress the immune system of GM larvae, and high air humidity promotes fungal diseases. The latter break larval skin that leads to exposition of inner tissues affected with polyhedrosis. In a result, the infection spreads widely in a GM population. 

At normal situation, i.e. at absence of mass migration of GM from distant areas, all the ecosystems in this zone stay at the high level of stability to GM. The formula of LS of GM of this category (1.3.3.) is as follows:

1.3.3. LS of GM = SP <----> Predators + parasites + pathogens + 

weather stress +host-tree tolerance, the suppression of a GM population

.is directly density-dependent, smooth.

The prerequisites of these CESPPs are the absence of mass migration of GM and weather conditions close to yearly average in the period of a larval phase of GM.

Again, the role of host-tree tolerance in EE of 1.3.3. is insignificant.

The data on GM density in 1.3.3. are shown in the Figure 1.

At mass migration of GM from distant areas and such rare events as the outbreak in early 1980-ies of the local population, some ecosystems go over to the category of the intermediate level of stability to GM. In such a case, the formula LS of GM (1.3.2.) is the same as 1.2.2. namely:

1.3.2. LS of GM = SP <----> Host-tree tolerance + predators + parasites 

+ pathogens, the suppression of a GM population is directly density—

dependent, with a delay.

The prerequisites of these CESPPs are weather conditions close to yearly average in the period of a larval phase of GM.

The data on GM density in 1.3.2. are shown in the Figure 1.

In the zone of possible abundance of GM, the ecosystems with the low level of stability to GM have not been recorded.

1. The type of host-tree resistance - tolerance.

1.4. The zone of possible occurrence of GM.

1.4.3. The high level of stability of ecosystems to GM.

This territory is situated to the north from Moscow Region up to the southern part of Leningrad = St.- Petersburg Region where the northern border of the range of GM in Russia is recorded.  Here, weather conditions renders always a direct suppressive effect on GM. The appearing of cold weather that is common during all the period of larval and pupal phases suppresses the immune system of GM and predisposes its population to affection by pathogens. Due to climatic conditions, duration of development in these phases gets more lasting that exposes the pupal phase to low temperatures at the end of a season. The wet climate of this territory promotes the activity of parasites. Thus, in this zone, all the ecosystems are pertinent to the high level of stability to GM. Their LS (1.4.3.) might be expressed by such a formula:

1.4.3. LS of GM = SP <----> Weather stress + pathogens + parasites + 

predators, host-tree tolerance, the suppression of a GM population

is density-independent.

The prerequisites of these CESPPs are weather conditions close to yearly average in the period of larval and pupal phases of GM that suppress this insect and promote the activity of natural enemies.

The role of host-tree tolerance in EE of 1.4.3. is insignificant.

The data on GM density in 1.4.3. are shown in the Figure 1.

1. The type of host-tree resistance - tolerance.

1.1. The zone of normal abundance of GM.

1.1.4. Special cases of GM population dynamics.

1.1.4.1. Reservations.

There exist ecosystems where significant density of GM stays year after year with defoliation in the range 40-60% (Naumenko, 1973). This author called them "reservations" of GM. They are oak groves with well-expressed traits of the low type of ecosystem stability to GM in dry and hot climate (southern Moldova, Former Soviet Union). Climatic conditions in summer of the territory where the considering pattern of GM population dynamics is recorded and the level of ecosystem stability of these stands are close to those in the type 1.1.1. However, patterns of GM population dynamics in the mentioned cases are different. What is a cause of the difference? The cause consists in the following: in 1.1.4.1., there are favorable conditions for activity of bird predators and, on the other hand, numerous shelters for egg-masses, larvae and pupae of GM are present. The birds can make nests in rather developed undergrowth of these ecosystems. The birds prey these insects.

Further, intensive agriculture outside of the oak groves provides the birds with alternative food. In spite of the abundance of birds, a part of the local GM population has a chance to survive. This is so because numerous cavities in a butt part of the trees that are characteristic for oaks of a sprout origin allow to many GM individuals to find shelter from bird predation. Hot and dry weather in a larval phase suppresses parasites and pathogens, so that acute form of infection is eliminated. And significant predation on the part of birds impedes accumulation of inapparent form of infection. In a result, the local GM population continues to be healthy over unlimited period, and therefore its density does not drop to an innocuous level.

The LS of the category 1.1.4.1. might be expressed as follows:

1.1.4.1. LS of GM = SP <----> Host-tree tolerance + avian predators in 

various phases of GM life cycle, the suppression of a GM

population is directly density-dependent, with the

high level of threshold activity.

The prerequisites of these CESPPs are unfavorable conditions for parasites and pathogens of GM and rather developed activity of its avian predators.

The data on GM density in 1.1.4.1. are shown in the Figure 2.

1. The type of host-tree resistance - tolerance.

1.1. The zone of normal abundance of GM.

1.1.4. Special cases of population dynamics of GM.

1.1.4.2. Isolated plantations in the semi-desert bioclimatic zone.

One more category of LSes of GM is described now according to the words of G.V. Lindeman (pers. comm.). Over many years, he has observed GM in the plantations established in the semi-desert bioclimatic zone of the clay subtype. A point of the observations is situated in the settlement Janybek on the border of the Volgograd and Ural'sk Regions (Russia), where in early 1950-ies the planting has been made. In particular, this planting includes the birch and the English oak. Although the distance to the nearest stands of GM host-trees reaches nearly 80 miles, this species penetrates into this point, and in late summer, its egg masses appear here.

Consider local CESPPs. Severe environmental conditions obviously hinder the activity of GM parasites. Their suppressive role is likely close to zero. Nevertheless, outbreaks of GM do not arise in the planting. The only cause of the lack of the outbreaks consists in migratory birds, which feed by GM eggs in fall and may be in spring destroying egg masses completely. The planting composing an island in a treeless area attracts a lot of birds on the way of their season' s migrations. These birds clean trees from GM rather that the young trees do not provide the egg-masses with an adequate shelter. For this situation, LS is simple as follows:

1.1.4.2. LS of GM = SP <----> Avian predators during an egg phase,

host-tree tolerance, the suppression of a GM population is density-

independent.

The prerequisites of these CESPPs are the presence of numerous birds consuming GM egg masses, the lack of a shelter for them.

The role of host-tree tolerance in EE of 1.2.4.1. is insignificant.

1. The type of host-tree resistance - tolerance.

1.2. The zone of occasional abundance of GM.

1.2.4. Special cases of population dynamics of GM.

1.2.4.3. Shade trees.

In Kyiv (Ukraine), shade trees are actually free from GM year after year. For the first glance, this fact seems to be wonderful because in this planting, it is present the preferred for GM species - poplars, oaks, apple-trees, birches, mountain ash and others whereas a city' s environment is unfavorable for GM parasites. pers. comm. ). 

With the aim to make clear this problem, the author conducted a study exposing egg-masses of GM near a base of the host-trees on streets and parks in Kyiv. The number of the eggs per tree equaled approximately five thousand. The height of the chosen trees was such to be their crowns can be looked over - up to five meters. After the exposition, mortality of the larvae and consumption of the foliage by them were observed. These studies that were conducted over several seasons showed the disappearing of all the larvae in I-IV instars. The predation by birds - the sparrow and the titmouse was the only registered mortality factors. Surviving even few of the exposed insects was unlike because the usage of pheromonal traps in the same seasons did not reveal the presence of GM moths. No GM parasites were recorded.  The percentage of the consumed foliage was low - a less part of foliage in an upper part of a tree crown. This LS might be expressed as follows:

1.2.4.3. LS of GM = SP <----> Avian predators on young and middle-

aged larvae of GM, host-tree tolerance, the suppression of a GM

population is density-independent.

The prerequisites of these CESPPs are the presence of numerous birds with the shortage of alternative food for them, the lack of other natural enemies of GM.

The role of host-tree tolerance in EE of 1.2.4.3. is insignificant.

The data on GM density in 1.2.4.3. are shown in the Figure 3.

1. The type of host-tree resistance - tolerance.

1.2. The zone of occasional abundance of GM.

1.2.4. Special cases of population dynamics of GM.

1.2.4.4. Neglected fruit orchards.

The exposition of GM egg masses in such an orchard in a suburb of Kyiv showed high mortality of young larvae due to parasites and birds so that live larvae disappeared before IV instar. When rearing them in an isolation (in cages), most part of the larvae produced pupae and adults. Hence, this LS  (1.2.4.4.) is the same as it in forest with the high level of stability to GM - 1.2.3.

1. The type of host-tree resistance - tolerance.

1.2. The zone of occasional abundance of GM. 

1.2.4. Special cases of population dynamics of GM.

1.2.4.5. The infested area in North America.

Consider LSes of GM in North America. Here, there exist a bimodal population system of GM  (Campbell, 1981, p. 65). In other words, there are two main patterns of population dynamics of GM that are pertinent to diverse areas of the GM range in this continent. The first pattern is characteristic for the area infested several decades ago (the generally infested area) whereas the second  - for the advancing front of the generally infested area and for the island infestations outside of this area. The difference between these patterns in short words is as follows: in the generally infested area, population behavior of GM is as that in Europe, whereas in the advancing front of the generally infested area and in the island infestations, GM populations behave as in America in 1880-1907.

For grounding of this statement, it should cite M.E. Montgomery and W.E. Wallner (1988, p. 354) who noted the similarity in the situation described by F.H. Forbush and C.H. Fernald (1896) - " the first outbreak in North America in 1889", and the outbreak in Pennsylvania in 1982 at "the invasion into that state". Both cases are characterized by high aggressiveness of GM when it occurs a denudation of all the vegetation and threat to human life.

The generally infested area is characterized by the presence of relatively stable ("resistant" in the American literature) ecosystems where density of GM stays on the low level in most of years. In susceptible ecosystems, the periods of high density of GM are alternated with a number of years when the density is low. The patterns of GM population dynamics in these categories of ecosystems are similar to those in Eurasian ecosystems with the various levels of stability to GM. The characteristics of their habitats and vegetation are similar also. However, the difference between the stable and unstable state of ecosystems in Eurasia is expressed more clearly. In fact,       "Innocuous populations in North America normally appear to range between 2 and 25,000 fourth-instar larvae per hectare"   (Campbell, 1981, p. 65). In Europe, at an innocuous phase, a pheromone trap catches only several GM males. 

The idea of dependence of drought in May-June on subsequent arising of a GM outbreak is adopted by entomologists both in America and Eurasia. The review on the role of the drought one may find in the report by W.J. Mattson and R.A. Haak (1987). On the other hand, the role of severe winters is known in America a little if any. But such a dependence can be demonstrated if to pay attention on some facts, namely: "...several particularly severe winters" in the middle of 1920-ies in the north-eastern states, and  sharp increase of acreage of GM infestations beginning with 1925 after nearly two decades of depression in GM activity (Burgess, 1930, p.721). Here is the values of the infestation area in this period (acreage): 1924 - 825, 1925 - 48,560, 1926 - 80,560, and further growth of the area up to 1929.  The same dependence may be seen on severe winter in 1933-1934, when the Ontario Lake was caught by ice, and the GM outbreak in the second half of 1930-ies, which was studied by H.A. Bess (1961). 

When explaining the effect of drought on arising of GM outbreaks, there exist the opinion that the drought precludes the descent of older larvae of GM into forest litter for day-light hours, and induces them to pupate in tree crowns. Therefore, ground (mammal) predators cannot eat them. The decreased mortality of the larvae and pupae increases GM density to the outbreak level.

This opinion can explain the growth of GM density in the stable ecosystems. But it does not explain the effect of the drought in susceptible ecosystems where GM larvae stay in tree crowns over all the larval phase at any weather situation. H.A. Bess (1961, p. 9) has recorded this fact and expressed by the following words: "In open dry woodlands.... large larvae usually remain above forest floor.... Pupation occurs in niches, similar to those where the larger larvae are found during day time". Hence, in the susceptible ecosystems, neither larvae, nor pupae of GM have contact with ground predators always. Nevertheless, the drought induces outbreaks of GM in such ecosystems.

When searching for causes of such an effect, it should recall that in Eurasia the droughts as well as severe winters suppress GM parasites and avian predators, whereas the effect of weather situation cannot be connected with the ground predators of GM because individuals of most GM populations in Eurasia spend all the time on trees and therefore have no contacts with these animals. Why does not suppose the same effect of the weather situation in North America rather that GM parasites have been introduced into this continent mainly from the areas with mild climate - South Europe and Japan?

This supposition suggests that in North America, the parasites, closely connected with them pathogens, and avian predators play the main role in suppression of GM, and casts the doubt on the concept of the important role of the ground (mammal) predators. Such a conclusion is rather surprising because the literature in several past decades has declared just the main role of the mammal predators as for GM suppression in North America. The problem needs for further consideration, in particular by analysis of experimental data on the role of the mammal predators. Here is the report presented by R.W. Campbell (1981, pp.70-75). The mortality caused by vertebrate predators particularly by mammal predators occurred to be low in all the studied situations. The mortality is not registered at the dense level in Glenville (p. 70) and is negligible at the sparse level when it is hardly above 1% - 4.6 individuals of 450 (p. 72). In Eastford where GM density is always less than that in Glenville, its value is only 5% of 450 (the number of eggs per egg mass). This is a total mortality due to vertebrate predators where the part of mammal predators (the deer mice) is 2.5% (p. 73). In all these situations, the main causes of the mortality are parasites, diseases, including "desiccation" and unknown factors  ("dispersion", "other"). Probably, the significant part of the mortality composing the categories "dispersion" and "other" in reality is due to avian predators and parasites because to register the operation of these factors is much more difficult than that at the mice predation (the mammals leave the remnants of GM larvae and pupae on surface of the soil).

R.W. Campbell and R.J. Sloan (1977) revealed the significant suppressive effect on GM by the predators of both groups. Although it seemed the impact of the bird predation was greater, namely: "Generally, egg-mass counts increased 4-fold where small mammals were removed. When birds were also controlled, there was additional 10-fold increase" (Campbell and Sloan, 1977, p. 316).

The earlier report by H.A. Bess (1961, p.9) also gave data that might be thought as supporting this standpoint. Indeed, beside the significant values of parasitization on GM larvae reaching 25% and sometimes over 50%, he showed the high percentage (40-59%) of disappearing of the larvae due to "unmeasured" causes. Bearing in the mind the difficulty when studying the causes of mortality of the young larvae that spend all their time in host-tree crowns, it is logical to suppose that a great many of their mortality percentage is attributed to parasites and avian predators.

Spending day-time hours in forest litter, GM in North America gets shelter from parasites and partially from avian predators whereas rodents hardly to persistently attack its larvae because these animals are active mainly in night hours. The danger for GM pupae in forest litter is much greater but it might be less than that on host-trees. That is why at drought in May-June when the activity of parasites and avian predators gets suppressed, older GM larvae stop their diurnal migrations to forest litter and pupate on host-trees. In such a weather situation, the danger on the part of ground predators occurs to be greater than that on the part of parasites and birds. The diurnal migrations of older GM larvae are hardly to promote the decreasing of GM density in North America. The retaining of this behavior trait over one hundred years suggests its adaptive value. In its life strategy, the American population of GM has chosen the less evil - mammals  (ground) predators in forest litter rather than parasites and avian predators in older larval stages and in a pupal phase. When parasites and birds are abundant, GM gets innumerous even if ground predators are insignificant. Such a situation takes place in neglected fruit orchards (W.E. Wallner, pers. comm.). On the other hand, when parasites are ineffective, vectoring of pathogens is slow. Then, GM density reaches such a level at which starvation gets the main factors suppressing it (at the lack of control measures). Just such a situation was in North America in the period approximately of 1889-1907. Now the similarity to this situation one may see in the newly infested area.

The next task is to describe LSes of GM in North America. As to the generally infested area, LSes of GM as a whole are similar to those in the zone of possible abundance in Eurasia. Although, comparing with Eurasia, the differences among various categories of LSes are less expressed and aggressiveness (occurrence, density, negative impact on host-trees) of this species is higher. These differences might be explained by the fact that in North America the interrelations of GM and the environment are still in the period of forming. It implies first of all that the community of GM parasites is more limited, and they less adapted to local climate, in particular they undergo heavy mortality at severe winters. It is significant that until recently the protozoan pathogens do not occurred in North America. Also, the trait to spend day-time hours in shelters especially in forest litter might provide the American GM population with some advantages in term of better protection from entomophagous organisms.

Let us consider the composition of LSes of GM in the old infested area with the usage of the published data. The most convenient report it seems to be provided by M.E. Montgomery and W.E. Wallner (1988). In this report, one may see the figures and the text (pp. 361-362) showing the patterns of GM population dynamics. The graph of the figure 4 demonstrating the defoliation by GM in North Stonington over 20 years is obviously adequate to the low level of ecosystem stability to GM. LS of GM for such conditions might be the same of that of the category 1.2.1. (see above). On the other hand, the population dynamics in Eastford "50 years before it was studied during 1965-1968" when "the population remained sparse at 0.1-20 egg/ha" would illustrate the high level of stability to GM with LS  as in 1.2.3. However, in 1971-1981, this ecosystem got character of the intermediate level of the stability (see the category 1.2.2.). The situation in Cheshire is between the intermediate and the low levels of the stability. At the present knowledge, it seems that CESPPs presented in the formulae of LSes of the categories 1.2.1., 1.2.2., 1.2.3. might be used for characteristic of the corresponding LSes in the old infested area in North America. Let American LSes of GM analogous European ones be marked as follows: 1.2.4.5.1., 1.2.4.5.2.and 1.2.4.5.3. The further studies certainly will bring into them some modifications.

The data on GM density in 1.2.4.5.1., 1.2.4.5.2. and 1.2.4.5.3. are shown in the Figure 4. 

Consider probable composition of GM LS in the conditions of the advancing front of the generally infested area and the island infestations in North America. Above, it was proposed that in this area the pattern of GM population dynamics is close to that in 1889-1907. Because this statement is only roughly true, it needs in a sidelight. What we know about mortality factors of GM in America in 1889-1907? F.H. Forbush and C.H. Fernald (1896) gave valuable information in this field, namely: the role of parasites among them was insignificant - below 10%, " a very careful watch has been kept for any indication of vegetable parasites, either fungi or microbial, and nothing has thus far been discovered."(p. 405). The fecundity of GM was very high - up to 1400 eggs (p. 25). Hence, the population was free of inapparent form of infection, whereas the rate of increasing of the GM population reached only 6,42 (p. 95) rather than 700. The latter value would be observed if all the progeny would survive (at a sex ratio 1:1).

In that time, GM density might be decreased by the following factors: predation by mammals, birds, frogs, toads, insects, weak activity of local species of parasites (pp. 366-405), starvation, dispersion, control measures. Probably, the latter brought the main contribution to a total suppressive effect. In fact, according to M.L. McManus and Th. McIntyre (1981), control work from 1891 to 1900 was very successful, whereas abandoning this project in 1900 resulted during the next 5 years tremendous increasing of GM density in Massachusetts and appearing of new infestations in a number of states.

The main conclusion that might be drown from the GM population behavior in that period is the fact that nor predation (all the kinds), nor local  (unadapted to GM parasites) are able keep the GM population on the level below threshold of damage. 

In contrast to present time when bird predation suppresses GM to the negligible level in shade trees ecosystems (see LS of the category 1.2.4.3.), in that time, the suppressive role of birds in settlements was insufficient. This fact might be explained taking into account the sparrow which is very effective now, in past time (before the car era) has abundant food resource, more preferred than hairy GM caterpillars - dung on streets.

Only adapted to GM parasites in cooperation with pathogens are able suppress GM effectively. True, in 1908, "...myriad of caterpillars in the first stage were found "wilting" in the forest Melrose, and when just a little latter practically every caterpillar was destroyed in one particular locality there seemed to be reason to hope for speedy relief through disease" (Howard and Fiske, 1911, p. 98). R.W. Glaser (1915, cited in R.W. Campbell et al., 1978) reported that this observation was ": the first printed record of wilt in North America" and that "it may have been introduced with parasites imported in 1905". After that, the abundance of GM and its damage for vegetation got low until middle of 1920-ies. In 1925, a new expansion of GM began.

Considering the situation in with GM in the newly infested area in the recent time, one may see the similarity with that in the period of 1889 - 1907. In fact, R.W. Campbell (1981, p. 78) reported that "Recent results suggest that fecundity may be exceptionally high near the advancing front of the generally infested area". Such a situation is characteristic for populations free of diseases. The R.W. Campbell' s report is in well accord with the C.C. Doane' s (1976) hypothesis that nuclear polyhedrosis virus should exhibit a time lag before increasing in the recently infested areas. This does not mean, however, that diseased GM individuals are lack in the leading edge. In fact, M.R. Carter et al. (1991) studied the causes of GM mortality in seventeen sites of the advancing front of the generally infested area conditions and found out that the most significant factors of the mortality were polyhedrosis as well as starvation. The comparative role of these mortality causes depends on circumstances, particularly possibilities of parasites to accompany their host. In this context, a valuable study was conducted by M. Ticehurst (1981) in the leading edge of GM infestation. It occurred to be that at heavy defoliation in 1974 and 1975, the value of affection by stinging parasites - vectors of diseases ( Apanteles melanoscelus and Phobocampe disparis ) was negligible - 0.6 - 0.7%, respectively. At such low values of vector activity, disease incidence would be small. On the other hand, at a collapse of the infestation in 1978, the number of GM individuals parasitated by them reached 9.7 and 12.4%, respectively. At such activity of the vectors, significant mortality due to polyhedrosis is probable. Interestingly, well flying tachinid parasites reached appreciable values of GM affection just at the beginning of an outbreak phase - in 1974, namely: Blepharina pratensis - 21.4%, Brachymeria intermedia - 9.8%. However, not being the vectors, these species did not preclude the growth of GM density.

Above considerations give the grounds to describe LS of GM in the  infested area in North America. Here, it operates the predators (avian, mammal and others), the tachinid parasites having an ability to fly over a large distance but having no properties to be vectors of pathogens. The hymenopteral (stinging) parasites - vectors of pathogens but weak flyers spread gradually over the zone. Nevertheless, their role should be considered as insignificant because as they and carrying by them pathogens occurred to be established in a given ecosystem, the latter proceeds to other category of the GM range - the old infested area. The difference between situations in the newly infested are and the infestation before 1908 consists just in the lack of the adapted to GM parasites and all the pathogens over all the range of this species in North America in that time. A contribution in a complex of the factors impeding growth of GM density is offered by dispersion of GM larvae. However, if control measures are not practiced, only the least factor of environmental resistance is able to suppress GM - starvation. Here is an example: in southern New Jersey in 1972 soon after GM had invaded in this area "... ground ...resembled a moving carpet - a carpet composed of starving caterpillars" (Campbell, 1974, p. 18).  Obviously, in such conditions, the role of host-tree tolerance is very important. Only this trait can save an ecosystem from destruction, when control measures are not conducted.

The formula of GM LS in the newly infested area (let it be 1.2.4.5.4.) is as follows:

1.2.4.5.4. LS of GM = SP <------> Host-tree tolerance + starvation + 

predators (avian, mammal and other) + tachinid parasites +

+ dispersion, the suppression of a population is late

directly density-dependent, spasmodic.

 The prerequisites of these CESPPs are the following: a GM population is free from adapted parasites, and therefore free from the acute form of infection; in some cases it is free of the  inapparent form of infection.

The data on GM density in 1.2.4.5.4. are shown in the Figure 5.

There exist the populations of GM which feed by various species of evergreen coniferous trees as preferred host-trees. For some of these species, it has been demonstrated that they are protected against feeding by defoliators. It has been found out that when a larva attempts to feed by their needles, droplets of oleoresin exude and repel or kill it. Such a protective response was studied well in the Scots pine by V.I. Grimal'sky (1971). It occurred to be that young larvae of pine defoliators are able to feed by needles only on weakened trees where oleoresin exudation actually lacks. At decreasing of host-tree antibiosis, the tolerance serves as a means of surviving of these trees although the possibility of the tolerance in a given case is much less than that in deciduous trees.

First-instar GM larvae hardly to be able to feed by needles of evergreen coniferous trees. They need in the presence of deciduous species as an admixture to the main stock   (the coniferous tree species) or in abundant generative (pollinoferous) organs of their host-trees. The deficiency of such a food (male = staminate "flowers") provides the host-trees with a special type of resistance - evasion.

Innumerous reports about GM outbreaks in ecosystems with evergreen coniferous species suggest the existence of the zone of occasional abundance of GM with three levels of the stability.

2. The type of host-tree resistance - antibiosis.

2.2. The zone of occasional abundance of GM.

2.2.1. The low level of ecosystem stability to GM.

This level of the stability is characteristic for stressed ecosystems, those on the poor and dry soils, disturbed by human activity, under the effect of drought and/or severe winter. In such a situation, host-tree antibiosis and activity of GM parasites are suppressed. Here, outbreaks of GM are finished under the effect of activation of pathogens and parasites. High density of GM and an appearing of wet weather activate these mortality factors. This is an imperfect type of the ecosystem stability because the suppression of a GM population comes often too late to survive of significant part of the main stock of host-trees. Heavy mortality of them is a common case in such a situation. A chance of surviving is offered by presence in some coniferous tree species a significant tolerance, for example in the Scots pine.

It is proposed the following formula of LS of the category 2.2.1.:

2.2.1. LS of GM = SP <----Pathogens + innumerous species  of parasites 

+ weak host-tree tolerance, the suppression of a GM population is 

directly density-dependent, spasmodic.

The prerequisites of  these CESPPs are high density of GM, onset of wet weather, the presence in host-tree species a hereditary traits to restore needles after heavy losses of them.

2. The type of host-tree resistance - antibiosis.

2.2. The zone of occasional abundance of GM.

2.2.2. The intermediate level of ecosystem stability to GM.

In the ecosystems with less degree of disturbing, it is possible restoring of antibiosis and activity of natural enemies at appearing of wet weather at intermediate density of GM. Such ecosystems return into stable state under the effect of antibiosis, natural enemies of GM and tolerance. The formula of LS of this category (2.2.2.) is as follows:

2.2.2. LS of GM = SP <----> Host-tree antibiosis at onset of wet weather + host - tree tolerance + natural enemies, the suppression of a

GM population is directly density-dependent, with a delay.

The prerequisites of  these CESPPs are onset of wet weather and not too bad state of an ecosystem.

2. The type of host-tree resistance - antibiosis.

2.2. The zone of occasional abundance of GM.

2.2.3. The high level of ecosystem stability to GM.

This situation is typical for undisturbed by humans forest ecosystems on the rich and wet soils. The main CESPPs in this LS is host-tree antibiosis. Further, there is usually in such habitats a wide diversity of plant species accompanying coniferous dominants. Therefore, the role of entomophagous organisms is significant. Probably, host-tree evasion also operates in this LS. In fact, N.K. Latyshev (1972) studied surviving of the close relative of GM - the nun moth, Porthetria (Ocneria) monacha (L.) at feeding on the Scots pine. This author found out that if the newly-hatched larvae were forced to feed by pine needles, their mortality reached 95%. On the other hand, when staminate flowers of the pine were available to feeding in the first and the second instars, the mortality over all the larval period dropped to 15%. Beginning with the third instar, the larvae fed successfully by current-year needles, and in the forth instar they normally fed by former-year needles. The role of host-tree antibiosis was shown in this study. When the larvae fed by needles of weakened trees, their surviving got higher on 30%. The condition of both food resources of the nun moth depended on weather situation. Rainy weather in spring prolonged the presence of staminate flowers until the larvae entered to the third instar. Hot and dry weather after this period resulted in weakening of pine trees. N.K. Latyshev considered such a cooperation of host-tree evasion and antibiosis as an important factor of pest's density growth. This study was conducted in Southern Ural, where the Scots pine grown on the border its range. Here, impact of weather situation on ecosystem stability is very potent. On the other hand, in Ukraine in Kyiv Region in ecological optimum of the Scots pine, well-managed pine stands keep their stability at any weather situation. Interestingly, in 1979-1980, when in Eastern Europe, it was great outbreak of the nun moth, the stable pine stands in this Region had no any signs of defoliation. Although pheromonal traps caught many males of the nun moth  in these stands (M.M. Zavada, pers. comm.). The formula of LS in this situation is as follows:

2.2.3. LS of GM = SP <----> Host-tree antibiosis  + natural enemies + 

host-tree evasion, the suppression of a GM population is directly

density-dependent, smooth.

The prerequisites of these CESPPs are good physiological state of host-trees and favorable conditions for natural enemies of GM.

There exist ecosystems where both tolerance and antibiosis are probable CESPPes in host-trees as to GM. These are ecosystems where the larch (Larix spp.) is an dominant. Outbreaks of GM in larch stands are common in the southern part of Central and East Siberia (Russia). This species appears usually as a satellite of the much more dangerous pest  - Dendrolimus sibiricus (Tschtv.). These outbreaks are typical for very weakened stands, situated on the border of the forest and steppe bioclimatic zone, affected by forest fires, wood cutting and grazing. The data on population dynamics of GM in such conditions are insufficient for describing of its LS formulae. However, some suggestions might be done.

Larch trees survive even at losses all the foliage over three seasons in succession on condition that physiological state of these trees is not too bad. Therefore, the tolerance plays a significant role in the LSes. Larch needles have the oleoresin protective mechanisms although less developed than that in the evergreen coniferous species. The role of the antibiosis in larch foliage as a CESPPs is unclear.

In Siberia, it is probable the direct suppressive effect of low temperatures in summer on GM. Being of a tropical origin, GM differs greatly from Dendrolimus sibiricus. The latter is very tolerant to cold. It feeds in tree crowns until late fall. Only at appearing of the first snow, its larvae descend into forest litter for hibernation. Probably, the difference in the cold-hardness is a cause of unequal aggressiveness of these species in Siberia. Hence, their LSes are different.

In the above formulae of LSes, there is a factor of still uncertain nature - species potential (SP). It should recall that this is a complex of species' traits directed on counteracting CESPPs. This is a protective traits of a herbivore species against diverse mortality factors. Various species of herbivores differ in this respect. Some of them gained more valuable traits in their evolutionary history than others, and in a result of this success, the former reach an outbreak level more often and on a wider area. Consider in brief such traits in GM.

Most part of a year, this species spends in the least vulnerable phase - eggs, which are laid mainly into various shelters. Older GM larvae feed in dark hours when avian predators and parasites are inactive. Day hours they spend in shelters - bark crevices, stem holes and forest litter (the ground mammal predators are active at night). A well-developed hair cover of the larvae renders a significant hindrance for various predators. For example, according to observations in Ukraine (Grimal' sky and Lozinsky, 1976), the ants  (Formica spp.) avoid healthy larvae of this species. In a pupal phase, GM is a very vulnerable to predation. In North America, at shortage of shelters on host-trees, GM is forced to pupate in forest litter. This is an evidence that the ground (mammal) predators are less important than birds and parasites. At appearing of drought in May-June when activity of parasites and birds decreases, GM population responds by shifting of behavior. In so doing, the larvae pupate above soil surface.

These traits as well as a wide polyphagy lead to high density of GM. In every species, high density promotes activity of natural enemies. GM is able to evade to some extent the danger on the part of natural enemies. Its population responds to increasing the density by intensification of migrational behavior. Then, GM females promote .the migration of their progeny by means of laying egg masses on stems of the birch, Betula spp. This species is common as an admixture in oak stands in East Europe. The number of GM egg masses per birch stem reaches several thousands of pieces whereas neighbor oak trees bear only several dozens of egg masses per stem. Being a light-requiring species, the birch keeps its crown above a canopy of other species. Also, it has flexible branches. Under the wind, young GM larvae fly off easily these shaking branches. It was shown the direct dependence of GM density on percentage of migrating young larvae to other tree species.

Various GM populations differ in their ability to migrate in an adult phase. In Asian and Bashkirian GM populations, GM females are able to fly over many miles. This trait is obviously useful in the environment of island forest in a treeless area. The migrations of a GM population from an infestation to a neighbor forest plot where GM density is else low allows this population to evade from natural enemies which tend to accumulate with growth of the density. In a result, in this area GM outbreaks have a nomad character. In a given ecosystem, high density of GM stays only two-three seasons whereas an area-wide outbreak can continue up to ten years (Khanislamov et al., 1958).

The above traits compose SP of GM. Formalization of it for the usage in a formula of GM LS, in particular taking into account peculiarities of various populations of GM is an open scientific problem.

The next task is to consider the ways of suppression of GM with the usage of the knowledge of its LSes. In the first, it should stress the importance of GM parasites as direct mortality factors and vectors of pathogens. To be effective, parasites must be adapted to climatic conditions of a given territory. The initiative of L.O. Howard as to the transportation of GM parasites from Eurasia deserves continuation. However, the parasites should be transported from the regions with severe climate. In such a case, they would be not too vulnerable to weather extremes - severe winters and droughts. The prospective region for the transportation of the parasites is Bashkiria (Russia) - a territory with rather rich parasite community and distinctly continental climate where winter temperatures drop up to 50° C below zero. The introducing of parasites is expedient to unite with the usage of them as vectors of high-virulent strains of GM pathogens.

The parasites might be introduced into the areas of the probable spread of GM before its invasion into a given area. For this aim, it might be used nearly all the species known as parasites of GM. It has been proved that actually all the parasite species are polyphagous organisms affecting a number of hosts of the families Lymantriidae, Lasiocampidae, Notodontidae, Geometridae and Tortricidae (Zerova et al., 1989). Therefore, they have a chance to find insect hosts before penetrating of GM.

Temporary suppressive measures should bear the least negative effect on natural enemies of GM. That is why, only microbial and hormonal preparations can be recommended for control of GM.

The most prospective way of GM control is establishing the stable forest ecosystems. In fact, in spite of its great SP, GM can be kept on the low level of density over the unlimited period. There exist a priority of the ecosystem stability. The stable state of an ecosystem - this is a presence of favorable conditions for natural enemies of GM and high level of host-tree resistance. This is a situation of high efficacy of prerequisites of CESPPs.

It is important to ensure the mild microclimate in a stand. By means of decreasing of weather extremes at drought and severe winter, it is possible to promote surviving of GM parasites. In mesic habitats, a forest canopy should be closed. In xeric habitats, due to expressed moisture deficiency, trees should be placed more loosely, and a closed canopy in such conditions is undesirable. Here, the adequate microclimate can be created by a thick undergrowth. All the above measures decrease solar lighting of soil surface, and therefore promote retaining of infection affecting GM.

The composition of tree, brush and grass species in an ecosystem should be diverse as much as possible. It would provide with food all the natural enemies of GM.

Even very poor habitats might be modified into better ones with the help of silvicultural methods. Thus, on coastal-sand plains where the vegetation (sparsely grown willows) is susceptible to GM, it can be used for afforestation the black locust, Robinia pseudoacacia (L.). The same is true for steppe afforestation. Being a species that is usually avoided by GM, the black locust enriches the soil. When planting the black locust, the poor sandy soils through several decades get suitable for planting of many species, more soil-requiring than the black locust. In such habitats, it can be established ecosystems with diverse species composition.

Forest stands with diverse species composition and loosely spaced trees have no high productivity. Therefore they are suitable mainly for ecosystems of a protective or recreative concern. However, exploiting stands should possess high productivity. The better of them are monocultures with high stocking density of fast-growing species. Providing such stands with moisture and nutrients in abundance, it is possible to ensure both high level of productivity and health of nearly all the stock. For such an aim, it is particularly prospective to use municipal waste water. 

Due to good physiological state of these trees, they would be resistant to stem borers and stem pathogens as well as to needle-eating insects. All these pest organisms are suppressed by host-tree antibiosis. On the other hand, in deciduous tree species whose resistance to defoliators has a character of tolerance, it is needed to use of additional measures for promoting to natural enemies of these defoliators. 

The deficiency in the monocultures of sources of parasites'  feeding in an  adult phase might be overcame by means of growing in vicinity of these ecosystems the grassy plants with abundant, early and prolonged blossoming. Such properties are present, for example, in the winter canola = the oilseed rape, Brassica napus (L.) ssp. napus which begins to blossom in central part of Ukraine in the middle of April, i.e. before hatching of GM larvae. The abundant and prolonged blossoming is offered by Phacelia spp.

It seems to be prospective to spray the flowering vegetation, where the parasites crowd, with high virulent strains of GM pathogens. These strains being non-virulent for the parasites would be spread within a GM population by means of stinging activity of the parasites.

The presence of vegetation for feeding of the parasites would not provide the complete protection of the deciduous tree plantations against GM. However, the level of GM density in such ecosystems it seems to be not too high. It is the ground to forecast for them the intermediate level of stability to GM. Here, temporary suppressive measures are not obligatory. Because physiological state of trees in them is good, tree mortality and significant decreasing of their increment in a result of the moderate defoliation are improbable.

The developing of the methods for establishing of monocultural plantations with high stock of fast-growing tree species in particular the poplars (let it be " intensive plantations") should be considered as an urgent problem. The outlook of this enterprise it seems to be very wide. Beside economic advantages that promise the obtaining of huge volumes of biomass per unit of an area, the plantations would serve as a powerful means of protecting of the environment. True, in the first, wastewater will be used with the utility. A special structure of such plantation with the usage of tree species which have a deep root system (the oaks) would minimize the risk of pollution of the subsoil water  (Vasechko, 1988). In the second, plenty of biomass on the market would decrease the human pressure on forest ecosystems. It promises the saving from cutting out the last rest of natural forest which is disappearing over the world. The intensive plantations can remove the problem of the forest decline. This is so because the true causes of the forest decline consist in the desire to obtain maximal wood production at the ignorance of proper silvicultural practices. It is not surprising that the forest decline is affected mainly Europe where the deficiency of forest materials is especially acute and soil resources have been exhausted by intensive exploiting of forest over a number of centuries. 

When solving this problem, the intensive plantations can be useful in such a way: being a powerful source of wood production, they will satisfy the demand of the human society, whereas the weakened exploiting forest stands might be shifted by ecosystems of a protective concern having the aim to increase soil fertility and maintain the stability of them against all the stressors (pest organisms, weather extremes, e.t.c.). Thus, the considering of the factors of GM population dynamics may contribute to solving of some urgent problems of mankind.

.
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LIST of ABBREVIATIONS

EE – Effective environment 

FESPPs – Factor of ecosystem stability to plant pests

CESPPs – Component of ecosystem stability to plant pests

GM – the gypsy moth

LS – life system

SP – species potential

.
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