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Theoretical basis of homeostasis maintenance in artificial insect populations and control of
their condition. T. Yu. Markina — The principle of homeostasis as a general property of biological
systems at various levels is fully peculiar for artificial insect populations. Features of technocenosis
cause some changes in structural parameters of insect cultures. Viability index is suggested to use as
the criterion of population condition. Correlation between viability of artificial insect populations
and intensity of vital taxis has been proved. The role of taxis in maintaining of population
homeostasis is analyzed.
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TeoperuyHi OCHOBH MiATPUMKHM TIOMeOCTa3y B INTYYHHX MNONMYJALiAX KoOMax i
KOHTpOJb ix crany. Mapkina T.FO. — I[lpuHmmmn romeoctasy, sSK 3arajJibHa BIIACTHBICTH
010JIOTIYHMX CHUCTEM PI3HOTO PiBHSA, B MOBHIM Mipl XapakTepHUU MTYYHHUM MOMYJALIAM KOMax.
Oco01MBOCTI TEXHOLIEHO3Y OOYMOBIIIOIOTH JIESIKI 3MIHM CTPYKTYPHUX MapaMeTpiB KYJIbTYyp KOMax.
SIk KpuTepidl cTaHy MNOMYJALINA TNPOMOHYETbCS BHKOPUCTOBYBATH ITOKa3HUK JKUTTE3IATHOCTI.
[TokazaHo 3B'A30K JKUTTE3AATHOCTI IUTYYHUX MOMYJSAMINM 3 I1HTEHCUBHICTIO MPOSIBY KHUTTEBO
BOXJIUBUX U1 KOMax TakcuciB. [IpoaHani3oBaHO PoJIb TakCHCIB B MIATPUMAHHI HOMYJSALIHHOTO
rOMeoCTasy.

Knwuosi cnosa: romeoctas, MITy4yHI NOMyNALii KOMax, CTPYKTYpHI MapameTrpH,
JKUTTE3IaTHICTD, IHTEHCUBHICTH TAKCHCIB.

INTRODUCTION

In recent years, the interest to mass rearing of insects and their comprehensive
use grows in the world [53]. By data of IOBC (International Organization for
Biological Control; www.iobc-global.org) and FAO almost 2700 agents of biological
control are known, and 170 species from them are entomophagous insects. About 30
large manufacturers deal with entomophagous insects production in the world, and 20
form them are located in Europe.

Breeding or rearing the rare and endangered insect species is also very
important trend, especially for nature conservation activity [22, 38]. Insects are
increasingly seen as valuable food resource for animals and humans [50, 55].
Programs of insect breeding as producers of raw materials and food (bees and
silkworm) are still of current interest.
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Successful implementation of all programs of technical entomology is based on
fundamental investigations of general biological lows for artificial insect populations.
Effective insect production is possible only taking into account the mechanisms,
which provide the population homeostasis, which is stable maintenance of viability
and reproduction in certain groups of animals [11, 49, 52].

The aim of this study was to highlight the achievements in theoretical and
practical problems of homeostasis maintenance in artificial insect populations and
control of their condition in accordance with the objectives of breeding programs.
Presented review is based on publications in scientific journals, including our own
data on homeostasis manifestation in artificial insect populations and control of their
condition.

RESULTS AND DISCUSSION

In modern biology homeostasis concept is among the main fundamental ones.
Methodologically it is closely related to system-wide concepts of self-preservation,
sustainability and integrity. Claude Bernard in 1878 was the first who expressed the
idea of homeostasis. He understood it as stability of physical and chemical conditions
of the internal environment of living organisms under the influence of environmental
factors.

Subsequently, in 1929, the term "homeostasis™ was introduced as the ability of
the body as an integrated system to maintain a constant internal environment [5, 47].
Homeostasis is achieved as a result of the functioning of complex adaptive systems,
which act on the basis of feedback. It is in this understanding the principle of
homeostasis can be considered as the common property of biological systems at
various levels [7, 42]. Homeostasis has its own characteristics and mechanisms of
maintenance at every level of biosystems' organization. The principle of homeostasis
of the population, as an integrated biological system, consists in the maintaining of
dynamic equilibrium with the environment [42].

The forms of homeostasis maintaining in natural populations are very diverse,
and their mechanisms are often common. Mechanisms of one group are stable and
cause system adaptation to the most stable average characteristics of environment.
Other mechanisms are labile (functional) that occur in response to a specific state of
environment [43]. These mechanisms act together and provide the maximal
adaptability of system and, as a consequence, the efficiency of its functioning in
dynamic environment.

Stability of population systems depends on how the structure and internal
properties of population retain their adaptive traits in changing conditions of
existence [1, 7, 41, 42]. Due to heterogeneity, individuals and their groups are
sources of unequal information. They react differently to the same conditions, and the
total population response is not a simple sum of the responses of individuals.
Therefore, unlike the organism as morphophysiologically structured system,
population can be considered as information-structured system [27, 42]. From the
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point of view of information theory, the phenomenon of natural populations'
structuring in the course of evolution is almost axiomatic, because it is connected
with increase of its stability by reducing random errors [33, 39].

Relations between general diversity (and biological diversity in particular) and
functioning of the systems have been widely discussed [3, 8, 35]. As a consequence
of the Law of Requisite Variety, if the structural diversity of groups with different
reactions to changes in the environment is high enough, then for a wide range of
conditions there is for sure certain well-functioning group of individuals. Such
examples are shown for vegetation in the study of the functional role of species
diversity [33, 39].

Importance of population structures is the most manifested in extreme
situations of experiment, when it is possible to see those possibilities of species that
seldom occur in nature [34, 44].

The analysis of publications found, that the issues of homeostasis maintenance
and stable functioning of population systems are studied quite full for vertebrates
[1, 42]. The role of certain structural parameters is shown in the maintenance of
optimal abundance of natural insect populations [9, 23, 37]. Knowledge of general
principles and specific mechanisms of autoregulation in populations opens up new
ways in development of approaches to directed action on population structure. It
gives the possibility to use the natural mechanisms in insect population management
[1, 43].

However, homeostatic properties of artificial insect populations are poorly
understood vyet. Artificial insect populations (or -cultures) are man-made
environmentally-isolated groups of individuals of one species. Artificial insect
populations culture, which are reared for a long time (for example, silkworm Bombyx
mori L. 1758), can be used for such investigations. They are adopted to long
existence in technocenosis, have certain structural and functional organization. Such
conditions are optimal for the species, but can be extreme for population survival,
because population heterogeneity is considerably decreased [10, 13].

Due to the success of population ecology and genetics, some mechanisms to
maintain stability at the population level in natural systems became clear Drosophila
population systems have been established, and respective genetic processes were
studied [1, 6].

The dynamics of ecological structure of artificial insect populations and
mechanisms to maintain their homeostasis are poorly understood. This shows the
necessity to study the features of homeostasis in artificial insect populations. Such
knowledge can be the basis for development the effective ways to optimize artificial
insect populations during breeding.

For a long time it was considered in technical entomology that artificial insect
populations are not able to self-regulation even in the case of long-term maintenance
[13]. It was explained by the fact, that technocenosis conditions assume breeding
optimization, which is carried out by experimenter. Besides, artificial insect
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populations undergo substantial changes: allele pool depletes, viability decreases, and
as consequence, stability and resistance decrease in changing environment [2, 11].

At the same time, investigation in population genetics shows sustaining the co-
adaptive genetic systems from generation to generation as a manifestation of genetic
homeostasis at population level, which is based on phenomenon of polymorphism.

Research of mutation and inversion polymorphism [48, 54, 56, 57],
biochemical polymorphism, and polymorphism of genetic systems which affect
behavior show respective stability of polymorphic allele frequency both in both
populations, and in single lines [19, 46]. Thus, the populations are not just contain
different allelic variants, but in most cases remain steady balance, form clinal
variability and return to equilibrium soon after the breach [17, 46, 51].

Comprehensive experiments to studies on the structural and functional
organization of artificial insect population can prove, that these systems have some
ecological mechanisms for maintaining the integrity and sustainability.

Diversity is one of the most important properties, which ensure the population
success and is the base of maintaining the homeostasis [27, 45]. Maintenance of
homeostasis in artificial insect populations is provided by existence of certain
structural and functional groups.

Every population is characterized by certain structure, which has adoptive
meaning and forms in result of interaction of individuals with environmental
conditions. In artificial insect populations ecological structure means existence of
groups of individuals, which interact specifically with biotic and abiotic factors of
environment [10, 11, 13].

Apart from ecological structure, clearly distinguishable age, sexual, spatial and
ethological groups of individuals present in natural and artificial populations. These
groups form certain population structure, which undergoes adaptive changes at
environmental change

Our researches included comparative analysis of the main structural and
functional parameters of natural and artificial insect populations.

Sexual structure of natural insect populations is determined by primary
(zygote), secondary (neonate larvae) and tertiary (mature adults) sex ratio. The same
features are characteristic for artificial insect populations. Sexual structure is
evaluates as the ratio of males and females in different periods of insect development.
Thus, primary sex ratio for silkworm is approximately 1:1. During cultivation
survival of males and females differs during lifespan, but it does not reflect the
primary sex ratio of the next generation [25]. Different adaptive abilities of males and
females in technocenosis give the possibility to control rearing process with the aim
to increase the effectiveness of breeding programs. On the other hand, sex ratio in
population is the reliable performance of its condition. The methods of prediction for
forest and agricultural pests take it into account [26].

Age structure of natural and artificial populations reflects the intensity of
reproduction, mortality, the rate of generation change and gives the possibility to
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determine the prospects of further population dynamics. In technocenosis age
structure often broken, especially for species after centuries of domestication
(silkworm). It is explained by heterogeneity decrease in result of optimization for
age-homogeneous artificial insect population. Nevertheless, all age groups present in
artificial insect population, which provides their stability and promotes natural
reproduction [31].

Spatial structure of population reflects the type of distribution of individuals
within the range [29], and for artificial populations within the technocenosis. Spatial
structure depends on mobility of individuals and their ability to form intrapopulation
groups. Spatial structure changes in technocenosis: the possibility to maintain the
spatial dissociation disappears because of high density of rearing; information and
functional contacts become uncomfortable.

Despite this, high plasticity gives the possibility to maintain certain reasonable
balance, which provides population existence (for example, in silkworm artificial
population it expresses as uniform larvae distribution on foliage or uniform use the
area for cocoons' formation) [10, 20]. As a consequence of changes in the spatial
structure the changes occur also in ethological structure of artificial insect
populations (reaction to the smell of food, sex pheromon, and ability to migration
decrease). It influences on labile autoregulatory processes, providing population
homeostasis. It brings to the changes of hormonal regulation, intensity of release the
signal substances, and then to behavior change and synchronization of individual
activity [23, 34]. Thus artificial insect populations maintain the structuring and,
consequently the ability to maintain their homeostatic properties. In subsequent years
we carried out the complex investigations on optimization of structural parameters of
the artificial insect populations, depending on the purpose of breeding programs. The
methods of optimizing the spatial, age, sex, ethological and ecological structures have
been developed. Observations following cessation of directional selection show the
possibility to return to the optimal structure of artificial population [20, 21, 24, 25],
which was earlier shown for natural populations [27, 42].

An important point in determining of population condition is the choice of
integral index, allowing to evaluate the structure of insect populations, to reveal the
mechanisms for its changes and the role of intrapopulation groups of individuals in
homeostasis maintaining.

Certain level of heterozygosity is one of conditions for maintaining the
population homeostasis in a changing environment. Direct relationship between
viability and the degree of heterozygosity of populations is experimentally
demonstrated [11]. Therefore we consider, that the level of population viability may
be used as criteria reflecting the ability to maintain the population homeostasis.

As is noted by M. Suley [36], viability is population survival in such status,
which provides the maintenance of its vitality and the possibility to evolutionary
adaptation. In the terms of technical entomology the viability of artificial populations
means their possibility to survive and to produce the offspring in changing conditions
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of technocenosis [10]. Viability is associated with adaptive capacity of the species, it
reflects its adaptation reserve and is controlled by genetic mechanisms. The
mechanisms of maintenance an optimal level of viability in artificial insect
populations remained uninvestigated before our research.

Study of artificial populations of silkworm and gypsy moth has shown the
presence of individuals with different sensitivity to chemical substances. Chemical
regulation is directly related to the information structure of community.
Heterogeneity of groups of individuals by this feature has become the base for
development the criteria for assessment the population condition to manage
cultivation.

In the publications of A.Z. Zlotin et al. [13, 14] direct correlation between
viability level of silkworm males and their reaction on female sex pheromone is
experimentally proved for the first time. Later this relationship has been confirmed
for other insect species [32, 40]. Further [30] a positive correlation was found
between silkworm caterpillars viability and intensity of their chemotaxis (sensitivity
to smell of mulberry leaf). Adult males, developed from such caterpillars, had higher
sensitivity to sex pheromone of females [16]. The latter shows that high activity of
sensory transduction in individuals with high vitality activity is maintained in all
active phases of ontogenesis. In researches of K.V. Hayduk (2003) the existence of
direct relationship between silkworm populations vitality and phototaxis intensity
was proved for the first time. As a result of analysis of presented data and own
research the existence of a direct relationship between the intensity of the main vital
to insects taxis (chemotaxis and phototaxis) and viability level of population was
proved [15].

Thus, more sensitive and therefore more viable individuals provide the success
of population survival in stress conditions (at increased population density, lack of
food etc.). Populations with greater intensity of taxis manifestation are more adapted
to environmental conditions and have more and are more likely to survive. From
practical point of view intensity of taxis manifestation can be consider as criterion of
population viability and to use for prediction of dynamics in artificial insect
populations.

CONCLUSIONS

The principle of homeostasis as a general property of biological systems at
various levels is fully peculiar for artificial insect populations. They are characterized
by all structural parameters, which are inherent to natural populations. It provides the
possibility of autoregulation in artificial insect populations, which must be considered
at insect rearing.

Mechanisms of maintenance the intrapopulation homeostasis have common
features and some peculiarities for technocenosis conditions. Chemical regulation
plays a special role in the maintenance of homeostatic properties in artificial
populations, because it is based on vital for insect taxis.
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On the basis of experimental data, dependence between taxis intensity and
vitality level is proved. As a result of studies it was shown, that the index of viability
for artificial insect populations and intensity of vital taxis can be used for assessment
the condition of artificial insect populations.
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Teopernueckne OCHOBBI MOJAEP:KAHUSI TOMEOCTA3a B MCKYCCTBEHHBIX MNOMYJSIUSX
HACEKOMBIX M KOHTPOJIb uX cocTosinusi. Mapkuna T.}HO. — [Ipunnun romeocrasa, kak ooiiee
CBOMCTBO OHMOJOTMYECKMX CHUCTEM pa3IMYHOIO YpPOBHSA, B TIOJIHOH Mepe XapakTepeH
MCKYCCTBEHHBIM MOMYJISIIIUAM HaCeKOMbIX. OCOOEHHOCTH TEXHOIEHO3a 00YCIaBINBAIOT HEKOTOPHIE
U3MEHEHUs1 CTPYKTYPHBIX IIapaMETPOB KYJIbTYP HAacEeKOMbIX. B KadecTBe KpUTEpHUs COCTOSHHUS
MOMYJISIIMKM  MIpe/iaraeTcsi KCIoib30BaTh IOKa3aredb >Ku3HecrnocoOHocTu. [lokasaHa cBs3b
)KI/I3HGCHOCO6HOCTI/I HCKYCCTBCHHBIX HOHYHHHI/Iﬁ C HHTCHCUBHOCTBIO IIPOSABJICHUSA KU3HCHHO
BaXHBIX JUISI HACEKOMBIX TakcucoB. IIpoaHanu3mpoBaHa pojib TaKCHCOB B MOAJEPKaHUU
MOMMyJIAIMUOHHOTO TOMEOCTAasa.

Knwueewvle cnosea: romeoctas, UCKYCCTBEHHBIC TMOIYIALNUNA HACEKOMBIX, CTPYKTYPHbIE
nmapameTphl, )KI/I3HCCHOCO6HOCTI), HMHTCHCHUBHOCTBH TAKCHCOB.
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