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Abstract. While studying the consistent patterns in the host-parasite relationships on the model of
warble flies infesting cattle, a firm internal regulatory system governing the number of parasites on
the host and reflected in the level of populations, has been demonstrated. This regulatory system is
governed by mathematical-statistical laws and therefore can be modelled and its different features
expressed mathematically. The distribution of parasites in the host population agrees with the nega-
tive binomial distribution. Main mathematical formulations of the regulatory system (parameters)
and defensive responses of the host to the invasion of parasites are analyzed. From the above con-
sistent patterns important conclusions are drawn for the control of cattle hypodermatosis in practice.
The mathematical model elucidates two stages of control — the first stage conforms to the natural
regulatory system leading to a marked decrease of the degree of infestation, and the second stage
is aiming at the eradication of the disease. It may be deduced from the above said that the control
of hypodermatosis is expedient primarily in juvenile cattle, as shown by the results of the control
carried out in Czechoslovakia.

1. Logical structure of the host-parasite regulatory system

While developing the basic control measures against pest insects a greater attention
has been lately paid to the studies on the regulations in the population processes
(Breev 1968, 1971, Viktorov 1969, Frisman et al. 1972, Anderson 1974, Breev
and Minaf 1976, Bart et al. 1976, Bart and Zagretdinov 1980, Bart 1981
ete). The necessity of such studies does not give rise to any doubt and is urgent.
This can be explained by two reasons.

First, the basic natural control of the species numerousness created during its
evolution, takes place on the level of its population. The intervention of man with
the natural regulatory system of interrelationships in the species leads to the distor-
tion of regulations in it and may result in different, mainly negative consequencies
for the control measures to be undertaken. Therefore, in order to select an effective
strategy of control it is essential to understand the degree of the interrelationship
stability in the regulatory system and the range within which it is operating.

On the other hand, due to the increasing importance of the studies on logical struc-
ture of regulations, modern mathematical methods may be used. The mathematical
methods embrace achievements of different fields of natural science. Their applica-
tion makes it possible to view the problem from different angle and thus to disclose
the logical essence of the phenomenon. If concrete biological systems are studied
such an approach is a considerable improvement.

At the same time this more accurate, mathematical approach to the studies on
regulatory processes requires a higher attention to all problems involved — scientific,
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methodological, organizational and. experimental which make the studies and the
application of the results in practice truly effective. Particularly, this approach
requires a sufficient store of biological knowledge on the problem studied, because
the application of mathematical methods is a most objective form of systematization
of such knowledge.

For example, the compilation of the original factual material on the populational
ecology of parasites in vertebrates is connected with considerable methodological
difficulties (Breev 1967, Mina¥ and Breev 1978, 1981, 1983). This is due to the
fact that mathematical modelling of regulatory processes for these species is practi-
cally at its beginning.

Another difficulty in the construction of mathematical models for the populational
processes studied is connected with the necessity of changing classical methods for
the description of regulatory systems, which mainly concern free-living species
(Volterra 1976). These methods are namely suitable for the studies on the dynamics
of the process of density regulation. In the systems studied, however, the dynamic
picture is considerably distorted by the process itself on one hand and concealed for
immediate observation on the other. Here first and foremost is the total structure
of the process, described by the probability distribution of the parasite number per
host. The basic information on the species interrelationships consists in the type of
distribution and in the structure of its parameters. For instance, we may refer to
the different mathematical ways of describing the regulations in the populations of
warble flies presented in the paper by Bart and Zagretdinov (1981).

Conscquently, the basic task in the studies on regulations in the populations of
parasitic species lies in an analysis of the construction of the total distribution of
parasitc numbers studied and in the explanation of the structure of parameters
determining this distribution. While solving the problems of this type an essential
role is played by the semantic and interpretational aspects requiring close joint
activities of biologists and mathematicians.

2. Experience in the warble fly control

In the light of the above said, of interest is the long experience in the control of
the cattle warble fly Hypoderma bovis in the Soviet Union and, Czechoslovakia where
essential theoretical and practical results have been lately obtained (Bart et al.
1976, Breev 1981, Breev and Min4at 1981). In the USSR the occurrence of H. bovis
has been distinctly reduced, and in some regions this species was completely eradi-
cated (Breev 1980, Mina¥ 1974). Until now H. bovis has been practically eliminated
throughout the territory of Czechoslovakia (Min&¥ 1980).

H. bovis is a suitable object for the detection and investigation of regulatory systems
in the parasite populations. This is a species with a relatively simple life cycle, its
numbers are strictly regulated by defensive responses of the hosts (Bart et al. 1976).
At the same time, the logical structure of the regulatory system is typical of many
other parasitic species.

The mathematical approach to the description of the regulatory system in the
warble fly density (numbers) was preceded by long-term studies on the data acquisition
of their ecology. Particularly, the species composition, mutual relationships among
species and. distribution of all warble fly species parasitizing farm and wild animals
in the USSR and the adjoining countries were studied. The biology of the natural
regulatory systems, determining the level and dynamics of the cattle warble fly
numbers was studied and the most incriminating link — the first instar larvae, was
determined. Finally, it was noted on the material on hand that the distribution of
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the number of second and third instar larvae of warble flies agrees with the negative
binomial distribution (Breev 1968 a, b).

. In this manner the basic goal of the mathematical analysis of the regulatory system
of the parasite numbers was outlined. It consisted in the study, comparison and
interpretation of different mathematical constructions of negative binomial distribut-
ion, in the detection and analysis of the structure of parameters, which are most
informative about the process of density regulations and which determine this distri-
bution.

A detailed description of results obtained by such analysis is found, in the papers of
Bart (1981), Bart and Zagretdinov (1980), Bart et al. (1976). We shall dwell
only on those conclusions which are directly connected with the practice of control
measures and with the fundamental principles of the theory on the regulations in
the host-parasite system.

3. Model of negative binomial distribution

The first essential conclusion consists in the fact that the type of distribution of
parasite number on the host (the negative binomial) is determined mainly by popula-
tional level of their interrelationships, while the individual level is reflected in the
parameters of this distribution.

We shall designate the negative binomial distribution by the symbol B_ (j|k, p)
denoting the probability of having second and third instar warble fly larvae on the
fixed host animal (j). The basic parameters of ditribution are interpreted analogically
as the number or larvae which have died on the host (k) and the probability of death
of one larva (p).

Concretely, this distribution has the form of

. (k +j—1)!
a product of integer numbers from 1 to j. For cxample, 5! = 1. 2. 3. 4. 5 = 120.
It should be noted that a series of positive numbers whose sum equals 1 is called
probability distribution. In every fixed values k£ and p the seriesof numbers (8_(j|k, p);
j=0,1, 2...) forms the probability distribution. If & and p are not fixed, then
B..(jik, p) designatesthe family of probability distributions, k& and p are called para-
meters of this family of distributions (briefly — parameters of the distribution).
k may receive arbitrary integer numbers, while p means any number between 0 and 1.
The number of larvae on the fixed host is a random variable and its concrete values
are denoted by j. In the used designations of the probability distribution the para-
meters are separated from the values of random variable by a vertical line. If the
distribution has several parameters, they are scparated from each other by a comma.

If k¥ equals 1, the negative binomial distribution is called geometric distribution
B-( |, p) =p¢f; §=0,1,2 ... . It has a sense of probability of accumulating j (survi-
ved) larvae in the host organism until the moment of death of one larva. The sum
total of independent random variables similarly distributed according to the geo-
metric distribution has a negative binomial distribution B_(j | &, p). The negative

pEgi; j = 0,1, 2 ... where the symbol j! designates

-A

binomial is closely connected with the Poisson distribution P(n| 1) = e

n!

describing the oviposition, and anti-Poisson distribution (particular case of the so-

called gamma distribution), associated with actions of the hosts defensive reactions:
(A1m ="

Y = 1)

female per a unit of time at an average speed of oviposition 4, while y (4 | n) is the

e~%, P(n | A) means probability of n eggs laid by the warble fly
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distribution of average speed of oviposition necessary for the accumulation of » eggs
on a fixed host animal. :

The above conclusion follows from the fact that the negative binomial distribution
describes a steady stereotype of the host’s and parasite’s behaviour in the process of
evolution, basically, at the moment of the flight and oviposition of warble flies,
resulting from the analysis of the known gamma-Poisson construction

B_(j | %, p) =j PG| Aq) (4, p | k) d(ip)

of this distribution, presented in the paper of Bart et al. (1976). The initial postulate
for this model, which may be called the principle of reflexion, consists in the following.
If the infestation is described by (random) function n = 5(1) (the speed of oviposition
A determines the number of eggs on the fixed host animal), the action of defensive
reactions of the host population is determined by the reverse functional dependence
A = 7~1 (n) (behaviour of hosts during the infestation determines the speed of ovi-
position necessary for the accumulation of » eggs on the fixed host animal).

In the mathematical statistics the mentioned operation of conversion of functions
to the realizations of random process (in this case of the Poisson’s) corresponds
with the P. Fischer’s idea of construction of the so-called fiducial distributions.
The distribution of random variable n~1(n), when n is fixed (in this case anti-
Poisson’s) will be fiducial, after Fischer, to the distribution of the initial random
variable 7(4) when A is fixed (in our case to Poisson distribution (Kramer 1975).

In the mentioned construction of the negative binomial also the individual level

of defensive responses is taken into account, where larvae in the host organism are
divided into dead and survived ones n = k -+ j, according to the probability p and g,
P + g = 1. Consequently, the Poisson distribution of the hosts’ infestation with
parasites causes defensive responses in host population (restless behaviour) leading
to the distortion (“blurring up”) of the oviposition speed after anti-Poisson distri-
bution, which finally results in the negative binomial distribution of the number
of survived larvae on the host.
. This conclusion can explain the fact that the type of density distributionf_(j ! &, p)
is preserved in different sites of the species’ range (Breev and Mind¥ 1976a, b,
1978a, b, 1979, 1981, Min4t and Breev 1977, Breev 1977). Next, the stable inter-
relationships of the parasite and host will be understood as the mentioned natural
mode of regulation of H. bovis numbers, leading to the negative binomial distribu-
tion B_(7 | k, p) of the number of second and third instar warble fly larvae on the
fixed host animal.

It should be noted that among the probability models in parasitology, describing
the.nu mbers of parasitic species, in the focus of attention are the schemes directly
or indirectly connected with the constructions of the negative binomial (Breev
1972, Bart et al. 1976, Kornikov et al. 1979). This may be explained mainly by the
fz.ict that this law is the simplest in the class of the so-called overdispersed distribu-
tions {dispersion greater than the expected value), whose leading role is noted in the
very determination of the concept of parasitism (Crofton 1971, Kennedy 1978 etc.).
From the viewpoint of overdispersion the Poisson distribution takes the extreme
place — expected value equals dispersion. The other extreme is represented by the
normal distribution, in which the expected value and dispersion are independent
parameters. An interesting and important problen is the classification of distributions
agcordjng to the form and the degree of connection between their expected value and
dispersion. Finally, the mentioned gamma-Poisson scheme of construction of the
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negative binomial exactly shows that overdispersion results from the interaction of
species, i.e. because of the presence of regulations.

4. Regulatory parameters

Another essential conclusion is connected with the detection of distribution para-
meters and associations between them, which determine the stability of regulations
in the system.

Common characteristics of infestation in parasitology are its extensity (E) (inci-
dence of infestation) and intensity (I) (mean infestation per infested host) of infestat-
ion. This is accounted for by the simplicity of calculation of the evaluations of these
parameters according to real observations. Analogically with the basic characteristics
of continuous features whose distribution it is customary, as a rule, to describe by
normal law, also mean population density (M) and dispersion (D) are considered.
Both mentioned pairs of characteristics determine the negative binomial distribution,
but are not decisive in the analysis of the activity of regulatory systems described
by the negative binomial distribution. Here the basic characteristics are the para-
meter ¢ = 1—p — the probability of the survival of first instar larva and — the
number of dead larvae, while the basic emphasis is laid on the character of connection
between them.

Before this conclusion will be elucidated, the dependencies of the mentioned pairs
of characteristics, considered as parameters of the negative binomial distribution,
on the parameters of this distribution must be discussed.

kq kq kq D 1
E =1 — p¥, ] =——F—— M= D =-" >1
P p(1 —p¥) P P? M

It should be also noted that the basic methods of mathematical statistics were
developed with a view to continuous distributions (primarily to normal), therefore
the application of these methods for discrete distributions of the negative binomial
is connected with certain difficulties. Consequently, if the construction of parameter
estimates by method of maximal likelihood (Breev 1972, Bart at al. 1976) is possible
by using a computer, the determination of the objective degree of reliability of these
estimates poses a problem. All this presents additional difficulties for the analysis of
regulatory systems.

In order to elucidate the above conclusion we shall consider the problem of pos-
sible effects due to the human interference with the natural regulatory system in the
process of control. The basic method in the H. bowis control at the stage of first
instar larvae is the treatment of herds with insecticides. In the scheme of the negative
binomial this corresponds to the sharp increase of the k parameter value, and this fact
causes different distortions of the negative binomial distribution. When the values of
the k parameter tend to infinity, the following distributions may be limiting for
B_(j | k, p), depending on the degree of connection between k and ¢ parameters.

A. If kg — 0, thenB_(j | k, p) converges to singular distribution, i.e. with probability

1 the variable j equals zero.

B. If kg — a, where a is an integer number, (3_(j | k, p) tends to Poisson distribution

P(j | a).

C. If kg — oo, then in the limit we obtain a normal distribution corresponding to
the preceding case when a — 0.

The favourable effect, i.e. the eradication of all parasites is possible only in case 4,
and for this purpose it is necessary, due to the condition kg — 0, that in the process
of control the speed of the increasing tension of defensive responses of hosts be higher
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than the intensity of the control measures applied. If the intensity of treatments is
not coordinated with the action of defensive reactions, i.e. k¢ does not tend to zero
if k£ tends to infinity, then the natural regulatory system responds to such an inter-
ference by negative effects.

For instance, if the value of parameter k has increased due to the treatment of
the herd 7 times (v > 1), and the variable of parameter q has remained the same in
agreement with the above case B, then the infection rate of herds increases as
a result of such “control”.

This is true. Let Eo — be the extensity of herd infestation prior to treatment and
the distribution of the parasite numbers B_(7 | ko, po). If the extensity of infestation
of the same herd next year (following the treatment) is designated by E and the
corresponding distribution of the numbers by B(7 | k, p), then from the above table
we have: By = 1 — poko; B = 1 — pk. As has been supposed, p = po and k = 7k,.
Therefore, # = 1 — por¥°. Hence we immediately obtain B =1 — (1 — E,) v > K,
E increasing to 1 while 7 — co. ’

Thus, a more detailed analysis of the stability of regulations in the host-parasite
system for H. bovis is connected with the analysis of the structure of the q para-
meter, describing the individual level of defensive responses of hosts.

5. Concept of thresholds and scale of immunity to infection

The biological nature of the host’s immunity to the warble fly infection has not
been adequately studied at present due to serious 111ethodoloéical difficulties in
obtaining relevant information. So far it is only known that basic mortality (about
80 %) of larvae occurs at the first stage of development (Breev 1967). At the same
time the study on the properties of the negative binomial distribution, reflecting
the logical structure of the process of the density regulation (Bart et al. 1976, Barz
and Zagretdinov 1980, Bart 1981) has led to the following conclusion. At the
organism’s level the given regulatory system is resistant within a certain framework,
namely: for parameter ¢ in such a system there exist certain limits of its possible
values, beyond which the stability of the potential system is disrupted.

Omitting the mathematical details of these studies, it should be noted that as a
resu}t a generalization of the class of geometric distributions was obtained by intro-
ducing a new supplementary parameter «, 0 < & < 1 into them. The generalized
geometric distribution has the form '

B_GI10,p ) = q[iﬁ.]+——q[iil]+

o

vc{here the symbol [x]* designates the iteger number nearest to the number x to the
right. For example,

[3.8]F = 4;[2] = [2] = 2; [3.5] = 3.

If we sum up k of independent random variables regularly distributed according
to the generalized geometric distribution, we obtain a distribution which we shall
name generalized negative binomial and designate by the symbol B_(j.| &, p, ).
Tfh'i concrete form of this distribution is quite complex, but we shall have no need
of it.

The distribution possesses one important property. If « = L, where m is an
m

intege?, then the generalized binomial is converted into the usual negative binomial,
but with a different structure of parameters.
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BGUIEk—1,p, a) =83k 1—qgm)

1
E.g. [3_(7'|0,p, 5 )= g% — q2(9) = ¢¥(l —¢?) =B | 1, 1 — ¢?), i.e. the parameter

g = 1 — p in the generalized negative binomial is converted into the parameter ¢gm
in the usual binomial.

‘Let us return to the biological interpretations. As shown in paragraph 3, the stable
regulations in the system correspond to the usual negative binomial. In order to
examine a wider class of interrelationships with different levels of regulation stability,
the distribution of the parasite’s numbers on the host should be described by the
generalized negative binomial. The probability of the parasite’s survival in the
organism of the host is designated by the parameter go. Then, the stable regulations
described by the negative binomial distribution correspond to the case when an
integer number m is found, such as ¢ = g™, thn member ¢/ in the distribution B_(j | k,
p) taking the form gom7.

For a better understanding of the seemingly simple transformations examined
in'the structure of negative binomial distribution the defensive reactions of the hosts
should be interpreted at the level of organisms.

The penetration of every warble fly larva into the host’s organism causes an
increase of tension in the field of its immune responses when a certain level of intensity
is reached, these responses become apparent and the larva dies. This mechanism is
repeated again and again, It should be kept in mind that any change of the intensity
of the host’s defensive responses occur in its rhythm determined by the biological
nature of immune processes of the host’s organism. The existence of the integer
number m, converting the generalized binomial into the usual one indicates that
the rhythm, in which the immune system of the host’s organism operates, is commen-
surable with the rhythm of larval penetration and thus, the mechanism of defensive
responses is adjusted and can be repeated many times without any change. The
adjustment of this mechanism occurs at the first phase of infection, when larvae
accumulate until the death of the first larva. The numbers of these accumulated
larvae are distributed according to the geometric law. The repetition of the mechanism
mentioned corresponds to the summation of random variables geometrically distribu-
ted, resulting in the usual negative binomial, if the regulations are stable, and in the
generalized negative binomial, if the immune and infective mechanisms are not in

1 . . Lo
agreement. In the latter case the parameter « % -, where m is an integer, l.e. it
m
. . . s . .
has a more complex theoretical-numerical structure. For instance, o = — isirre-
m

ducible fraction or « — irrational number.

The parameter m was named the scale, and qo — the upper threshold of immunity
to infection, & — the quantitative degree of compatibility (tolerance) of infective and
immune processes (Bart et al. 1976).

As the concrete form of the distribution B_(j | £, p, «) is generally quite
complex, the study of its properties, particularly the estimates of its parameters
really observed is a complicated mathematical problem. This is natural, because
in the generalized negative binomial are included, except stable regulations, also
their different distortions, for whose uniform descriptions it is hardly possible to
construct a simple theory. Therefore, in order to select the estimate of the parameter gy,
qualitative considerations have to be basically used in real observations.

The stability of the effects of the host’s defensive responses depends on many
factors: the age of animals, the condition of their organisms, the previous experience
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of control etc. Apparently the main factor is the age. Thus, the infection rate in
herds of juvenile and adult animals compared indicates (Breev and Min4¥ 1976a, b,
1978a, b, 1979, Miné¥ and Breev 1977) that in juveniles the infection rate is higher,
dispersion greater and correspondence of the empiric distribution of parasite numbers
with the negative binomial distribution lower. This may be explained by the unstabi-
lity of immune responses in juvenile animals, in which the scale of immunity to
infection m is not a distinctly expressed variable. Therefore, as an estimate of the
parameter g it is natural to select that minimal value of probability of larval survival
which is observed in the herd of young animals, where the distribution of larval
numbers does not agree with the negative binomial.

Apart from the upper immunity threshold ¢, examined, there is also a low limit
for the values of parameter ¢, if the regulatory system is stable. This is due to the
fact that the inner resources of the host’s organism which it must expend for the
maintenance of stable regulations are not limitless. If the value of the upper threshold
o in the stable regulatory system is fixed, then the stable regulations may occur
with different values of the scale parameter m. The greater the value m, the smaller
the value of the parameter q¢ = ¢o™, i.e. the lower the level of infection rate in the
herd which can be maintained by the natural regulatory system. However, the
increase of the intensity scale of defensive responses is connected with the rapid
increase of the intensity of immune processes (involved are orders of variables) and
apparently with qualitative changes in the mechanism of immunity. Therefore,
there is a maximum value m; of the parameter m, above which the organism is not
able to raise the intensity of defensive responses. It is this maximum scale m; which
determines the low limit ¢; = go™ for the possible values of the parameter ¢ in the
stable regulatory system. ¢; was indicated as the low immunity threshold to infection
(Bart and Zagretdinov 1976).

If the infection rate of herd is lower than the threshold g, the natural regulatory
system is unable to maintain such a low infection rate by own means. Hence it follows
that it is unable by its own means to fully eliminate the parasite population. This
conclusion expresses the essence of interrelationships in parasitism and the reality
of the existence of the ‘“host-parasite” system.

The situation with an infection which is too low for the chances of regulatory
system. may also arise in the process of control, resulting in contradictory effects
for the control purposes. Let us examine two real examples. Table 1 presents the
data of the infection rate in cattle herds (adult animals) kept at the school
farm “Vartemyaki” in the Leningrad Region of the USSR (after Breev 1968a).
Here [x]- is the whole part of the number 2. For instance, [3.5]- = 3; [3.3]- = 3.
Selected here is go = 0.858 the probability value of parasite survival for the herd of
juveniles in 1964. The Table shows that in 1965 there was a very low infection rate,

Table 1. Studies on the infestation of adult cattle with warble fly larvae of the farm “Vartemyaki’’,
Leningrad Region, USSR

T ) !
Incidenco of
Year J Nu.rpber of infestation Mean k q = - M— } = lg q
. animals | o M k+M 1g o
l /
! |
1963 186 13.98 0.312 0.110 0.731 ! 1
1964 224 16.07 0.406 0.120 0.772 } 1
1965 266 12.03 0.158 0.286 0.356 6
1966 139 51.08 1.777 0.427 0.806 1
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and that it abruptly rose the following year. This may be explained by the fact that
in 1964 the control measures taken against the warble flies coincided with unfavou-
rable climatic’ conditions (wet summer). Consequently the infection rate decreased
to the level which could be maintained provided that the intensity of defensive
response (m = 6) increased abruptly. However, the regulatory system did not cope
with it and the infection rate rose abruptly. _

Table 2 presents data on the infection rate in herds of adult animals at the farm

“Vazec” in Czechoslovakia.

Table 2. Studies on the infestation of adult cattle with warble fly larvae at the farm “Vazec’’, Central
Slovakia, CSSR

Incidence of | ‘ M lg g
Number of . N ‘ Mean ) & q = m :l
Year animals mfesg/atlon | M ‘ T 2%
i ° | . ;

1973 443 \ 19.9 0.591 1 0.131 0.8185 1
1974 390 | 9.7 0.074 I 0.056 0.5683 4
1975 543 | 13.8 — — —_ —
1976 513 ‘ 19.1 0.6179 0.117% 0.8405 1
1977 240 ‘ 8.3 0.3208 0.0395 0.8584 1

Here g, = 0.8828 is selected according to the estimate relevant to the herd qf
juveniles in 1977. The infection rate in 1974 decreased abruptly, whll'e in 1976 it
was restored due to the fact that the successful treatment of cattle in 1975 was
impeded by the epidemic of foot-and-mouth di§ease, and the natural regulatory
system was unable to maintain such a low infection rate (m = 4).

6. Practical conslusions and data on the control results obtained

Let us examine the conclusions which may be drawn from the mentioned theory
for the application in the control of H. bovis. .

First, iII)lpthe strategy of the control measures two phases should be outlined. In
the first phase we direct our attention at the assistance to the r}atural regulatory system.
A gradual decrease of infection rate occurs until the level.whlch cqrresponds to the lo'w
threshold of immunity ¢. The continuity of treatment is essential and the climatic
conditions favourable to control measures must be considered. The second phase
corresponds to the low infection rate in the herd (¢ < ¢1). The control measures
undertaken are directed at a complete eradication regardless of any support to ‘.ohe
natural regulatory system. This phase requires greater efforts in the organization
of control. o

The application of such a strategy led, for example, to a complete elimination o_f
H. bovis in the Leningrad, Region of the USSR where the method of complete e.radl-
cation of cattle warble flies, developed by K. A. Breev, was used over a large territory
under conditions of low numbers of parasites. The method consists in the change
of the system of monitoring the foci of infection, necessary because the effect .of the
above negative reactions of the regulatory system is most manifest while the incidence
of infection is low and therefore an increased attention to the problems of control
isrequired. . '

The second conclusion consists in the fact that the strategy in which the cont-arol
of the infection in herds of young animals is undertaken, proves to be more effective.
While treating the young animals we decrease the upper threshold go for the adult
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animals. As the variable m of the maximum intensity scale of defensive reactions is
essentially stable for the fixed herd, the value of the lower threshold q1 = go™ de-
creases along with decreasing value of the upper threshold g, and thus a great effect
1s achieved during the control measures at the first stage where less organisational
efforts are necessary. It is this method of control that was used in Czechoslovakia.

OCHOBHDNLE PETYJIATOPHLE ITAPAMETDY LI CHCTEMBI
wXO3AUH —IMAPABUTY O.JH OBOJOB CEJLCKOXO3ANCTREHHBIX
HMHUBOTHLIX HA NPUMEPI. HYPODERMA BOVIS

A.T.Bapru fl. Munapx

Pesioye. [Ipu u3yuennu 3aKOHOMEpPNOCTEH B3AMMOCBH3N ,,XO3fAMH—UAPA3UT'’ HA HmpHMepe
NOAKOMHBIX OBOJIOB ¥ KPYNHOI'O POraToro CKOTa OnIla BLIABIEHA JKECTKAS BHYTpPeHIs s
CHCTEMA DErYJAINMH YUCICHHOCTA NMApa3uTOB Ha XO3AMHe, BLIPAKEHHAs Ha ypPOBHe NOMY-
AAIUUE. JTA PeryJATOPHAsA CHCTeMa NMOUHHACTCSI MATCMATHUCCKO-CTATHCTHIECKUM 3aKOHO-
MEDHOCTAM H ITO3TOMY €€ MOMKHO MO;le.THPOBATH 1 OT/ACJbHLIE €e OCOOEHHOCTI( BRIPAMKATI
MATeMATIICCKUM CLOCO00M. Pacipe;eiIcHite TaPA3ATOB B NONVAANAN X03AMHA COLTACYCTCH
C HEraTHBHBIM OMOMMAJILHBIM 3aKOHOM. B pafoTe NpoaHaIM3HPOBAHKLL ITIABHLIE MaTCMATH-
ueckue GOPMY:IHPOBRIL PEry-TATOPHOH CHCTeMM (LapPaMeTPhl) M 3allHTHLIN Peariiil XO3siiHa
Ha HMHBAZHIO IAPA3UTOB. I3 BhIC YIOMAHYTHIX 31dKOHOMEGPHOCTEH BBLITEKAIOT BUMKHBIC 3a-
KIUOMEHHA LIS 00PLOKL ¢ I'MITOX@PMATO0M KPYIHOIO POIaToro ¢KOTa Ha npaxtuse. Mareya-
THUECKAA MOC.Th OOBACHSLT jIBA oTama GOPBOB —- NEPBLII DTAI, COIIACYSChH ¢ CCTCCTBCHHOIT
PCryJiATOPHOH CHCTCMOHM, TPHBO,INT K BLIPAKEHHOMY CHEKCHHIO CTCIECHM HallaJ{aHus,
a BTOPOM UMECT LE:ILI0 JNKBHIAIMIO §0:1e3HM. 13 BhIWC YRA3aHHOIO ¢IGAVET, UTO (OpPha
¢ FMIIOACPMATO30M BLIIO/(HA LIPEKIE BCCIO y MOJIOAHSNKA, KAE MOKA3ATH PC3YILTATH HOPhib,
npoBoumoi B UCCP.

REFERENCES

ANDERSON R. M., Mathematical model of fly infestation of animals. Parazitologiya 2:
host-helminth parasite interaction. In: M. 381 --394, 1968b. (In Russian.)
V. Usher, M. H. Williamson (Eds.) Ecolog- ---,On some genoral prineiples  of creating
ical stability, Chapman and Hall Ltd., methods for the control of parasitic arthro-
London: 43—69, 1974. pods (on the model of warble flies). Entomol.
BART A. G., BREEV K. A., MALTSEVA obozr. 50: 244--266, 1971. (In Russian.)

I G, JANIMJAGI K. K., Mathematical —, Primencnic negativnogo binomialnogo ras-

analysis of host-parasite relationships of
warblo flies. Tr. Len. o-va estestven. 73, 5:
11— 22, 1976. (In Russian.)

—, ZAGRETDINOV R. G., On the persistence
of interrelationships in the “parasite-host”
system in warble flies and sheep bot flies.
In: Kolichestvennye metody v ekologii
zhivotnykh. Sb. stately, Leningrad: 20—22,
1980. (In Russian.)

BREEV K. A., New data on the migration of
first instar larvac of Hypoderma bovis De
Geer in the host’s organism. Parazit. sb. 23,
Tzd. AN SSSR Leningrad: 191-- 220, 1967.
(In Russian.)

—+ On the distribution of warble fly larvac in
cattle herds. I. Negative binomial distribu-
tion as a model of the distribution of warble
fly larvac. Parazitologiva 2: 322 333,
1968a. (Tn Russian.)

- On the distribution of warble fly larvae in
cattle herds. 11. Exponent K of the negative
binomial distribution as a degree of warble

286

predeleniya dlya izucheniya populyatsion-
noy ekologii parazitov. (Application of the
negative binomial distribution for studies
on population ecology of parasites). Nauka
Leningrad, 70 pp., 1972. (In Russian.)

On the population density of warble flies
parasitic on farm animals. Parazitol. sb. 27,
Nauka Leningrad: 192 -229, 1977, (In
Russian.)

, On one of the basie conditions in the rational
operation of processes in biosphere. In:
Chelovek i priroda (Man and nature),
Nauka Moskva: 200-—214, 1980. (In Rus-
sian.)

-~ MINAR J.. On the regularities of distribu-

tion of Hypoderma bovis De Geer larvae para-
ziting cattle herds in different parts of the
range of this warble fly. Probl. zoologii,
Nauka Leningrad: 11 -13, 1976a. (In Rus-
sian.)

,- . On the regularities of distribution of
Hypoderma bovis Do Geer larvae parasitiz-

ing cattle herds in different parts of the
range of this warble fly. Folia parasit.
(Praha) 23: 343—356, 1976b.

—, —, The larval distribution type and para-
metors of the warble fly (Hypoderma bovis)
in cattle herds in different parts of its range.
Parazitologiya 12: 31—36, 1978a. (In Rus-
sian.)

---, —-, Parasite-host relationship and its mathe-

matical regularities in the warble fly Hypo-
derma bovis (De Geer) (Diptera, Hypoderma-
tidae). Fourt Internat. Congress of Parasitol.,
Warszawa. Short commun. Section A,
74— 75, 1978b.
- «.—, On the statistical characteristics of
host-parasite relationships of the cattle warble
fly (Hypoderma bovis, Hypodermatidae) in
different parts of its range. Parazitologiya 13:
93-—102, 1979. (In Russian.)

- -, — , Consistent patterns in the interrelation-
ships and regulatory systems in the popula-
tions of warble flies and their hosts. Tr.
Zool. Inst. AN SSSR, Leningrad: 31—41,
1981. (In Russian.)

CROFTON H. D., A quantitative approach to
parasitism. Parasitology 62: 179—193, 1971.

FISCHER R. A., Inverse probability. Proc.
Cambridge Philos. soc. 23: 528—535, 1930.

FRISMAN E. Ya., GINZBURG E. CH., FE-
DOROV K. P., Stochastic model of helminth
infection. I. Construction of the model. Para-
zitologiya 6: 408—415, 1972, (In Russian.)

KENNEDY K., Ekologicheskaya parazitologiya
(Ecological parasitology). Mir, Moskva,
230 pp., 1978. (In Russian.)

KORNIKOV V. V., KALININ O. M., BART A.
(+., Mathematical models of the dispersal
of organisms in a territory. In: Matematiches-
kiye modeli populyatsii. DVNC AN SSSR
Vladivostok 69--74, 1979. (In Russian.)

Received 20 July 1983,
Translated by: E. Bélyjova

KRAMER G., Matematicheskye modeli sta-
tistiki (Mathematical model of statistics).
Mir Moskva, 648 pp., 1975. (In Russian.)

MINAR J., Cattle hypodermatosis in southern
Bohemia and its eradication. Sb. Jihodesk.
musea v Ceskych Bud&jovicich, Piirodni
védy, 14: 133-—138, 1974. (In Czech.)

—, Results of cattle hypodermatosis control in
Czechoslovakia. IV. Symposium on medical
and veterinary acaroentomology. Papers,
Polish parasitological society, 4—6 Septem-
ber 1980, Gdansk: 38, 1980.

—, BREEV K. A., Mathematical-statistical cha-
racteristics of the parasite-host relationship
in the warble fly (Hypoderma bovis) in diffe-
rent areas of its distribution. Sb. Automa-
tisace sbéru dat v ekologii, Liblice: 129—133,
1977. (In Czech.)

--, —, Ecology of low populations of Hypoderma
bovis (De Geer) (Diptera Hypodermatidae).
Fourth Internat. Congress of Parasitol.
Warszawa, Short Communications, Section
A:72—73, 1978.

—, —, Studies on the low and fundamental
populations of the warble fly Hypoderma
bovis and their importance for the persisten-
ce of hypodermatosis (Hypodermatidae).
Parazitologiya 15: 163- -167, 1981. (In
Russian.) :

-—, —, Studies on the low and fundamental
populations of the warble fly Hypoderma
bovis (De Geer) (Diptera, Hypodermatidae).
Folia parasit. (Praha) 30: §7—71, 1983.

VIKTOROV G. A., Mechanisms in the regulation
of insect numbers. Vestn. AN SSSR No. 6:
37—54, 1969. (In Russian.)

VOLTERRA V., Matematicheskaya teoriya
borby za sushchestvovaniye. (Mathematical
theory of the struggle for existence).Nauka
Moskva, 286 pp., 1976. (In Russian.)

A. G. B., Leningrad State University,
Faculty of Mathematics and Mechanios,
Leningrad, USSR

287



	~LWF0154.pdf
	~LWF0155.pdf
	~LWF0156.pdf
	~LWF0157.pdf
	~LWF0158.pdf
	~LWF0159.pdf

