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Abstract. Regression analysis of the population
dynamics of hunting mammals based on Khmilnytskyi
forestry was made. Correlation analysis of the
observations results between the populations of spotted
deer and wisent, spotted deer and wild boar, lepus and
fox was made. Modelling of the population dynamics of
hunting mammals was done using Mathcad based on the
system of recurrent logistics equations and the adequacy
of the model by the Pearson's criteria was proved.
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I ntroduction. The use of mathematica modeling opens
up new posshilities for aresting a modd of population
dynamics and forecasting of the population, which grestly

B5

60
55

B0

E

5

S4s5

a0

35

30

25
2002 2004 2006 2008 2010 2012 2014
years

a

a0
2002 2004 2008 2008 2010 2012 2014
yaers

b

fadilitates the analyss of primary data. At the same time
there are some difficulties @) Smulation datarequiresafairly
long peiod of time (as the accuracy of the modd is
determined by the amount of datain number); b) itisdifficult
to reflet the impact of cetain factors and intergpecies
relationghipsin conventional models[2-5].

1. The analysis of the populations of hunting
mammalsin Khmilnytskyi forestry

Based on the datigtics of the population dynamics of
hunting mammals in Khmilnitskyi forestry, a regresson
andyss was made using Statigica 6.1. Program.
Exponential function was used as a regresson modd tha
corresponds to moddling the dynamics of individual
populations without intergpecies interaction. The results of
theregression analyssareshown in Fig. 1.

120

e

o

%N
T

a0 3 o

2002 2004 2006 2008 2010 2012 014
ears

number

135
2002 2004 2006 2008 200 w1z 2014
years

e

Fig. 1. Regression andysis of observations of populationin Khmilnitskyi forestry:
a—gpotted deer, b—wild boar, d —wisent; e — fox
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Continuation Fig. 1. Regression analysis of observations of population in Khmilnitskyi forestry:
c—Europeanroedesr; f —lepus

As a reault of the regresson andysis, mathematical
modds of changes in the number of individual populaions
of hunting animas in exponential approximaion were
obtained. Moreover, the function index indudes parameters
for fertility, mortality, migration and human impacts (hunting
shooting, poaching, agricultura operations, transportation
systems, ec.).

The correlation between the populations of certain
species of hunting mammals in Khmilnitskyi forestry
was analyzed. In particular, the dependence between the
populations of spotted deer and wisent, fox and lepus,
spotted deer and wild boar was set Fig. 2.

As aresult of the correlation analysis between the
populations of spotted deer and wisent in Khmilnitskyi
forestry the correlation coefficient of 0.69 was obtained,
which indicates close relationship between these
populations. This is because the ecological niches of
wisent and spotted deer coincide. Though, the
population of spotted deer is much wider because of
better adaptation to the exigence in small forests.
Spotted deer and wisent, in terms of trophic
relationships, do not compete. In this case, such a high
correlation coefficient is due to the fact, that wisent
competes with deer, as a factor of disturbance. In spring
and summer when ungulates are calving, deer are trying
to avoid encounters with other animals. Herewith, in
most cases overgrown cuttings and young forests are the
places of the growth of the young ones. While eating,
wisents use the same overgrown cuttings and young
forests. The herd disperses throughout al the territory,
making a loud noise and crackle. Other animals that
brought the young ones try to leave this place, what is
accompanied by the death of some young animals [1-5].

The lack of ggnificant corrdation relationship between
the populations of fox and lepus in Khmilnitskyi forestry is
explaned by drong anthropogenic interference into
ecological niches of animas and substantive hunting
compared to intergpecies interaction of “predator-prey”. No
evident corrdation rdaionship between the populations of
deer and wild boar was found, athough their ecologica
niches coincide. This is because their number is amdl and
they are nat disturbing factors for each other. In terms of
trophic rdationghips, they also do not sgnificantly compete
Wild boar is able to live in any foretlands as wel as

wetlands It is omnivorous which alows repested changing
of food base throughout the yesr.
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Fig. 2. Correlation analysis of observations between the
populaionsin Khmelnytskiy forestry:
a— spotted deer and wisent, b — spotted deer and wild boar,
¢ —lepus and fox
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2. Modélling of the population dynamics of
hunting mammals in Khmilnitskyi forestry
using Mathcad

Mathematical model of dynamics of the amount of
separate population under conditions with sufficient
food, lack of overcrowding and enemies is described by
the following equation:

N(t) = Noe' (7 10): (1)
where Ny — population amount a the initial time; r —

specific rate of reproduction.
Equation (1) is received by solving Malthus

differentia equation?j—':l =rN.

Under adverse conditions, specific mortality rate d
exceeds specific birth rate b, while the specific rate of
reproduction r =d - b isnegative.

When taking crowding into account, the population
dynamics of a separate population is described by the
following equation:

K
N(t)= G ; 2
- 00
In +1(t-to)
1+e e NO %]

where K — the maximum possible amount of the
popul ation.
Equation (2)

is recdved by solving logistics
differential equation 9N = rN - N2
dt K
In consideration of interspecies interactions, it is
necessary to solve a system of differential equations:

i dNy n
=nN N2 + NiN,;
|dt 1N - Ky T 01 N{Np

% = rZNZ -
f dt
where y; and y, — factors that take into account the
interaction of species.
A more accurate study of the dynamics of
mterspeueslnterailon ispossible with the use of systems

3
2 NZ +g,N,N;.
Ky

of nonlinear Lotka-Volterra differential equations,
which take into account food digestion of the
predator, predator’s hunting strategy, defensive
reaction of the victim, the presence of hiding places
for the victim, etc.

With some loss of accuracy in the analysis and
replacement of dt by Dt , the system of nonlinear
differential equations may be replaced by the system of
recurrent equations. This can significantly simplify the
calculations and make them transparent and visible. For
example, system (3) is converted into the following
system:

Niyy = N, +9r N, -—N2+gnNM =
Kn a2

D —— — —
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System (4) uses discrete time i which corresponds
to the step of real time (average breeding season
T=min(T,, Tm)).

Modelling of the population dynamics in the
ecosystem with six most common populations of
hunting mammals was carried out. Initial data for the
simulation are shown in Table 1.

Table 1
Initial data for the simulation
of the population dynamics

. Initia S)edficrqe Maximgm

Species amournt o;oc;ualt;?e(;]n popstijlzilon
Spotted deer 564 -0,0585 200 N1,
Wild boar 49 0,1003 160 N2,
European roe deer 384 0,0262 800 N3;
Wisent 9% -0,0073 100 N4;
Lepus 584 -0,0932 600 N5,
Fox 15 0,0041 17 NG;

Logistics system of recurrent equations for

modelling the popul ation dynamics:

N1, + ml N1, - E'(NIJ + 12 N1-NZ; + y13- W1 N3, + 914 N1 N4, + 915 N1 N5, + 416 N1 N6, + 917 N1 N7,
HL., N2, + m2-N2. - E-(NEJ 21 H2ZoNL 4+ 423 M2 M3, + 424 M2 N4, + 425 M2 M5, + 426 N2 M6, + 427 N2 N7,
1 1 K2 1 1 1 1 1 1 1 1 1 1 1 1
NEi+1 1113 2
N3, + 3 N3, - —-(NE].J + 31 N3N + 432 M3 M2, + 434 M3, Na, + 435 N3, N5, + 36 N3, N6, + 437 M3, N7,
IR 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1
i+1
1} 2
Ha | = N4i + tnd Ndli - a-(l\mﬂ + }n41-N4i-N1i + }n42-N4i- Nzi + }~43-I~I4i-1~13i + }nalj-Ndli-Nji + }46-N4i- Nﬁi + }krl?-Ndi-N?i (5)
Nji+1 il 2
N3, + m5- M5 - —-(NSI.J + 951 W51 + 952 H5- N2+ 953 N5 N3 + w54 M5 H4. + 56 N5 HE. + 57 N5, N7,
Hé. 1 1 Kj 1 1 1 1 1 1 1 1 1 1 1 1
i+1 -
2
N7, N6, + mé- N6, - E-(NGJ + 961 M6, N1+ y62- 16, N2, + 963 N6 N3, + 964 N6 N4, + 965 N6, N3, + 467- N6, N7,
N7, + tn7-N7, - ﬂ-(mi}z + 4TLNT- N1, + 472-NT.- N2, + 473 M7, N3, + 474 N7, N4, + 475 N7, N3, + 476 H7.- N6,
1 1 KT 1 1 1 1 1 1 1 1 1 1 1 1_




148

N1; 540

Iryna Trach, Vasyl Petruk, Sergy Kvaternyuk, Taras Titov

0
2004 20051 20062 20073 20084 20095 20106 20117 20128 20132 2015

1

Fig. 3. The dynamics of the population amount of hunting

mammalsin Khmilnitskyi forestry

Fig. 4. Changes in the number
of deer populationsin Khmilnitskyi forestry
(a—simulation results of equations (5),
b — exponentid regression of observations)
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Simulation results are shown in Fig. 3.

Compare the results of modelling the dynamics
of populations of spotted deer in Khmilnitskyi
forestry from the system of recurrent equations with
regression model based on the processing of
observations using the exponential function. For
comparison, we use the Pearson criteria. Since
¥?=0,998, it indicates the adequacy of the model
based on the system of recurrent equations to the
results of observations (Fig. 4).

The andyss of the adequacy of the data modd of
observations on the example of the dynamics of the
populations of spotted deer (the Pearson ariteriay®=0,999).

4. Conclusions

The obtained modd is somewhat arbitrary and cannot be
used as a completdy accurate prediction of the populations
of hunting mammas However, the scenarios of the
population dynamics are recommended for the deve opment
of measures for the integrated management of the groups of
hunting mammals both for Khmilnitskyi forestry hunting,
and dl hunting lands of Podilliaregion.
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