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Abstract

Kozak 1., Menshutkin V.: Investigation of spruce forest dynamics in the Bicszczady Mountains
using a computer modelling. Ekologia (Bratislava),Vol. 20, No. 4, 371-378, 2001.

This work presents the results of investigation of spruce forest dynamics in the Bieszczady Mo-
untains in Poland, using our FORKOME®* modecl. The model was verified according to field
observations in 1998-1999 in spruce forest in the forest district Procisne. The FORKOME model
confirmed the short time of growth of man-made sprucc forest in the Bicszczady Mountains. The
transformation of man-madec spruce forest to beech forest was showed. The model predicted
cyclical interchange between beech and fir in the Bieszczady Mountains. The model predicted
that rcgencration of beech forest on the place of spruce was more intensive in the variant of
cutting of all trees in the first year of model time than without cutting.
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Introduction

Since the sixties a progressive mathematization of the field of ecology started to develop,
resulting in different models that have been constructed (Sullivan, Clutter, 1972; Solomon,
1974; Mitchell, 1975; Suzuki, Unemura, 1974; Horn, 1975; Waggoner, Stephens, 1970;
Shugart, West, 1977).

The forest gap model approach has proven to be useful in many respects (Shugart, 1984).
Canopy gaps are essential for forest regeneration in many temperate and tropical forests.
The phenomenon of forest regeneration in gaps has recently received more attention, as 1t 1s
important for both, natural and managed forests. In managed forests the regeneration pro-
cesses are based on the natural regeneration in the gap created after cutting one or several

trees (Szwagrzyk, 1994).

* FORest+KOzak MEnshutkin
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The first models (Botkin et al., 1972) have been rather simple, but subsequent research
has led to more complicated models, culminating in models including detailed information
such as soil processes (Pastor, Post, 1985), phytosociological concepts (Kienast, 1987),
explicit modelling of tree crown structure (Leemans, Prentice, 1989), and detailed treat-
ment of ecophysiological (Friend et al., 1993) and biophysical processes (Bonan, van Cleve,
1992; Martin, 1992) and intraspecific competition (Pawtowski, 1996). The increasing com-
plexity of forest gap models may have helped to make detailed and presumably more accu-
rate projections of forest succession. A development of an ecological model of forest stand
applicable under environmental conditions prevailing in the Polish forest stand was pre-
sented (Brzeziecki, 1991).

The main aim of the present study was an investigation of the dynamics of spruce forest
in the Bieszczady Mts in different cutting conditions by means of our FORKOME model.

Materials and method

Permanent research plot was situated in the Biszczady Mountains (Poland) on the slope of Kosowiec (forest
district Procisne). The plot was located on the north slope of the mountain (inclination 7°) at the altitude of 630
m a. s. l. Brown soils over the Carpathian flish are characteristic of the plot. Dominating trec species was spruce
(Picea abies L.), and the average age of the stand was 40 years.

In our FORKOME model we investigated the forest changes on a small plot (Menshutkin, Kozak, 1997;
Kozak, Menszutkin, 1999) within a GAP (25 m x 25 m). The modecl algorithm includes nine blocks (Fig. 1). The
block “ INPUT PARAMETERS” represents the estimation of tree and forest community parameters. One of
them was the maximal tree diameter at standard height of 130 cm over the ground (D max). Maximal height (H
max), maximum age (AGE max) and minimal and maximal sums of degree-days (D G D min, D G D max) were
also considered. Since this model is stochastic, the study of its dynamics requires running through many variants
(block “NEW VARIANT?”). In application to investigations and for prediction purposes it may simulate the
period of up to 600 years. These processes are controlled by the block entitled “NEW YEAR”. The model
regards processes of mortality, birth, and growth for any ycar of the run. The mortality of trees 1s the stochastic
process depending on the tree age and conditions of growth in the previous year. Simulation of tree reproduction
(block “BIRTH”) is represented in the model as a stochastic process depending on the species of tree seedling,
conditions of ground surface and average temperature at the litter level. The growth rate of each tree (block
“GROWTH?”) depends on its dimensions, tree species, and conditions of light, temperature, and supply of nutrients.
After the realisation of all variants of the model, the programme carries out a statistical analysis of the results
(block “STATISTICS”). In the simplest case the analysis consists of calculation of the mean and standard deviation
values, whereas in more complicated cases serial-and crosscorrelation functions are calculated.,

The interface of FORKOME model has different pictures (Fig. 2) for ONE REALIZATION: “PARAMETERS?”,
“INITIAL STATE”, “SHOW GRAPHICS”, “PRINT GRAPHICS”. In the “PARAMETERS” the general parameters
of the forest are presented and also parameters of cach tree species. It is possible to change those parameters
before simulation. “INITIAL STATE” allows to put data on different study arcas. “SHOW GRAPHICS” presents
the distributions of age, height, trec numbers and biomass of trees and “PRINT GRAPHICS” allows to print it
together with leaf arca and light intensity data. It is possible to save the simulation and return from 600 years
simulation to the first year. It is also possible to stop simulation at any time and to run it again. After having
pressed the left button of the mice in the position of cach tree at the picture it is possible to get information about
age, height and diameter of the trec. The right button of the mice allows cutting of the tree.

The statistical claboration can simulate up to 200 runs with cutting tree species at different maximal and
minimal height and age and also to show and to print average trec numbers and average biomass of trees with

standard deviations for each year.
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Diffcrent variants simulated the scenario for INPUT PARAMETERS
a spruce permanent plot. Variant onc was taken as :
a control, variant two assumed cutting all trees in NEW VARIANT
the first year of model time.

Each variant started from an identical initial

state corresponding to the situation in a forest gap [ INPUT INITIAL STATE

of 1998 ycar, when the average age of the forest

was 40 years. The position of cach tree in the forest NEW YEAR

gap was projected to the diagonal of this gap. The

year 1999 as the 41 year of forest age was taken BIRTH

also as the first year of thc model time, and we ¥

will use this model time in the following text. STP‘TT'CS ' MORTALITY
GRAPHICAL GRD‘I{[‘H

INTERPRETATION

Fig. 1. Diagram of the FORKOME model algorithm.
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Fig. 2. Interface of FORKOME model.



N individuals / 0.0625 ha Results

- Our FORKOME model
: confirmed the short time of

& spruce growth. The model
20 1 predicted in the control con-
15 4| # ditions a decrease in num-
10 | bers of spruce trees and re-
generation of beech forest.
>k AL For example, the number of

0 1 35 x5 i & 55 . : Bgu i spruce trees decreased from

N individuals /0.0625 ha 35 individuals 1n the model
0 N time of first years to 2 indi-
viduals 1n 20 years (Fig. 3a).

25— 2, In the following the number
of spruce trees increased

207 only to 5 individuals and de-
e creased: to:1 very often.
| Such pattern 1s typical also

10— & of birch trees (Betula
: pendula L.). An increase in

5§ : - spruce and birch percentage
P S i AN FA T g ATRA was probable in the periods

0 1 ' BEII:I ' 3 | snln = ;ms of beech or fir weakening.

After 20 years of model time

Fig. 3. Number of trees in spruce forest stand a — control, b — cutting in it1s beech that dominated 2

the first ycar of model time. Legend: 1 — Fagus sylvatica, 2 — Abies to 60 years. ‘i\ﬁer that the
alba, 3 — Picea abies, 4 — Betula pendula. model predicted cyclic

changes between beech and
fir to be repeated.

[f we would like to accelerate the regeneration of natural beech forest, we should cut all
spruce trees in the first year of model time. In this variant we will have dominance of beech
accelerated by 20 years (Fig. 3b).

In this process of regeneration of natural beech forest, the biomass of trees was reduced
from 82 ha™' in the first year to 0 in 20 years (Fig. 4a). In the following the model predicted
the beech dominance up to 100 years. In the subsequent time the cyclical change between
beech and fir repeated.

In the variant 2 assuming the cutting of all trees at the first year of model time, the model
predicted similar dominance of beech and fir biomass up to 90 years (Fig. 4b), but after that
time the cyclical change between beech and fir recurred. This cyclical interchange between

the number of beech and fir trees and the biomass of those species was frequent in the
statistical elaboration and in one simulation run too.
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The FORKOME model gicrste i nal
predicted the regeneration of
beech forest on the place of
the secondary spruce forest
during 60 years for number of 150
trees and during 90 years for
biomass. In the model time of
the first year on the spruce plot
there were 35 individuals of
spruce, 5 of birch, 2 of beech o0 =
and 1 of pine. The position of
each tree in the plot was pro-

200 -

100 -

iected to the diagarial of this b NS AR R 2o MRS ML,
plot. In 10, 20 and 40 years Biomass b-hal
spruce numbers decreased zm-i
and beech and fir increased
1.9 | . 1501
In the variant of cutting
all trees 1n the first year of
model time the model pre- 100 —
dicted the beech regenera- | — 1
tion too. e e 2

The distribution of cu-
mulative leat area, in the
0 : —
}iears 1,10, 20, 40 of modfel . T 23 : 33.? 4c}u 5:'13 T years
time, was less compact in

the natural r eg.eneratlon_ of Fig. 4. Biomass of trees in the spruce forest stand a — control, b — cut-
beech forest without cutting ting 1n the first year of model time. Legend: 1 — Fagus sylvatica, 2 —

of all trees than i1n variant Abies alba, 3 — Picea abies.
2 with cutting all trees at the
first year of model time.

Discussion

In the literature there are many data about short time growth of secondary spruce forests in
the Carpathians. According to the data from Ukrainian Carpathians (Holubets, 1978; Kozak,
1990) secondary spruce forests grow quickly up to 35-40 years and next they are destroyed.
The same situation occurs in the Polish Bieszczady Mts (Jaworski, 1997) and in the Slovakian
Carpathians (Klimo, 1998; Kodrik, 1998).

Our FORKOME model also confirmed a short time of growth of spruce. The model
predicted in the control conditions a decrease of numbers of spruce trees during 20 years
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Fig. 5. Regencration of beech forest on the place of secondary spruce
—in the 1 year, b —in the 10 year, ¢ —in the 20 year, d — in the 40 yecar

of model time. Legend: 1 — Fagus sylvatica, 2 — Abies alba, 3 — Picea
abies, 4 — Betula pendula S — Pinus sylvestris.

and restoration of natural

beech forest. Subsequently
the number of spruce trees
increased only to 12 indi-
viduals in one simulation
run and to 5 in statistical
elaboration and decreased to
one very often. This was
typical of birch trees too. An
increase 1n spruce and birch
participation was probable
in the periods of beech or fir
weakening.

The model confirmed
the cycle of community de-
velopment trends. Such
cycles were already de-
scribed 1in literature
(Shugart, 1984). Our model
predicted the cyclical dy-
namics of species succes-
sion between beech and fir
after spruce forest was de-
stroyed. The tendency of
beech tree number domi-
nance after the decay of
spruce forest and later on of
fir dominance was also
visible. The cycles inter-
changed more often as for
number of trees than in bio-
mass dominance.

One simulation run al-
lowed a more detailed analy-
s1s of change 1nside the simu-

lation. In this case very perspective were investigations of changes of age and height of trees
or of the distribution of leaf area indices and light access in the course of succession.
Statistical Monte Carlo realization predicted also cyclical changes. The amplitude of
these changes was not so high as for one simulation run, but in the Monte Carlo realization
it 1s possible to analyse the tendency of changes in biomass and tree numbers during succes-

s10n.
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The cutting of trees will not change a general tendency of cyclical changes between
beech and fir biomass and tree numbers. In the cutting conditions only the time of this

replacement would be variable. |
The cutting of trees in the first year of model time will not allow the dominance of

spruce forest, but it will accelerate the regeneration of natural beech forest.

Summary

¢ The FORKOME model confirmed the short time of growth of man- made spruce forests

in the Bieszczady Mountains.

e The model predicted cyclical dynamics of forests in the Bieszczady Mountains.

e The cycles in tree numbers were more shorter than in the biomass of trees.

e Cutting of trees would not change the general tendency of cyclical changes between
beech and fir biomass and tree number, only the time of replacement between beech and

fir would be variable.
e Cutting of trees in the first year led to the dominance of beech and after that to cyclical

changes between beech and fir.
o The regeneration of beech forest on the place of spruce was more intensive in the variant
of cutting of trees in the first year of model time, than without cutting.

Translated by the author
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Kozak ., Menshutkin V.: Stadium dynamiky smrekovych lesov v pohori Bieszczady pomocou poditatového
modelovania.

V préci predkladame vysledky §tidia dynamiky smrckovych lesov v pohori Bieszczady v Pol'sku pouzitim mo-
delu FORKOME. Model sme overovali terénnym vyskumom uskutoénenym v rokoch 1998-1999 v smrekovom
lese v oblasti Procisne. Vyskum lepsie potvrdil model FORKOM, Ze ¢lovekom zaloZeny smrekovy les v pohori
Bieszczady rastie rychlej$ie. Prezentovala sa transformacia smrekovej monokultiry na bukovy les. Model pred-
povedal cyklicktl dynamiku buka a jedle v pohori Bieszczady, d’alej potvrdil, Zec v modelovom ¢ase 1 roka rege-
neracia bukového lesa na mieste smrekového lesa bola intenzivnej$ia vo variante, ked’ sa vyrubali vSetky stromy,
ako ked’ sa nevyrubali.
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