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Production potential and ecological stability of mixed
forest stands in uplands - III. A single tree mixed stand
with Douglas fir on an eutrophic site of the K¥tiny Training
Forest Enterprise

P. KANTOR, R. KNOTT, A. MARTINIK

Mendel University of Agriculture and Forestry, Faculty of Forestry and Wood Technology,
Brno, Czech Republic

ABSTRACT: The paper deals with the growth, development, production and stability of a mixed stand with a rich species
composition (Scots pine, European larch, Douglas fir, oak, beech, hornbeam, lime). The stand (age 68 years) is situated at
an altitude of 430 m. Since 1961, thinning measures are not applied and the stand is intentionally left to its natural develop-
ment. In the course of 38 years (1961-1999), particularly Douglas fir showed exceedingly high production parameters in the
given mixture (species participation increased from 16 to 28% and volume increased from 52 to 232 m%ha). The species
together with larch and beech form the basis of production and stability of the forest ecosystem. With respect to the fact it
is possible to recommend, as an alternative target species composition for rich sites of the 3rd and 4th forest vegetation

zones, the following species composition: larch 20-40%, Douglas fir 20-40% and beech 30-50%.

Keywords: Douglas fir; mixed stands; natural development; production; ecological stability

The project Ecological stability and production po-
tential of mixed forest stands in anthropicly changed
conditions of uplands as a background for the proposal
of a target species composition is one of the pivotal re-
search projects conducted at the Department of Forest
Establishment and Silviculture (DFES), Faculty of Forest-
ry and Wood Technology, Mendel University of Agricul-
ture and Forestry, Brno. The project is systematically
carried out since the beginning of the 90s, and since 1993,
it is continuously supported by the Grant Agency of the
Czech Republic (Project Nos. 504/93/0793, 526/96/0649
and 526/99/1302) and since 1999 partly by the National
Agency for Agricultural Research (Project No. EP9299).

The contents and main objectives of the project are
evident from its title. The professional and scientific pub-
lic was acquainted with it in the scientific journal
Lesnictvi-Forestry, No. 5, Vol. 43 (KANTOR 1997).

The project is based on the evaluation of a series of
precisely established (in 1959-1963) and regularly moni-
tored permanent experiment plots in mixed stands of the
2M and 3" forest vegetation zones. It is a case of long-
term thinning trial plots where low thinning and crown
thinning plots are compared with control plots. In total,

10 experimental stands are available for the Department
of Forest Establishment and Silviculture (DFES) — from
simple stand mixtures of beech and larch up to mixed
stands with ten tree species. The areas are situated partic-
ularly in the region of the Kftiny Training Forest Enter-
prise (TFE). A list of the stands is given in the paper
mentioned above (Lesnictvi-Forestry, No. 5, Vol. 43, 1997).

The first, and according to our opinion particularly valu-
able phase of evaluation of our research is based on the
analysis of time series of control plots which are entirely
left to their natural development since the time of the es-
tablishment of experiments (in principle from the origin of
the stands) being without intentional thinning measures
and only dead trees are removed from them.

The long-term series of monitoring (35-40 years), ex-
tent and preciseness of plot establishment make possible
to evaluate changes in species composition due to natu-
ral development, to compile the scale of mortality and vi-
tality of particular species, to assess competition relations
of trees, production potential of various mixtures and their
ecological stability. These data will then serve as an exact
background for the proposal of target species composi-
tion in particular site conditions of upland regions.

The paper is based on the results of a project conducted with a financial support of the Grant Agency of the Czech Republic — Grant No.
526/99/1302, National Agency for Agricultural Research (NAZV) — Grant No. EP9299 and within the Research Plan of the Faculty of

Forestry and Wood Technology, Brno No. MSM 434100005.
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In the Journal of Forest Science, production potential
and stability of all 10 experimental stands will be gradual-
ly analysed. The first two reports were published in Vol.
44 (KANTOR, PARIK 1998) and Vol. 46 (KNOTT, KANTOR
2000). Thus, the paper presented appears to be the third
scientific contribution where results are given of another
naturally developing stand No. 41D7 (without intentional
thinning measures) in the Vranov Forest District, TFE Kiti-
ny. It concerns a single tree mixture with a very rich spe-
cies composition consisting of 7 main species (Scots pine,
larch, Douglas fir, oak, beech, hornbeam, lime). A special
attention is paid to Douglas fir which attains remarkable
parameters in the mixture. The compilatory part of the
paper — a brief outline of the problem — deals with the
production potential of Douglas fir.

BRIEF OUTLINE OF THE PROBLEM:
PRODUCTION POTENTIAL OF DOUGLAS FIR

According to the recent General forest management
plan for 1997, there are only 4,122 ha of Douglas fir stands
in the Czech Republic (less than 0.2% of forests in the
CR), i.e. for example, markedly less than in mountain pine
(6,737 ha), blue spruce (13,608 ha) and locust (about
13,000 ha). Nevertheless, it is very probably a species
which exhibits the highest production potential from all
commercially important introduced species in the Czech
Republic or even Central Europe. It is also documented
by papers of German authors (e.g. TEUFFEL, KASTRUP
1998; PETERS 1997) which show that the percentage of
Douglas fir in Germany was 1.1% in 1970 but in 1995 al-
ready 3.3% of forest land (about 300 thousand ha). How-
ever, an increase up to 5% of forest area is expected in the
species in the future. The percentage of Douglas fir in
particular Districts of the Czech Republic is illustrated in
Fig. 1. Comprehensive data on the natural range, history
of introduction into Europe and Czech lands but also on
the production potential of Douglas fir can be found e.g.
in monographs of HOFMAN (1964) and OTTO (1984).

In the country of its origin, in North America, Douglas
fir grows on extensive areas from the coast of the Pacific
Ocean up to alpine locations of the Cascade Range, in the
south from northern Mexico and in the north up to 56° of
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northern latitude. It is generally known that there are two
basic subspecies, viz. var. glauca which grows slowly
and comes from mountain continental regions of America
and var. viridis which is a coastal fast-growing form. From
the viewpoint of forestry, particularly important is var.
viridis which is often introduced into Europe. According
to HOFMAN (1964), the first consignment of Douglas fir
seed to Europe was sent in 1826. The seed was sown in
southern and central Britain. Our oldest planting in the
Chudenice park comes from 1843. The 70s of the 19* cen-
tury are the period of the first plantations in the Czech
lands. At the beginning of the 20" century, the first trial
plots with Douglas fir were established. The selection of
suitable Douglas fir provenances for our country was
published by SIKA (1981) at the beginning of the 80s.

In the paper of HOFMAN (1964), a problem is analysed
of the production of pure and mixed Douglas fir stands
under conditions of Europe. German tables show high
growing stock of timber to the top of 7 cm 0.b (‘Derbholz’)
of the principal crop of Douglas fir of the 1* site class in
50 years of age — 536 m/ha and of the secondary crop
296 m3/ha (total volume production 832 m*ha, i.e. mean
volume increment 16.6 m%ha per year). Even higher pro-
duction show Swiss experimental stands at an altitude of
590-760 m where the growing stock at an age of 40-50
years amounted to 911-1,164 m*ha under conditions of
high stand density (700 trees per ha in 51 years). Produc-
tion of our Douglas fir stands, according to HOFMAN
(1964), can even exceed growing stocks in German stands
nearing those in French and British stands (with more
oceanic climate). Of interest are also comparisons of pro-
duction possibilities of Douglas fir with those of domes-
tic species. None of them can match with Douglas fir either
in growth or production (HOFMAN 1964).

The production potential of Douglas fir has been re-
cently intensively studied particularly in Germany (e.g.
HUSS 1996; BURGBACHER, GREVE 1996; KENK, EHRING
1995; ROHLE, HEISS 1988). HUSS (1996), for example, men-
tions that the oldest stands of Douglas fir in forests of
Freiburg reach a height of 55 m being even in this age
considerably vital. Based on the fact, he concludes that
Douglas fir, similarly as in America, can grow up to a
height of 70-80 m. In sample plots, annual increase in

Districts
% of Douglas fir
WO0.17-1.07 (22)
W0.14-0.17  (5)
B o.1 -0.14 (15)
[J0.06-0.1  (18)
[Jo.0 -0.06 (15)

Fig. 1. Representation of Douglas fir in particu-
lar districts of the Czech Republic (SLHP 1997)

J. FOR. SCL, 47, 2001 (2): 45-59



Table 1. Basic mensurational data of the control plot in the period of plot establishment (1961)

Number Mean tree Growing Stand basal Stand Species
Species of trees stock area (b.a.) density composition
per hectare h (m) d.b.h. (cm) v (m*) (m*/ha) (m?%ha) (%)
Spruce 75 10.5 10.0 0.055 4.1 0.676 0.03 2.0
Pine 410 13.9 14.6 0.117 48.1 7.389 0.24 19.0
Larch 495 15.0 16.2 0.163 80.8 11.037 0.36 28.9
Douglas fir 325 13.0 12.8 0.159 51:7 5.614 0.20 16.3
Oak 495 10.5 7.3 0.024 12.0 2.439 0.12 9.7
Beech 730 7.4 4.7 0.015 10.8 2.076 0.12 9.8
Hornbeam 680 6.4 3.4 0.005 3.4 0.917 0.07 5.4
Lime 425 8.0 6.2 0.026 11.0 2.028 0.10 8.8
Total 3,635 221.9 32.176 1:25 100.0

standing volume amounted to 15 m%ha exceeding all oth-
er species two-fold. BURGBACHER and GREVE (1996) men-
tion results of research from the same region. They found
that a 55-year-old Douglas fir stand reached a mean
height of 31.4 m and standing volume 574 m3/ha. At an
age of 75 years, mean height amounted to 40.6 m and
standing volume 820 m%ha and at 85 years, Douglas fir
reached a mean height of 45.4 m and standing volume
891 m¥ha. Even higher parameters of Douglas fir stands
are mentioned by KENK and EHRING (1995) from the
northern part of the German Black Forest (Schwarzwald).
The stand was established in 1891 being monitored from
1949 when with a mean height of 37 m the stand reached
a standing volume of 703 m?/ha. In 100 years of the stand
age, i.e.in 1991, mean height of the stand amounted to 50 m
and standing volume 1,387 m*ha. In addition, Douglas fir
showed a high degree of stability. While during last
40 years, 23% of spruce and 35% of silver fir died particu-
larly due to drought and snow damage, losses in Douglas
fir did not exceed 3%.

With respect to the fact that volume increment in Dou-
glas fir culminates later than in domestic conifers, it is rec-
ommended in Germany to increase rotation age to 120 years
in stands with a higher percentage of the species (BURG-
BACHER, GREVE 1996). According to the authors, Douglas
fir wood is more appreciated (on average 140 DM per m?)

on the German market at present than that of Norway spruce
and silver fir (on average 110 DM per m3).

In Slovakia, production potential of Douglas fir was
assessed for example by GREGUS (1996). He evaluated tri-
al plots with a series of introduced species in an arbore-
tum near Bansk4 Stiavnica established in 1900-1913. He
reports a standing volume of 1,463 m%ha for 88-year-old
Douglas fir. WOLF (1998a,b) mentions particularly high
production potential of Douglas fir in Czech lands in the
region of Pisek. A young pure Douglas fir stand growing
on a site poor in minerals in the Hirky Training Forest
District (forest type group 3K) showed a total volume
production of 619 m%hain 31 years and in 1993-1997, the
stand exhibited even 23 m%ha per year. According to all
parameters, it is a stand which markedly exceeds the
1% site class of all yield tables. Also in another stand
growing on a similar poor site (forest type group 2K),
mean volume increment amounted to 21 m*ha per year
(WOLF 1998a) in last 8 years. In another study, WOLF
(1998b) assessed the production of a mature 113-year-old
Douglas fir stand on a rich site (forest type group 4B). In
1997, 50 trees taller than 45 m were measures and 15 of
them exhibited volume higher than 10 m3. Total growing
stock of the stand amounted to 716 m*/ha at stand den-
sity 0.6-0. 7 and volume increment reached 12 m%ha per
year.

Table 2. The development of stand density (trees/ha) and mortality (%)

Total mortality

Species 1961 1966 (%) 1971 (%) 1978 (%) 1982 (%) 1994 (%) 1999 (%) to 1961 to 1966

N (%) N (%)
Spruce 75 55 267 25 545 10 60.0 10 5 500 100.0 75 100.0 55 100.0
Pine 410 310 24.4 225 27.4 135 40.0 110 185 60 455 55 &3 355 86.6 255 82.3
Larch 495 435 2.1 415 4.6 360 133 325 9.7 245 24.6 225 82 270 S54.5 210 48.3
Douglas fir 325 255 2.5 220 3.7 180 182 165 83 140 152 140 185 569 115 45.1
Oak 495 300 39.4 225 250 140 37.8 100 28.6 40 60.0 40 455 91.9 260 86.7
Beech 730 595 /8.5 480 9.3 390 188 360 7.7 285 20.8 285 445  61.0 310 S52.1
Hornbeam 680 435 36.0 305 29.9 185 39.3 170 8./ 100 412 90 10.0 590 86.8 345 79.3
Lime 425 285 32.9 190 33.3 145 237 135 6.9 110 185 105 4.5 320 753 180 63.2
Total 3,635 2,670 26.5 2,085 21.9 1,545 25.9 1,375 11.0 985 28.4 940 4.6 2,695 74.1 1,730 64.8
J. FOR. SCI., 47, 2001 (2): 45-59 47



Analysis of the production of Douglas fir in mixed
stands is much more difficult than in pure stands. In the
region of its origin, Douglas fir grows in pure as well as
mixed conifer stands with Sitka spruce, hemlock and grand
fir. With respect to the fact and based on previous stud-
ies, HOFMAN (1964) considers spruce to be the best tem-
porary admixture in Douglas fir groups and stands. Similar
silvicultural measures are also recommended by WOLF
(1998b) for the purpose of economic benefits. However, it
is not quite evident that the productive mixture ensures
sustainable yield.

In addition to this, stand mixtures of Douglas fir with
broadleaves (usually beech) do not have to fulfil produc-
tion expectations with respect to different growth dynam-
ics. It is true particularly in those cases when sufficient
silvicultural care is not applied to broadleaved species
(HOFMAN 1964; BURSCHEL 1987). Problems of growing
single tree mixtures of Douglas fir, beech, silver fir and
Norway spruce in Baden-Wiirttemberg were analysed in
detail by TEUFFEL and KASTRUP (1998) and in urban for-
ests of Freiburg by HUSS (1996). It is emphasized here that
Douglas fir occurs as a co-dominant and dominant spe-
cies in these mixtures so that sufficient space and light
appear to be inevitable preconditions.

As a matter of fact, the survey presented is not quite
exhaustive, however, it allows to obtain a general view of
production possibilities of the species under conditions
of this republic and Central Europe.

EXPERIMENTAL STAND

The stand 41D7 in the Vranov Forest District, Forest
Enterprise Kitiny, originated by the natural regeneration
of a variety of species (only Douglas fir was artificially
supplied) in the course of about 20 years. In the period of
establishing thinning plots in 1961, mean age was 30 years
and the control area 0f 0.20 ha (5 plots 20 x 20 m) left to its
natural development without any intentional felling mea-
sures was characterized by basic parameters given in Ta-
ble 1. The stand is situated on a flat area with a slight SW
slope at an altitude 0f 430 m (49°15°34"" N lat.; 16°37°06 E
long.). The stand ranks among the forest type 3B, i.e.
nutrient rich Querceto-Fagetum with Asperula odorata.

METHODS OF FIELD MEASUREMENTS
AND RESULT EVALUATION

Methods of assessing the growth and development of
particular experimental stands are uniform within the
whole experimental project being already published in the
journal Lesnictvi-Forestry (KANTOR 1997; KANTOR,
PARIK 1998). Therefore, we shall discuss here only basic
information.

In regular 5-year intervals (with the exception of a peri-
od 1982-1994), tree height, d.b.h., crown height, crown
length and crown cover were measured in each of the
trees. Every tree was assessed according to the classifi-
cation scale of the Department of Silviculture.
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In a 38-year time series (1961-1999), the following pa-
rameters were evaluated in each of the species under
study:

— total number and tree mortality;

— frequency in height and diameter classes;
— mean stand height;

—mean d.b.h;

— stand basal area;

— growing stock;

— stand density and species composition.

Particular species in the stand have been recorded and
summarized from the height class 1 m (from height 1.3 m)
andd.b.h. 1 cm.

In compiling and assessing evaluation criteria the fol-
lowing procedures were used:

Mortality (expressed as a percentage of died trees) in
particular intervals of 5-year investigations is always re-
lated to the frequency of the previous measurement.

Data on the top height are of orientation importance.
The height was determined in each of the species as a
mean of 10 highest trees (at n> 20). At n < 20, the height
was determined from 5 trees only.

Standing volume and the periodic volume increment
derived from it are related particularly to the main crop,
the volume of dead trees is included in Table 9 only.

Stand density was calculated according to the routine
mensurational practices from the ratio of actual stand bas-
al areas of particular species and table data. Species com-
position was derived from the reduced areas determined
in such a way. Tabular stand basal areas were determined
using Growth and mensurational tables of principal spe-
cies of the Czech Republic (CERNY et al. 1996) and graph-
ical Mensurational tables (Taxatni tabulky, 1990 —
effective from the 1 Jan. 1990).

Based on this evaluation, the importance and propor-
tion were assessed of particular species on the produc-
tion potential and ecological stability of the mixed stand
under study. At the same time, background data were ob-
tained to fulfil the strategic goal of the whole project:
specification and presentation of alternative proposals
(variants) of target species composition in the most im-
portant management groups of stands in upland regions,
in the given case for HS 45.

800
o 700 —a— larch
S 600 —x— Douglas fir
o
2 500 —e— beech
= 400
o
2 300
3
g 200
= 100
0 . .
1961 1966 1971 1978 1982 1994 1999
Year

Fig. 2. Development of the number of European larch, Douglas
fir and beech (trees/ha)
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RESULTS OF THE STUDY: ANALYSIS OF THE
NATURAL DEVELOPMENT OF STAND 41D7

Basic characteristics of the control plot in stand 41D7
are given in Table 1. The table shows that it is a case of a
mixed stand extraordinarily rich in species. The initial
numbers of 7 species (Scots pine, European larch, Dou-
glas fir, oak, beech, hornbeam, lime) were comparable
(325-720 trees per ha); Norway spruce occurred as an
interspersed species and birch, mountain ash and field
maple were neglectable (these species were classified to-
gether with lime).

THE DEVELOPMENT OF STAND DENSITY
AND MORTALITY

High initial density of the stand (3,635 trees per ha)
decreased by the year 1978 owing to competition rela-
tions in the age-differentiated stand (20-40 years) to
1,545 trees/ha (in total by 57%). In further five-year peri-
ods, the total mortality amounted to about 10%, i.e. in

\

limits of the natural development. According to the last
investigation in 1999, at an age of 68 years some 940 trees
per ha remained in the control plot (Table 2).

In assessing particular species in the given mixture, the
lowest mortality was shown in European larch and Dou-
glas fir and as for broadleaves in beech (Fig. 2). The mor-
tality gradually increased in lime, Scots pine and hornbeam
up to extreme values in oak (92%) the values being evi-
dently affected by the mass occurrence of tracheomyco-
sis in the 80s. The interspersed spruce totally died in a
period 1994-1999.

FREQUENCY OF SPECIES IN PARTICULAR HEIGHT
CLASSES

Age differences up to 20 years and obviously also in-
sufficient tending measures in young-growth stands were
the reason for the extraordinary range of heights in the
period of establishing the experimental plots. The unusu-
ally broad range of height classes (2-20 m!) was recorded
particularly in Douglas fir (Table 3b). Light-demanding

Table 3a. The development of European larch frequency in height classes (m) and mortality in the control plot (0.20 ha)

1961
1961 =
1966

1966
1966 -
1971

1971
1971 -
1978

Height class
(m)

1978
1978 =
1982

1982
1982 -
1994

1994
1994 1999

1999

o B N S

12 10 4

1
14 11 4
15 21 8
16 26 8
17 14 20

o0
L
w
—~
NSNS W

%
~N
-
Shanwaow

mDav AN
~ R~
D0 W -

(oI
—wavg
B I P
— W NP O AW
—W A WMO OB N - -

Total 99 12 87 4 83 11

Per hectare 495 60 435 20 415 55

Mean height 15.0 /7.9 17.5 15.5 19.6 16.3
Standard 1.83 0.87 1.66 1.41 2.19 1.32
deviation

2 7 65 16 49 4 45
360 35 245 20 225
213 19.6 26.8 24.9 286

; 23.1
2.16 1.64 2:19] 0.89 235

: 21.1
2.43

2,37
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Table 3b. The development of Douglas fir frequency in height classes (m) and mortality in the control plot (0.20 ha)

Height class 1961
(m) 1961 -
1966

1978 1994
1994 -

1999

1999

~ W~~~

Bl N S
B o B = N
LY

N~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26 1
27
28
29
30
31
32
33
34

NUOUAOANNE == AW D W~ -
—n 00 00 N N L) e N e e e WD

NN B W W W e e N

~

=N B YA N - —
WK SO E - —
N9 B = — N —

B - R

Total 65 14 51 7 44 8

Per hectare 325 70 255 35 220 40
Mean height 13.0 6.5 16.6 10.4 19.1 11.1
Standard 5.68 3.01 §:12 5.79 5.92 4.98
deviation

36 3 33 5 28 28
180 15 165 25 140 140
22.1 9.6 247 19.4 29.1 30.6
4.82 1.02 3.52 3.72 313 3.55

Scots pine and larch virtually did not occur in the height
classes to 10 m in 1961 and, vice-versa, mean height of
hornbeam did not exceed 6.5 m and of beech 7.5 m.

Considerable losses due to mortality in the first 5 years
were found not only in subdominant and suppressed
trees but in Scots pine, oak and hornbeam also in co-
dominant and dominant trees.

In the course of further years, losses in conifers were
particularly concentrated on suppressed and intermedi-
ate trees. As for Scots pine, also co-dominant trees died.

In broadleaves, particularly suppressed trees died and
in height classes up to 10 m, only beech occurred in 1999.

Conifers gradually predominated as co-dominant and dom-
inant trees and, in the last year of evaluation, heights up
to 34 m were recorded in Scots pine, larch and Douglas fir.

In competition with conifers, all broadleaved species
lagged behind so that in 1999, only 20 trees in the control
plot occurred as intermediate ones (100 trees per ha).

Lime and hornbeam occupied the limits between 10 and
20 m and even 46% of beech survived in the height class-
es2-10m!
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FREQUENCY OF SPECIES IN DIAMETER CLASSES

Similarly as in heights, the control plot was character-
ized by the marked diameter differentiation of all species,
particularly in conifers (Scots pine 6-24 cm, larch 8-26 cm,
Douglas fir 2-29 cm). Initial diameter at breast height
(d.b.h.) of broadleaved species was 2—16 cm, only 9 trees
exhibited d.b.h.> 16 cm.

In larch and Douglas fir, the high mortality of all species
in 1961-1978 was concentrated on the smallest diameters,
however, in Scots pine, it affected even trees of an above-
average d.b.h. In broadleaves with the exception of oak,
only smallwood (2-8 cm ) died in the period.

In the course of next years, again trees with the lowest
d.b.h. were doomed to extinction. Only in Scots pine and
oak (in this case evidently due to tracheomycosis), also
trees of higher diameter classes died.

The initial broad diameter distribution in conifers in-
creased more and more and in 1999, limit values of
16-46 cm were recorded in larch, and in Douglas fir even
14-50 cm (Tab. 4b). From the viewpoint of the distribution
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Table 3c. The development of beech frequency in height classes (m) and mortality in the control plot (0.20 ha)

Height class 1961 1966 1971 1978 1982 1994

(m) 1961 - 1966 = 1971 = 1978 5 1982 = 1994 N 1999
1966 1971 1978 1982 1994 1999

I ] 7

2 8 6 1 1 1 2 1

3 13 6 3 1 1

4 19 2 19 4 17 7 7 1 5 2 2 6

5 14 2 9 8 ! 10 ! 7 1 4 3

6 18 3 12 2 10 5 4 6 3 2

7 12 I 13 3 8 8 2 5 1 5 3

8 12 11 6 7 1 5 1 5 1 5 5

9 2 4 1 3 3 4 2 3 5

10 15 5 7 1 6 1 6 6 1 3 1

11 11 1 6 ! 4 1 3 1 1 3 2

12 2 3 3 3 3 2 4

13 6 8 5 3 3 1 3 1

14 7 4 4 4 2 1 2 2

15 6 7 5 5 6 1 7 1

16 5 3 1 3 4 I 1 5

17 5 4 3 3 2 4 4

18 1 3 2 2 1 2

19 | 3 2 3

20 3 4 1 1

21 3 3

22 1 2 1 2

23

24 3 1

25 1

26 3 1

27 2

28 2

29 1

30 1

31

32

33

34

Total 146 27 119 23 96 18 78 6 72 15 57 57

Per hectare 730 135 595 115 480 90 390 30 360 75 285 285

Mean height 7.4 5.0 9.0 83 9.6 6.3 10.7 7.4 1.5 1.2 12,6 12.8

Standard  3.76  3.20 4.33  3.00 504 3.12 533 299 582 526 6.72 7.00

deviation

of these species in height classes, it is evident that ex-
tremely slender trees with unfavourable slenderness ratio
(h/d ratio) survive in the stand. However, there are also
larch and Douglas fir trees with markedly above-average
d.b.h. and dynamic volume increment.

The distribution of broadleaved species in diameter
classes in the last year of evaluation corresponds to their
height position in the stand. Lime is differentiated uni-
formly (442 cm), hornbeam is concentrated in diameter
classes 4-22 cm and beech largely in diameter classes
2-18 cm (only 5 trees are markedly above-average with
d.b.h. 3042 cm).

MEAN STAND HEIGHT AND D.B.H.

The development of mean heights (Table 5) shows that,
in principle, two storeys occur in the stand 41D7: upper
storey formed particularly by conifers and lower storey
with broadleaved species (beech, hornbeam and lime).

The high mean height of oak was affected by the ab-
sence of subdominant trees.

J. FOR. SCI, 47, 2001 (2): 45-59

Regular and remarkable height increment of Scots pine
and larch in the course of the whole period and gradual
dying of subdominant and suppressed trees ranked both
species among the +1% site class of yield tables (in 68 years,
mean height of Scots pine and larch 28.8 and 28.6 m, re-
spectively). In Douglas fir, mean height was even
2 m larger in last 15 years.

Data in Fig. 3 clearly proved that Douglas fir and larch
predominated in the mixture of 7 species and occurred as
dominant trees.

The development of mean d.b.h. in particular species
corresponds to their height distribution. In the course of
the whole period 19611999, all three conifers were char-
acterized by a dynamic diameter increment (Table 7). Re-
markable are particularly parameters of Douglas fir in the
last two measurements (in 1994 and 1999 d.b.h. was 33.6
and 35.8 cm, respectively). On the other hand, broadle-
aved species (particularly beech and hornbeam) with re-
spect to the high proportion of trees in the subdominant
layer show markedly lower mean d.b.h. values.
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Table 4a. The development of European larch frequency in diameter classes (cm) and mortality in the control plot (0.20 ha)

Diameter 1961 1966 1971 1978 1982 1994

class (cm) 1961 - 1966 - 1971 - 1978 i 1982 - 1994 - 1999
1966 1971 1978 1982 1994 1999

0

2

4

6

8 8 6 2 2

10 3 2 1 1 1

12 18 2 15 3 10 6 2 1 1 1

14 10 1 7 6 1 6 4 1 !

16 14 1 13 1 9 6 1 6 3 3 1

18 19 11 9 1 10 1 7 5 1 1 1

20 10 14 10 8 8 4 1

22 8 13 13 13 6 6 1 4

24 4 4 11 11 13 2 4 ! 3

26 5 3 4 5 10 7 6

28 4 2 4 3 11 8

30 4 2 3 1 7

32 2 4 3 6 2

34 1 3 2 5

36 1 ) 2

38 3 2

40 1 3

42 1

44

46 1

48

50

Total 99 12 87 7 33 11 72 7 65 16 49 7 s

Per hectare 495 60 435 20 415 53 360 35 325 80 245 20 225
Mean d.b.h. 16.2 10.1 18.0 133 19.5 11.7 21.7 14.3 23.5 18.3 279 20.8 29.6

Standard 466 259 475 196 554 251 522 148 528 309 602 3.0l 618
deviation

Table 4b. The development of Douglas fir frequency in diameter classes (cm) and mortality in the control plot (0.20 ha)

Diameter 1961 1966 1971 1978 1982 1994
class (cm) 1961 - 1966 - 1971 - 1978 - 1982 - 1994 - 1999
1966 1971 1978 1982 1994 1999

W o

w —
o e
NN AUV AEWLWO ROV O
NWWwuudwiENOKMNDWLOW
~ ~
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w

_w = NN W

50
Total 65 14 51 7 44 8 36 3 33 5 28 28
Per hectare 325 70 255 35 220 40 180 13 165 25 140 140
Mean d.b.h. 12.8 3.2 16.5 9.7 19.4 8.6 234 7.4 26.5 15.0 336 35.8

Standard 745 292 786 712 861 365 835 078 177 421  8.44 9.45
deviation

52 J. FOR. SCL, 47, 2001 (2): 45-59



Table 4¢. The development of beech frequency in diameter classes (cm) and mortality in the control plot (0.20 ha)

} 1961 1966 1971 1978 1982 1994
Diameter 196y _ 1966 - 1971 - 1978 - 1982 - 1994 - 1999
class. (cm) 1966 1971 1978 1982 1994 1999
0 9 6 2 1 1 1
2 s1 I3 37 7 25 9 15 2 8 2 5 4
4 40 4 36 10 27 5 21 3 20 4 9 8
6 17 4 12 4 1 1 10 1 3 9 9
8 10 11 11 1 10 10 I 9 7
10 6 4 1 4 1 4 5 1 4 8
12 6 9 6 9 8 2 8 8
14 2 2 3 3 4 1 4 3
16 3 2 2 2 2
18 2 2 2 3 1 1 2
20 1 1 2 1
22 I 2 1
24 1 1 1 1
26 1 2 1
28 1 2 1
30 1 1
32 1 1 1
34 1 2
36
38
40 1
42 1
44
46
48
50
Total 146 27 119 23 96 18 78 6 72 15 57 57
Per hectare 730 I35 595 II5 480 90 390 30 360 75 285 285
Mean dbh. 4.7 2.6 57 4.1 6.5 3.4 7.7 4.1 8.7 7.6 10.6 111
Standard 371 776 436 195 526 222 601 145 657 465 8.14 8.53
deviation

STAND BASAL AREA particular species and the whole stand 41D7 is evident

Dynamics of the increase in the stand basal area (b.a.)
is evidently the most objective criterion for evaluating
the production potential of particular species in mixed
stands developing naturally without intentional felling
measures. The course of the development of b.a. both in

from Table 8. The initial b.a. 32.18 m?increased by 42% to
45.85 m? during 38 years of monitoring. Two species, viz.
larch (increment 5.12 m2) and Douglas fir (increment
9.48 m?) markedly participated in the increase.

If we accept the premise mentioned above, i.e. that the
development of b.a. is one of the most objective criteria of

Table 5. The development of mean height and dead tree height (all in m)

Species 1961 1966 1971 1978 1982 1994
1961 - 1966 - 1971 - 1978 - 1982 - 1994 - 1999

1966 1971 1978 1982 1994 1999
Spruce 10.5 6.8 13.2 11.0 17.6 17.3 19.9 21.0 18.0 24.0 24.0
Pine 13.9 12.0 16.3 15.1 18.8 1239 20.3 19.1 22.2 20.9 28.2 31.0 28.8
Larch 15.0 11.9 17.5 15.5 19.6 16.3 213 19.6 23.1 211 26.8 24.9 28.6
Douglas fir 13.0 6.5 16.6 10.4 19.1 11.1 22.1 9.6 24.7 19.4 29.1 30.6
Oak 10.5 8.5 13.5 12.1 15.6 137 17.8 16.0 20.4 19.2 25.0 27.4
Beech 7.4 5.0 9.0 8.3 9.6 6.3 10.7 7.4 11.5 11.2 12.6 12.8
Hornbeam 6.4 5.1 8.2 7.2 9.1 6.5 11.1 6.3 11.8 9.6 13.7 6.2 14.8
Lime 8.0 5.3 11.1 8.3 13.5 10.2 15.2 10.5 16.5 14.8 18.0 16.0 19.0
Total 10.0 7.1 12.6 10.0 14.6 11.5 16.5 13.8 1.9 16.3 20.7 20.3 21.7
J. FOR. SCI, 47, 2001 (2): 45-59 53



1961

Lime Spruce
2% 1% Pine
14%

Beech
3%

Oak
Douglas fir %
30% B
Larch Douglas fir
27%

50%

Table 6. The development of top height (m)

Species 1961 1966 1971 1978 1982 1994 1999
Spruce 14.0 157 17.6 19.0 21.0 24.0

Pine 16.4 185 212 219 239 308 312
Larch 17.7 20.0 23.1 250 266 29.6 314
Douglas fir 19.9 22.3 24.7 26.1 279 31.8 334
Oak 145 17.0 198 204 227 260 29.0
Beech 149 17.1 19.0 20.1 21.8 239 243
Hornbeam 123 13.8 149 154 159 17.1 199
Lime 13.7 16.8 19.1 20.1 213 240 26.1

the production potential and ecological stability of par-
ticular species in mixed stands then it is possible to com-
pile two basic groups for the stand:

(1) European larch,

Douglas fir, beech, lime stable increase of G
(2) Scots pine, oak,

hornbeam stagnation or decrease of G.

GROWING STOCK OF THE PRINCIPAL CROP
AND THE SECONDARY CROP

The total growing stock of the stand increased from the
original 221 m*hain 1961 to 631 m%ha in 1999. During the

1999

Fig. 3. 100 of the talles trees in the
control plot of 0.20 ha

stand development, 57% of trees died naturally. Standing
volume of the trees amounted to 152.9 m?/ha (Table 9).

Production and volume increment in the mixture are
based on two species, viz. larch and Douglas fir. These
species amounted to 73% of the growing stock in stand
41D7 in 1999. On the other hand, Scots pine did not in-
crease its volume due to high mortality in the course of
38 years. Four broadleaved species initially participated
in the total growing stock by 16%, at the last investiga-
tion after 38 years by 20%. Volume production of oak was
affected by tracheomycosis in the 80s. Standing volume
of oak and lime increased in relative values dynamically
(increase by 335 or 340%, respectively), absolute incre-
ment was, however, low with respect to the initial social
position of both species.

On the basis of all evaluative criteria, the mixture of
species can be considered to be highly productive. It is
documented particularly by the periodic volume increment
of the main stand which amounted to 9.8 m*/ha per year in
1982-1994 and in the last five years even 15.6 m*/ha per
year.

With respect to the present development of the stand,
the development of growing stock in next years was esti-
mated using extrapolation. Providing the preservation of
the dynamics of stand volume increment it is possible to
expect that the main crop growing stock will reach about

Table 7. The development of mean diameter (d.b.h.) and dead tree diameter (all in cm)

Species 1961 1966 1971 1978 1982 1994
1961 - 1966 - 1971 - 1978 - 1982 - 1994 - 1999

1966 1971 1978 1982 1994 1999

Spruce 10.0 6.3 12.0 9.6 16.3 16.1 17.4 18.1 18.7 17.5 17.5
Pine 14.6 11.6 16.5 14.0 18.3 15.6 21.0 18.6 224 17.9 28.0 22.2 294
Larch 16.2 10.1 18.0 13.3 19.5 11.7 21.7 14.3 235 18.3 27.9 20.8 29.6
Douglas fir 12.8 5.2 16.5 9.7 19.4 8.6 234 7.4 26.5 15.0 33.6 35.8
Oak 7.3 5.1 9.8 8.7 11.0 8.2 13.5 8.9 16.1 14.3 21.6 22.2
Beech 4.7 2.6 5.7 4.1 6.5 3.4 1.7 4.1 8.7 7.6 10.6 11
Hornbeam 3.4 2.3 4.4 3.2 5.1 3.1 6.6 3.1 7.2 5.2 94 58 10.1
Lime 6.2 3.1 8.2 4.7 10.8 5.6 1341 6.9 14.6 12.1 17.5 11.1 19.3
Total 8.5 4.8 10.6 7.0 12.5 %2 14.9 9.7 16.4 12.6 204 16.2 21.6
54 J. FOR. SCI., 47, 2001 (2): 45-59
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2.377 -6.5 2.166 -8.9 2.141 -1.2 1.485 -30.6 1.578 6.2 -0.862 -35.3 -0.966 -38.0

4.3

2.439 2.544

Oak

2.402 15:7: 2.655 10.5 2.938 10.7 3.345 13.9 3.979 18.9 4.409 10.8 2.333 112.4 2.007 83.6

2.076

Beech

-0.6 0.854 -6.3 0.785 -8.2 0.844 7.6 0.820 -2.8 0.861 4.9 -0.056 -6.1 -0.051 -5.6

0.911

Hornbeam 0.917

2.028 2.180 7.5 2.396 9.9 2.558 6.8 2.885 12.8 3.424 18.7 3.976 16.1 1.949 96.1 1.797 82.4

Lime

36.408 0.3 38.640 6.1 42.513 10.0 45.856 7.9 13.681 42.5 11.646 34.0

36.315 6.2

34.210 6.3

32.176

Total

1,020 m’/ha at an age of 100 years and at an age of
110 years even 1,120 m%ha. Although the estimated val-
ues are very high it is probable that the stand will reach
the growing stock values.

Information on the potential production of Douglas fir
can be also obtained from Fig. 4 where the development
of 3 trees of the highest volume is illustrated (at an age of
68 years the volume amounted to as much as 2.8 m).

STOCKING AND SPECIES COMPOSITION

A certain disadvantage of stocking as a criterion for
assessing the production potential of mixed stands can
be documented on the mixed stand 41D7. In the course of
a period 1961-1999, the mensurational value ranged be-
tween 1.13 and 1.25 so that it should be a case of an ‘over-
stocked stand’. As a matter of fact, the main cause of
these high values is considerable proportion of surviving
subdominant beech and lime trees of high reduced area
(partial stocking) amounting to 0.22-0.33.

Therefore, from silvicultural and production aspects, of
greater importance is rather comparison of the develop-
ment of reduced areas (partial stocking) of particular spe-
cies (Table 10). In the given case, of interest is decrease of
values in Scots pine and oak and also a certain ‘aggres-
siveness’ in Douglas fir where partial stocking increased
from the initial value of 0.20 to the final value of 0.34.

Species composition representing transformed data of
the partial stocking is given in Table 11.

CONCLUSION

The unusually rich mixture of 7 species (Scots pine,
larch, Douglas fir, oak, beech, hornbeam, and lime) from
natural regeneration with additional planting of Douglas
fir is particularly productive on the given site. Based on
present studies, it is possible to assume that it exhibits
also high ecological stability. Basic mensurational data
on the stand obtained during a period 1961-1999 are giv-
enin Table 12.

Due to growth performance and competition relations,
conifers prevailed as dominant trees. The dominant posi-
tion obtained Douglas fir and larch, Norway spruce with its
negligible initial proportion totally disappeared and pines
occurred only as the highest trees of largest diameter.

Broadleaved species survive for the whole period of
investigation largely as subdominant trees. In 1999, only
6 beeches, 7 limes and 7 oaks (i.e. 100 trees/ha) occurred
as intermediate trees (height > 25 m). With a rather similar
number of trees (conifers 420 trees/ha, broadleaves
520 trees/ha) in the last year of investigation, broadle-
aved species (32%) participated in the growing stock by
20% only. These species are, however, irreplaceable from
the viewpoint of soil improvement (litterfall) and silvicul-
ture (natural pruning of dominant and co-dominant trees).
Once again, the extraordinary capacity of beech to sur-
vive for a number of decades as subdominant and sup-
pressed trees was proved (31% of beech trees aged
68 years was assessed as smallwood).
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IX. The development of growing stock and standing volume of dead trees (all in m*/ha)

Species 1961 1966 1971 1978 1982 1994
1961 - 1966 - 1971 - 1978 - 1982 - 1994 - 1999
1966 1971 1978 1982 1994 1999
Spruce 4.1 0.3 5.0 1.3 5.1 3.1 2.5 2.8 1.3 1.5 L5
Pine 48.1 6.2 52.5 9.5 53.9 14.4 44.8 6.0 45.0 11.8 45.6 2.5 47.7
Larch 80.8 27 101.8 2.3 133.9 ol 151.9 5:9 174.1 24.7 208.5 9.2 229.6
Douglas fir 51.7 0.9 71.1 3.7 91.4 2:2 109.7 0.2 131.7 5.5 196.5 232.1
Oak 12.0 1.8 16.4 2.8 18.7 3.2 19.4 1.7 22,0 9.5 18.6 21.6
Beech 10.8 0.4 14.7 0.7 19.2 0.5 23.1 0.2 28.2 3.4 40.4 47.0
Hornbeam 3.4 0.6 38 0.6 3.6 0.5 3.5 0.0 3.9 0.6 4.4 0.1 5.1
Lime 11.0 0.9 14.6 0.9 19.7 0.6 23.0 0.2 27.9 3.4 38.1 0.3 48.5
Total 2219 138 2795 21.7 3455 29,4 377.9 14.2 435.6 60.2 553.5 136 631.6
dg 63
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Table 10. Development of stand density

Table 11. Development of species composition (in %)

Species 1961 1966 1971 1978 1982 1994 1999  Species 1961 1966 1971 1978 1982 1994 1999
Spruce 0.03 0.02 0.02 0.01 0.01 0.00 Spruce 20 1.8 1.3 0.6 0.6 0.3 0.0
Pine 0.24 0.21 0.17 0.13 0.11 0.08 0.08 Pine 19.0 17.1 144 11.3 9.7 7.1 6.7
Larch 0.36 0.36 0.39 0.39 0.39 0.38 0.38 Larch 28.9 29.8 326 346 339 324 308
Douglas fir 0.20 0.22 0.23 0.24 0.25 0.31 0.34 Douglas fir 16.3 18.0 18.8 20.8 21.9 26.7 28.1
Oak 0.12 0.12 0.10 0.09 0.08 0.05 0.05 Oak il 98 8.5 1.7 6.8 4.2 4.0
Beech 0.12 0.13 0.14 0.14 0.16 0.18 0.19 Beech 9:8 1041114 125 136 " 152 1535
Hornbeam 0.07 0.06 0.05 0.04 0.04 0.04 0.04 Hornbeam 5.4 4.7 4.3 3.7 3.8 3.2 3.2
Lime 0.10 0.10 0.10 0.10 0.11 0.13 0.14 Lime 88 85 8.6 8.9 9.6 109 11.7
Total 1.25 1.22 1.19 1.13 115 116 1.22 Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Table 12. The development of stand basic data in 1961-1999
Species Number of Mean tree Growing Stand basal Stand Species
trees per hectare stock area (b.a.) density composition
h (m) db.h. (cm) v (m?) (m?/ha) (m%/ha) (%)
1961
Spruce 75 10.5 10.0 0.055 4.1 0.676 0.03 2.0
Pine 410 13.9 14.6 0.117 48.1 7.389 0.24 19.0
Larch 495 15.0 16.2 0.163 80.8 11.037 0.36 28.9
Douglas fir 325 13.0 12.8 0.159 31.7 5.614 0.20 16.3
Oak 495 10.5 7:3 0.024 12.0 2.439 0.12 9.7
Beech 730 7.4 4.7 0.015 10.8 2.076 0.12 9.8
Hornbeam 680 6.4 3.4 0.005 3.4 0.917 0.07 5.4
Lime 425 8.0 6.2 0.026 11.0 2.028 0.10 8.8
Total 3,635 221.9 32.176 1.25 100.0
1971
Spruce 25 17.6 16.3 0.204 31 0.543 0.02 1.3
Pine 225 18.8 18.3 0.240 53.9 6.273 0.17 14.4
Larch 415 19.6 19.5 0.323 133.9 13.451 0.39 32.6
Douglas fir 220 19.1 19.4 0.415 91.4 7.765 0.23 18.8
Oak 225 15.6 11.0 0.083 18.7 2.377 0.10 8.5
Beech 480 9.6 6.5 0.040 19.2 2.655 0.14 11.4
Hornbeam 305 9.1 A | 0.012 3.6 0.854 0.05 4.3
Lime 190 I35 10.8 0.104 19.7 2.396 0.10 8.6
Total 2,085 345.5 36.315 1.19 100.0
1982
Spruce 10 21.0 18.1 0.280 2.8 0.258 0.01 0.6
Pine 110 22:2 22.4 0.410 45.0 4.523 0.11 937
Larch 325 23.1 23.5 0.536 174.1 14.788 0.39 33.9
Douglas fir 165 24.7 26.5 0.798 131.7 9.856 0.25 21.9
Oak 100 20.4 16.1 0.220 22.0 2.141 0.08 6.8
Beech 360 11:5 8.7 0.078 28.2 3.345 0.16 13.6
Hornbeam 170 11.8 T2 0.023 3.9 0.844 0.04 3.8
Lime 135 16.5 14.8 0.206 27.9 2.885 0.11 9.6
Total 1,375 435.6 38.640 1.15 100.0
1999
Pine 55 28.8 29.4 0.867 47.7 3.784 0.08 6.7
Larch 225 28.6 29.6 1.020 229.6 16.156 0.38 30.8
Douglas fir 140 30.6 35.8 1.658 232.1 15.094 0.34 28.1
Oak 40 27.4 22.2 0.541 21.6 1.578 0.05 4.0
Beech 285 12.8 11.1 0.165 47.0 4.409 0.19 15.5
Hornbeam 90 14.8 10.1 0.056 51 0.861 0.04 3.2
Lime 105 19.0 19.3 0.462 48.5 3.976 0.14 11.7
Total 940 631.6 45.856 1.22 100.0
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The indisputable advantage of single tree mixtures rich
in species consist in their high ecological stability. Even
the dieback of one or several species does not necessar-
ily result in stand disintegration. The fact is also proved
by findings from the stand 41D7 with an extremely high
dieback of oak and Scots pine.

Of course, stands with such rich mixtures will not be
artificially established. However, it is possible to say that:

— in natural regeneration, it is highly useful and effective
to try to regenerate even interspersed species of the target
species composition;

— in the natural regeneration of beech stands in the
3rd_5t vegetation zones, it is possible to recommend
improvement planting with Douglas fir and larch in gap-
py advance regeneration (usually only about 300-500
trees per ha).

The basic mixture of larch, Douglas fir and beech which
has been stabilized during its natural development in
stand 41D7 (originally markedly richer in species compo-
sition) shows particularly high production parameters
and, at the same time, ensures ecological stability to such
an extent that it is posible to recommend it as an alterna-
tive target species composition in the ‘management set of
stands’ No. 45. The following species composition can
be recommended: larch 20-40%, Douglas fir 20-40% and
beech 30-50%.
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Produkéni potencial a ekologicka stabilita smiSenych lesnich porosti v pahorkatindch
IIL. Jednotlivé smiSeny porost s douglaskou na Zivném stanovisti SLP Kitiny

P. KANTOR, R. KNOTT, A. MARTINIK

Mendelova zemédélskd a lesnicka univerzita, Lesnickd a dFevaFskd fakulta, Brno, Ceskd republika

ABSTRAKT: Ve studii je posuzovén rust, vyvoj, produkce a stabilita jednotlivé smieného porostu s pestrou druhovou
skladbou (borovice, modfin, douglaska, dub, buk, habr, lipa). Porost (vék 68 let) leZi v nadmofské vy3ce 430 m a je zam&rné
od roku 1961 ponechén pfirozenému vyvoji bez imysinych probirkovych zésaht. V pribéhu ¢asové fady 38 let (1961-1999)
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vykazovala v dané smé&si mimofadné vysoké produkéni parametry zejména douglaska (nérist zastoupenf ze 16 % na 28 %
a objemu z 52 m*/ha na 232 m*/ha). Tato dfevina spole&n& s modfinem a bukem tvof{ kostru produkce i stability posuzova-
ného lesniho ekosystému. Z tohoto pohledu lze doporuéit jako alternativni cilovou skladbu pro bohaté stanovidté 3. a 4. lesni-
ho vegeta&niho stupné toto rimcové zastoupeni dievin: modfin 20-40 %, douglaska 20-40 %, buk 30-50 %.

Kliovi slova: douglaska; smi¥ené porosty; pfirozeny vyvoj; produkce; ekologicka stabilita

Studie je v pofadi ttetim sd&lenfm v ramci Sirokého vy-
zkumného projektu Produkce a ekologickd stabilita smi-
Senych lesnich porosti v antropicky se ménicich
podminkdch pahorkatin jako podklad pro ndvrh cilové
skladby dFevin (KANTOR 1997; KANTOR, PARIK 1998;
KNOTT, KANTOR 2000), ktery se fe3i na Lesnické a die-
vafské fakult¢ MZLU v Brng.

Prisp&vek ma vystupy charakteru aplikovaného vyzku-
mu a hodnoti pfirozeny vyvoj, rist, produkci a ekologic-
kou stabilitu jednotlivé smieného porostu s pestrou
druhovou skladbou (borovice, modfin, douglaska, dub,
buk, habr, lipa) v letech 1961-1999. V celém tomto obdobi
byl porost z&m&m& ponechan pfirozenému vyvoji bez
umysinych probirkovych zasahii a byly z n&j odstrafiova-
ny pouze odumfielé stromy.

Porost lezi na plo§iné mirné sklonéné k jihozapadu
v nadmoiské vy3ce 430 m (zemépisné soufadnice
49°15'34""5.5.16°37°06"* v.d.). Jeho dendrometrické para-
metry v dobé zaloZeni experimentu v roce 1961 (v&k 30 let)
jsou sestaveny v tab. 1. Z tab. 2-9 vyplyva fada dal3ich
vyznamnych daji o ekologické stabilité i produkci jed-
notlivych dfevin hodnoceného porostu do roku 1999.

Specificka pozornost je zimémeé vénovana douglasce,
kterd v této smési dosahuje pozoruhodnych parametri.
Jeji pogate¢ni zasoba 52 m*ha v roce 1961 (pfi zastoupe-
ni 16 %) se za 38 let pozorovéni zvysilana 232 m*/ha (za-
stoupeni 28 %). Ve véku 68 let byla jeji priméma vyska
30,6 m a primérna vy&etni tloudtka 35,8 cm. U nejobjem-
né&jsich douglasek byl pfi poslednim mé&feni v roce 1999
zjistén objem presahujici 2,7 m>.

Nezvykle pestra sm&s sedmi druhii dievin, vznikl4 ve-
smés z pfirozené obnovy s dosadbou douglasky, je na
daném stanovidti mimofddné produktivni a na zdkladg&
dosavadniho 3etfeni lze pfedpokladat, Ze vykazuje i vy-
sokou ekologickou stabilitu.

V disledku ristovych schopnosti, konkurenénich
a kompeti&nich vztahl obsadily naduroviiovy prostor jeh-
licnany. Dominantni postaveni zde ziskaly douglaska
a modfin, smrk s nepodstatnym plivodnim zastoupenim
zcela uhynul, u borovice neodumiely pouze nejvy33i stro-
my nejvétsich tloustkovych dimenzi.

Listnaté dfeviny pteZivajf po celou dobu vyzkumnych
Setfeni v rozhodujici mife v podirovni; v r. 1999 vristalo
do 1drovné& porostu (25 m a vy3e) pouze 6 buki, 7 lip
a7 dubi (tj. 100 stromii na ha). P¥i nep¥ili§ rozdilném po-
&tu stromi (jehli€énany 420 ks/ha, listndée 520 ks/ha)
v poslednim hodnoceném roce 1999 se tak listnace pfi
celkovém zastoupeni 32 % podilely na zasob& porostu
pouze 20 %. Byla opét potvrzena mimof4dné schopnost
buku pfezivat dlouha desetileti v hluboké podirovni
(v daném porostu bylo 31 % bukt ve véku 68 let hodno-
ceno jako nehroubi).

Nespornou vyhodou druhové pestrych jednotlivé smi-
Jenych porosti je jiz naznageny vysoky predpoklad eko-
logické stability. Ani kalamitn{ thyn jedné nebo nékolika
dfevin nemusi znamenat rozpad porostu. To potvrzuji
i poznatky z posuzovaného porostu 41D7 s extrémné vy-
sokym aZ kalamitnim thynem dubu a borovice.

Zakladni smé&s modFinu, douglasky a buku, kter4 se pfi-
rozenym vyvojem stabilizovala v piivodn& druhové vy-
razn& pestfej§im porostu 41D7, vykazuje mimofadng
vysoké produkén{ parametry pfi soub&Zném zabezpeéeni
ekologické stability do té miry, Ze ji lze doporugit jako
alternativni cilovou skladbu v hospodéiském souboru 45.
V irokém priiméru |ze zde doporuéit zastoupeni modiinu
v rozpé&ti 2040 %, douglasky rovnéZ v rozpéti 2040 %
a buku v rozsahu 30-50 %.
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Structure and dynamics of the lower mountain zone
forests of primeval character in the Babia Gora Mt.

National Park

A. JawoRrski, J. PALUCH

Agricultural University, Faculty of Forestry, Department of Silviculture, Cracow, Poland

ABSTRACT: The d.b.h. and height of living and dead trees were measured on three study plots in 19761986, and on four
plots in 1986-1996. The proportion of fir was 15-58%, and that of spruce 12-71% of the stand volume. The stand volume
ranged from 442 to 793 m*ha, and the numbers of trees from 140 to 346 trees/ha. The proportion of fir decreased by 1-24%
of the number of trees. The volume of dead firs amounted to 63-104% of the volume of living trees.

Keywords: Abies alba; Fagus sylvatica; Picea abies; fir regression; changes in species composition; developmental stages and

phases

Studies concerning forests of a primeval character are
of great importance for the knowledge of the dynamics of
natural forest ecosystems which under temperate zone
conditions are the most complex ecological structures.
Spruce, fir and beech are the main arborescent species of
the lower mountain zone in the Western Carpathians.
These forests are characterized by a slow rate of changes
taking place there, and a complex space-time structure
resulting from a different length of the developmental
cycles of component species, and their great plasticity.

The fluctuations in numbers of trees are not synchro-
nized in time and space, which leads to the formation of a
characteristic mosaic structure of community. Spatial sep-
arateness of the units, differing in size and direction of
biomass changes and frequency of individuals represent-
ing various phases of ontogenesis, is the basis for the
distinguishing of the developmental stages of primeval
forests (LEIBUNDGUT 1978; KORPEL 1995). In the situa-
tion of a relative stability of the environmental conditions,
the communities of the Carpathian lower mountain zone
reach stability on areas 40—50 hectares in size. This stabil-
ity is characterized by a constant area proportion of the
developmental stages, constant species composition, and
the stand volume oscillations below 10% (KORPEL 1995).
On the basis of simulation of area proportion of the re-
generation phase, some authors are of the opinion that
the area mentioned above is larger (HOLEKSA 1997).
SHUGART (1984), when modelling the dynamics of natural
forests, concluded that they reach the stage close to equi-
librium on an area 50—100 times larger than the size of an
average disturbance in the tree layer. Such an area should
secure a stability of the opening size distribution. In the
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Carpathian lower mountain zone forests, where small area
disturbances up to 2,500 m? prevail, this area would be
25 hectares in size.

The identification of ecological processes taking place
in a2 community, and distinguishing the degeneration or
degradation caused by external factors from the oscillato-
ry changes characteristic for communities (FALINSKI
1991), require detailed knowledge of their dynamics. Only
then the forests of a primeval character, excluded from a
direct effect of human activity, may fulfil the role of bio-
logical monitoring, making an excellent comparative mate-
rial for the forests remaining under an anthropogenic
stress, and in many cases making possible to determine
the causes of the disturbances taking place.

The Babia Géra Mt. National Park was established in
1954, but the protection of its resources was initiated in
1933, when a newly created reserve included its consider-
able area. At the present moment 61% of the Park’s area is
under strict protection, out of which 22% is covered by
the lower mountain zone forests (KALWA 1983). High sci-
entific value of this area was recognized in 1978, when the
Park was included in an international network of biosphere
reserves.

The first permanent study plots of the Department of
Silviculture at the Agricultural University of Cracow were
established in the Babia Géra Mt. National Park in 1976.
The results of studies carried out in 1976-1986 were pub-
lished earlier (JAWORSKI, KARCZMARSKI 1990a,b). This
paper contains a summary of investigations into the
structure and dynamics of forest stands conducted in
1976-1996. The growth characteristics of the forests of
Babia Gora Mt., taking into account the ingrowth, volume
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losses, and tree increment variability, will be presented in
a separate publication.

CHARACTERISTICS OF THE AREA
AND STUDY PLOTS

The Babia Géra Mt. National Park occupies the upper
part of the massif of Babia Géra Mt. (1,725 m above sea
level), being the highest range of the Beskid Wysoki Mts.
in the Western Carpathians. This range is mainly built of
the Magura sandstones, and to a lesser extent of the hi-
eroglyph layers with marl inserts. Acid brown, brown
podzolic, and leached brown soils prevail in the lower
mountain zone (ADAMCZYK 1983). The mean annual
temperature is 5°C, and the total annual precipitation is
200 mm with a maximum in June-July, while the snow cov-
er is present for 110—120 days on an average during a year
(OBREBSKA-STARKLOWA 1983).

The first series of experimental plots was established in
1976 (Czarna Hala, Jalowiecki Potok, and Dolny Ptaj III),
and the second one in 1986 (Pod Sokolica, Orawski Chod-
nik I, Orawski Chodnik II, and Dolny Piaj IIIB). Their loca-
tion is shown in Fig. 1, and site characteristics are listed in
Table 1.

FIELD STUDY METHODS AND PROCESSING
OF RESULTS

The height and d.b.h. of all living trees, 6 cm in d.b.h.
and above, and also the large timber of dead standing
trees were measured, and the developmental generations
were determined according to REHAK’s classification
(1964). In 1976, exeptionally, the height of some trees
(57-84%) was measured. In the study plots Dolny Ptaj
I1IB, Orawski Chodnik I, and Pod Sokolica, the large tim-

Table 1. Characteristics of the study plots

ber of dead trees lying on the ground was measured, tak-
ing into account the degree of wood decomposition (A —
hard wood with bark on, B — partially decomposed wood
permitting identification of species, C — strongly decom-
posed wood without any possibility of visual species
identification), and the regeneration was counted: the
upgrowth of over 0.5 m in height and below 5.9 cm in
d.b.h. inaplot 10 x 60 m, and the young natural reproduc-
tion up to 0.5 m in height in a belt 2 x 60 m.

Knowing the d.b.h. and height of each tree, the volume
of stands in 1986 and 1996 was determined on the basis of
Grundner and Schwappach volume tables (GRUNDNER,
SCHWAPPACH 1952). The stand volume in 1976, when the
height of only some trees was measured, was computed
using a method of smoothed height curves according to
Michajlov’s equation (KORF et al. 1978).

RESULTS

OPTIMUM STAGE
Orawski Chodnik I

It was found that in 1986—1996 the stand volume in-
creased from 536 to 571 m3/ha, and the numbers of trees
decreased from 202 to 188 trees/ha (Table 2). During the
same period of time a proportion of large diameter trees
(d.b.h. = 52 cm) increased by 7% of the total number of
trees (Fig. 2). The d.b.h. distribution was characterized by
symmetry and strong flatness, and a small number of trees
up to 16 cm in d.b.h. (Fig. 3). The coefficient of variation
of d.b.h. for 1986—1996 remained at a low level of 43-46%.
The structure of the growing stock was characterized by
a distinct domination of the 52-71.9 cm diameter class,
and a small percentage of trees over 72 cm d.b.h. The low
stand volume, as for this developmental stage, resulted

Jatowiecki Orawski Orawski

Study plot Czarna Hala  Dolny Piaj III  Dolny Ptaj IlIb Potok Chodnik 1 Chodnik 1I Pod Sokolica
Location 6 7 7 16 6 6 18
(compartment)
Size (ha) 0.2 0.25 0.5 0.2 0.5 0.2 0.5
Altitude (m) 1,010 970 920 890 940 940 1,045
Slope (°) 5 10 9-21 10-15 18-32 25 5-32
Exposition NNW N NNW NE NNW NNW NNW
Association  Dentario Dentario Dentario Abieti- Dentario Dentario Abieti-
glandulosae- glandulosae-  glandulosae- Piceetum glandulosae-  glandulosae-  Piceetum
Fagetum Fagetum Fagetum montanum Fagetum Fagetum montanum
Jfestucetosum poor variant
sylvaticae
Composition' 49F 39A 12P  57A 27F 16P  54F 32A 14P S8A 26P 16F 54F 29A 17P 43F 35A 22P 71P 15A 14F
Maxium:age 90 240 = 270 - = -
of trees
Stage and break-up break-up stage  growing up growing up optimum break-up growing up
phase of stage aging and stage stage stage stage stage
development regeneration reg ation selection selection aging regeneration selection
phase phases phase phase phase phase phase
'according to volume percentage of the species at the first measurement (A — Abies, F — Fagus, P — Picea)
61
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Fig. 1. Localization of Babia G6ra National Park
Black rectangles — the research plots

from a high proportion of beech (60%) in the class of trees
over 52 cmd.b.h. (Fig. 4).

On the basis of a high frequency of beech in the
52-71.9 cm diameter class one may expect a shortening of
the aging phase and a fast break-up of the stand, being
actually a repetition of scenario of the previous cycle.
The shortening of the break-up stage of the previous gen-
eration favoured the regeneration of beech, while it had a
negative effect on fir, which in the 48—64 cm d.b.h. interval

Table 2. Changes in the numbers of trees, arithmetic means of d.b.

showed a distinct depression in its numbers (Fig. 4). A
high mortality of firs of the growing up generation was
observed in 1986-1996.

The tree height distribution was characterized by a left-
sided asymmetry with distinct tendency to increase (from
55 to 64% of standard deviation). The strongest asymme-
try was shown by beech (Fig. 5). The percentage of trees
in the upper stand layer increased from 48 to 54% in 1986—
1996. In the middle and lower layers beech (39%) and
spruce (33%) were most numerously represented in 1996.

The fluctuations of the upgrowth numbers in 19861996
showed its considerable lability (Table 4). The proportion
of beech in the layer of younger upgrowth (up to 5.9 cm
d.b.h.) exceeded 90%. A low frequency of beech in the
lowest diameter class (Fig. 4), and a considerable amount
of the upgrowth in 1986 gave evidence of a periodic ap-
pearance of its regeneration. No fir upgrowth was found
in spite of abundant young natural reproduction.

In 1996, the volume of dead trees reached 329 m*ha
(58% of the volume of living trees), including 214 m*ha of
timber lying on the ground (Table 5). The rate of its de-
composition in relation to the volume at the beginning of
the period was 29%. Fir wood had the highest proportion
in the volume of timber lying on the ground, as well as
that of dead standing trees (Table 5). The comparison
between the d.b.h. distribution of living trees with that of
dead standing trees showed a higher mortality in the low-
er diameter classes, which is characteristic for the opti-
mum stage (Figs. 3, 6).

BREAK-UP STAGE

This stage was represented by the study plots: Czarna
Hala, Dolny Piaj I1I, and Orawski Chodnik II.

h., height and stand volume in 1986—1996

I 1986 1996
p?:l‘p e Species T == = v N = = v
(No./ha) (%) (cm) (m) (mha) (%) (No./ha) (%) (cm) (m) (m*/ha) (%)
Dolny Abies 56 21 459 248 177.70 32 56 20 484 251  196.01 34
Plaj B paoys 128 48 396 238 29549 54 146 52 368 223 308.84 54
Picea 82 31 271 170 7849 14 78 28 2638 165 7089 12
Total 266 100  37.1 219 55168 100 280 100 364 213  575.74 100
Orawski  Abies 54 27 443 27.0 15457 29 46 24 471 285 14550 25
Chodnik I paous 94 46 46.5 262 289.93 54 94 50 486 263 32575 S8
Picea 54 27 340 220 9194 17 48 26 386 237 9992 17
Total 202 100  42.5 253 536.44 100 188 100 457 262  571.17 100
Orawski  Abies 40 17 507 249 19825 35 35 13 573 282 20234 34
Chodnik I fagys 140 60 31.9 202 24276 43 170 66  28.1 179 252,15 43
Picea 55 23 384 227 12535 22 55 21 40.1 233 133.48 23
Total 235 100 36.6 21.6 56636 100 260 100 345 204  587.97 100
Pod Abies 18 6 478 241 6792 15 16 5 497 233 6921 15
Sokolica  pagys 64 20  25.1 148 6122 14 92 27 215 13.6 68.73 15
Picea 242 74 324 204 31257 71 238 68 335 204 32607 70
Total 324 100  31.7 19.5 44171 100 346 100 31.0 18.8  464.01 100
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Fig. 2. Growing stock structure in the study plots Pod Sokolica, Dolny Piaj I1IB, Orawski Chodnik I and II in 1986 and 1996

Czarna Hala

In 19761986, the volume of this stand decreased by
28%, from 793 to 571 m*/ha, mainly as a result of the mor-
tality of fir (138 m3/ha and 40% of the number of trees) and
spruce (over 84 m%ha and 67% of the number of trees),
and then in 1986—1996 it slightly increased up to the level
of 586 m*/ha (Table 3). This rapid decrease of the stand
volume was accompanied by a drop of tree numbers from
215 to 140 trees/ha, and by a change in species composi-
tion, i.e. a distinct increase of the beech percentage from

120 Growing up stage
1996
— Jalowiecki Potok
01 % e Dolny Plaj IIIB
»»»»»»»»» Pod Sokolica
80
o
o=
=S
2 60
40
20

12 20 28 36 44 52 60 68 76 84 92 100
d.b.h. (cm)

Fig. 3. Stand d.b.h. distribution curves (1996)
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No./ha

49 to 66% of the stand volume, and a decrease in the
percentage of spruce and fir, from 12 to 2%, and from 39 to
32%, respectively. A high proportion of trees over 72 cm
d.b.h. (21% of the number of trees) (Fig. 7) indicates that
the process of stand break-up has not been finished. In-
tensive mortality of beech, a dominant species among the
largest diameter trees, should be expected (Fig. 8).

Among the trees up to 36 cm in d.b.h., fir (55%) and
spruce (33%) predominated (Fig. 8).

The volume of dead standing trees in 1996 was 249 m/ha
(43% of stand volume), and the basal area of these trees

Break-up and optimum stages

120
1996

~—— Orawski Chodnik II
w0 e Czamna Hala

..... Dolny Plaj 111

. Orawski Chodnik I

80
60
40
20

12 20 28 36 44 52 60 68 76 84 92 100
d.b.h. (cm)
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Fig. 4. Tree d.b.h. distribution curves for the study plot Orawski Chodnik I (optimum stage)

was 94% of the basal area of living trees (Table 6). These
are the highest values recorded in Babia Géra Mt. experi-
mental plots. Trees below 32 cm and over 56 cm ind.b.h.
dominated among the dead standing trees (Fig. 6), which
corresponded with the diameter structure of living trees.

Dolny Plaj III

In 1976-1996, the volume of this stand decreased by
33%, from almost 722 to 505 m3/ha (Table 3). This rapid
change was mainly the result of fir mortality, the volume
of which decreased by 38%, and to a lesser degree of the
mortality of beech and spruce.

The structure of the growing stock was characterized
by a relatively high proportion of very large diameter trees
(> 92 cm) indicating the initial phase of the break-up stage

Table 3. Changes in the numbers of trees, arithmetic means of d.b.

(Fig. 7). The stand volume in this cycle should not drop
below 450 m*/ha.

The dissolution of the old stand rendered an ample re-
generation and transition to a beech stand. In 1996, beech
made 94% of all trees in the lower layer (Fig. 5). Under
strong expansion of this species the regeneration of fir
and spruce is difficult.

In 1976, the trees of medium diameter were the most
numerous ones (Fig. 9). A low percentage of trees up to
24 cm d.b.h. indicated the final phase of the optimum
stage. In 1996, the d.b.h. distribution was already bimo-
dal, with modes in the diameter classes: up to 16 cm and
40-56 cm (Fig. 3). A low frequency of trees 1640 cm d.b.h.
reflected an increased mortality of small diameter trees
and decreased intensity of the growing up process. Both
is characteristic for the optimum stage. This was confirmed

h., height and stand volume in 1976-1996

1976 1996
Sample Speci
pecies — = — =
plot N  dbh h L N d.b.h, h L4
(No./ha) (%) (cm) (m) (m*ha) (%) (No./ha) (%) (cm) (m) (m¥*ha) (%)
Czarna  Abies 100 46 43.5 299  311.24 39 60 43 456 25.6  185.43 32
Hala Fagus 70 33  64.6  26.8  388.80 49 65 46  64.1 30.1  389.33 66
Picea 45 21  39.0 25.8 93.05 12 15 11 29.0 19.8 11.05 2
Total 215 100 49.4 279  793.09 100 140 100 52.4 27.0  585.81 100
Dolny Abies 104 54 532 299 41475 57 56 30  59.1 31.0  256.76 50
Plaj Il pagys 52 27 512 268 19470 27 100 55 269 159 149.21 30
Picea 36 19 473 258 11233 16 28 15 51.6 24.4 98.99 20
Total 192 100 51.6 27.9  721.78 100 184 100  40.5 21.8  504.96 100
Jatowiecki  Abies 110 39 485  29.1  391.21 58 75 27 57.0 34.6  369.60 53
Potok Fagus 120 43 283 21,5  105.43 16 170 60  26.7 197 173.91 25
Picea 50 18 52,6 325  172.00 26 35 13 589 363 149.10 22
Total 280 100 40.6 267  668.64 100 280 100  38.9 25.7  692.61 100
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'up to 0.5 m in height in a belt 2 x 60 m; *from 0.5 m in height to 5.9 cm in d.b.h. in a plot 10 x 60 m; *6.0-7.9 cm in d.b.h. counted in the whole plot

by the d.b.h. distribution of dead standing trees,
among which the trees up to 32 cm in d.b.h. were the
most numerously represented (Fig. 6).

Orawski Chodnik IT

This stand represented the final phase of the
break-up stage. This was indicated by a relatively
high frequency of large diameter trees (> 72 cm)
(43%). Their gradual dying will cause a reduction in
the stand volume (Fig. 2). A high proportion of me-
dium diameter trees indicated that the break-up pro-
cess was slow. The decrease in the number of trees
32-48 cmd.b.h. (Fig. 3), defining the optimum stage,
permitted to suppose that the break-up stage had
already lasted for about 60—70 years.

The proportion of trees in the lower layer in 1986
was 42% of the tree number, and in the middle layer
15% (Fig. 5). During subsequent years one should
expect further increase in the proportion of middle
layer trees.

Beach dominated in all stand layers, and its pro-
portions in the lower, middle, and upper layer were
75%, 70%, and 50% of the tree number, respectively
(Fig. 5). Firs above 72 cm d.b.h. made 43% of the
number of trees of this species. There was no fir in the
24-64 cm d.b.h. interval, in which beech dominated
(Fig. 10).

The medium and large diameter trees prevailed
among dead standing trees (Fig. 6). A low frequen-
cy of small diameter trees indicated low mortality
among the trees up to 24 cm d.b.h.

GROWING UP STAGE
Jalowiecki Potok

This stand represented an advanced phase of the
growing up stage, as was indicated by high stand
volume (693 m?/ha) (Table 3), high volume propor-
tion of medium diameter trees (Fig. 7), well developed
middle layer (Fig. 5), and a high percentage of trees in
the old age generation (11%). Also a small number of
trees 16-32 cm d.b.h. indicated that this stand was in
transition to the optimum stage.

A large volume of this stand resulted from a high
proportion of spruce and fir which, however, de-
creased from 84 to 75% during 19761996 (Table 2).
Beech was a dominated species (91%) among the
trees up to 36 cm d.b.h. (Fig. 11).

The d.b.h. distribution was right-side asymmet-
ric, bimodal, with modes in the diameter classes: up
to 16 cm and 40-48 cm, and in form it was closest to
the beech distribution (Figs. 3, 11).

The proportion of middle layer trees was very high
(39%). There were only 25% of trees in the lower lay-
er (Fig. 5).

High mortality of trees in the lower layer was indi-
cated by their high frequency in dead standing tim-
ber (Fig. 6), which was also reflected in a small basal
area of dead standing trees (Table 6).
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Table 5. Volume of dead trees, standing and lying on the ground, according to the species and decomposition degree

1986 1996 Decompo-
Standing dead trees Lying dead trees Dead trees — total Standing dead trees Lying dead trees Dead trees — total | gition rates
Hlot S Vo! Gyt GGl vy vy ws Vew  VuVi| Vo' Ggt GofG V2 Vgp W Vo Visf/Vs| Jawsn
(m'ha) (m*ha) (%) (m’’ha) (m%ha) (m%ha)| (m¥ha) (%) (%) (m'ha) (m¥ha) (%) |(m%ha) (m¥ha) (m’ha)| (m*ha) (%) (%) (%)
Orawski  Abies 142.2 18.8 188 5.4 97.7 X 2453 68 159 97.8 13.8 148 - 53.7 X 151.5 46 104 -
Chodnik I paeys = = = 34 334 X 368 10 13 = - - = 285 - x 355 8 8 %
Picea 11.6 2.0 29 - 12.3 X 239 7 26 15.0 3.0 41 - 29.3 X 443 13 400 -
Unknown - - - X X 53.7 53:7 15 X 1.9 0.7 X X X 105.4 1073 33 X -
Total 153.8 20.8 59 8.8 1434 53.7 | 359.7 100 67 114.7 17:5 48 - 108.5 105.4 328.6 100 58 29
Pod Abies 52.2 5 125 - 55 X 57.7 33 85 29.8 39 85 - 13.8 X 43.6 27 63 -
Sokolica  frggys = = - = 3 x 0.0 - = = = 2 = 0.5 x 05 0 1 =
Picea 322 32 12 21.6 21.7 X 75.5 42 24 36.4 4.2 16 - 285 X 64.9 40 20 -
Unknown - - - X X 43.8 43.8 25 X 1.8 0.9 X X X 50.9 52.7 33 X =
Total 84.4 8.9 25 21.6 27.2 43.8 177.0 100 40 68.0 9.0 24 - 42.8 50.9 161.7 100 35 31
Dolny Abies 1 R | 16.6 139 - 104.0 X 215.1 74 121 93.0 15.2 115 - 90.6 X 183.6 59 94 -
Plaj B py0ys 10.1 0.2 1 519 = X 318 11 11 6.3 1.3 6 - 375 x 438 14 14 £
Picea 5.8 0.6 9 11.0 2.2 X 19.0 6 24 15.7 1.5 24 - 12.6 X 28.3 9 40 -
Unknown - - - - X 273 27.3 9 X 0.1 0.1 X X X 56.8 569 18 X -
Total 126.0 17.4 46 32.7 106.2 273 2922 100 53 115.1 18.1 45 - 140.7 56.8 312.6 100 54 16
Explanations:
Wi — volume of standing dead trees

Gy, — basal area of standing dead trees

’G, — basal area of living trees

v, 1. 15,1~ volume of lying dead trees according to decomposition degrees A, B, C

W, - volume of living trees

‘Intensity of wood decomposition (l‘“_m) was determined according to the formula:
lauxn ~ [(Vus— VLvs_ Vsms_ VM+ Vm)lyue] * 100
where: V, — volume of standing dead trees which died in 1986-1996

SDX(86-96)
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Fig. 5. Storeyed structure of stands according to tree participation in IUFRO classes (1996)

Dolny Plaj I11I1B

A well developed middle layer indicated the advance-
ment of the growing up stage. The proportions of trees in
the lower and middle layers were 26 and 33%, respective-

ly (Fig. 5).

Growing up stage

1986
Jalowiecki Potok
40 5. 02020 SEESSS Dolny Ptaj I1IB
- Pod Sokolica
30
<
£
]
z
20
10

12 20 28 36 44 52 60 68 76 84 92 100
d.b.h. (cm)

Fig. 6. D.b.h. distribution curves for dead standing trees (1986)
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No./ha

The d.b.h. structures of fir, beech and spruce were
characterized by high coefficients of variation (53, 58, and
66%, respectively), and a single-armed form of the distri-
bution curve with right-side asymmetry (Fig. 12). From
among all tree species fir showed the highest proportion
of trees above 52 cm d.b.h. (36%) (Fig. 12). Among the

Break-up and optimum stages

1996
~— Orawski Chodnik I
o) 0 T Czama Ha?a
--------- Dolny Ptaj 111
- — - Orawski Chodnik 1
30 4 &
\ v
\ .
20 :
10
n s

12 20 28 36 44 52 60 68 76 84 92 100

d.b.h. (cm)
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Fig. 7. Growing stock structure in the study plots Czarna Hala, Dolny Piaj I1I, and Jalowiecki Potok in 1976 and 1996

trees up to 24 cm d.b.h. beech (49%) and spruce (41%)
dominated. Spruce, because of a high frequency of individ-
uals of the growing up generation (72%), represented the
most progressive type in respect of the number dynamics.

There was no fir in the upgrowth during the period
19861996 in spite of the presence of young natural re-
production of this species (Table 4). Beech was the most
stable species in the regeneration.

25 Czarna Hala
1976 &
"y
——  Abies P
...... Fagus i
20 2
'
15
«© ©
< =
2 2
10
5
\:

The volume of dead trees in 1996 was 313 m%/ha (54% of
stand volume), out of which 63% was made by the timber
lying on the ground. The rate of its decomposition was
16%, and it was lower than that in the study plots Orawski
Chodnik and Pod Sokolica.

On the basis of the d.b.h. distribution curve for dead
standing trees it may be concluded that the mortality of
trees up to 40 cm d.b.h. was intensive (Fig 6), and corre-

25 Czarlr;a%Hala
20
15
10
5

L :
12 20 28 36 44 52 60 68 76 84 92 100
dbh (cm)

12 20 28 36 44 52 60 68 76 84 92 100
) d.B.h.' (cm)

Fig. 8. Tree d.b.h. distribution curves for the study plot Czarna Hala (break-up stage)
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Table 6. Basal area and volume of dead standing trees

1986 1996
Plot Species G GG G G/ v v,
S0 T S0 J o L T
(m?*ha) (%) (m?*ha) (%) (m¥ha) (%)
Jatowiecki Potok Abies 14.5 68 93 44 92.1 25
Fagus - - - - - -
Picea - - 3.2 32 50.9 34
Unknown - X 1.0 X 6.5 X
Total 14.5 33 13.5 31 149.5 22
Orawski Chodnik II ~ Abies 16.6 136 11.9 97 82.0 41
Fagus - - 1.8 11 6.0 2
Picea 0.4 5 0.1 1 0.6 0
Unknown 23 X 5.5 X 9.6 X
Total 19.3 53 19.3 50 98.2 17
Czarna Hala Abies 18.0 160 213 175 160.8 87
Fagus 8.2 37 5:2 23 36.3 9
Picea 52 594 5.5 533 48.2 436
Unknown - X 1.8 X 3.8 X
Total 31.4 91 33.8 94 249.1 43
Dolny Ptaj III Abies 17.2 45 14.9 89 120.7 47
Fagus 3.2 8 547 57 442 30
Picea 1.7 4 1.6 20 15.0 15
Unknown - X 0.7 X 234 | X
Total 22.1 58 22.8 66 185.0 37

Explanations see Table §

sponded with a high frequency of living trees in this di-
ameter interval (Fig. 3).

Pod Sokolicg

This study plot was characterized by a predominance
of spruce (71% of stand volume), highest numbers of trees
(346 trees/ha in 1996), and vertical stand structure with

Dolny Ptaj III
1976

64
56
48

40

32

No./ha

24

16

. 9

12 20 28 36 44 52 60 68 76 84 92 100
d.b.h. (cm)

No./ha

even proportions of trees in the upper, middle, and lower
layers (32, 35, and 33%, respectively) (Fig. 5). In the case
of the latter characteristic a certain importance may be as-
cribed to the amplitude of the height above sea level and
the variability of orographic conditions within this plot,
deciding upon the maximum heights attained by trees.

Dolny Plaj III

64 1996

56
48

40

32

24

16

e e
44 52 60 68 76 84 92 100
d.b.h. (cm)

12 20 28 36

Fig. 9. Tree d.b.h. distribution curves for the study plot Dolny Ptaj III (break-up stage)
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Fig. 10. Tree d.b.h. distribution curves for the study plot Orawski Chodnik II (break-up stage)

A distinct increase in percentage of beech was observed The proportion of fir in the diameter interval up to 52 cm
during this study. Its proportion among the trees up to  was only 2%. The trees of the old age generation made
16 cm d.b.h. increased to 51% (Table 2). The tree diameter  50% of the number of trees of this species, which indicat-
distribution of this species was characterized by a dis-  ed its regressive character. The diameter distribution of
tinct domination of trees with smallest diameters, thus  spruce was represented by a single-armed curve showing
indicating its progressive character. Under these condi- jts demographic stability (Fig. 13).
tions the trees of the greatest diameters reached d.b.h.

From among the analysed study plots this stand was
over 70 cm and height of 30 m, and therefore, an increase  characterized by the lowest fluctuation in the regenera-
of their proportion in the middle and upper layers is quite  tion numbers indicating a continuous occurrence of
realistic in future. favourable conditions for its creation (Table 4). The spe-

80 Jalowiecki Potok 80 Jatowiecki Potok
1976 1996
70 70 i
60 60}
' — Abies
. s Fagus
50 50 ' Picea
£ & ‘
S 40 S 40
30 30 : oy
20 20 ¢ \
10 10 R
12 20 28 36 44 52 60 68 76 84 92 100 12 20 28 36 44 52 60 68 76 84 92 100
d.b.h. (cm)

d.b.h. (cm)
Fig. 11. Tree d.b.h. distribution curves for the study plot Jalowiecki Potok (growing up stage)
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Fig. 12. Tree d.b.h. distribution curves for the study plot Dolny Ptaj IIIB (growing up stage)
cies composition of the young natural reproduction was DISCUSSION
subjected to strong changes mainly conditioned by the
occurrence of good seed years. Periodically, however, all Among the forests of a primeval character in the lower
species participated in the composition which showed a

mountain zone of the Western Carpathians, included in

potential possibility of their presence in the species com-  the studies of the Department of Silviculture at the Agri-

position of the stand. The highest proportion in the spe-  cultural University of Cracow in 1970s, the Babia Gora

cies composition of the upgrowth was attained by beech, ~ Mt. forest stands were distinguished by a high propor-

while fir was almost absent (Table 4). tion of fir, from 39 to 58%, and a considerable percentage
In 1996, the volume of dead trees was 162 m*/ha (35% of

stand volume), out of which 58% was made by trees lying

of spruce, from 12 to 26%. In respect of species composi-
on the ground (Table 5).

tion these stands were most similar to the Pieniny Mts.
forests (43-58% of fir, no spruce) (JAWORSKI, KARCZ-

60 Pod Sokolica €0 Pod Sokolica
1986 1996
50 sof .
40 al
£ ; £ "'
5 30] - S oW
z ' 230 :
201 . 2
0} 10 1
Nl eous = g L st
12 20 28 36 44 52 60 68 76 84 92 100
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12 20 28 36 44 52 60 68 76 84 92 100
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Fig. 13. Tree d.b.h. distribution curves for the study plot Pod Sokolica (growing up stage)
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MARSKI 1991). The Gorce Mts. forests were characterized
by a much lower proportion of fir (8-12%) (JAWORSKI,
SKRZYSZEWSKI 1995), and the Bieszczady Mts. by lack of
spruce (JAWORSKI etal. 1991).

In the species composition of stands studied in 1976—
1996 (Czarna Hala, Jatowiecki Potok, Dolny Ptaj III) dis-
tinct changes were found consisting mainly in the
decrease of fir (5~7% of stand volume) and increase of
beech (3—~17%). The numbers of fir trees decreased by
1-24% (Table 2). In stands representing the growing up
stage, which by the differentiation of vertical structure
creates the most favourable conditions for this species,
its proportion decreased by 1-8% (Tables 2, 3). These
stands, on the other hand, were characterized by a strong
beech expansion. Also DZIEWOLSKI (1987) observed
changes in the species composition during his study
(1960-1979) based on a statistical method of inventory
and including the entire Babia Géra Mt. National Park. Its
results showed that in the lower mountain zone the fir
proportion in the stand volume decreased by 6.8%, and in
the numbers of trees by 4.8%.

A decrease of fir and spruce proportion in favour of
beech was also recorded in the Pieniny Mts. National Park
in 1972-1987 (DZIEWOLSKI 1991).

Fir is a species characterized by a very high ratio of
dead to living trees. Taking into account the fact that the
decomposition of fir wood under conditions of the lower
mountain zone takes 4—6 times less time than its accumu-
lation (KORPEL 1993) this ratio at normal mortality should
range from 15 to 25%. Much higher values found in the
investigated stands (63-104%) indicate the intensifica-
tion of mortality of trees of this species which occurred
before 1970. Similar conclusions were drawn from studies
on fir vitality in the Carpathian forests (JAWORSKI,
SKRZYSZEWSKI 1986; JAWORSKI et al. 1995). The weak-
ness of fir could have contributed to a shortening of the
break-up and growing up stages (aging and dying phases),
and therefore, a shortening of the whole developmental
cycle, especially in fragments characterized by a high per-
centage of fir, which in view of strategy of this species
was unfavourable, while this would have rather favoured
the beech. This hypothesis was confirmed by a very fast
break-up taking place in the study plots Czarna Hala and
Dolny Ptaj 111, where the stand volume decreased by 28
and 26%, respectively, during 10 years, and the fir mortal-
ity was highest (62 and 76%, respectively) (Table 2).
Symptoms of shorter developmental cycle caused by fir
mortality were also observed in the Pieniny Mts. (JAWOR-
SKI, KARCZMARSKI 1991).

In the study plots Orawski Chodnik and Dolny Piaj I1IB,
where regeneration inventory was carried out, no fir up-
growth was found in spite of the young natural reproduc-
tion of this species (Table 4). No upgrowth was found by
JAWORSKI (1979a) either, who conducted a study on fir
regeneration in the study plots Jalowiecki Potok, Czarna
Hala, and Dolny Piaj III.

A lack of fir upgrowth was also noticed during the in-
ventory of stands carried out in 1979 (DZIEWOLSKI 1987).
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It seems that this situation resulted from heavy animal
browsing on young firs, especially that of deer. It is worth
mentioning that in the Babia Géra Mt. range deer was not
too numerous in the second half of 19" and the first half
of 20" centuries (LILPOP 1931 in KALWA, TOMEK 1983).
During the first wild game inventory in the Babia Géra Mt.
National Park in 1960 23 deer were tracked, and during the
1970 inventory there were 130 deer, while in 1976, period-
ically, 200 deer. Lack of reproduction makes the regenera-
tion of fir population impossible and leads to increased
regression of this species due to the lowering of its vital-
ity and intensification of its mortality.

High proportions of fir and spruce determined the high
growing stock of Babia Géra Mt. forests. Ina plot 0.2 hain
size, in the aging phase of the optimum stage, the stand
volume was 793 m3/ha at 51% proportion of fir and spruce
(Table 3).

A stand in the study plot Jatowiecki Potok, being in an
advanced growing up stage with volume of 693 m*/ha and
joined proportion of fir and spruce of 75 %, will probably
reach even a higher volume (Table 3). A maximum volume
reached by investigated stands in the Gorce Mts. was
739 m*/ha (optimum stage, 47% of fir and spruce) (JA-
WORSKI, SKRZYSZEWSKI 1995), in the Pieniny Mts. —
702 m*/ha (advanced growing up optimum stage, 46% of
fir) (JAWORSKI, KARCZMARSKI 1991), in the Beskid
Sadecki Mts. — 671 m*/ha (optimum stage, aging phase,
42% of fir) (JAWORSKI et al. 1994), and in the Bieszczady
Mts. — 618 m3/ha (growing up stage, 5% of fir) (JAWORSKI
etal. 1991). There are primeval forests of lower mountain
zone in Slovakia reaching the stand volume of 1,366 m*ha
(Dobroc¢sky prales reserve, optimum stage, 70% of fir and
spruce) (KORPEL 1995).

A low number of trees, ranging from 140 (break-up stage
with no regeneration) to 280 trees/ha (growing up stage)
is evident in the investigated stands. In stands of the
Beskid Mits. of similar species composition this number
does not fall below 300 trees/ha, and in Slovakia (Do-
bro&sky prales, Stuzica) below 250 trees/ha (KORPEL
1995). In the Badin reserve, where in 1957-1987 the pro-
portion of fir in the total number of trees decreased from
65 to 18%, there were 126 trees/ha in the optimum stage.
Similar low numbers (160290 trees/ha) are characteristic
of the beech stands with a low percentage of fir in the
Bieszczady Mts. (JAWORSKI et al. 1991). The numbers of
trees in the Slovakian primeval beech forests range from
350 to 550 trees/ha, at the stand volume oscillations of
400-600 m*/ha. According to the studies of Dziewolski,
mentioned above, the mean number of trees in stands of
the lower mountain zone in 1996 was 803 trees/ha, and in
1979 only 555 trees/ha (DZIEWOLSKI 1987). The numbers
of trees in stands of a complex structure are mainly asso-
ciated with the presence of small diameter trees, and there-
fore are connected with the intensity of upgrowth,
appearance of reproduction, and participation of shade-
tolerant fir. It is possible that in the case of Babia Géra Mt.
forests a decrease in the numbers of trees, particularly in
plots representing the break-up stage, resulted from a
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strong stress caused by wild game through limiting the

ingrowths and eliminating fir from the upgrowth.

The fluctuations in the growing stock and numbers of
trees during the developmental cycle depend on an as-
sumed spatial scale, and they increase with a decrease in
sample plot size. The differences in structure of the inves-
tigated stands were mainly manifested by the differences
in the numbers of trees up to 32 cm d.b.h. These stands
differed little in respect of tree frequency in the higher
diameter classes and volume, while the existing differenc-
es may have resulted from the species composition (e.g.
prevalence of fir and spruce or beech), or site conditions.
SZWAGRZYK et al. (1995), conducting investigations in a
plot 1 ha in size, situated in a close neighbourhood of
stands under discussion, found surprising similarity in
respect of the volume (553 m?/ha) and numbers of trees
(220 trees/ha). KORPEL (1995), in the Dobro&sky prales
reserve, did not find a single fragment, 0.5 ha in size, with
volume below 500 m3/ha. All these facts appear to show a
great homogeneity of the structure of primeval forests in
the lower mountain zone, and induce to undertake further
studies in order to become better acquainted with its spa-
tial variability.

A stand in the study plot Pod Sokolicg in respect of the
species composition, developmental stage and phase
somewhat resembled that in the study plot Gérny Piaj,
which is already situated in the upper mountain zone
(1,150-1,170 m above sea level) (JAWORSKI, KARCZMAR-
SKI11995). The latter, however, was characterized by a high-
er stand volume (561 m*/ha in 1986) and smaller numbers
of trees (246 trees/ha).

The following conclusions my be drawn on the basis of
this study:

1. The lower mountain zone stands of Babia Géra Mt. are
under strong stress created by deer, which makes the
reproduction of fir and regeneration of its population
impossible.

2. Increased mortality of fir observed in the 1960s, in stands
with a high percentage of this species, was the cause of
shorter aging and dying phases which promoted repro-
duction and expansion of beech. Present domination of
beech among the trees of the growing up generation
points to a possibility of change in the species compo-
sition.

3. The range of the numbers of trees in the investigated
beech-fir stands, representing the full spectrum of de-
velopmental stages, was from 140 to 280 trees/ha, and
the range of stand volume from 504 to 793 m* ha. These
amplitudes resulted not only from the regularities con-
nected with the developmental cycle, but also from the
trends of fir recession and beech expansion.
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Struktura a dynamika lesii pralesniho charakteru v niZi horské zéné v Ndrodnim parku

Babia Gora

A. JAWORSKI, J. PALUCH

Zemédélska univerzita, Lesnickd fakulta, Katedra péstovani lesi, Krakov, Polsko

ABSTRAKT: Vy¢etni tloudtku a vy$ku Zivych i odumielych stromi jsme méfili na tfech pokusnych plochach v letech
1976-1986 a na &tyfech plochach v letech 1986-1996. Podil jedle &inil 15-58 % a podil smrku 12-71 % porostni zasoby.
Porostni zésoba se pohybovala mezi 442 a 793 m*/ha a podet stromi kolisal od 140 do 346 jedinci/ha. Podil jedle se sniZil

0 1-24 % z pottu stromi. Objem odumfelych stromi jedle doséhl 63—104 % objemu Zivych stromil.

Klitova slova: Abies alba; Fagus sylvatica; Picea abies; stup jedle; zm&ny v druhovém sloZeni; vyvojova stadia a faze

Vyzkum byl provadén v zachovalych partiich bukojed-
lovych a smrkovych porosti pralesniho charakteru v niz-
§i horské zén& Narodniho parku Babia Géra. V obdobi
1976—-1986 vyzkum probihal na tfech plochach, v obdobi
1986-1996 na ctyfech plochach. Vybrané porosty repre-
zentovaly stadium optima, doriistan{ a rozpadu (tab. 1).
U v3ech zivych i mrtvych stromti s vy&etni tloustkou nad
6 cm byl mé&fen vy&etni primér. Na plochach Pod Soko-
lica, Orawski Chodnik I a Dolny Plaj IIIB bylo navic méfe-
no velké mnoZstvi leZicich stromd, jedinci star¥ich néros-
ti (na plode 10 x 60 m) a nejmlad3ich stadii p¥irozené
obnovy (v pasu 2 x 60 m).

Zastoupen{ jedle se v porostni zasobé& pohybovalo
v rozmezi 15-58 %, smrku 12-71 % (tab. 1). Béhem doby
sledovaéni se sniZil pocet jedli o 1-24 % (tab. 2 a 3). Objem
ve sledovanych bukojedlovych porostech kolisal od
504 m*/ha (stadium rozpadu) do 793 m*/ha (stadium opti-
ma, stdrnutf), po&et stromii kolisal od 140 (stadium rozpa-

du bez obnovy) do 280 stromi/ha (stadium dortsténf)
(tab. 2 a 3). Ve smrkovém porostu v obdobi 1986-1996
objem dosahoval 442-464 m*/ha a podet stromil 324 az
346 ks/ha (stadium dortstani, faze vyb&rného lesa). Po-
Cty prirozené obnovy kolisaly od 2 000 do 13 000 seme-
nagki/ha, narost od 400 do 7 300 ks/ha (tab. 4). V obnové
pfevaZoval buk. PfestoZe se jedle vyskytovala v pfirozené
obnové, chybé&la ve star§ich narostech. Tato situace je
zplisobena intenzivnim okusem zvéfe, jejiz pocetni stavy
se v sedmdesatych letech vyrazné zvysily. Objem mrtvé-
ho jedlového dfeva dosahoval 63—-104 % objemu Zivych
jedli. ZvySena mortalita jedle v porostech s jejim vyso-
kym podilem, zjit&na v prib&hu této studie, vyustila ve
zkraceni faze starnuti a odumirani, coz podpofilo obnovu
a expanzi buku. Po&etni pfevaha buku v pfirozené obno-
ve& zjiSténa v souasné dob& ukazuje na moznost zmény
druhové skladby a vylouteni jedle z porostniho zastou-
peni.
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Terrestrial single-image photogrammetry for measuring
standing trees, as applied in the Dobro¢ virgin forest

D. GAFrREY!, B. SLoBODA!, M. FABRIKA?, S. SMELKO?

'University of Gottingen, Faculty of Forest Sciences and Forest Ecology, Institute of Forest
Biometry and Informatics, Gottingen, Germany

*Technical University, Faculty of Forestry, Department of Forest Management and Geodesy,
Zvolen, Slovak Republic

ABSTRACT: For about one century, terrestrial photogrammetry has been applied in forestry. Especially, the development
of electronic data processing, as well as the production of high-quality amateur cameras, facilitated an extensive and eco-
nomical use of this technology. Measuring the stem form of standing trees does not normally require stereo photogramme-
try, a simple single-image photogrammetry is sufficient. Such a method is described here in detail, both in theory and in
practice. Error studies showed that the standard deviation of the diameter and the height measurement errors becomes great-
er with increasing measurement height and camera distance. At a distance of 22 m and at a height of 32 m, the diameter error-
related standard deviation s, is 0.8 cm and that of the height error s, is 0.4 m. Ataheight of 23 m, s,, is 0.6 cm at a distance
of 25 m and 1.0 cm at a distance of 50 m. Simulations revealed that especially errors due to incorrect handling of the scale
pole, while capturing the image, and measurement errors of the pass points of the pole result in systematic deviations of
diameter and height, both increasing by measurement height. This error study was performed in connection with measure-
ments of some of the greatest trees in the Dobro¢ primeval forest of Slovakia: the principal suitability of terrestrial photo-

grammetry for assessing objects with heights of 50 m and more should be checked.

Keywords: terrestrial photogrammetry; stem form measurement; Dobro¢ virgin forest

One of the main tasks of forestry is estimating the wood
volume of single trees, especially of the stem, as reliably
as possible. In addition, the prognosis of assortments,
into which a stem can be classified, requires exact
information on the stem taper. Therefore, methods for
measuring standing trees were developed arelatively long
time ago (see, e.g., PRODAN 1965), and photogrammetry
technology was introduced to forestry later in the last
century (WEBER 1902). But it was not before electronic
data processing and the substitution of aerial cameras by
less expensive amateur cameras that photogrammetry
could be carried out economically (KREIBIG 1967a, 1968;
DEHN et al. 1985; DEHN 1987). Sufficient accuracy has
been proven for this simplified measurement technique,
too, but studies were performed only on objects with
maximum heights up to 30 m. However, in practice, trees
with heights of 50 m and more exist and have been
measured (e.g., GAFFREY 1996). Photogrammetric
analyses of some of the largest trees in the Slovakian
Dobro¢ primeval forest in the year 1998 gave reason to
present possibilities, as well as constraints, of the
terrestrial single-image photogrammetry used, with a
special focus on the achievable accuracy.

J. FOR. SCI., 47, 2001 (2): 75-87

DEVELOPMENT OF TERRESTRIAL
PHOTOGRAMMETRY

One of the pioneers of forestry-related photogramme-
try is WEBER (1902). He used a plate camera of which the
plates were adjusted parallel to the stem axis, resulting in
a single scale for the complete image. The mathematical
definition under this condition of projection is very easy,
but the great disadvantage is that only the lower part of
the stem can be captured. Around the turn of the century,
stereo photogrammetry, too, was introduced and inten-
sively used in forestry, e.g., in Austria (lit. see MOLLER
1931) or in Russia (lit. see KREIBIG 1967a). Stereo technol-
ogy was considerably refined by MULLER (1931), who
used professional cameras. But, in normal cases, images
were still taken with the image plane parallel to the stem
axis. Apart from normally oriented exposures, MARSH
(1952) experimented with tilted ones which show a per-
spective distortion, but the obtained precision was poor.

For the first time, the development of electronic data
processing offered the possibility of considerable time-
saving during the process of image analysis. But an eco-
nomical application of photogrammetry for remotely
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sensing tree stems, moreover, required a method which
permitted a simple and flexible use in the field, with equip-
ment being available at a reasonable price. Confronted
with these demands, KREIBIG (1964) realised a system
based on a standard medium-format camera, being tilted
to assess the whole stem with one single exposure
(1967a,b, 1968). A linear scale, a pole with three pass
points, attached to the stem parallel to its axis, served for
determining the parameter of the transformation equation.
In such a case, distance and inclination angle of the cam-
era need not be measured and the camera location can be
chosen under conditions being optimal for taking pho-
tos. Independently of Kreibig’s work”, in the early eight-
ies, the same solution for the challenge of developing an
economical technology for remotely measuring standing
stems, the application of a terrestrial single-image photo-
grammetry, was invented by DEHN et al. (1985; DEHN
1987). At that time, advanced data processing indeed al-
lowed a comfortable, interactive image analysis and, with
the improvement of film materials and amateur cameras,
the chosen low-cost 35-mm reflex camera met the desired
accuracy. A comparable method, equal in mean character-
istics including the use of a 35-mm camera, was also pre-
sented by ASHLEY and ROGER (1969), but their system
was tested only under laboratory conditions.

Contrary to taking only a single photo per tree, BRAD-
SHAW (1972) preferred separate photos for each stem lo-
cation where a diameter was to be measured. Therefore,
he chose a 35-mm camera combined with a 135-mm tele-
scopic lens. Each picture taken must be accompanied by
recording the camera tilt angle and its distance to the tree.
On account of the greater image scale, CROSBY et al. (1983),
NOSENZO (1993) and TAKAHASHI et al. (1997), too, take a
sequence of pictures per tree, using long-focus lenses.
CROSBY et al. (1983) additionally use a pole with a scale
which permits measuring several diameters within one
exposure, but their method is restricted to a height of
about 10 m. TAKAHASHI et al. (1997) have a special cam-
era prototype, optionally displaying the object distance
or a measuring scale. In combination with externally de-
termined camera inclination angles, scanned images can
be analysed photogrammetrically.

The latest development is characterised by the applica-
tion of digital photography (CLARK 1998; CLARK et al.
1998). Savings in costs and time, as well as the possibility
of digital image processing are notable advantages.
CLARK et al. (1998) chose four camera stations per tree,
positioned in steps of 90° around the stem, for assessing
tree lean and asymmetric stem cross-sections. As no scale
is used, the camera’s outer orientation, distance and incli-
nation, must be measured.

Though producing much more effort and costs than
single-image photogrammetry, terrestrial stereo photo-
grammetry is still represented in forestry because it offers
the only way of spatial information acquisition. Unlike in
the early past, tilted photographing is standard today.

Professional double-measuring cameras (e.g., LEBRUN
1974; RACKO 1983; OLENDEREK 1992), medium-format
cameras (RACKO 1983) and 35-mm cameras (NAKAYAMA,
NAGASHIMA 1963; FIRTH et al. 2000) are in use. Image
analysis is performed by conventional stereo compara-
tors or by specially developed hard and software solu-
tions (e.g., BARTORELLI 1978; HENGL et al. 1997).

METHOD OF TERRESTRIAL SINGLE-IMAGE
PHOTOGRAMMETRY

In the following section, the method of terrestrial pho-
togrammetry, in the manner developed by DEHN et al.
(1985; DEHN 1987) in Géttingen, is described. As ever, it is
intensely used at the Institute of Forest Biometry and
Informatics in Gottingen. It primarily serves to acquire
information on the stem form of standing trees, with the
aim to derive species-specific, local and regional taper
curve models (GAFFREY 1994; SLOBODA et al. 1998; GAFF-
REY, NAGEL 1998). For this purpose, relatively extensive
surveys are indispensable (the measurement of about
10-20 trees per species and per stand is necessary for con-
structing taper curve models; up to now over 2,000 trees
have been analysed), the method must guarantee in par-
ticular a simple and fast work flow in the field. This is
achieved by taking only a single picture per tree, using a
35-mm camera (CANON AEl) equipped with a 28-mm
wide-angle lens, and attaching a linear scale of 4 or Sm
length (aluminium pole with 3 pass points) at the stem
(Fig. 1), making measurements of parameters of the outer
orientation unnecessary.

Field work requires two persons: the cameraman and
another person responsible for handling the pole. Choos-
ing a location for the camera must take into account unim-
paired visibility of the complete stem, and the tip of the
crown must be identifiable for determining the tree height.
Simultaneously, photographing against the light must be
avoided and, in the case of appreciable slope inclination,
the camera must be directed downhill. The horizontal cam-
era distance normally equals the height of the tree; at
least, it must be two thirds of the tree length. The camera,
mounted on a tripod, is tilted by an angle ® (Fig. 1) until
the complete tree is centred in the view-finder. Rotations
on the other two axes, especially on the y-axis, must be
avoided. Measuring the horizontal camera distance to the
tree or the camera inclination angle is not necessary. The
pass-point pole is fixed at the side of the tree (by hanging
it on a branch or by hammering the pole with an attached
pin into the bark). The exact parallel orientation to the tree
axis as well as the visibility of all three pass points, must
be controlled by the cameraman. Lastly, the distance from
the foot of the stem, defined as the origin of the object co-
ordinate system, to the first pass point must be measured
and noted on a board, together with an identification
code. Due to unfavourable light conditions in a stand
(very wide density range from the ground to the sky),

*At that time, the literature of Eastern Europe was not often accessible and therefore unknown.
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Fig. 1. Application of single-image terrestrial
photogrammetry for assessing the stem form
of standing trees

{4

uminium pole .}

th thre

3 it
35 mm reflex

i '

generally three pictures are taken by varying the shutter
speed, to ensure at least one satisfying exposure for the
image analysis. As a black-and-white film with a very fine
grain and thus, with a low speed, is preferred (AGFAPAN
APX 25,1S0 25/15°), aremote or a cable shutter release is
required to avoid blurred images. Moreover, the tree must
remain more or less motionless during the exposure. Fur-

Macroscope

Light source

WS Photo negative

Co-ordinate measuring table
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ther details concerning photo acquisition can be inferred
from the treatise of DEHN (1987) and KREIBIG (1967a).
The analysis of the photo negatives is performed in the
laboratory using a PC-controlled 2-axis industry control-
ler, supplemented with a 3 axis, a rotary plate, illuminat-
ed from below (Fig. 2). A macroscope, combined with a
CCD camera, resolves continuously up to 80 times. The
software for controlling the comparator and for measur-

Fig. 2. Digital analysis of photo negatives
using an individually optimised measuring
equipment
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ing tree diameter and heights was developed at the insti-
tute. The best-exposed negative is fixed flat on the rotary
plate and it is oriented by joystick control, so that the
pass point pole is parallel to the y-axis of the measuring
table. (By doing so, a possible rotation of the camera
around its z-axis [Fig. 1] during the image capture can be
corrected.) As the 35-mm negatives do not have any fidu-
cial marks, the principal point, of which the exact location
is needed for the distortion correction (see below), is ap-
proximately determined by the intersection of the image
diagonals. The image corners are normally more or less
rounded and hence, they must be defined by the intersec-
tion points of four straight lines representing the image
edges. For this purpose, two image points for each edge
are measured. This way of calculating the principal point
is very robust: minor measurement errors of recognising
the edge points are negligible (DEHN 1987). By contrast,
as the precise localisation of the image pass points is of
extreme importance (DEHN et al. 1985; DEHN 1987), this
step must be performed twice. The identification of the
image co-ordinates (x"pp, y'pp) of the three pass points,
combined with the corresponding object co-ordinates
(X’p ’ Y’W), allows the determination of the three unknown
parameters ¢&;,¢5,¢3 of the perspective transformation
equation. Then, measured image co-ordinates (xp, yp) of
any image point p can be converted into object co-ordi-
nates (X i Yp) of the corresponding object point P, by

VGG

X _xp-D,,/cos(w-c)
v+l TP

W+l

The required parameters of the outer orientation, the
camera inclination o, the horizontal distance D,, from the
perspective projection centre to the object plane and the
vertical distance D, of the projection centre relative to
the origin of the object co-ordinate system (Fig. 1), are
given by the relations:
é; +(c-¢,-tanw)

tan’ @ +1

_Es—D

v

T —tanw

w =arctan(c-¢,), D,= 5. <D
c is the focal length, the distance of the projection centre
to the image plane.

The correction of the distortion of the radial image dis-
tances must precede any calculation of object co-ordi-
nates. According to the principle of the perspective
projection, any object radius R is projected on an image
radius » with » = c.tan 1. But a photographic projection will
result in a distorted radius »’, rather than . The radial
distortion Ar is given by Ar = r — r’. As normally the
distortion of amateur cameras, depending on the used
lens, is unknown, the camera-lens system must first be
calibrated. In approximation, the distortion can be as-
sumed symmetrical to the principal point. This simplifies
the determination of the distortion function, a radial dis-
tortion polynomial starting in the principal point (sup-
posed to be free of distortion) and which depends on r’
only. It is practical to explain the relative distortion Ar’/r’
rather than the absolute deviations. The correction of the
distorted image radii is done by the correction function
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n
') r'—>r= r'+r'-z a-(r')
i=0
with g, being the polynomial coefficients of the distortion
function.

The CANON camera used with a 28-mm wide-angle ob-
jective showed a relative distortion, which increased ap-
proximately linearly, with maximum values of about 2.5%.
The graph of the distortion of another calibrated camera
(Minolta X300, 28-mm lens) was similar, but the absolute
values were a bit lower. Ten years later, the CANON cam-
era was re-calibrated and the resulting distortion function
showed only marginal differences, which lie in the error
scale of the calibration process. This means that repeated
removal and fixation of the lens do not affect the inner
orientation of the camera because the bayonet mount
guarantees a well-defined lens positioning.

The photogrammetric analysis of a tree stem is per-
formed interactively, i.e., after measuring a pair of image
points of the stem, its diameter and height position is
displayed. In principle, non-horizontal distances can also
be assessed. At any time of the measuring process, image
points can be re-identified, controlled and, if necessary,
corrected or deleted.

Terrestrial single-image photogrammetry has methodi-
cally been optimised so far that within one day of photo-
graphing, about 40-50 trees in two or three stands are
achievable. These are rough guide numbers, and it has to
be considered that, apart from the distance of the loca-
tions of the stand, the characteristics of the stands (den-
sity, undergrowth) and the terrain (slope) as well as the
weather conditions have considerable influence on the
performance. Especially during field work of several
weeks, down times caused by rainfall or heavy wind must
be planned. Laboratory performance of the image analy-
sis is about four to five trees per hour, but working four
hours or more per day, done by the same person, is not
advisable because of the necessary high concentration.
Lastly, it must be underlined that the accuracy of the re-
sulting data extremely depends on very conscientiously
performed field and laboratory work.

ACCURACY OF PHOTOGRAMMETRIC
MEASUREMENTS

Judging the accuracy of the different terrestrial photo-
grammetric systems used in forestry is difficult because
error studies are not often performed systematically, or
only to a very limited extent, or different error characteris-
tics were presented in publications, which hinders a di-
rect comparison. Frequently, observations are restricted
to the lower- and middle-stem section, as this is the eco-
nomically most important part of the tree. Sometimes, the
precision is given for the whole length of the stem, though
oblique images induce increasing measurement errors
depending on height.

As error characteristics are not always denoted by the
same terms in literature, the expressions, used here are
defined as follows:
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The measurement error
Ax=X-x

is the deviation of a photogrammetrically determined val-
ue X of a distinct variable (e.g., diameter or height) related
to a measured reference value x (callipered diameter, height
determined by a measuring tape).

The average error Ax is defined by

Thestandard deviation of the measurement error s i I8
| —
N
i=l

and the root mean square error (RMSE) s,, often simplified
to mean error, is

x

Measurement errors in practical use
— published data

Concerning the accuracy of one of the first photogram-
metric plate images by WEBER (1902), it is stated (quoted
from MULLER 1931, p. 16, translated): “88% of all diameter
measurements range between error limits from 0 to 1.0 cm.”
Due to a non-oblique plate orientation, stem diameters
could be assessed only up to height of 14 m. MULLER
(1931) found for his normally oriented stereo images (ste-
reometer camera, type Hugershoff) a mean diameter error
5,0f0.35 cm for spruce, and for pine, a range from 0.38 to
0.48 cm. Concerning oblique images, he mentioned, with-
out differentiating between the measurement heights, a
mean error s,0f 0.44 cm. LEBRUN (1974) observed for tilt-
ed stereo photos (stereo camera Zeiss SMK 120) a mean
diameter error s, for pine from 0.4 to 0.9 cm and for spruce
from 0.4 to 1.4 cm. The mean height error s, was 0.39 m
(pine) and 0.16 m (spruce). RACKO (1983) compared the
precision of stereo images (oak trees) taken with a profes-
sional stereo camera (Zeiss SMK 5.5/0808) and an ama-
teur medium-format camera (KIEV 80). The mean diameter
errors, was 0.6 cm (SMK) vs. 0.4 cm (KIEV), the standard
deviation of the diameter error s aa Was 0.42 cm (SMK) vs.
0.57 cm (KIEV). Concerning the height (the mean height
of the oaks was 19.6 m), the mean height error s, 0f0.19 m
(SMK) and of 0.08 m (KIEV) respectively, and standard
deviation s, 0f0.32 m (SMK) were determined.

KREIBIG (1964, 1967a,b, 1968, 1972) proved the princi-
pal suitability of amateur cameras (medium-format camera
Praktisix with Flektogon 4/50 lens) for terrestrial single-
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image photogrammetry in forestry. For spruce, the mean
diameter error s ,0£0.35-0.6 cm was calculated in the in-
terval from 2 to 15 m. Whereas from 2 to 10 m, the error
remained relatively constant, it increased up to a height
0f20 m, reaching the value of 1.0 cm. Of similar order was
the mean error in the region of the bud swell. With an
average tree height of 23.8 m, the mean height error s,
was 0.8 m (KREIBIG, 1967a). BRADSHAW (1972), who took
a sequence of images per tree (135-mm lens) where each
picture served for only a single diameter measurement,
mentioned an average diameter error Ad of0.07 cm within
the range from 1.3 to 28 m, and a standard error (not clear
whether s_or S, Was meant) of 1.0 cm. Concerning the
height, A% was 0.09 m and s, (ors,,) was 0.15 m. DEHN
(1987) investigated in detail measurement errors resulting
from images of firs, taken with a 35-mm camera (CANON
AE1 with 28 mm lens). For about the whole length of the
stem (measurement distances 1 m), the average diameter
errorAd ranged from 0 to + 0.2 cm, but the top region
showed a slight systematic underestimation by —0.3 cm.
The tendency of the standard deviation of the measure-
ment error s, , is comparable with the tendency which is
described by KREIBIG for the mean error. In the stem sec-
tion from 2 to 20 m, 5,4 varies between 0.4 and 0.6 cm,
increases in the region above and reaches the values be-
tween 1.0 and 1.3 cm. Using the same photogrammetric
method, but applying a modified aerial camera (AFP21 K
with 50-mm and 200-mm lenses), PERLWITZ (1994) deter-
mined for pine — averaged for all height positions — the
mean error s, 0f 0.7 (200 mm lens) and 1.2 cm (50 mm lens),
respectively.

TAKAHASHI etal. (1997) could use a measuring camera
prototype (Minolta MC-100 with 500-mm lens). Photo-
graphing separate stem sectors, the average diameter er-
rorAd for Chamaecyparis obtusa (35 years old, measuring
height 1.2 m) was +0.16 ¢cm and the mean error s, was
0.46 cm. Measurements of Cryptomeria japonica at dif-
ferent heights (1.2,3.2 and 5.2 m)resulted in +0.02 cm for
the average error Ad and in 0.05 ¢m for s, Concerning the
height errors (tree heights ranging from 15to 21 m), Ak was
found to be +0.25 m (+1.3%) and s, was 0.62 m.

The attainable precision of digital cameras depends es-
sentially on the pixel number of the CCD elements. The
camera used by CLARK et al. (l998),aKodakDC-120(l,280
% 960 pixels), permitted an optical resolution of not more
than about 7 mm per 10-m distance to the object plane.
Measurements performed on several deciduous trees at
stem heights of 1.4 to 21 m (camera distance ranging from
6 to 21 m and tilt angle from 3 to 63 degrees) contain an
average error Ad of +0.97 cm. The single-error interval
ranges from —5.8 to 8.4 cm. Depending on height, the
spread of error increases considerably.

Answering the question about acceptable error limits
for diameter measurements necessitates judging of the
effect of diameter errors on volume estimation, in relation
to the total stem or to assortment volumes, If the mean
diameter error s 4 is known, the mean volume error s, ofa
stem section with length / and diameter d is given by
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s,=m/2 x | x d x 5, assuming a cylindrical form of the
section. As the diameter error increases depending on
height, and the diameter itself becomes smaller, the rela-
tive volume error in the uppermost stem regions can reach
immense values. But this »andom error is of little impor-
tance and can generally be neglected if the estimation of
the total stem volume is of interest, especially if the mea-
sured values are interpolated (e.g., by spline functions:
SLOBODA et al. 1998). Not negligible are systematic er-
rors, but they can be avoided — at least in the lower and
middle part of the stem — if the photogrammetric method
is applied correctly. In the upper part, in the case of back-
lit conditions or of highly reflecting radiation caused by
clouds, the edges of the stem are inundated with radia-
tion, leading to a systematic underestimation of stem di-
ameters. KREIBIG (1967a,b) mentions deviations of 1.5
to —3.0 cm. Though this effect can cause a great relative
volume error in the uppermost stem section, due to its
little absolute volume, it is of minor significance for the
estimation of the total stem volume (DEHN 1987).

Errors of the Gottinger photogrammetric system
— control measurements

The principal suitability of low-cost 35-mm cameras for
photogrammetric purposes has been proven, but all mea-
surement equipment must be controlled carefully so that
possible system-inherent systematic errors can be cor-
rected. Control measurements require the analysis of geo-
metrically exactly defined objects under optimal
conditions.

The test of our own CANON camera was performed in
1984 and 1992 in Gottingen, as well as in 1999 in Zvolen
(Slovakia). Several pairs of marks were attached at multi-
storey houses in well-defined vertical distances (mea-
sured using a steel tape). The photo scale used was a 5-m
aluminium pole with pass points distances of 2.5 m. In
1992, the horizontal distances of the marks were about
30 cm, the vertical ones about 4.5 m, with the highest mark
at 32 m. The camera distance to the house was chosen as

Table 1. First control of the “Géttinger photogrammetric equip-
ment”. Influence of the height positions of the measured marks
on systematic and random diameter and height errors (width of
the marks: 30.0 cm)

Control measurements — Gottingen 1992

Diameter error (cm) Height error (m)

Height (m) Mean Std. dev. Mean Std. dev.
Ad Saa Ah San

5.26 0.05 0.26 0.00 0.00
9.78 0.48 0.10 -0.01 0.02
14.25 0.18 0.40 -0.01 0.06
18.74 0.44 0.26 0.00 0.12
23.24 0.58 0.27 -0.02 0.19
27.75 -0.06 0.60 -0.03 0.29
32.22 -0.58 0.80 -0.09 0.40

Mean 0.16 -0.02
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close as possible (about 22 m) and thus, requiring in con-
sequence a great camera tilt (about 25°), with the aim to
increase the potentially existing systematic error. The
best-exposed photo negative was measured in triple rep-
lication. The results (Table 1) do not show any systemat-
ic diameter or height errors (Ad and Ah). The standard
deviation of the height error s,, starts with 0.0 m at a
height of 5 m, increases continuously, and reaches 0.4 m
at 32 m. Inrespect to the diameter, below a height of 23 m,
5,4 revealed variation ranging from 0.1 to 0.4 cm, then
increasing to 0.8 cm at the height of 32 m.

Table 2. Second control of the “Géttinger photogrammetric
cquipment”. Influence of camera distance and width of the mea-
sured marks on systematic and random diameter errors (height
positions of the marks about 23 m)

Control measurements — Zvolen 1999

Diameter error (cm)
Camera distance 25 m  Camera distance 50 m

Diameter Mean Std. dev Mean Std. dev.
(cm) Ad Spg Ad Spg
5.0 0.14 0.06 0.84 0.41
10.0 -0.13 0.96 -0.29 0.65
20.0 -0.49 0.12 1.08 0.76
25.0 0.90 0.33 0.08 0.86
40.0 0.03 0.18 -0.98 1.07
60.0 0.36 0.09 -0.24 0.58
Mean 0.14 0.08
Std. dev. 0.57 0.96

In 1999, in Zvolen, control measurements were repeated
with the intention of testing for systematic errors once
more. The influence of different widths of the measured
marks on the resulting precision was to be studied, as
well as the effect of doubling the camera distance. The
marks were then positioned at a height of about 23 m and
the camera locations were chosen at distances of 25 and
50 m from the object plane. The measurements of each
exposure were repeated three times. Again no systematic
error could be found (Table 2).

The average diameter error or its standard deviation
does not depend on the width of the marks. But the cam-
era distance influences the random error noticeably: s,,=
0.57 cm ata distance of 25 m vs. s, , = 0.96 cm at a distance
of 50 m. Just like in the increasing dispersion of the mea-
surement error at higher positions, the reason is the same:
a greater camera distance results in a smaller image scale.
Thus, the edges of the marks are more blurred and their
identification becomes more vague. This is valid for the
pass points, too. The influence of random deviations of
measured pass points on calculated object co-ordinates
was investigated by simulations.

Error simulations

DEHN (1987; DEHN et al. 1985) calculated theoretical
diameter and height errors for the Gottinger photogram-
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metric system. He determined maximum values for the tilt
angle of the pass point pole with reference to the object
axis (0.2°), for the standard deviation of the identification
error of the edges of the photo negative (50 um), of the
pass points (2 um) and of the object points (3 pm). Run-
ning multiple computer simulations, with all errors ran-
domly varying from zero up to the given upper limit, the
results were obtained (Table 3) which are comparable to
those of the control measurements (Table 2).

Normally, working under field conditions, the assumed
maximum tilt angle of the scale pole of 0.2° (equivalent to
a deviation of 1.7 cm for the 5-m pole) is more or less
frequently exceeded. Moreover, in the simulation studies,

Table 3. Error study by simulating the “Géttinger photogram-
metric method”. Influence on random diameter and height errors
by differentiating three height ranges

Error simulation — DEHN et al. (1985)

::]Iggcht(m) Diameter error (cm) Height error (m)
Std. dev. s,, Std. dev. 5,,
0-10 0.26 0.009
10-20 0.36 0.058
20-30 0.51 0.152

errors at heights over 30 m were not examined, but in old
stands trees regularly exceed this value. Therefore, exem-
plarily taking into account such typical conditions, the
effect of incorrect handling of the photogrammetric equip-

ment — and certain other factors — will be calculated (Ta-
ble 4).

The basic variant (V1) is given by a 50-m object. The
camera distance D, is relatively close (25 m) and, with a
camera tilt ® of 30°, the object will approximately fill the
film format in longitudinal direction. Rotations on the oth-
er image axis do not exist. The terrain is not inclined and
thus, the vertical distance D, of the projection centre of
the camera with reference to the object co-ordinate sys-
tem is defined as 1.5 m. The first pass point is located at a
height of 1 m. The pass point pole lies in the object plane,
with distance D, from the camera, but parallelism to the
tree axis will not be assumed. The fulcrum lies in the third
pass point with a rotation angle of 0.5° (equivalent to a
deviation of 4.4 cm at the first pass point). (To facilitate
comparisons, calculated systematic diameter and height
measurement errors of this and of the following variants
are given in per cent, related to the corresponding vari-
able value.) The tilt of the pole causes comparable errors
AD% and AH%, which increase depending on height,
reaching 1.6% and 1.5% respectively, at a height of 50 m.
Doubling the tilt (V2: 1.0° equiv. to 8.8 cm) doubles the
errors, too. By increasing the camera distance (35 m) and
reducing the camera inclination (25°) both errors will be
decreased by about 30% (V3). Further distance enlarge-
ment (50 m) and camera tilt reduction (20°) reduces the
errors once again by about 30% (V4). The influence of
rotating the camera around its vertical axis (y-axis, see

Table 4. Error study of the significance of different variants of systematic errors on measured diameters and heights, calculated for

different height positions

Theoretical measurement errors

Vi V2 V3 V4 \A) V6 v7 \% ] V9

Camera distance D, (m) 25 25 35 50 25 25 25 40 25

1. Camera tilt angle ! 30° 30° 25° 20° 30° 30° 30° 10° 30°

2. Camera tilt angle? 0° 0° 0° 0° 0.5° 0° 0° 0° 0°
PPS? tilt angle 0.5° 1.0° 1.0° 1.0° 0.5° 0° 0.5° 1.0 0°
PPS distance error (m) 0 0 0 0 0 0.5 0 0 0
Height 1. PP* (m) 1 1 1 1 1 1 2 1 1
Slope 0° 0° 0° 0° 0° 0° 0° 20° 0°
Camera height D, (m) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 19.7 18
Meas. error 2. PP (mm) 0 0 0 0 0 0 0 0 0.01
Height (m) AD AH AD AH ADAHAD AH AD AH AD AH AD AH AD AH AD AH

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

5 0.0 00 -0.1-0.1 -0.1 0.0 0.0 0.0 0.03 0.08 -2.0 -1.4 -0.1 -0.1 0.0 0.1 -0.1 -0.1
10 0.1 0.1 03 02 0202 01 0.1 003 008 -20 -1.7 0.1 0.1 0.1 -0.1 04 04
15 03 03 06 06 0504 03 03 003 008 -20 -1.8 03 0.2 0.2-0.1 09 0.8
20 0.5 0.5 1.0 09 0.7 0.7 05 0.5 0.04 008 -2.0 -1.9 04 04 03 0.0 1.4 13
25 0.7 0.6 1.4 1.3 1009 07 06 004 008 -2.0 -1.9 06 06 04 0.1 1.9 1.8
30 0.9 0.8 1.7 1.6 1212 08 0.8 004 008 -20 -1.9 0.8 07 05 02 24 23
35 1.0 1.0 21 20 1514 10 1.0 0.04 0.08-20 -19 1.0 09 06 03 29 2.8
40 1.2 1.2 24 24 1717 12 1.2 0.04 0.08 -2.0 -1.9 1.1 1.1 0.7 0.4 3.5 34
45 1.4 1.3 28 27 2019 14 1.3 004 008 -20 -1.9 14 1.3 09 05 4.0 3.9
50 1.6 1.5 32 31 2322 16 1.5 0.04 008 -20 -1.9 1.5 1.4 1.0 0.6 45 4.4
Note: 'inclination angle and *angle related to the y-axis (Fig. 1), *pass point system, ‘pass point
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Fig. 1), here by an angle of 0.5°, is totally insignificant
(V5). A distance error of the pole (V6: located 0.5 m in
front of the object plane of the tree, simulating a pole
hanging up on a branch somewhat far from the stem) re-
sults in a diameter error AD% = —2.0%, which does not
depend on height. To the contrary, the height error AH%
increases with the height (1.4 to —1.9%), but the change
rate slows down considerably. Halving the distance error
will reduce the measurement errors by the same amount.
Hanging the pole higher by 1 m has only a marginal ef-
fect (V7). In the case of a significant slope (20°), the cam-
era tilt can be reduced considerably (10°). With a
horizontal distance of 40 m, the vertical distance D, will be
about 19.7 m (V8). While, in comparison to distances of
40 m in a flat terrain and with a camera inclination of 25°,
there is no improvement concerning the diameter error,
the height error is 0% at a height of about 20 m. Below this
height, the error is very small, above, it slightly increases,
reaching 1.2% at a height of 50 m.

Lastly, the effect of incorrectly measuring the image
pass points will be examined: the y-co-ordinate of, e.g.,
only the second pass point is assumed to be overestimat-
ed by 10 um (V9). The standard deviation for this pass
point measurement error was found to be 2.0 pm (DEHN
1987); the mean error is 3.0 pm (KREIBIG 1967a). The re-
sulting systematic diameter and height errors depend on
height and, at 50 m, they are 4.5 and 4.4%, respectively.

The above simulations confirm the experience of DEHN
(1987; DEHN et al. 1985): avoiding systematic diameter
and height errors requires — in the stand — taking special
care in orienting the pass point pole parallel to the tree
axis and — in the laboratory — of measuring the pass points.
Moreover, the pass point pole must hang within the ob-
ject plane, as KREIBIG (1967a) already underlined.

MEASUREMENT RESULTS IN THE DOBROC
VIRGIN FOREST

The renewed testing of the calibrated CANON camera
in 1999 in Zvolen was considered to be advisable due to

the results of preceding photogrammetric analyses of
photographs taken in the Dobro¢ virgin forest. In April
1998, 27 of the largest trees of the species fir (14), beech
(7) and spruce (6) were assessed for estimating yield data
(height, volume, etc.). The analyses of the photo nega-
tives were performed with triple replications, with the aim
of reducing the influence of random measurement errors.
Additionally, for control purposes, seven of these trees
were measured with a theodolite. It turned out that the
volumes ¥}, based on taper curves which were photo-
grammetrically derived, were significantly smaller (on av-
erage 13%) than those which were based on theodolite
measurements (Table 5).

One of the possible explanations could be a systematic
error due to an inexact positioning and orientation of the
pass point pole. In such a case, the determined heights
H, must contain a negative etror, too. But the difference
of -0.2 m (-0.5%) on average is insignificant. In regard to
single trees, the situation is different in some cases: the
photogrammetrically measured height of, e.g., beech No. 5
is lower by —2.8%. If this was caused by false handling of
the scale pole, the consequence would be — as shown by
the error simulation (Table 4, V2, V9) —diameter errors of
a similar order in the uppermost stem part. The stem cross-
sectional error would be about twice the size, but this
error would diminish downward the stem, reaching zero at
the base, so that the total volume error would be clearly
smaller than the determined one. Hence, it must be stated
that a possible systematic error of the pole orientation
cannot be the (single) reason for the high volume differ-
ences.

Graphs of single trees showing stem diameter over
height reveal further information. For beech No. 3, the
diameters, obtained by the photo and the theodolite meth-
od respectively, largely coincide (Fig. 3). (Take note that
in the case of stem forks of beech trees the largest of the
two stems was always measured. Therefore, the calculat-
ed volumes do not represent the total “stem” volume.)

Using the theodolite for this tree and most of the oth-
ers, too, stem positions very close to the ground were

Table 5. Comparison of height (/) and volume (¥) data on seven trees from the Dobro¢ virgin forest, acquired by theodolite (7) and

photogrammetric (P) measurements

Tree measurements in the Dobro¢ virgin forest

Theodolite Terrestrial photogrammetry
No. Species d.b.h. Circ. H, v H, AH = Hy-H, Vp AV=VV,
(cm) (m) (m) (m*) (m) (m) (%) (m*) m’) (%)
2 Fir 117.7 3.70 535 26.8 54.7 1.2 2.1 26.0 -0.8 -29
3 Beech 104.3 3.28 443 16.2 457 1.5 33 16.0 -0.1 -0.9
4 Fir 120.8 3.80 50.3 21.5 50.1 -0.2 -0.4 19.6 -1.9 -8.7
5 Beech 88.4 2.78 38.6 10.3 37.5 -1.1 -2.9 8.6 -1.7 -16.3
6 Fir 131.6 4.13 54.7 34.1 54.1 -0.6 -1.1 27.7 -6.4 -18.8
10 Spruce 96.8 3.04 53.0 17.6 51.6 -1.3 -2.5 14.4 -3.2 -18.2
13 Spruce 812 2.55 45.4 10.0 44.4 -1.0 -2.1 8.6 -1.3 -13.5
Mean 105.8 3.32 48.5 19:8 48.3 -0.2 -0.5 17.3 -2.2 -12.8
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Dobro&, No. 3, Beech

Fig. 3. Comparison of stem pro-
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assessed. In contrast, the photogrammetric method did
not often allow clear identification of the borders of the
stem at such a low height and, thus, in most cases, the
strongly developed butt swelling could not be represent-
ed to its full extent. The importance of this effect was
estimated by omitting all those diameter values of the the-
odolite data, which were situated below the position of
the first recorded photo value. Then, the volume differ-
ences are be reduced to 1.4 m? or 4.2% (tree No. 6), 0.8 m?
or4.4% (No. 10) and 0.6 m? or 5.6% (No. 13), i.e., the dif-
ferent butt swell representation only partially accounts
for the deviations. A further fundamental reason is the
diameter differences in the middle and upper stem parts.
Regarding spruce No. 10, the deviations in the region from
30to 40 mare about 10 cm (Fig. 4).

This is much more than could be explained by a possi-
ble flare effect (1.5-3.0 cm: KREIBIG 1967b). But the pic-
tures were taken under quite favourable light conditions
and, therefore, the photo negatives contain, if any, only
minor rimlighting. In regard to the theodolite measure-
ments, on the other hand, a systematic error of the instru-
ment itself can be denied, too, as control measurements
show. Moreover, it must be stressed that there is, on aver-
age, a sound coincidence of the heights determined by
both methods. The one-sided deviations of the diameters
within entire stem parts of several trees exclude random
errors. Random errors should be very small: theodolite
measurements on pine (maximum heights of about 26 m)
showed the mean diameter error s, 0f 0.2 cm (PERLWITZ
1994). Another aspect is the non-identical position of the
camera and theodolite. But, with approximately the same

Dobro&, No. 10, Spruce

50

viewing direction, possible asymmetries of stem cross
sections should be of secondary importance. Another
potential error may have occurred during targeting at the
borders of the stem. The pertinent stem regions of the
conifers were more or less hidden by great needled branch-
es and as for the beech, it cannot be excluded that, within
the crown, the same branching stems were not measured.
Lastly, possible stem movements due to wind might have
caused errors, but it must be stated that the theodolite
measurements (as well as the photographing) were per-
formed by experienced persons.

Therefore, unfortunately, it must be concluded that, in
retrospect, the final, satisfying explanation for the vol-
ume differences is not possible. On account of the great
interest in exact yield data on the Dobro¢ forest reserve, it
is proposed to repeat the measurements using both meth-
ods (or, additionally, another, e.g., laser-based one) at the
next possible opportunity.

DISCUSSION

The given results demonstrate that terrestrial single-
image photogrammetry, based on 35-mm commercially
available cameras, can principally provide reliable mea-
surement data, even in the case of exceptional tree heights
of 50 m or more. Of course, with greater camera distances
and inclination angles, the random errors and, if any, the
systematic ones, will increase. But these shortcomings,
as well as the general problem of recognising stem con-
tours of conifer trees in the crown region, are inherent in
alternative methods (theodolite, laser, etc.), too. Addi-

Fig. 4. Comparison of stem profiles
of a spruce, derived by theodolite
and photogrammetric method: great
differences for the stem swelling due
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to missing photo values, and inex-
plicable divergence in the upper part
of the stem
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tionally, compared to the photographic approach, their
disadvantage is that the simultaneous registering of the
complete object is not possible.

With the progressive development of digital photogra-
phy, the question arises as to whether this new technolo-
gy is to be preferred. CLARK et al. (1998) underline the
advantages: costs and time delay in film development no
longer exist, data storage is more convenient and new
perspectives of digital image processing have opened.
The financial argument may be of importance if, as CLARK
etal. did, eight images per tree are taken. Our own calcu-
lations show that film and film-processing costs (three
photos per tree) account for only a small part (not more
than 10%) of the total costs. Saving huge quantities of
data (by choosing a resolution of 2,240 x1,500 pixels with
the Kodak DC290, 20 images will require a capacity of
20 MB) and today, a rapid data access is no longer a prob-
lem for CD or DVD media. Unintentional data damage must
be prevented by adequate safety strategies, whereas pho-
to negatives, stored in special sheets, will not normally
suffer any loss of information. By digitising the analogue
images with very high-resolving, special scanners, prin-
cipally, digital data processing is possible, too.

The strongest argument contra digital imaging is the
resolving power of today’s matrix cameras which do not
come up to films with very fine grain. Direct comparisons
are difficult because the film resolution depends on the
object contrast and, concerning the CCD cameras, such
technical information is not usually given. Besides, dif-
ferences in vertical and horizontal resolution exist. For
the Kodak DC-120 (1,280 x 960 pixel), adjusting the lowest
focus of 7 mm, CLARK et al. (1998) experimentally deter-
mined a maximum vertical resolution of 0.7 cm at an object
distance of 10 m. With the top-of-the-range camera of to-
day, the Kodak DC290, an improvement obtained through
the higher pixel number would be achievable. In compari-
son, an extremely fine-grained film, the AGFAPAN APX 25,
has a resolution 0f 200 lines per mm at a contrast of 1:1,000.
In combination with a 35-mm camera and a 28-mm wide-
angle lens, the mathematical object resolution is 0.18 cm
ata distance of 10 m. If the contrast is considerably lower,
as is the case for the lower part of a tree stem in stand, the
resolving power may be reduced by the half. However,
this applies to the digital technique, too (CLARK 1998).
As the development of CCD elements takes place much
faster than the refinement of film emulsions, it is to be
expected that terrestrial photogrammetry based on digital
imaging has a future ahead.

Regardless whether future photogrammetry will use
analogue or digital technology, most probably, the neces-
sity of developing a measuring system itself will continue.
Commercial solutions do not seem to come to the market.
Moreover, e.g., the prototype measuring camera of Mi-
nolta, the MC-100 (TAKAHASHI et al. 1997) or MacAR-
BOR, a project of Regent Instruments, Canada, to design
a hard- and software package for measuring standing trees
(Regent, pers. commun. ), were given up due to the lack of
profitability perspectives.
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Lastly, it should be questioned what application requires
terrestrial stereo photogrammetry in forestry. If the stem
form is merely the aim of interest, then the more simple
single-image photogrammetry proved successful. In the
case of considerable stem bend, which must be taken into
account, e.g., for estimating assortments, FIRTH et al.
(2000) prefer a spatial analysis of image pairs. Measuring
branches, for calculating their volume (OLENDEREK 1992),
always requires 3-dimensional photogrammetry. Unfortu-
nately, the associated analysis effort as well as the gener-
al problem of visibility of branches and of assignment of
branches within the crown of trees, standing in more or
less dense stands (NODA 1992), does not permit an exten-
sive use of this type of application.

References

ASHLEY M.D., ROGER R.E., 1969. Tree heights and upper
stem diameters. Photogr. Engng, 35 (2): 136-146.

BARTORELLI U., 1978. Lo stereodendrometro numerico.
Annali Accad. Ital. Sci. for., 27: 145-161.

BRADSHAW F.J., 1972. Upper stem diameter measure-
ments with the aid of 35mm photographs. Aust. For.
Res., 6 (1): 17-20.

CLARK N., 1998. An assessment of the utility of a non-metric
camera for measuring standing trees. [Master Thesis.] Facul-
ty of the Virginia Polytechnic Institute and State University:
119 (http://scholar.lib.vt.edu/theses/available/etd-110298-
111109/).

CLARK N., WYNNE R.H., SCHMOLDT D.L., ARAMAN
P.A., WINN M., 1998. Use of a non-metric digital camera for
tree stem evaluation. Proc. of the 64™ Annual Meeting of the
American Soc. for Photogrammetry and Remote Sensing,
Tampa, Florida: 58-70 (http://www.srs4702.forprod.vt.edu/
pubsubj/monitor.htm).

CROSBY P.,, BARRETT J.P., BOCKO R., 1983. Photo esti-
mates of upper stem diameters. J. For., 81: 795-797.

DEHN R., TAUBE D., SLOBODA B., 1985. Schaftvermes-
sung an stehenden Bdumen mit einem eindimensionalem
PaBpunktsystem. Allg. Forstz., /5: 350-353.

DEHN R., 1987. Eine integrierte rechnergestiitzte Methode
zur Aufstellung lokaler Sortenmodelle am Beispiel der Baum-
art Fichte. [PhD Thesis.] Univ. Géttingen, Forstwissen-
schaftl. Fachbereich: 129.

FIRTH J.G., BROWNLIE R.K., CARSON W.W., 2000. Accu-
rate stem measurements key to new image-based system. N.
Z. ]. For., August 2000: 25-29.

GAFFREY D., 1994. Regionales, baumartenspezifisches Sor-
tenmodell zur bestandesindividuellen Sortenprognose. In:
SLOBODA B., SMELKO 8. (eds.), Proc. Deutscher Ver-
band Forstlicher Forschungsanstalten, Sektion Forstliche
Biometrie und Informatik, Biometrische Beitrige zu stati-
schen und dynamischen Modellansitzen in den Forstwissen-
schaften und der Praxis, 5. Tagung, Martin/Zvolen, 16.-20.
9. 1991: 182-204.

GAFFREY D., 1996. Sortenorientiertes Bestandeswachstums-
-Simulationmodell auf der Basis intraspezifischen, kon-
kurrenzbedingten Einzelbaumwachstums — insbesondere hin-

J. FOR. SCI., 47, 2001 (2): 75-87


http://scholar.lib.vt.edu/theses/available/etd-110298-111109/
http://www.srs4702.forprod.vt.edu/

sichtlich des Durchmessers —am Beispiel der Douglasie. Be-
richte d. Forschungszentrums Waldskosysteme, Géttingen,
Reihe A, Bd. /33:413.

GAFFREY D., NAGEL J., 1998. Lineares Schaftformmodell
fiir Douglasie fiir das nordliche und mittlere Westdeutschland.
Allg. Forst- Jagdztg, 169(8): 144—-148.

HENGL T, KRIZAN J., KUSAN V., 1997. ,,STABLO3D* —
program za izmjeru pojedina¢nih stabala primjenom terestritke
fotogrametrije (“TREE3D”0 — program for measurement of
individual trees using close-range photogrammetry — English
summary). Mehanizacija Sumarstva, 22(3): 141-147.

KREIBIG H., 1964. Uber die Untersuchung einer mittelfor-
matigen Amateurkamera fiir photogrammetrische Aufnahmen
in der Forst- und Ingenieurvermessung. Wiss. Z. Techn. Uni-
vers. Dresden, /3(2): 459-464.

KREIBIG H., 1967a. Untersuchungen zur Rationalisierung der
Aufnahme- und Auswertearbeiten bei Schaftmessungen mit
Hilfe der terrestrischen Photogrammetrie. [PhD Thesis.] TU
Dresden: 233.

KREIBIG H., 1967b. Die punktweise-numerische Auswertung
terrestrisch-photogrammetrischer Baumaufnahmen. Vermes-
sungstechnik, /5(4): 154-157.

KREIBIG H., 1968. Die Anwendung der terrestrischen Photo-
grammetrie und der elektronischen Datenverarbeitung bei der
indirekten Messung stehender Béume. Wiss. Z. Techn. Uni-
vers. Dresden, /7(1): 193-196.

LEBRUN J., 1974. Determination of characters of trees by
terrestrial photogrammetry. (Swedish, English summary.)
Dep. of Forest Mensuration and Management, Royal Col-
lege of Forestry, Stockholm. Research Notes, 4: 121.

MARSH E.K., 1952. The measurement of standing sample
trees. Canada’s forests 1946—1950: Sixth British Common-
wealth Forestry Conference, Ottawa, 1952. Abstract in: Fo-
restry Abstracts, /3: 530.

MULLER G., 1931. Stereophotogrammetrische Messungen am
Bestande. Tharandter Forstl. Jahrbuch, 82(1), 1. Ergénzungs-
heft: 93.

NAKAYAMA H., NAGASHIMA 1., 1963. Studies on tree
measurements by terrestrial photogrammetry: I. Tree crown
diameter measurements by stereo-camera. (Japanese, English
summary.) Bulletin of the Nagoya University Forests, 3:
1-12.

NODA L, 1992. Three-dimensional modelling of a crown shape
developed by measuring the crowns of standing trees. (Japa-
nese, English summary.) J. Jap. For. Soc., 74: 192-202.

NOSENZO A., 1993. Applicazione di una tecnica fotografica
per la misura dei diametri di piante in piedi. Cellulosa e carta,
44(6): 20-25.

OLENDEREK H., 1992. Numerical model of the tree obtained
with the photogrammetric method and its use for determin-
ing the volume of thickwood. Annals of Warsaw Agricultural
University — SGGW, Forestry and Wood Technology, 43:
47-52.

PERLWITZ W., 1994. Zur Schaftkurvenbestimmung am ste-
henden Baum. Beitr. f. Forstwirtsch. u. Landschaftsékol.,
28(1):35-37.

PRODAN M., 1965. HolzmeBlehre. Frankfurt a. M., J. D. Sauer-
lander’s Verlag: 644.

RACKO J., 1983. Vyskum vhodnych parametrov dvojitej me-
raéskej komory pre zistovanie taxatnych veli¢in lesnych
porastov. (English summary.) Lesn. Cas., 29: 205-220.

SLOBODA B., GAFFREY D., MATSUMURA N., 1998. Er-
fassung individueller Baumschaftformen und ihrer Dynamik
durch Spline-Funktionen und Verallgemeinerung durch
lineare Schaftformmodelle. Allg. Forst- Jagdztg, 169(2):
29-39.

TAKAHASHI M., SAITO K., SHIRAISHI N., IEHARA T.,
TAKAHASHI F., 1997. A photo based measurement sys-
tem using a measuring camera. Jap. Soc. For. Planning, J. For.
Plann., 3: 1-9.

WEBER J., 1902. Holzmassenermittlung am stehenden Stamm
auf Grund photographischer Aufnahmen. [PhD Thesis.]
GieBen.

Received 26 June 2000

Terestricka jednoobrazova fotogrametria ako prostriedok zamerania stojacich stromov

s modelovou aplikiciou v pralese Dobro¢
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ABSTRAKT: Terestricka fotogrametria sa v lesnictve pouZiva uz takmer jedno storodie. Predovietkym vyvoj vypottovej
techniky ako aj produkcia vysokohodnotnych amatérskych kamier umoZnila rozsiahle a racionélne nasadenie tejto techniky.
Pre zmeranie morfologickej krivky stojacich stromov nie je spravidla pouZitie stereofotogrametrie potrebné, jednoduché
jednoobrazova fotogrametria je posta€ujiica. Teéria a praktické pouZitie metodiky jej nasadenia je popisana v prispevku.
Analyza chyb ukazala, Ze smerodajna odchylka priemeru a vy3ky stromov s vySkou merania a vzdialenosti od meraného

J. FOR. SCI., 47, 2001 (2): 75-87 85



stromu rastie. Pri vzdialenosti cca 22 m a pri vyske cca 32 m €ini této pre priemer stromu s,,=0,8 cm a pre vy3ku s, =0,4 m.
Pri vyske merania 23 m a vzdialenosti 25 m s,, = 0,6 cm a pri vzdialenosti 50 m s, = 1,0 cm. Systémové systematické
chyby neboli zistené. Simulacie ukazuju, ze predovsetkym chyby drzania vy3kovej laty ako aj zmerania jej vlicovacich
bodov vedi k tomu, ¥e hodnoty priemeru a vysky stromov su zat'azené systematickou chybou, ktora s vySkou merania
rastie. PrileZitost'ou k analyze chyb boli merania na niektorych najvyssich stromoch v pralese Dobro¢ v Slovenskej republi-
ke: cielom analyzy bolo zhodnotit’ vhodnost’ terestrickej fotogrametrie aj pri objektoch s vy8kou 50 m a viac.

KPutové slovi: terestricka fotogrametria; meranie morfologickej krivky; prales Dobro¢

Terestricka fotogrametria bola v lesnictve pouZzitd uz
koncom 19. storo¢ia na zmerania stojacich stromov, spo-
¢iatku s pomocou jednoduchych platiiovych kamier (WE-
BER 1902). Tato technika bola pomocou profesionalnych
meraéskych kamier podstatne rozvinuté ako stereofoto-
grametria (MULLER 1931). Rozsiahlejsie a ekonomické
nasadenie terestrickej fotogrametrie bolo umoZnené az
pokrogilym vyvojom vypoétovej techniky, ktord umoziu-
je racionalne vyhodnotenie dat, a vo'nou dostupnost'ou
hodnotnych a cenovo pristupnych amatérskych kamier.
Na zéklade strednoformétovej kamery vyvinul KREIBIG
(1967a,b, 1968) postup, pri ktorom je strom zobrazeny spo-
lu s linearnou mierkou na jednom obraze a kedy je pozicia
kamery flexibilne volite'na a parametre vonkajsej orienta-
cie (sklon kamery, jej vzdialenost’ k objektu) nemusia byt
zmerané. Za¢iatkom osemdesiatych rokov bol navrhnuty
a v praxi pouzity analogovy postup nezavisle od DEHNA
etal. (1985, DEHN 1987) pre 35mm kameru. Na rozdiel od
postupu, pri ktorom je vyhotoveny len jeden obraz z kaz-
dého stromu, poniikaju — pri pouziti teleobjektivu — snim-
ky z jednotlivych ¢asti stromu vac¢$iu mierku, ale umoZiiu-
jh spravidla iba jedno meranie na snimke (BRADSHAW 1972;
CROSBY et al. 1983; NOSENZO 1993; TAKAHASHI et al.
1997). Néro¢na stereofotogrametria je nad’alej vhodna
viade tam, kde je priestorova informdcia poZadované ale-
bo nevyhnutna. Aj v tejto oblasti boli vyvinuté paralelne
k profesionalnym dvojkomorovym kameram (napr. LEB-
RUN 1974; RACKO 1983; OLENDEREK 1992) meracské sys-
témy pre pouZitie strednoformatovych (RACKO 1983)
a maloformatovych kamier (NAKAYAMA, NAGASHIMA
1963; FIRTH et al. 2000).

Terestrick4 jednoobrazova fotogrametria, ktori vyvinuli
DEHN et al. (1985; DEHN, 1987) v Gottingene, je pouZiva-
na doteraz a bola aplikovana aj v tejto praci v pralese
Dobrog¢. Jej pouzitie je mozné predovietkym na zmeranie
tvaru kmetiov pre zhotovenie morfologickej krivky (SLO-
BODA et. al. 1998; GAFFREY, NAGEL 1998). Potrebné vy-
bavenie pozostava z ciachovanej zrkadlovky a 5 m dlhej
laty s tromi vlicovacimi bodmi a jedného meracieho stola
pre vyhodnotenie obrazu riadeného pomocou PC. Pre fo-
tografovanie st potrebné dve osoby. Zatial’ ¢o kamera-
man hl'ada vhodnii polohu (s dobrou vidite'nostou celé-
ho stromu vratane vrcholu a dobrymi svetlostnymi
pomermi), prilozi druhd osoba vlicovaciu latu paralelne
k stromovej osi (obr. 1). Identifikacia vlicovacich bodov
na negative a urenie ich suradnicovych bodov umoziiu-
je vypod&et troch neznamych parametrov perspektivneho
zobrazenia a tym transforméciu Fubovol'nych obrazovych
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suradnicovych bodov do objektovych suradnicovych
bodov. Mera¢ské zariadenie disponuje optikou s moZnos-
tou vol'ného az 80-nasobného zvicsenia, takze body ob-
jektu pre zmeranie priemeru méZu byt identifikované pri
vysSom rozliSeni interaktivne na obrazovke (obr. 2).

Akcepticia fotogrametricky zistenych hodnét vyzadu-
je schopnost’ metodiky dosiahnut’ pozadovanej presnos-
ti a vylugenie systematickej chyby individudlne pouZité-
ho meracského systému. V literatire o chybdch merania
priemeru stromu nie st Ziadne informécie o zavislosti chy-
by od vysky merania. Pri fotografovani s vhodnou kame-
rou je v8ak tento vplyv vel'mi vyznamny (KREIBIG 1967a).
Vicsina doterajSich skiimani sa okrem toho obmedzuje na
stromy s vy$kou men$ou ako 20 m (zriedka do 30 m —
DEHN 1987), hoci je potrebné zmerat’ aj stromy s vyskou
50 m a viac (ako aj v pralese Dobro¢) (GAFFREY 1996).
Z tychto dovodov boli vykonané kontroly ndhodnych
a systematickych chyb vlastného vybavenia ako aj simu-
lacie chyb v zavislosti od roznych vplyvov. Systémové
chyby neboli zistené (tab. 1 a 2). Smerodajné odchylka
chyb priemeru stromu vykazuje pomimo zavislosti od vys-
ky merania aj rast so vzdialenost'ou merania (tab. 1 a 2).
Dévodom tohto javu st tazkosti rozoznania meranych
bodov objektu so znizujicou sa mierkou zobrazenia. Zjed-
nodusene mozno povedat, Ze pri vyske merania 30 m
a priblizne rovnakej vzdialenosti od meraného stromu
smerodajna odchylka chyby priemeru neprekracuje hod-
notu 1 cm, ktorti odportii¢a KREIBIG (1967b) ako hornu
hranicu, Simulaciou je skimany vplyv réznych chyb po-
cas fotografovania ako aj poc¢as vyhodnotenia obrazu
(tab. 4). Ukazalo sa, Ze vel'mi vyznamna je spravna orien-
tacia vlicovacej laty (paralelne k stromovej osi so vzdia-
lenost'ou ku kamere zodpovedajucej vzdialenosti stro-
movej osi ku kamere) ako aj uréenie obrazovych siradni-
covych bodov vlicovacich bodov.

V roku 1999 bolo v pralese Dobroc¢ fotogrametricky zme-
ranych 27 najvaesich stromov (14 jedli, 7 bukov a 6 smre-
kov). Ako kontrola nasledovali merania teodolitom na sied-
mich tychto stromoch. Ukézalo sa, Zze objem stromov
vypoditany na zaklade fotogrametricky meranych hodnét
(konstrukcia morfologickej krivky pomocou spline funk-
cie— SLOBODA et al. 1998 —a vypocet rota¢ného objemu)
bol v priemere o 13 % mensi. Ked'Ze vypocitané vysky
boli takmer identické, systematické chyby meracieho za-
riadenia a jeho obsluhy mézu byt vylugené. Cast’ odchy-
lok je mozné vysvetlit' spravidla extrémnym priebehom
kmena, ktory nebol zohl'adneny. Hlavny dévod je vsak
mozné vidiet' vo vyrazne mensich hodnotach priemeru
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stromov vo vy33ich kmefiovych &astiach. Presvetlenie
stromovych hrén protisvetlom ako d6vod tychto chyb je
mozné vylagit. Dalsie dévody mohli byt pohyby stro-
mov zapritinené vetrom po¢as merania teodolitom, alebo
merania na réznych stanovistiach a tym diferencovanym
(vo viacetazovych porastoch vel'mi tazkym) uréenim hra-
nic kmeria v korunovej oblasti. Zavere&né jednozna&né
vysvetlenie Zial' nebolo moZné.

Ukézalo sa, Ze terestricka fotogrametria je principidlne
vhodné aj pre zameranie vel'mi vysokych stromov, ked’ je
tento postup aplikovany s potrebnou dékladnostou. Za-
sadné problémy pri rozoznani stromovych kontur v koru-

novej &asti vykazuji aj iné techniky zamerania stojacich
stromov. V budicom vyvoji fotogrametrie poniika velky
potenciél digitalna fotografia (CLARK 1998; CLARK etal.
1998). Momentélne v3ak digitdlne dosiahnutel'né rozlige-
nie este nedosahuje potencial jemnozrnnych filmov. Mélo
pravdepodobné je, Ze sa v blizkej budticnosti néjde vy-
robca integrovaného systému fotogrametrického zmera-
nia stromov. Vzhl'adom na nedostato&ny trh boli aj dote-
rajSie pokusy vyvinutia napr. §pecidlnych mera&skych
kamier (Minolta) alebo kompletnych systémov (Regent
Instruments) zastavené.
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ABSTRACT: Attractiveness and stem and crown niches of cambioxylophages in relation to stand age were assessed in trees
attacked and killed by bark beetles in Norway spruce stands aged 55-115 years and situated in the monitoring network of the
Sance reservoir watershed (the Beskids). The study area was characterized by the basic level of bark insects. The age range was
optimum for the occurrence of Ips typographus. A positive response in relation to the increasing stand age was determined in
accompanying species Callidium aeneum and Phthorophloeus spinulosus. Decreased attractiveness was characteristic of Molor-
chus minor; Cryphalus abietis and Pissodes harcyniae. The stem niche extended with stand age in Ips amitinus, Dryocoetes autogra-
phus and receded in L typographus (intermediate trees), M. minor and Pogonochaerus fasciculatus while an opposite response
was found in Polygraphus poligraphus and Pityogenes chalcographus. C. abietis disappeared from branches and the longer crown

profile was occupied by C. aeneum and Pityophthorus pityographus.

Keywords: cambioxylophagous fauna; Picea abies; stand age; the Beskids

The cambioxylophagous insect constitutes typical sy-
nusiae particularly on coniferous trees (PFEFFER 1955).
Species composition is conditioned by their ecological
requirements influenced by body size, food requirements,
developmental cycle, rate of aggressiveness and compe-
tition. Food quality (predisposition resulting from tree
weakening), phloem and bark thickness and its surface
structure are important factors for the infestation of cer-
tain stand age categories. Within the profile of especially
older trees, the colonization of stem and crown niches is
differentiated. Polygraphus poligraphus L. occupies
stems along their whole length (ZUMR 1984). From the
territory of the Polish Beskids, KWAPIS and MATUSZCYK
(1991) report intensive occurrence of this species particu-
larly on trees with honey fungus (Armillaria spp.). At-
tractiveness of a tree is affected by site and growth
conditions (KULA, ZABECKI 2000), social status of the
tree (KULA, ZABECKI 1997a,b,c), lightening stress (KULA,
ZABECKI 1997b), stand age (PRICE 1975; GRUNWALD
1986). P. poligraphus with its abundance and stem infes-
tation extent belongs to important cambioxylophages
causing the subdominant tree mortality. Potentially, it
passes to co-dominant or dominant trees in the case of
closed stands of smaller d.b.h. It does not create any foci
but it afflicts individual trees. However, it is able to attack
healthy trees along their whole stem profile (KULA, ZA-
BECKI 1997c). It is considered to be a primary harmful
insect in air-polluted stands. KISIELOWSKI (1978) reports
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that it develops, first of all, on spruces infested by honey
fungus (Armillaria spp.) which also occurred abundant-
ly in sample trees analyzed in the area of the Beskids
(KULA, ZABECKI 1998, 1999a,b). For the development of
synusiae, temperature and humidity conditions of the
microclimate given by the standing tree exposure seem to
be important (ZUMR 1984) as well as stand structure (stand
density, canopy closure), the stage of the mortality pro-
cess and time of tree death, tree infestation predisposi-
tion (KANGAS 1952; SCHWERDTFEGER 1955), swarming
period, number of generations per year (BAKKE etal. 1977)
and weather conditions particularly during swarming.
An important role in the development of cambioxyloph-
ages is played by the stand, stem and crown microclimate
of individual trees. Subdominant trees do not satisfy more
thermophilic species requiring bark insolation. These spe-
cies can appear there during later periods of time when
even in the subdominant stratum favourable temperature
conditions (normally found in co-dominant and dominant
trees) occur. Therefore, we could deduce that the existing
species preferred quality trees in the stand rather than
suppressed ones (Ips amitinus Eichh., Xyloterus linea-
tus Oliv., Hylurgops palliatus Gyll., Ips typographus L.,
Tetropium fuscum F., Pityogenes chalcographus L.) and
that important harmful species in spruce stands in the
Beskids are concerned (KULA, ZABECKI 1997a,c). The
stem niche occupation is also affected by natural natality
particularly in bark beetles from the tribe pini. During
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warm and dry weather at an altitude of up to 700 m, the
natality is characterized by repeated laying of higher egg
numbers and creation of ‘sister generations’ whereas at
higher elevations, with the increasing drop of tempera-
ture the frequency of repeated oviposition decreases.

The stand age is reflected in bark quality and, first of all,
in bark thickness. P. chalcographus being of half body
length as compared with /. typographus is concentrated
in bark of less than 2.5 mm in thickness, however, it reach-
es high population density also in phloem which is sub-
optimum for I. typographus. Thus, the species becomes
an important competitor for P. chalcographus (PRICE
1975). In spite of this, the coexistence of these species is
possible with respect to the fact that the small P. chal-
cographus uses for its development bark remainders be-
tween feeding marks of 1. typographus. According to
GRUNWALD (1986), the high proportion of P. chalcogra-
phus in 5mm thick bark, where . typographus is missing,
can result from pheromone information preventing anoth-
er species to enter. If SAALAS (1917), ESCHERICH (1923),
KRAMER (1953) and POSTNER (1974) described differ-
ences in the vertical distribution of bark beetles on tree
stems the distribution being in correlation with phloem
and bark thickness which changed with stem age and
height, then it is possible to say that it is not the height on
a stem but quality of the material which are important for
the development of the bark beetle.

X. lineatus occurs in standing dead trees on lower parts
of their stems (ZUMR 1984). Even though the decisive
infestation was observed on lower parts of their stems, its
occurrence was registered up to the tree undercrown part
(KULA, ZABECKI 1999c).

T. fuscum develops in the thick rough bark in the lower
part of middle age and maturity age spruce trees usually
infested by Armillaria spp. and red rot (KUDELA 1970).
Pissodes harcyniae Herbst prefers stems with thinner bark
in stands aged 15-120 years often damaged by air pollu-
tion. It develops in the upper part of the stem (LOUZIL

(%)
50

40
30

20

o
8190 []
st-100 JII]

71-80

88
v =
©

Section under
the crown

Base stem Stem middle

J. FOR. SCI., 47,2001 (2): 88-96

segss 3
sn;‘

Crown middle

1961). According to ZAHRADNIK (1974), it attacks trees
from their lower part upwards. Infested trees occur in for-
est stands individually. The species is often accompa-
nied by P. poligraphus. According to KUDELA and WOLF
(1963), P. harcyniae prefers subdominant (9.8%) rather
than suppressed (6.6%), co-dominant (2.7%) and domi-
nant (0.5%) trees.

The aim of the paper is to evaluate the effect of stand
age on spruce attractiveness and colonization of the stem
and branch niche by cambioxylophages.

MATERIAL AND METHODS

Within the monitoring network established in the Sance
reservoir watershed (the Beskids) including 140 monitor-
ing points, 51 Norway spruce stands were selected repre-
senting from the viewpoint of their age (60-100 years)
those stands in which a major part of spruce cambioxylo-
phages develops. The analysis was carried out in 476 dead
standing trees 1-2 years old. After felling, each of the
sample trees was debarked along the whole stem and
branch profile. According to feeding marks or imagoes,
the cambioxylophage abundance was determined in 1m
sections (KULA, ZABECKI 1997a). At the same time, the
sample tree was characterized by mensurational parame-
ters, habitat conditions and social status of the tree. The
niche mean length of tree stem and crown branches was
derived from the sum of stem or crown length profiles
infested by particular species, related to the stem or crown
lengths of those trees where the species occurred.

The age of the stands ranging from 55 to 115 years (in
the Knéhyn& Reserve up to 200 years) was assessed in
age categories of < 60, 60-70, 71-80, 81-90, 91-100, and
> 100. At the same time, the relation of spruce cambioxy-
lophages to altitude (KULA, ZABECKI 1999¢) and forest
type groups (KULA, ZABECKI 2000) was evaluated. The
proportion of the stands from the viewpoint of age and
altitude was balanced.

Fig. 1. Spruce attractiveness for
Molorchus minor in relation to stand
age (the Beskids) in comparative
stem sections (infestation: l—heavy,
B - increased, [J — scattered)
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Spruce stands in the Sance reservoir watershed are part
of the Ostravice working-plan area in the Moravian-Sile-
sian Beskids. They occur at an altitude of 500-1,200 m
mostly on steep slopes of 15-25°. In this area, cambioxy-
lophages occur in their latent status for a long time.

RESULTS AND DISCUSSION
SPRUCE ATTRACTIVENESS

The limited spruce stand age (60100 years) is an opti-
mum for . typographus and accompanying species. Ex-
cept for the set of trees younger than 60 years (7 trees)
and older than 100 years (15 trees), the remaining catego-
ries were represented by sufficiently large sets of sample
trees (65—153 trees).

With increasing tree age, the attractiveness increased
for Callidium aeneum Deg. (0-6.7%) and Phthorophlo-
eus spinulosus Rey. (28.6-54.0%), however, Cryphalus
abietis Rtzb. (24.8-6.7%), Molorchus minor L. (71-20%)
and P. harcyniae (28.6-6.7%) attacking in general sub-
dominant trees responded conversely. M. minor prefers
trees younger than 60 years, the distribution of the spe-
cies being balanced (Fig. 1) along the tree profile from
mid-stem to mid-crown. Although P. poligraphus ap-
peared to be less dependent on tree age in relation to
attractiveness, according to its proportion in the most
typical part of its niche (from mid-stem to mid-crown), a
decreasing infestation intensity of spruce with increas-
ing age can be deduced in spite of certain unbalance
(Fig. 2). In older trees, their attractiveness was well-bal-
anced, increasing moderately with age, particularly in co-
dominant trees, for Rhagium inquisitor L. H. palliatus
reached increased occurrence only in the age category of
81-90 years, otherwise showing the low rate of infesta-
tion (13-18%) in all remaining age categories (Table 1).

Low proportions in all age categories were recorded in
Dryocoetes autographus Rtzb. (0-7.8%) without any spe-
cific age dependence. On the contrary, the high infesta-
tion rate (46.7-71.4%) was associated with Pityophtho-

920

Fig. 2. Spruce attractiveness for Po-
lygraphus poligraphus in relation to
stand age (the Beskids) in comparative
stem sections (infestation: M — heavy,
8 - increased, [J - scattered)
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rus pityographus Rtzb. particularly in trees younger than
60 years. In stands aged 60-100 years, its distribution
was well-balanced (Fig. 3).

The sawyer beetle Obrium brunneum F. preferred trees
aged 81-100 years. In I amitinus (particularly in co-domi-
nant trees), the attractiveness increased from trees young-
er than 60 years (28.6%) to the age category of 71-90 years
(46.6-44.6%) with subsequent decrease in the oldest
stands (20%). The species was clearly differentiated along
the stem profile with culmination in the crown centre and
the highest infestation in stands aged 81-90 years (Fig. 4).
1. typographus attacked most frequently dominant and
co-dominant trees aged 61-80 years (35%) and trees old-
er than 100 years without any general age dependence for
the assessed categories of < 60 and > 100 years (Table 1,
Fig. 5).

P. chalcographus is affected by the social status of a
tree and its dominant incidence occurred in stands aged
71-80 years (73%), the degree of infestation being dis-
tributed in the same manner in comparative sections with
the total maximum of occurrence in the section of the
crown centre (Fig. 6). Every second tree was infested
(51.6-53.8%) (Table 1).

The wood wasp Sirex juvencus L. attacked most fre-
quently younger trees and with their increasing age its
abundance decreased. The sawyer T. fuscum ranked
among the species with smaller deviations between age
categories, however, the infestation was well-balanced
and independent of age. The bark beetle Xylechinus pilo-
sus Rtzb. preferred the youngest trees and its tree age
dependence was low. X. lineatus is a species preferring
dominant trees, the lowest attractiveness being in trees
aged 81-90 years (9%) while younger and also older trees
showed increasing attractiveness (Table 1).

STEM NICHE LENGTH

The effect of tree age on the formation of cambioxylo-
phage niche was assessed regardless of the social status

J. FOR. SCI,, 47, 2001 (2):88-96
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Table 1. Attractiveness of spruce for cambioxylophages as related to stand age (left), stem niche length (middle), crown niche length (right)

Species/age <60 61-70 71-80 81-90 91-100 > 100 <60 61-70 71-80 81-90 91-100 > 100 <60 61-70 71-80 81-90 91-100 > 100
Antaxia quadripunctata 0 0 1 0 1 0 0 0 58 0 5 0
Callidium aeneum 0 2 5 5 5 7 0 23 3 34 0 0 10 17 10 31
Camponotus herculs 1 0 0 1 0 0 9 0 4
Cryphalus abietis 14 25 17 17 13 7 0 22 20 10 20 54 78 39 41 41 32 29
Crypturgus sp. 0 1 0 0 0 4 0 5 0 0 0
Dryocoetes autographus 8 5 3 4 7 0 8 7 8 14 22
Hylastes cunnicularius 1 0 0 0 0 0 3 0 0 0
Hylocoetes dermestoides 2 1 3 1 0 0 7 7 4 10
Hylurgops glabratus 1 1 2 0 0 0 14 21 3 0
Hylurgops palliatus 14 18 17 31 17 13 33 28 19 25 26 20
Ips amitinus 29 37 47 45 36 20 19 27 26 32 23 9 0 21 23 28 15 15
Ips typographus 0 27 35 20 24 73 0 47 57 45 43 72 0 11 0 0 0 0
Molorchus minor 71 46 41 51 43 20 52 45 42 35 46 0 47 25 25 19 21 18
Monochamus sutor 0 3 2 2 2 0 0 11 12 0
Obrium brunneum 29 34 29 40 40 20 5 22 16 12 37 3 33 20 17 23 25 23
Orthotomicus starki 0 1 0 0 0 0 0 8 0 0 0
Phthorophloeus spinulosus 29 39 34 54 52 40 0 9 8 0 0 35 24 17 23 24 29
Pissodes harcyniae 29 19 13 9 13 7 17 33 21 11 19 26
Pissodes scabricollis 0 1 1 2 1 0 0 15 7 7 3 0
Pityogenes chalcographus 29 52 73 54 53 80 67 62 53 50 49 27 35 65 68 73 61 45
Pityophthorus exsculptus 0 3 1 3 2 7 0 90 0 0 16 0 0 19 17 11 13 17
Pityophthorus pityographus 71 63 70 72 75 47 23 17 14 18 17 14 58 48 52 58 50 33
Pogonocherus fasciculatus 14 20 14 3 21 0 0 12 8 3 16 0 22 28 16 13 16 0
Polygraphus poligraphus 43 52 47 49 44 40 51 44 40 42 36 40 0 30 29 10 6 55
Polygraphus punctifrons 0 0 0 2 2 7 0 0 0 4 0
Rhagium inquisitor 57 20 19 22 22 27 6 9 7 6 7 7
Sirex juvencus 14 7 6 5 9 0 4 22 21 11 21 0
Tetropium fuscum 14 10 18 9 19 13 13 14 6 9 18 41
Xylechinus pilosus 43 12 15 22 14 0 7 26 20 20 23 0 10 13 15 0 0 0
Xyloterus lineatus 0 23 17 9 16 27 0 28 18 25 25 21
Tree number 7 153 133 65 104 15 7 153 133 65 104 15 7 153 133 65 104 15
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of the tree. D. autographus is a species where the stem
niche increased with tree age (0-21.9%) being longest in
co-dominant trees. /. amitinus showed an increasing niche
in the interval of < 60-90 years (19.1-31.9%) followed by
niche shortening in older stands. P, chalcographus limit-
ed continuously the occupied stem niche profile with in-
creasing tree age. Within the social status of the tree, the
longest niche was formed by P. chalcographus in sub-
dominant trees. M. minor showed shortening the niche in
age categories of < 60-90 years. In subdominant trees, a
longer stem niche (46%) was created than in co-dominant
trees (26.5%). Also P. poligraphus showed a gradual de-
crease in niche length with tree age (< 60-100 years) 50.8—
36% regardless of the social status of the tree. T fuscum
shortened its niche length in the interval of < 60-80 years
(12.5-6%) and then its niche increased in stands aged
70-100 years (6-41.3%). Independent of age, the niche
was formed in the species Rh. inquisitor, being relatively
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Fig. 3. Spruce attractiveness for Pi-
tyophthorus pityographus in rela-
tion to stand age (the Beskids) in
comparative stem sections (infes-
tation: M - heavy, B - increased,
[0 — scattered)
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narrow (5.5-8.6%), but in dominant trees, its decrease was
registered with increasing tree age. X. lineatus occupy-
ing mostly 1/5-1/4 of a stem can be characterized similarly.
Although in the youngest trees (< 60 years), lengthened
niche was registered in H. palliatus (33.3%), however, in
older stands the stem occupation seems to be balanced in
1/4-1/5 stem length. Moderate increase of the niche oc-
curred in subdominant trees (16-25-27.5%). X. pilosus,
whose niche was narrowed in stands younger than
60 years (7.1%), can be assessed similarly. /. typographus
covered the stem to the extent 0f 43-57% in the age cate-
gory of 61-100 years and 72% stem niche deviation in
trees older than 100 years was affected by sample trees
from the Knéhyné Reserve. The niche total length de-
creased towards subdominant trees. C. abietis deviated
from the stem mean niche covering 1/5 stem in the age
category of 81-90 years (9.7%) and in stands older than
100 years (53.8%) (Table 1).

Fig. 4. Spruce attractiveness for Ips
amitinus in relation to stand age (the

_.;gig

8R88 il . ;
vececs ; Beskids) in comparative stem sections
Stem top (infestation: Bl —heavy, 8 - increased,

[ - scattered)

J. FOR. SCI., 47,2001 (2):88-96



Fig. 5. Spruce attractiveness for Jps

(%) typographus in relation to stand age
(the Beskids) in comparative stem

60 sections (infestation: M — scattered,
B — increased, [J — heavy)
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Non-uniform niche with respect to the stand age was  age but only within the age spectrum of < 60-80 years. On
registered in O. brunneum, P. harcyniae, Pogonocherus  the contrary, crown branch occupation decreased in

fasciculatus Deg. and S. juvencus. C. abietis (77.8-28.6%) which attacked particularly subdom-
inant spruces. In /. amitinus and P. chalcographus, the
CROWN NICHE LENGTH niche length culminated in the age category of 81-90 years

and decreased towards subdominant trees. P. pityogra-
C. aeneum (0-30.7%) and X. pilosus (10-15%) rank  phus exhibited increased niche in subdominant trees in
among the species affected positively by increasing tree  stands aged 60-90 years, however, within a social group,
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Fig. 6. Spruce attractiveness for Pityogenes chalcographus in relation to stand age (the Beskids) in comparative stem sections
(infestation: M — heavy, B} — increased, (] — scattered)
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the crown niche was balanced and independent of tree
age. With the exception of the youngest trees (< 60 years),
it is possible to classify the branch niche of O. brunneum
and Ph. spinulosus as increasing with age in subdomi-
nant trees and as decreasing with age in dominant trees
(Table 1).

CONCLUSION

The stand age of 55-115 years is decisive for the occur-
rence of 1. typographus and associated spruce cambioxy-
lophages. As it is the case of a certain optimum, no
general attractiveness dependence on tree age occurred
in the most important cambioxylophages except for P. po-
ligraphus. An increased occurrence was characteristic of
accompanying members C. aeneum and Ph. spinulosus
whereas C. abietis, M. minor, P. harcyniae and S. juven-
cus responded conversely decreasing with the host tree
age. Stands of these age classes were endangered in the
same way. . amitinus and D. autographus responded to
increasing tree age by lengthening their niche and /. #y-
pographus, M. minor and P. fasciculatus receded from
the stem profile in dependence on the social status of a
tree. An opposite response was registered in P. poligra-
phus and P. chalcographus. C. abietis disappeared from
branches and C. aeneum and P. pityographus increased
the occupation of branches. The most attractive age cat-
egory was that of 81-90 years for 1. amitinus and P. chal-
cographus.
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Atraktivita smrku pro kambioxylofagy v zdvislosti na staFi porostu
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ABSTRAKT: Atraktivita a kmenova a korunova nika kambioxylofagti v zavislosti na stafi porostu byly hodnoceny na stro-
mech napadenych a usmrcenych kiirovei ve smrkovych porostech o staii 55-115 let situovanych v monitorovaci siti povo-
di nadrze Sance (Beskydy). Studované oblast se vyzna¢ovala zikladnim stavem podkorniho hmyzu. Vékové rozpéti bylo
optimalni pro vyskyt druhu Ips typographus. Pozitivni reakce na zvySujici se v&k porostu byla zjiiténa u doprovodnych
zastupcu Callidium aeneum a Phthorophloeus spinulosus a sniZenou atraktivitou se vyznacovaly druhy Molorchus minor,
Cryphalus abietis a Pissodes harcyniae. Kmenova nika se prodluZovala s vékem porostu u druhti Ips amitinus a Dryocoetes
autographus a ustupovala u druhil 1. typographus (stromy poduroviiové), M. minor a Pogonochaerus fasciculatus; opaéné
reagovaly druhy Polygraphus poligraphus a Pityogenes chalcographus. Z vétvi mizel C. abietis a del3i profil koruny obsa-

zovaly druhy C. aeneum a Pityophthorus pityographus.

Klitovi slova: kambioxylofagni fauna; Picea abies; stafi porostu; Beskydy

Podkorni a dfevokazny hmyz vytvari typické synuzie
zvlasté na jehli¢nanech (PFEFFER 1955). Zastoupeni jed-
notlivych druhti je dano jejich ekologickymi naroky, které
jsou ovlivnény velikosti téla, pfijimanou potravou, vyvo-
jovym cyklem, mirou agresivity a konkurenci. Atraktivitu
stromu ovliviluji stanovistni a riistové podminky (KULA,
ZABECKI 2000), socialni postaveni stromu (KULA, ZA-
BECKI 1997a,b,c), stres bleskem (KULA, ZABECKI 1997b),
vé&k porostu (PRICE 1975; GRUNWALD, 1986). Jako vyznam-
né se jevi k utvafeni synuzie teplotni a vlhkostni poméry
mikroklimatu dané expozici stojicich stromti (ZUMR 1984),
porostni vystavba (zakmenéni, zapoj), ale i stadium pro-
cesu odumirani a délka odumfeni stromu, predispozice na-
padeni stromu (KANGAS 1952; SCHWERDTFEGER 1955),
obdobi rojeni, pocet generaci do roka (BAKKE et al. 1977)
a pocasi zvIasté v priibéhu rojeni. Stafi porostu se promita
do kvality a pfedevsim sily borky stromu.

Cilem prispévku je zhodnotit vliv stafi porostu na atrak-
tivitu smrku a obsazeni niky kmene a vétvi kambioxylofé-
gy.

Analyza se uskutecnila u 476 stojicich kiirovcovych
sousi starych 1-2 roky. Kazdy vzornikovy strom byl po

vytéZeni v celém profilu kmene a vétvi odkornén. Podle -

poZerkd, pfipadné imag byl postupné v jednometrovych
sekcich stanoven vyskyt kambioxylofagt (KULA, ZABEC-
KI1997a).

Vék sledovanych porostli s rozpétim 55115 let (rezer-
vace Kn¢hyné az 200 let) byl hodnocen v kategoriich < 60,
60-70, 71-80, 81-90,91-100,> 100 let.

Smrkové porosty povodi nadrze Sance jsou souéasti
LHC Ostravice v Moravskoslezskych Beskydech. Nacha-
zeji se v nadmofiské vysce 500-1 200 m, vétsinou na pii-
krych svazich 15-25°. Kambioxylofagové jsou v této
oblasti dlouhodobé v zakladnim stavu.

K druhiim &asteéné prodluzujicim kmenovou niku vli-
vem zvy$ené atraktivity hostitele s nartistajicim vékem se
fadily druhy Callidium aeneum Deg. (06,7 %) a Phtho-
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rophloeus spinulosus Rey. (28,654 %). Dil¢im sniZenim
atraktivity se smrky vyznacovaly pro druhy Cryphalus
abietis Rtzb. (24,8-6,7 %), Molorchus minor L. (71-20 %)
a P, harcyniae (28,6-6,7 %), které obecné atakuji stromy
podiroviiové. M. minor preferuje jednozna¢né stromy
mladsi 60 let, pfi¢emZ v profilu stromu od poloviny kmene
do poloviny koruny bylo zastoupeni vyrovnané (obr. 1).
I kdyz malo zévisly na vé€ku smrku se z hlediska atraktivi-
ty projevil P. poligraphus, podle zastoupeni v nejtypi¢téjsi
&asti své niky od stfedu kmene do stfedu koruny 1ze i ptes
ur¢itou nevyrovnanost odvodit sniZujici se stupeii napa-
deni smrku s nartistajicim vékem (obr. 2). Zv1asté u stromu
uroviiovych se zvySovala atraktivita od jedincti mlad$ich
60 let (28,6 %) k vékové kategorii 71-90 let (46,6-44.6 %)
s naslednym ustupem v nejstarSich porostech (20 %) pro
I. amitinus. Tento druh byl zfetelné diferencovany
v profilu kmene s kulminaci ve stifedu koruny a s vy$§im
napadenim porostii 81-90letych (obr. 4). 1. typographus
atakoval nejastéji stromy nadiroviiové a iroviiové ve
véku 61-80 let (35 %) a stromy starsi 100 let bez obecné
zavislosti na véku v rozpéti hodnocenych kategorii < 60
a>100 let (tab. 1, obr. 5).

I amitinus mé&l prodluujici se niku v intervalu <60-90 let
(19,1-31,9 %) a poté nasledoval pokles ve starSich poros-
tech. P. chalcographus kontinudlné omezoval obsazeny
profil kmenové niky s nartstajicim stafim stromu. M. mi-
nor se projevil zkracujici se nikou ve v&kovych katego-
riich porostii mladsich 60 let az do 90 let. Podobné se
i P. poligraphus vyznagoval postupnym ustupem délky
niky s vékem (< 60-100 let) 50,8-36 % bez vlivu socialni-
ho postaveni stromu.

K druhtim pozitivné ovlivnénym nartistajicim stafim stro-
mu se fadilo C. aeneum (0-30,7 %) a X. pilosus (10-15 %)
pouze ve vékovém spektru < 60—80 let. Naproti tomu
k poklesu obsazeni vétvi profilu koruny doslo u druhu
C. abietis (77,8-28,6 %), ktery atakoval pfedev§im pod-
uroviiové smrky.
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Vék porostu 55-115 let je rozhodujici pro vyskyt lyko-
Zrouta smrkového a jeho doprovodnych kambioxylofagi
smrku. ProtoZe se jedna o uréité optimum, neprojevila se
zde Zadna obecna zavislost atraktivity na véku nejvyznam-
néjSich kambiofagi s vyjimkou druhu P. poligraphus.
Zvyseny vyskyt charakterizoval doprovodné zéstupce
C. aeneum a Ph. spinulosus, opac¢né reagovaly druhy
C. abietis, M. minor, P. harcyniae a S. juvencus, které ustu-
povaly s vékem hostitelské dfeviny. Porosty v téchto vé-

kovych tfidach jsou ohroZeny shodné. Na narustajici vék
prodluzujici se kmenovou nikou reagovaly druhy 7. amiti-
nus, D. autographus a v zavislosti na socialnim postave-
ni stromu ustupovaly druhy /. typographus, M. minor a P.
Jfasciculatus z profilu kmene. Opa¢nou reakci jsme zazna-
menali u P. poligraphus a P. chalcographus. Z v&tvi mi-
zel C. abietis a naristalo obsazeni vétvi druhy C. aeneum
a P, pityographus; nejatraktivngjsi vékovou kategorii bylo
81-90 let pro /. amitinus a P. chalcographus.
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