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Abstract: The dwarf pine stands on unoriginal sites in mountainous areas of the Czech Republic are a
current topic of scientific discussion. One of these sites is on the summits of the Hruby Jesenik Mts. Var-
ious proposals for dwarf pine removal have been hindered by the absence of charts or tables that could be
used to calculate how much biomass would need to be removed. Therefore, we created a methodology for
dwarf pine biomass determination and applied it to five research transects of different ages. Based on the
biomass estimates, we created trend curves illustrating the increase in biomass (dependent on age) as well
as equations that could be used to roughly estimate the biomass of any dwarf pine stand, regardless of age
or canopy level, for sites above the timberline in Hruby Jesenik Mts. The equations for biomass calculations
could also be applied to other mountain ranges where artificially planted dwarf pines of the same seed ori-
gin or the same morphological appearance as those existing in the Hruby Jesenik Mts. are found.
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Introduction

Pinus mugo Turra /syn. P. mugo ssp. mughus (Scop.)
Dom./ is a variable and taxonomically complicated
species. Complex of this pine has many unknown
traits, including the origin of the taxa, the classifica-
tion and the natural range of Pinus mugo. The issues
of its origin and the taxonomic classification of indi-
vidual shrubs and populations have been addressed
by many methods examining various properties of
specimens or entire populations. Older methods
include studying morphological and anatomical fea-
tures, such as biometric analyses, but advances in
technology favor newer polyprenol analyses, isoen-

zyme genotype analyses and allozyme studies of ge-
netic variability.

The presence of non-indigenous or probable
non-indigenous stands in the Jeseniky, Orlické hory
and Krkono$e mountains has become a topic of much
debate in the Czech Republic. The dwarf pine is in-
digenous to the peat bogs of the supramontane belt
of the Krkonose Mts. and is also a natural component
of many biotopes within the subalpine belt. Howev-
er, introduced dwarf pines grown from seeds from
Germany or Austria were planted in the ridges at
the end of the 19% century (Lokvenc 2003). These
non-indigenous stands have recently been carefully
and gradually removed.
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The non-indigeneity of the dwarf pine in the
Hruby Jesenik Mts. (part of the Jeseniky Mts.) has
been discussed because these mountains contain
more than 350 ha (Senfeldr et al. 2012) of planted
dwarf pine stands. These stands thrive, as they are
typical mountain heliophytes with optimal growth
design. The dwarf pine was first planted in the Hruby
Jesenik Mts. in 1877 in the Bruntdl domain (because
of shift of the timberline and water flow regulation)
and the planting continued in 1921 after disastrous
landslides in the Sumperk district. The seed for these
plantings was purchased in Innsbruck or in Wiener
Neustadt. Other, more extensive planting occurred
in the 1970s in the area of Petrovy kameny — Velky
M4j, including the cirques of Velkd kotlina and Mald
kotlina. Unfortunately, there are no records about
the origin of seed (Holubic¢kovd 1980).

Due to the alleged influence of the dwarf pine on
the gradual deterioration of the condition of several
valuable eco-phenomena of the Hruby Jesenik sum-
mits (e.g., disruption of arcto-alpine communities of
tundra character), several proposals for dwarf pine
reduction have been created and partially implement-
ed by the Administration of the Protected Landscape
Area of Jeseniky Mts.

In response to the dwarf pine reduction proposals
(without solution of technical-institutional aspects
of the problem), the primary aim of this study, fund-
ed by the GS LCR (Grant service of the Forests of
the Czech Republic), is to estimate the aboveground
biomass of the dwarf pines growing above the tim-
berline in the Hruby Jesenik Mts. that would have
to be addressed before the potential removal of the
stands. Because there are no tables that determine
the biomass of the dwarf pine stands, the aims of this
study were to create a methodology for determining
the dwarf pine biomass and trend curves expressing
the increase in biomass based on age. These tools
were further used to derive equations for biomass
estimation in all dwarf pine stands in Hruby Jesenik
Mts., of various age classes and various levels of can-
opy (meant as various canopy density).

Overview of the literature on dwarf pine
growth and the formation of biomass

Authors have generally concentrated more on
dwarf pine growth dynamics than on the biomass.
There are essentially three categories of research:

1. Studies about the dynamics of dwarf pine stands
using analyses of aerial photos.

These studies compare the current conditions

with those shown in historical aerial photos and

are analyses of the changes in the cover of dwarf
pine stands over time. This topic has been ad-
dressed by many Czech and foreign authors using

manual visual methods and automated classifica-

tion methods, e.g., Fiserovd (1991), Lokvenc and

Vacek (1991), Carmel and Kadmon (1998), Kad-

mon and Harari-Kremer (1999), Potocka (1999),

Soucek et al. (2001), Halounova (2004), Miiller-

ova (2005), Wild (2006a), Palombo et al. (2013)

and others.

The dynamics of dwarf pine stands using analyses

of aerial photos specifically in the Hruby Jesenik

Mts. have been addressed by Hosek et al. (2005),

Wild (2006b), Wild et al. (2007).

2. Studies about the growth dynamics of dwarf pine
stands using dendrometric and dendrochronolog-
ical methods.

Analyses of the diameter increments of the dwarf

pine have been conducted by Kolischuk and Berko

(1967), Kolischuk (1969), Heikkinen (1980), Bit-

terli (1987), Corona (1987a), Simon and Drépe-

la (1987) and Hohl et al. (2002), Kyncl and Wild

(2004), Spinlerovd and Martinkovd (2006, 2009),

Palombo et al. (2014), among others.

Jeseniky dwarf pines on sites exposed to pollu-

tion were studied partially by Simon and Drépe-

la (1987). Their results showed that the diame-
ter increment had not fluctuated for thirty years.

Dendrochronological analyses of selected shrubs

in Hruby Jesenik Mts. were performed by Hosek

et al. (2005).

3. Studies about the growth dynamics of dwarf pines
based on length increment.

The length increment of the dwarf pine has not

been well monitored. An older study by Popovic

(1976) describes the growth of the dwarf pine in

the Vrsi¢ Mts. and a more recent study by Spin-

lerovd and Martinkovd (2006) contains a growth
analysis of the dwarf pine in the Orlické hory Mts.

The length increment of the dwarf pine (specifical-

ly the length of the last ten increments of the main

branches) in Jeseniky Mts. was studied by Hosek

et al. (2005).

The knowledge gained from studies into the dy-
namics of stands provides a foundation for theories
about the speed of biomass formation. Literature
summarizing the data about the amounts of dwarf
pine biomass (of single specimens or entire stands)
is scarce. The authors more often address the bio-
mass of the herbal (moss) growth under the dwarf
pine - e.g., Kubicek et al. (1983), Kubicek (2001) -
or the total aboveground biomass of the community.
Bliss (1962) provided a production of tundra ecosys-
tems within one growing season and the productivity
of the natural tundra communities was evaluated by
Malinovskij (1984) and Archibold et al. (1995). The
volume and weight of the “stems” and branches and
the weight of needles within one dwarf pine speci-
men growing at an altitude of 1900 m in the Vrsic
Mts. was published by Popovic (1976). The range
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of the determined volume of dwarf pine stems from
eastern Trentino (Northern Italy) presented Corona
(1987b).

Methods

The original intention — to determine the biomass
of one specimen or the polycormon of one mother
plant — was abandoned after the terrain survey. The
dwarf pines in the area grow wildly with a compli-
cated vegetative propagation, which makes terrain
orientation impossible. Therefore, five represent-
ative 100% closed-canopy transects of non-indige-
nous stands (with areas of 4 m?) of different ages or
dwarf pine heights (stands of the 15%, 8%, 4 and 2
age class) were selected on sites near the summit of
Keprnik (K) and in the Vétrnd louka (V) /Fig. 1, Table
1 /. (One age class in the Czech forestry terminology
in this case means age range of 10 years. For example,
the stand of the 2™ age class may have 11 to 20 years.)
All transects were located in the Protected Landscape
Area, transects K also in the National Nature Reserve
(NNR) Serak — Keprnik and V in the NNR Pradéd.

The dwarf pine is, as mentioned, in all selected
transects difficult growing, generating polycormons.
Shrubs are densely branched, closed. The main
branches (plumules) of the shrubs are loosing ter-
minal character (the apical dominance); reaching al-
most the same height that does not exceed 3.5 m.
The branches are prostrate at the base, but then bent
into an arc and grow into an upright form (form is
close to cubic paraboloid).

The understory in these stands (transects) is very
poor, only with a few species, as Vaccinium myrtillus,
Avenella flexuosa, Calamagrostis villosa, Nardus stricta,
Trientalis europaea or Calluna vulgaris.

All aboveground dwarf pine biomass was removed
from the transects.

The material was transported to the laboratory,
where the fresh mass and volume were measured.
The masses of the large timber (the above-ground
woody mass including bark with a diameter greater
than 0.07 m), small timber (the above-ground woody
mass including bark with a diameter less than 0.07
m) and needles were determined separately using a
hanging scale (digital, 100 g accuracy). The mass of
cones was determined using a electronic scales Kern
822 (1000 g accuracy). The volume of the large tim-

Table 1. Location of the selected transects

Hruby Jesenik Mts.
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Fig. 1. The overall study area with location of represent-
ative transects K1, K2, K3 and V1, V2. All dwarf pine
stands in Hruby Jesenik Mts. are non-indigenous. Nat-
ural stands in the Czech Republic are relatively distant,
as also natural stands in Poland or in Slovakia

ber was calculated as the sum of volumes of 25 cm
sections using a formula for the calculation of a trun-
cated cone (Packovd and Madéra 2004).

Truncated cone calculation formula:

w2 2
Vz?(r1+r1r2+r2)

where r, and r, are the radii of the bases; v is the
height.

The volume of the small timber and needles was
calculated from the determined fresh mass and vol-

Site Transect Age class Latitude Longitude
Keprnik K1 15 (150 years) 50°10'13.687"N 17°7'1.709"E
Keprnik K2 15 (150 years) 50°10'13.060"N 17°72.387"E
Keprnik K3 8 (80 years) 50°10'15.164"N 17°7'1.963"E
Vétrna louka V1 4 (39 years) 50°3'48.504"N 17°14'31.664"E
Vétrnd louka V2 2 (18 years) 50°3'52.163"N 17°14'30.024"E
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Fig. 2. Transect K3 — 80-year-old stand (the stand of the 8
age class) in Keprnik (Photo: Z. Spinlerovd)

ume of ten sample branches and fifty couples of nee-
dles in the graduated cylinder.

Next, the material was dried at 105° C in the dry-
ing chamber to a constant weight and the dry mass
was determined (using the digital hanging scale, for
cones using electronic scales). Samples of needles (10
couples from each year) were scanned both before
and after drying and their area was determined using
the Quick PHOTO MICRO application (developed
by Promicra, s.r.o0.; Prague; Czech Republic; Europe).
The area of the sample needles was averaged for each

Table 2. Parameters determined in selected transects

year and the average was used to calculate the total
area of the needles (the needle surface area calculated
from the averaged surface area of needles and the to-
tal number of needles occurring in the area of 4 m?).

All of the results were converted to an area of 1
m?, or 1 ha. The values for the two 150-year-old plots
were averaged.

Based on the results from the transects, trend
curves expressing the increase in fresh biomass (mass
and volume) in relation to age were created; further,
the trend curves were used to derive equations for
the biomass calculation for dwarf pine stands of dif-
ferent age classes.

The equations were used to express the biomass
of all dwarf pine stands with different canopy levels
on sites above the timberline of the Hruby Jesenik
Mts.

Results

Figure 2 shows the process of setting out the se-
lected plots.

The results for specific transects are presented in
Table 2. The results converted to an area of 1 m?
are in Table 3. The parameters were determined sep-
arately for large timber, small timber, needles and

Transect K1 (=~ 150 yr)

Transect K2 (= 150 yr)

Transect K3 (~ 80 yr)

Transect V1 (~ 40 yr)

Transect V2 (= 20 yr)

Height ~ 2.5 m

Height ~ 3.2 m

Height ~ 1.3 m

Height ~ 1.3 m

Height ~ 1.2 m

Fresh mass/4 m?

Fresh mass/4 m?

Fresh mass/4 m?

Fresh mass/4 m?

Fresh mass/4 m?

Large

Large

Large

Large

Large

timber 60 kg timber 93.3kg timber 10.0 kg timber 2.6kg timber 1.3kg
Gmber PSR gmi. Sk g S0lkg gt @0kg goi 302k
Needles 5.8 kg Needles 14.5kg  Needles 12.2kg  Needles 13.4kg  Needles 13.5 kg
Cones 0.8 kg Cones 0.8 kg Cones 1.0 kg Cones 0.488 kg  Cones 0.130 kg
Total 100.1 kg Total 113.7kg Total 73.3kg Total 59.388 kg Total 54.13 kg
Dry mass/4 m? Dry mass/4 m? Dry mass/4 m? Dry mass/4 m? Dry mass/4 m?
e sk B ss W el BE e BE ook
Gmber 228 gmbe 23k g 1k g 283k gn 192k
Needles 2.8 kg Needles 6.5kg  Needles 6.5 kg Needles 6.4kg  Needles 6.8 kg
Cones 0.4 kg Cones 0.420kg  Cones 0.532kg Cones 0.242 kg  Cones 0. 065 kg
Total 66 kg Total 73.02 kg Total 47.932 kg Total 33.542 kg Total 26.665 kg
Fresh mass volume/4 m?> Fresh mass volume/4 m? Fresh mass volume/4 m?> Fresh mass volume/4 m?> Fresh mass volume/4 m?
Large 0.08m> Laee 0.12m Laree 0.0284m® LAEe 0.0072 m* 8¢ 0.0024 m?
timber timber timber timber timber
Small 0.04m: Somall 0.01ms Small 0.1036 me Small 0.0776 me  Small 0.0612 m?
timber timber timber timber timber
Needles 0.0444 m*> Needles 0.0912 m*> Needles 0.0544 m*> Needles 0.0704 m* Needles 0.0664 m?
Total 0.1644 m* Total 0.2212 m* Total 0.1864 m* Total 0.1552 m* Total 0.1300 m?
Needle area/4 m? Needle area/4 m? Needle area/4 m? Needle area/4 m? Needle area/4 m?
Fresh 8.36 m*> Fresh 20.52 m?> Fresh 21.64 m?> Fresh 20.64 m?> Fresh 20.44 m?
Dry 7.56 m* Dry 1796 m* Dry 17.72 m*> Dry 17.52 m?> Dry 16.24 m?
Number of needle Number of needle Number of needle Number of needle Number of needle
pairs/4 m? pairs/4 m? pairs/4 m? pairs/4 m? pairs/4 m?
79 949 pcs 210 560 pcs 179 933 pcs 203 720 pcs 232 680 pcs
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Fig. 3. Correlation between age class and the largest diam-
eter of the branch base in selected transects (One age
class means age range of 10 years. All dwarf pine ages
in selected transects were at /or were approaching/ the
upper limit of the age class)

cones. The total values were converted to an area of
1 ha (Table 4).

Figure 3 demonstrates correlation between the
age class and the largest stem diameter of the branch
base in selected transects. Figs 4 and 5 show the trend
curves expressing the increasing biomass (mass and
volume) based on age. The curves were used to cre-
ate equations for the biomass calculation of dwarf
pine stands of various age classes and canopy levels.

The equation for the calculation of the total fresh
mass (t/ha):

y = 121.37¢ 0%

The equation for the calculation of the large tim-
ber fresh mass (t/ha):

y = 1.8395¢ 1>

in both equations: x = stand age.
The equation for the calculation of the total fresh
mass volume (m?/ha):

y = 81.838 Ln(x) + 86.386

The equation for the calculation of the large tim-
ber fresh mass volume (m3/ha):

y = 0.0113x*-0.0504x + 2.4725

in both equations: x = stand age.

Using these equations and the data regarding the
distribution and cover of the dwarf pine, we estimat-
ed the biomass above the timberline of the Hruby
Jesenik Mts. The calculation shows that in the 360
ha area of the stands (of which 142 ha actually con-

BO0T ~= == === = o
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100 === m e
1.00

0 50 100 150 200
Stand age (yr)

+ total fresh mass volume O fresh large timber

Fig. 5. Estimate of trends in the difference of volume (m3/
ha) of the aboveground dwarf pine biomass, dependent
on increasing age

tain dwarf pines), there is 30 171 t and 66 325 m?
of biomass, of which 9 892 t and 18 428 m? is large
timber. The specific values calculated for individual
segments of the dwarf pine stands, as defined by Sen-
feldr et al. (2013), are presented in Table 5.

Discussion

Due to the scarcity of literature on the biomass of
the dwarf pine, it is difficult to compare our results
with those of other authors. Previously published
information about dwarf pine biomass either relates
to individual specimens (Popovic 1976) or individual
branches (Spinlerovd and Martinkovd 2006). Theo-
retically, it would be possible to calculate or estimate
the number of dwarf pine specimens in the explored

3001
250+
200+

1507

Mass (t/ha)

100+

L e

0 50 100 150 200
Stand age (yr)

+ total weight of fresh mass O fresh mass of large timber

Fig. 4. Estimate of trends in the difference of mass (t/ha)
of aboveground dwarf pine biomass, dependent on in-
creasing age
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Table 3. Parameters determined in selected transects converted to an area of 1 m?

Transect K1 (= 150 yr)

Transect K2 (= 150 yr)

Transect K3 (= 80 yr)

Transect V1 (= 40 yr)

Transect V2 (= 20 yr)

Height ~ 2.5 m Height~ 3.2 m Height ~ 1.3 m Height~ 1.3 m Height~ 1.2 m
Fresh mass/m? Fresh mass/m? Fresh mass/m? Fresh mass/m? Fresh mass/m?
tLi"r‘rrlgbir 15.000 kg tLi?;%Zr 23.325kg E*:lizr 2.5000 kg E?rrlgbir 0.6500 kg fi?;%eer 0.3250 kg
fﬁﬂr 8.375 kg i‘ﬁér 1.275 kg flr;lfér 12.5250 kg flr;i}ér 10.7250 kg tslr;‘n"l‘)lér 9.8000 kg
Needles 1.450 kg  Needles 3.625kg  Needles 3.0500 kg Needles 3.3500 kg Needles 3.3750 kg
Cones 0.2 kg Cones 0.2 kg Cones 0.2500 kg  Cones 0.1220 kg Cones 0.0325 kg
Total 25.025 kg Total 28.425 kg Total 18.3250 kg Total 14.8470 kg Total 13.5325 kg
Dry mass/m? Dry mass/m? Dry mass/m? Dry mass/m? Dry mass/m?
e 1015kg 8 15.95 kg tLi?;gbZr 17000 kg A8 0.4000 kg tLi‘;‘;%zr 0.1500 kg
tsi’:ir 5.550 kg flr:l‘?jlér 0.575 kg tslr;‘l’)lir 8.5250 kg iﬁ‘ﬁir 6.3250 kg tslrr“n“l‘)lér 4.8000 kg
Needles 0.700 kg  Needles 1.625kg  Needles 1.6250 kg Needles 1.6000 kg Needles 1.7000 kg
Cones 0.100 kg  Cones 0.105kg  Cones 0.1330 kg Cones 0.0605 kg Cones 0.0162 kg
Total 16.500 kg Total 18.255 kg Total 11.9830 kg Total 8.3855 kg Total 6.6662 kg
Fresh mass volume/m? Fresh mass volume/m?>  Fresh mass volume/m? Fresh mass volume/m?>  Fresh mass volume/m?
rge 002m LB 003 m: LB 00071 m* A8 00018 m* A8 0.0006 m?®
f{;ﬂr 0.0100 m? ff:fgir 0.0025 m? tslrr“n"]‘jlér 0.0259 m? flr;flr 0.0194 m? tslﬁ?)lér 0.0153 m?
Needles 0.0111 m* Needles 0.0228 m* Needles 0.0136 m®* Needles 0.0176 m®* Needles 0.0166 m?
Total 0.0411 m*® Total 0.0553 m® Total 0.0466 m* Total 0.0388 m* Total 0.0325 m3
Needle area/m? Needle area/m? Needle area/m? Needle area/m? Needle area/m?
Fresh 2.09 m*> Fresh 5.13m>  Fresh 5.41 m?  Fresh 5.16 m*>  Fresh 5.11 m?
Dry 1.89m* Dry 449m? Dry 443 m*> Dry 4.38m? Dry 4.06 m*
Number of needle Number of needle Number of needle Number of needle Number of needle
pairs/m? pairs/m? pairs/m? pairs/m? pairs/m?
19 987 pcs 52 640 pcs 44 983 pcs 50930 pcs 58 170 pcs

Jeseniky plots and compare the averages character-
izing individual specimens with the results of oth-
er authors. However, this approach is unfeasible in
practice because of the complicated growth of dwarf
pines. Moreover, the ages of stands (individuals) or
size parameters that are mentioned in the literature
dealing with dwarf pine biomass are not exactly the
same as the ages or size parameters of dwarf pine
studied in selected transects. Other sources that
mention the biomass of dwarf pine stands (e.g., Mal-
inovskij 1984) cannot be used for comparison as they
describe the values of natural communities without
specifying size parameters. The dwarf pines in nat-
ural communities do not reach the same growth
velocity and parameters as those in unnatural (and
anthropogenically modified) sites.

Table 4. Basic data from the transect biomass converted to 1 ha

The acquired values of the total fresh aboveground
biomass converted to 1 ha (135-267 t/ha and 325-
482 m?/ha) in stands of the 2™ to the 15" age class
may seem high. The reason for the large amount of
biomass is the complicacy and the tenacity of pine
polycormons. Moreover, the parameters presented in
common forestry practice only concern large timber
and not the entire aboveground mass. The values of
the total aboveground biomass were calculated and
are presented intentionally because of the current
issue of complete dwarf pine mass removal and the
further processing and use of the resulting materials.

The results of this study confirm the assumption
that removing the biomass of the dwarf pines would
not be an easy task. For example, the aboveground
biomass of the oldest stands in the explored area,

Transect K1.K2 — average

Transect K3 Transect V1 Transect V2

Fresh mass of large timber/ha 191.625 t 25t 6.5t 325t
Fresh mass of small timber/ha 48.25t 125.25¢t 108.8 t 98 t
Total weight of fresh mass/ha 267.25t 183.20t 148.47 t 135.32t
Total weight of dry mass/ha 173.75t 119.83 t 83.86t 66.66 t
Fresh large timber volume/ha 250 m? 71 m? 18 m? 6 m?
Fresh small timber volume/ha 62.5 m? 259 m3 194 m3 153 m?
Total fresh mass volume/ha 482 m® 466 m* 388 m? 325 m?
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consisting of complicated and tenacious polycormons
of the dwarf pine, is comparable to the large timber
of a mature spruce stand that is ready to be felled.
For example, Corona et al. (2011) mention that in
the Czech Republic and other European countries
the greatest per-ha deadwood levels are observed in
mountain regions. This cannot be explained solely
in terms of favorable ecological growing conditions;
rather, it is likely linked to the poor accessibility and
thus low intensity of forest harvesting. The dwarf
pine cutting in these conditions can therefore be
problematic due to the complexity of handling and
disposal of such quantities of biomass (poor avail-
ability of human resources, financial demands, far
availability of funds and also legislative context).

Corona et al. (2011) point out that in order to fa-
cilitate future research should serve large-scale for-
est inventories, such as National Forest Inventories.
This should expand from traditional variables related
to wood and timber production to the assessment of
the composition, structure and function of forest eco-
systems, and must provide a better understanding of
the roles of the components of biological diversity in
the provision of multiple forest ecosystem functions.
It must result in well-developed partnership among
ecologists, nature conservationists, statisticians, re-
source managers and policymakers (Lindenmayer et
al. 2008; Gibbons et al. 2008). Partnerships and com-
promise among all entities dealing with management
of dwarf pine in Hruby Jesenik Mts. (the Forests of
the Czech Republic, State Enterprise, the Adminis-
tration of the Protected Landscape Area Jeseniky, en-
tities conducting its monitoring and research) in this
case are very important.

Conclusion

Dwarf pines planted on non-indigenous moun-
tainous sites are currently a frequent topic of pro-
fessional discussions and the summits of the Hruby
Jesenik Mts. in the Czech Republic are no exception.
In response to various proposals for dwarf pine re-
duction, we estimated the amount of aboveground
biomass that is located above the timberline in the
mountains.

The main result is a methodology for dwarf pine
biomass determination that can be used for acqui-
sition and addition of further data, also new trend
curves expressing the increasing biomass in relation
to age and the creation of equations that could be
used to roughly estimate the biomass of all dwarf
pine stands, including stands of different age classes
and canopy levels on mentioned sites above the tim-
berline. The equations for biomass calculations could
also be applied to other mountain ranges where arti-
ficially planted dwarf pines of the same seed origin

or the same morphological appearance as those ex-
isting in the Hruby Jesenik Mts. are found.
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