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Disturbance-induced changes in the plant biomass
in forests near Plesné and Certovo Lakes

K. MATEJKA

IDS, Prague, Czech Republic

ABSTRACT: Two forested catchments in the Bohemian Forest (Sumava Mts.) were investigated according to the species
composition of herb layer and aboveground plant biomass. The bark-beetle gradation was observed in the Plesné Lake
catchment during this study. The community dynamics depends mainly on the altitudinal zone of the site. Variability in
the species composition was more pronounced in the sites of natural broadleaved mixed forests than in the sites of natural
Norway spruce forests. Three processes were recorded after the tree layer damage: tree regeneration (very rapid), appear-
ance of some species typical of the clear-cuts (only limited, mainly after windthrows) and disappearance of some species
(limited, probably for a short time only). The aboveground biomass was variable. Some relations to the canopy decline
were observed for Vaccinium myrtillus. The stock changes depend on the population features of this species and can differ

(increase or decrease) according to individual localities.
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Dynamics of the forest ecosystem and the respec-
tive plant community especially is well characterized
by understory vegetation (e.g. MATEJKA, VIEWEGH
2008). Changes in plant communities in forests can
be distinguished based on the time period length.
While many processes in the forest can be observed
within a framework of several decades, rapid changes
are connected with a disturbance of the tree canopy
and they are well detectable during several years.

A more or less rapid collapse of forest stands has
been observed in Central Europe during the last cen-
tury in many cases. Massive afforestation, abandon-
ment of agricultural land, pastures, and vineyards,
which caused an increase of the forested area, were
omitted in this paper. The forest decline was a re-
sult of three kinds of processes: (1) air pollution, (2)
wind storm, and (3) insect infestation. The air pollu-
tion impact occurred mainly in the 1970s and 1980s
(KoPACEK, VESELY 2005). Rapid tree stand break-
down is often a result of a sudden insect gradation in
response to extreme weather (above-average temper-
atures, droughts, wind disaster) currently. All three

effects were observed in Norway spruce forests in the
Bohemian Forest (Sumava Mts.), because the bark
beetle (Ips typographus) showed the last population
gradation there (MATEjKA 2011b) as a consequence
of former air pollution combined with extreme
weather in 2003 and wind storm in 2007. The distur-
bance history of Norway spruce forests in the Bohe-
mian Forest was described on the basis of tree ring
analysis (SvoBopa et al. 2012). Their results point to
repeated disturbances which were caused by winds as
a probable prevailing factor.

As DALSGAARD (2007) wrote, “In the natural tem-
perate deciduous forest the gap phase is crucial for
forest regeneration and succession” While the forest
gap dynamics has been studied often (e.g. PICKETT,
CADENASSO 2005; BOTTERO et al. 2011; SANIGA et al.
2011; CATER et al. 2014; KRAMER et al. 2014), papers
on the dynamics of Central European mountain climax
forests with dominant Norway spruce are less frequent
(e.g. HoLEKSA, CyBULSKI 2001; MOTTA et al. 2010;
ZAcH et al. 2010; ZIELONKA et al. 2010). Gaps are fre-
quent in many forest ecosystems as a result of small-
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scale disturbances, often caused by wind or other fac-
tors (SPLECHTNA et al. 2005; KRAMER et al. 2014). Gaps
can account for up to 73% of the total forest area under
investigation (e.g. BARTEMUCCI et al. 2002). Such con-
ditions are similar to a large-scale disturbance.

A review on the disturbance dynamics of boreal
forests in North America was written by BRASSARD
and CHEN (2006). The insect population gradations
cause damage in the boreal forests similarly like to
mountain Norway spruce forests in Central Europe.

Long-term forest dynamics in some mountain
regions of the Czech Republic was analysed by
MATEJKA (2011c), who pointed out that changes in
the species composition of the herb layer are more
variable in the beech-mixed forests (5™ [beech with
fir; named according to the dominant tree species]
to the 7 [spruce with beech] forest altitudinal zone
in the sense of Czech forest site typological system;
VIEWEGH et al. 2003) compared with ecosystems of
Norway spruce (8" [spruce] forest altitudinal zone),
particularly in terms of the simple presence of spe-
cies. Forest dynamics after disturbance in the Bavar-
ian Forest National Park was reported by FISCHER et
al. (2002). Long-term dynamics of plant communities
in forests of the Bohemian Forest was described ear-
lier (e.g. WiLD et al. 2004). The Norway spruce for-
est dynamics was under interest in other mountain
regions of Central Europe (e.g. VAVROVA et al. 2009;
CubpLiN, VAVROVA 2010; JoNASOVA et al. 2010).
From the aspect of tree-layer regeneration, the Nor-
way spruce regeneration after the canopy dieback was
studied at both sides of the national borders — in the
Bavarian Forest National Park (HeuricH 2009) and
in the Sumava National Park (CiZKovA et al. 2011).
Both studies report rapid regeneration in a prevailing
part of ecosystems affected by bark beetle.

Artificial changes in the tree species compo-
sition are known in the Sumava Mts. in poten-
tial sites of broadleaved mixed forests (up to the
7t forest altitudinal zone). A similar increase of Pi-
cea abies abundance in forests was recorded also
in other parts of Europe (e.g. Romania; FEURDEAN,
WiLLis 2008).

The natural early successional habitats following
tree layer disturbances have recently been recog-
nised as important for nature conservation because
of their high biodiversity as pointed out when differ-
ent groups of organisms were studied (plants, bryo-
phytes, mushrooms, invertebrates; LEHNERT et al.
2013). In this light, a non-interventional approach to
the management of Norway spruce forests within re-
gions of their natural origin in Central Europe can be
seen as a remedy in the field of nature conservation
(PAILLET et al. 2010).
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The dynamics of plant communities should be
solved in terms of the fine-scale pattern of the
community (e.g. microcoenoses) as had been dem-
onstrated in other regions (e.g. VAVROVA et al.
2009). Another approach can be developed from
the population biology (dynamics) of main species
in the herb layer. The basic population parameter
is represented by species biomass, mainly aboveg-
round (AG) biomass. There is a broad set of data
on the biomass of dominant species such as Cala-
magrostis villosa (e.g. PYSEx 1991). Many studies
dealt with the biomass production and other eco-
system functions in grass communities on plots af-
ter tree layer damage. Such projects were carried
out in the Beskydy Mts. (FiarLa 1996). The applica-
tion of their results for comparison with data from
the Bohemian Forest is limited because both envi-
ronmental conditions and cause of tree-layer dam-
age (air pollution in the Beskydy Mts.) differ.

Catchmentsoflakesinthe BohemianForest (Fig. 1)
are under long-time investigations (KOPACEK,
VRBA 2006). The plant biomass was analysed by
SvoBoDA et al. (2006) for the whole area of the
catchments of Certovo Lake and Plesné Lake. Veg-
etation dynamics was studied on permanent plots
in both catchments. Some plots (mainly near the
Plesné Lake) were affected by the bark beetle (Ips
typographus) gradation during the period of obser-
vation. The main aim of this paper is to describe
short-time changes in the understory (herb layer)
vegetation within the investigated plots in both
catchments. Two different approaches were ap-
plied. While semi-quantitative relevés describe the
coarse structure of a plant community, the AG plant
biomass analysis can shed the light on fine changes
in the community. The belowground biomass was
also sampled, but the interpretation of these results
(MATEjKA 2011a) is very limited because data are
highly variable.
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Fig. 1. Position of Certovo Lake (CT) and Plesné Lake (PT)
within the Czech Republic
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METHODS
Description of the plots

Catchment of Certovo Lake. The Certovo Lake
catchment (49°9'55"N, 13°11'50"E; its altitude
ranges between 1,027 and 1,343 m a.s.l; 76 ha of
forested area in total) was described in detail by
KoPrACEK et al. (2002b). Average altitude is 1,136 m.
Slopes are gentler (Table 1). Geological conditions
are not simple. Near the lake, the glacial (Pleisto-
cene) sediments are found. The northeastern part
of the catchment is represented by mica schist with
garnet and andalusite. It is changed to muscovite-
biotite paragneiss with sillimanite in the western
to the southwestern part (according to Geological
Map of the Czech Republic). Soils in the catchment
were analysed by KoPACEK et al. (2002b). Cambi-
sol is the most frequent soil type in the catchment
(Table 2).

Table 1. Terrain steepness in the catchments — slope

Relative catchment area (%) Certovo Lake Ple$né Lake

50 <0.30 (17°)  <0.36 (20°)
75 <049 (26°)  <0.57 (30°)
95 <0.82(39°) <1.17 (49°)
99 <1.07 (47°)  <2.23 (66°)
Main forest types according to typological

map give first insight into vegetation conditions
(MATEJKA 2009). Newly distinguished forest alti-
tudinal zones (Table 3; for the method description
see KINDLMANN et al. 2012) were delineated us-
ing a new model, which employs the digital eleva-
tion model and modelling of average temperatures
(MATEjKA 2011b). A different result has been ob-
tained by comparing the actual forest typological
map (data prepared by Forest Management Insti-
tute, Brandys nad Labem). A border between the 6
and 7" FAZ corresponds to the 4.5°C modelled iso-
therm for the period 1961-1990, and a border be-
tween the 7% and 8™ FAZ coincides with the 3.7°C
modelled isotherm. Altitudinal zones with Euro-
pean beech (6% and 7" FAZ) prevail here (Fig. 2).

Table 2. The most frequent soils in the catchments (in per-
centage of the area)

Group of soil types Certovo Lake* Plesné Lake**

Cambisol 58 27
Podzols 21 29
Undeveloped organic rich soils 17 -
Undeveloped thin soils - 38

*KoPACEK et al. (2002b), **KoPACEK et al. (2002a)
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Table 3. Forest altitudinal zones (FAZ of the Czech forest
site typological system; VIEWEGH et al. 2003) according
to the result of average temperature modelling in the
forested area of the Certovo and Pleéné Lake catchments

Catchment Certovo Lake Plesné Lake

FAZ area (ha) %* area (ha) %*

6 30.38  39.9 (0.0) 6.06 10.7 (0.0)
7 2575 33.8(81.3) 1571  27.8 (11.9)
8 20.09  26.4(18.7) 34.72 61.5 (88.1)
Total 76.21 100.0 56.48 100.0

*percent values in brackets are proportions given by the
current typological map of the Forest Management Institute,
Brandys nad Labem, 6 — European beech with Norway spruce,

7 — Norway spruce with European beech, 8 — Norway spruce

The association Calamagrostio villosae-Fagetum
Mikyska 1972 (compare MORAVEC et al. 1982) is
dominant in the potential vegetation (NEUHAUS-
LoVA et al. 1998). The actual tree layer is composed
of prevailing Norway spruce (Picea abies) with Eu-
ropean beech (Fagus sylvatica) and silver fir (Abies
alba) partly contributing out of the highest part of
the catchment.

The research plots (Fig. 2; Table 4) are scattered in
the catchment at different altitudes. While plant com-
munities were sampled on all plots, the biomass anal-
ysis was carried out on two main plots (CU and CL).

The catchment is located in the Sumava Protect-
ed Landscape Area, the main part of the catchment
is protected as National Natural Reserve. All select-
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Fig. 2. Localization of the plots within the Certovo Lake
catchment. Isolines are drawn according to the PlotOA
thermal model with 0.2 m in pixel size (MATEJKA 2013)
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Table 4. A list of the investigated plots and comparison of their notation in different studies

Study plot Another notation

Tree layer

. Comment
damage since

Certovo Lake

C1 -

C2 CT1 is at 70 m distance (KoPACEK et al. 2002b) -

C3 CT3 is at 140 m distance (KOPACEK et al. 2002b) -

C4 CT9 (KoPACEK et al. 2002b) -
CT-L (KorACEK, CUDLIN et al. 2010; KOPACEK, HRUSKA

CL 2010; KOoPACEK et al. 2009, 2011) - intensively studied plot
TF-1 (KOoPACEK et al. 2000)
CT-H (KoPACEK et al. 2010; KoPACEK, HRUSKA 2010; near the windthrow
KoPACEK et al. 2009, 2011) area (2007) and cut

CuU TF-2 (KoPACEK et al. 2000) plots (2008); the intensively studied plot
CT12 is at 130 m distance (KOPACEK et al. 2002b) plot tree layer was
CNO9 is at 130 m distance (KOPACEK et al. 2002b) influenced

Ples$né Lake

PJ1 2005-06

PJ2 2004 (?)
PL-HN (KoPACEK et al. 2010);

PJ3 PL-H (KoPACEK, HRUSKA 2010; KOPACEK et al. 2009, 2011) 2005 intensively studied plot
PL-IX (KOPACEK et al. 2002a)
PL-L (KoPACEK et al. 2010; KoPACEK, HRUSKA 2010;

PJ4 KoPACEK et al. 2009, 2011) 2007-08 intensively studied plot
PL-I (KOPACEK et al. 2002a)

P19 PL-HS (KoPACEK et al. 2010) 2009 plot belongs to the altitudinal
PL-II is at 130 m distance (KOPACEK et al. 2002a) gradient (MATEjKA 2011b)

P20 PL-IIT i at 150 m distance (KOPACEK et al. 2002a) 2010 plot belongs to the altitudinal

gradient (MATEJKA 2011b)

ed plots under study have been without any active
forest management for a long time.

Catchment of Plesné Lake. The research was
carried out in/near the catchment of Plesné Lake
(48°46'35"N, 13°52'0"E; altitude ranges between 1,090

i P19

Fig. 3. Localization of the plots within the Plesné Lake
catchment. Isolines are drawn according to the PlotOA
thermal model with 0.2 m in pixel size (MATEJKA 2013)
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and 1,375 m a.s.L; total forested area is 56 ha) in the
Bohemian Forest. Basic information describing the
lake, its catchment, and the forest stands was provided
by KoPACEK et al. (2002a). Environmental conditions
are represented mainly by higher altitudes (average
altitude is 1,187 m a.s.l.). Slopes are steepest (Table 1).
The geological bedrock is composed of porphyric
muscovite-biotite granite (Eisgarn type) — according
to Geological Map of the Czech Republic (1:50,000).
The soil conditions were reported in KOPACEK et al.
(2002a); compare Table 2.

Newly delineated borders between forest altitu-
dinal zones using the same model as in the Certovo
Lake catchment (Table 3, Fig. 3) represent a partly
distinct insight into environmental conditions com-
paring data of the official forest typological map. The
6" FAZ is presented here, the area of the 8" FAZ is
lower. The association Calamagrostio villosae-Picee-
tum Hartmann in Hartmann et Jahn 1967 is the main
unit of potential vegetation in the catchment.

There are altogether six plots in the catchment
(Fig. 3; Table 4). Plant communities were sampled
on all plots. Plots P19 and P20 belong to the tran-
sect representing an altitudinal gradient on the
eastern slope of Plechy Mt. (MATEJKA 2008). Its
vegetation dynamics was described by MATEJKA,
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VIEWEGH (2008). The biomass analysis was carried
out on three plots (PJ3, PJ4 and P19).

This catchment is situated in the Sumava Nation-
al Park, within the area with special management —
no forestry intervention was carried out there (only
local felling was allowed in special cases: near paths
and near the state border; cut stems must be left in
the site).

Comparing both catchments (Tables 1-3), the
climate in the Plesné catchment is more severe. Al-
most all trees in the catchment are represented by
Norway spruce (Picea abies), although European
beech and silver fir have natural representation in
the potential vegetation of this locality. The catch-
ment is surrounded by a wide belt of forests with-
out any strong human impact. The spruce was also
planted at lower altitudes around the catchment.
More detailed information on the plots (including
the stand structure and environmental conditions)
was given by MATEjKA (2008).

Plant community dynamics. Phytosociological
relevés (standard area was 400 m? in size) were re-
corded (in August of each year) on the plot three to
four times in order that short-time variability in the
species composition could be evaluated. The Braun-
Blanquet scale was used. Similarity in the species
composition of plant communities on the select-
ed plots was evaluated by numerical classification
(Ward’s method with the square of Euclidean distance;
McCuNE, GRACE 2002). Data on species in the herb
layer was employed. Each grade of the abundance-
dominance scale was replaced by average coverage in
percent. Data of each relevé was standardized on the
sum over all species to obtain the total cover of the
herb layer. Average value over all relevés from the plot
was used as species representation value (= data on
the herb layer average composition).

Diversity indices (a-diversity) were calculated for
the herb layer as species richness (S) — the number
of present species, and total diversity — Shannon-
Wiener index (H'):

H’:—Z;pixlogzpi (1)

where: p, — representation of the i-th species (MAGUR-
RAN 2004)
Variability in the species composition was evalu-
ated as P-diversity along the temporal gradient on
the basis of Shannon-Wiener indices:

dH = H,  —avg(H) (2)
where:
H,,— Shannon-Wiener index of diversity for “total relevé”.

The total (or average) relevé was calculated in the
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same manner as data on the herb layer average
composition above,
H -

. Shannon-Wiener index of diversity for a single

relevé in the r-th year and avg is arithmetic mean.

Similar index dS for species richness can be cal-
culated as the difference between the total number
of species in all relevés on the plot and the average
number of species in a relevé (S )

ds =S, —avg(S) (3)

Biomass sampling, analyses and data processing.
A 0.5 x 0.5 m frame was used to sample the aboveg-
round (AG) biomass of the herb layer (understo-
ry vegetation). The frames were randomly placed
within each plot to cover variability in the set of
plant microcoenoses according to dominant spe-
cies (semsu MATEJKA 1992a). The number of bio-
mass samples for each plot depended on the veg-
etation variability, and generally it did not decrease
below 5 samples per year and plot.

For each sample site, the plant material of aboveg-
round biomass was cut near the soil (litter) surface
using scissors, put into a plastic bag and labelled. The
samplings were carried out in August 2007-2010. The
AG biomass samples were brought to the laboratory
where individual plant species were separated. The
AG biomass of V. myrtillus was separated into green
part (leaves and annual shoots) and woody stems. The
samples were dried at 80°C until constant weight.

RESULTS AND DISCUSSION
Species composition of the communities

All detailed data (individual relevés and compo-
sition of single biomass data) are available via the
Internet (MATEjKA 2011a). Vegetation dynamics in
the Ple$né catchment was also analysed in KiNDL-
MANN et al. (2012).

The average composition of plant communities
(Table 5) follows variability in environmental con-
ditions (mainly altitude). Picea abies was a domi-
nant tree species on all plots. The other species (Fa-
gus sylvatica and Abies alba) are more abundant on
the plots near the Certovo Lake except for the high-
est plot (CU) in the Norway spruce altitudinal zone
(8" FAZ). All communities are poor in the number
of species. There are three distinct classification
groups of plant communities (Fig. 4):

— Relatively species rich spruce and beech-spruce co-
mmunities without any marked dominant species
in the herb layer (plots C1, C3, PJ1, PJ2 and PJ3);
they represent typical variants of the associations
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Table 5. Average composition of the plant communities on the investigated plots. Species representation is given as
mean cover value in percent. See MATEJKA (2011a) for individual relevés

Plot (n)

Cl(4) C2(3) (C3(3) C4(3) CL#4) CU@4) PJji(4) PJj2(4) PJj3(4) PJ44)
E;
Picea abies 30 18 28 49 28 24 0.5 3.3
Fagus sylvatica 14 11 30 1 1.6
Abies alba 3.1 3.2 1.6
Sorbus aucuparia 0.31
EZ
Sorbus aucuparia 0.04 51 0.3 5 0.03 0.05 32 16 0.8 0.46
Picea abies 0.04 20 0.07 0.03 28 34 0.98 0.54
Fagus sylvatica 0.07 0.93 7 5.8
Abies alba 0.93 0.95
Betula pendula 1
El
Vaccinium myrtillus 7.1 25 2.9 25 47 0.03 11 14 11 24
Avenella flexuosa 16 7.4 0.1 0.51 3.6 52 0.77 22 1.9
Calamagrostis villosa 5 7.9 11 18 25 3.5 5.9 16
Picea abies 0.41 2.6 0.35 3.3 0.37 0.05 15 12 2.9 3.2
Dryopteris dilatata 4.1 1.2 1.8 1.8 1.5 6 4.9 9.9 7.9 0.63
Sorbus aucuparia 1.7 0.16 0.35 4.1 0.77 0.1 11 1.7 7 0.24
Rubus idaeus 0.13 0.11 0.04 0.03 6 9 0.3 0.08
Lycopodium annotinum 6.2 2.6 1.1 0.08 0.48
Abies alba 4.1 1.6 0.02 0.35 0.37
Fagus sylvatica 0.33 0.16 0.27 0.1 1.1 0.02
Blechnum spicant 0.04 0.21 0.35 0.03
Homogyne alpina 0.02 0.25 2.4
Maianthemum bifolium 0.02 0.02 0.64 0.3
Luzula sylvatica 0.26 0.25 0.23 0.53 7.3
Dryopteris carthusiana 0.06 0.02
Prenanthes purpurea 0.04 0.8 0.31 0.3 0.06
Oxalis acetosella 0.03 0.75 0.51 0.03 13 0.83 0.32
Gymnocarpium dryopteris 0.02
Hieracium lachenalii 0.02
Lastrea limbosperma 0.02
Rubus fruticosus agg. 0.02
Melampyrum pratense 0.04
Epilobium angustifolium 0.02 11 0.32 1.5
Vaccinium vitis-idaea 0.02 1
Mycelis muralis 0.1
Solidago virgaurea 0.04
Trientalis europaea 2
Betula pubescens 0.04 0.1
Senecio ovatus 0.01

n — number of relevés

Calamagrostio villosae-Piceetum and Calamagrostio vaccinietosum myrtilli Jirdsek 1996; HUsOVA et al.
villosae-Fagetum with Picea abies in the tree canopy. 2002) or variant of both associations. The herb layer
The species diversity is higher compared to the next can be poor to moderately low (H, from 0.8 to 2.1).
two groups (Havg was between 2.3 and 2.8). — The community with dominant grass Avenella
— The communities with dominant Vaccinium flexuosa was recorded only on plot CU. It can be
myrtillus (plots C2, C4, CL and PJ4) represent a syntaxonomically described as Calamagrostio
subassociation (Calamagrostio villosae-Piceetum villosae-Piceetum typicum var. avenellosum Jirdsek
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Fig. 4. Classification (Ward’s method) of the plant commu-
nities of selected plots using data on the average composi-
tion of herb layer (Table 2)

1996. Regarding the high grass dominance, diversity

is lower (Havg = 1.3).

Changes in the species composition of the plant
communities were mainly linked to changes in the
total tree layer coverage, which followed bark beetle
outbreak (mainly near the Plesné Lake) and wind dis-
turbances. The main changes were:

— Start of tree regeneration and growth of young
trees (they may be present in the ecosystem before
the point of the tree layer dieback). Two main rege-
nerating tree species (Norway spruce and rowan)
are of different growth dynamics as follows from
their different autecology: rowan can dominate in
the shrub layer for several years, mainly at lower

altitudes (6t and 7™ FAZ). Total cover of the shrub
layer can be very high on some plots at lower alti-
tudes, while the herb layer would be limited there
due to the lack of light in the ground layer.

— An apperance of some species typical of the clear-
-cuts (Epilobium angustifolium, Rubus idaeus, Se-
necio ovatus, S. hercynicus) is more noticeable in the
6" and 7th FAZ, where these species would reach
higher cover. A new occurrence of the species
growing in wet soils (e.g. Carex canescens) would
be related to the windthrows, which modify water
availability in some microsites.

— Disappearance of some species was observed — e.g.
Luzula sylvatica (plot PJ3), Avenella flexuosa (PJ1,
PJ2 and PJ4), and Oxalis acetosella.

The most stable communities with minimal
changes in the species composition were found
near the Ple$né Lake (PJ2 and PJ3). However,
the tree canopy was damaged on all plots in the
Ple$né catchment, the plant communities are rela-
tively more stable on these plots. The highest spe-
cies turnover was recorded on plot C3 under the
spruce-beech mixed canopy (Table 6). Changes
which were evaluated using the B-diversity (dH in-
dex) were minimal and comparable in both catch-
ments, because the species dominance had not
been touched during the period of observation. All
plots with the highest changes according to both
indices dS and dH (C2, C3, PJ1 and PJ4) are at lo-
calities at the lowest altitudes, in the 6 or 7" forest
altitudinal zone.

Table 6. The basic diversity parameters in the investigated plots during 2007-2010

Plot FAZ n St ot S g H,., €a ds dH
C1 6 4 13 2.66 10.5 2.61 0.77 2.5 0.05
C2 7 3 15 2.23 12.3 2.09 0.58 2.7 0.14
C3 6/7 3 20 2.40 13.7 2.32 0.61 6.3 0.08
C4 3 13 2.10 11.3 2.05 0.58 1.7 0.05
CL 4 11 0.81 8.0 0.77 0.26 3.0 0.04
CuU 4 10 1.34 7.3 1.31 0.47 2.8 0.03
PJ1 6/7 4 13 2.87 10.5 2.76 0.82 2.5 0.11
PJ2 7/8 4 9 2.72 8.3 2.69 0.88 0.8 0.04
PJ3 8 4 13 2.89 12.3 2.82 0.78 0.8 0.07
PJ4 7 4 11 1.47 8.3 1.29 0.43 2.8 0.19
Certovo Lake 13.7 1.92 10.5 1.86 0.55 3.2 0.07

Average
Ple$né Lake 115 2.49 9.8 2.39 0.73 1.7 0.10
Average 6-7 3.1 0.09
8 15 0.05

FAZ — forest altitudinal zone; n — number of relevés; S,  — total number of species; H, , — Shannon-Wiener index of diversity

“ vé"; S, , — average number of species in relevé; H,  —average Shannon-Wiener index of diversity; e,  — average

species equitability; dS and dH are measures of the B-diversity calculated according to Equations (3) and (2)
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Table 7. Dry aboveground biomass on plots CL and CU near the Certovo Lake (all mass values in g-m~2, for original

data see MATEJKA 2011a)

CL(V) CU(A) CU(C-A)

Plot (MFC type)

2007 2008 2009 2010 2007 2008 2009 2010 2007 2008 2009 2010
No. of samples 5 4 3 3 3 5 3 3 3
Standing dead mass 9.20 510 4.40
Avenella flexuosa 0.04 624 696 118. 103. 990 346 532 219
Calamagrostis villosa 0.00 95.6 60.8 97.6 924
Dryopteris dilatata 0.12
Fagus sylvatica 0.08
Lycopodium annotinum 0.16 0.24 0.00
Picea abies 1.64 148
Vaccinium myrtillus 692. 242. 266. 408.
V. myrtillus — green 452. 148. 182.  255. 0.00
V. myrtillus — wood 242.  94.0 840 153. 0.00
V. myrtillus green:total 0.65 061 069 0.63
Total 692. 242, 267. 408. 62.0 696 118. 103. 114. 956 156. 119.
Total without wood 452.  149. 184. 256.

microphytocoenosis (MFC) type according to dominant species: V — Vaccinium myrtillus, A — Avenella flexuosa,

C — Calamagrostis villosa, in italics — ratios

Plant biomass

The highest stock of aboveground plant biomass
was found on the plots with Vaccinium myrtillus mi-
crocoenosis (CL, P19, PJ3 and PJ4). The mean stock
of AG biomass was 403 g-m~2 (CL, Vaccinium myrtil-
lus microcoenosis), 88 and 121 gm~2 (CU, Avenella
flexuosa and Calamagrostis villosa-Avenella flexuo-
sa microcoenosis, respectively) in the Certovo Lake
catchment. The Vaccinium myrtillus microcoeno-
ses were recorded on plots P19, PJ3 and PJ4 in the
Plesné Lake catchment with the average AG biomass
stock of 659, 822 and 465 g-m~2 respectively. The
Avenella flexuosa microcoenoses were sampled on
plots PJ3 and PJ4 with values of 201 and 119 g-m,
respectively. Similar microcoenosis Calamagrostis
villosa-Avenella flexuosa had slightly higher AG bio-
mass (297 g-m~2). The Luzula sylvatica microcenosis
grows at relatively wet microsites on PJ3 plot. The
high AG biomass stock (591 g:-m~2) corresponds to
the more favourable microsite environmental condi-
tions (Tables 7 and 8).

Average maximal AG biomass (“carrying capac-
ity”) according to the previous whole-catchment
study (SvoBopa et al. 2006) was comparable near
the Certovo Lake (88 g:m™ in Avenella flexuosa,
154 g-m~2 in Calamagrostis villosa and 561 g-m~2 in
Vaccinium myrtillus microcoenosis) and near the
Plesné Lake (160 g-m~2in Avenella flexuosa, 198 g-m=2
in Calamagrostis villosa, 226 gm™ in Luzula syl-
vatica and 713 g-m~2 in Vaccinium myrtillus micro-
coenosis). The herb layer AG biomass was studied in
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the Norway spruce ecosystems in the Boubin massif
(MATEJKA 1992b) with similar results. The average
maximal AG biomass was 147 g-m~2 in Avenella fle-
xuosa, 128 g-m2 in Calamagrostis villosa and 310 in
Luzula sylvatica microcoenosis. A noteworthy fact
is that the biomass stock was higher by A. flexuosa
than by C. villosa in the Boubin locality. The grass
growth in the Certovo Lake catchment is probably
limited by some site conditions. The limiting factor
should be sought in a lack of some nutrients. Forests
in the Certovo Lake catchment had been cut in the
history (VESELY 1994) and so nutrients were trans-
ported out of the ecosystem. Both the content of cal-
cium in soils and the base saturation are higher near
the Plesné Lake than in the Certovo Lake catchment
(KoPACEK et al. 2002a,b).

Tree seedlings (Picea abies) were found in the
biomass samples on plots CL and PJ4. Because the
spruce seedlings are frequent on plot PJ4, the can-
opy regeneration would be probably intensive as it
is common in similar conditions (CiZKoVA et al.
2011), although the mortality of the youngest seed-
lings would be very high (ZENAHLIKOVA et al. 2011).
Similar intensive tree regeneration was also found in
other Central European Norway spruce forests af-
ter wind disturbance (JoNASoVA et al. 2010). The
present beech seedling on plot CL indicates natural
potential vegetation of the Calamagrostio villosae-
Fagetum association on this plot.

The aboveground plant biomass (AG biomass)
differs among the investigated years. Several trends
were found in the biomass data (Table 9). The most
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Green:Total = -88.2409+0.0443%x
0.80

r=0.5477; p = 0.0186

Green : Total

050 -

045
2008 2007 2008 2009 2010 2011
Year

Fig. 5. Development of the green biomass to total above-
ground biomass ratio of Vaccinium myrtillus on plot P19
during 2007-2010

noticeable biomass increase was recorded on all
plots near the Plesné Lake in the Vaccinium myr-
tillus microcoenoses. Although the woody biomass
increase was found on all plots near the Plesné
Lake, an increase of the blueberry biomass was
found on plot P19 with an older V. myrtillus popu-
lation. The biomass increase started after 2008,
following the initial population damage between

Table 9. Linear regression during 2007-2010 between
the year of sampling and aboveground biomass of the
separate compartments

Biomass b

partition Plot = N (gm~2.year™!) g P
4 I Cu 27 129 0.3508 0.073
venera PJ3 22 18.7 - n.s.
flexuosa
PJ4 10 15.1 - n.s.
Calamagrostis CU 27 - n.s.
villosa Pj3 21 - n.s.
Luzula Pj3 19 - n.s.
sylvatica
CL 20 -90.6 -0.6325 0.003
o 15! 29.6 0.3879 0.153
Vaccinium 18 -35.0 - n.s.
myrtillus— P19
14! 9.7 - n.s.
green
Pj]3 6 - - n.s.
PJ4 14 - n.s.
20 - - n.s.
CL
o 15! 53.2 0.6813 0.005
Vaccinium 18 110. 0.6882  0.002
myrtillus— P19
141 40.1 0.7034  0.005
wood
P]3 6 146. 0.8799 0.021
PJ4 14 92.9 0.4609 0.072

lregression parameters for the period 2008—2010 (respective
values are given in italics), N — number of samples, all coefficients
in MATEJKA (2011a), n.s. — not significant
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2007 and 2008 — compare regression results in the
periods 2007-2010 and 2008-2010 (Table 9). This
increase was connected with significant changes in
the green biomass to total biomass ratio (Fig. 5),
which indicated a regeneration process in the pop-
ulation. A different situation was described in a
younger population on plot PJ4, where the biomass
growth resulted in the rapid increase of woody bio-
mass stock and the decrease of the green biomass
to total biomass ratio. It can be elucidated by the
tree canopy disturbance and change in environ-
mental (mainly light) conditions. The V. myrtillus
dynamics differs on plot CL, where a blueberry
disturbance was observed between 2007 and 2008.
The disturbance was followed by regeneration (bio-
mass increase) since 2009, but the woody biomass
has still the lower stock compared to the initial
value (Table 9). The process is synchronized with
plot P19, but the reason is not clear. The blueberry
dynamics in forest ecosystems under canopy dis-
turbance was described in some other studies (e.g.
CupLiN, VAVROVA 2010), where an AG biomass in-
crease after the tree canopy disturbance was also
reported. A change in the green biomass to total
biomass ratio depends on initial conditions in the
blueberry population, mainly on the population
age as results from differences between the studied
plots.

Grass biomass was probably influenced mainly by
climate variability in the particular growth seasons
(Table 10; MATEjKA 2014). The highest biomass of
both Avenella flexuosa and Calamagrostis villosa
was found in the most favourable year 2009 with
high precipitation, sufficient temperature and av-
erage daily sunshine time. Plot CU with Avenella
flexuosa microcoenoses represents an example of
the correlation between average daily precipitation
in the vegetation period (Table 10) and A. flexuosa
AG biomass (r = 0.719, P = 0.006; number of sam-
ples N = 13). Therefore, an increase of AG biomass
during the period of observation (Table 9) would
probably be a pseudo-effect caused by an increase
of precipitation during this period. The grass bio-
mass maximum in 2009 was recorded on all plots
except for PJ4, where significant changes had been
found regarding the tree canopy disturbance. Al-
though Avenella flexuosa biomass grew on this plot,
the total cover of this species decreased (MATEJKA
2011a) and the A. flexuosa microcoenosis started
to be invaded by expanding V. myrtillus. This pro-
cess cannot probably be elucidated by a decrease in
nutrient availability (CupLin, VAVROVA 2010) be-
cause it occurred at the time of the canopy dieback.
The increase of grass representation following the
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Table 10. Average basic climate features at the Churanov
station (data of Czech Hydrometeorological Institute) in
the vegetation period (April-August) of the sampling years
compared with two long-time averages

Year Precipitation Sunshine Tempera-
(mm-day™!) (mm) (h-day?!) ture (°C)
2007 3.19 488 7.3 12.6
2008 3.04 465 6.9 12.6
2009 5.78 884 6.6 12.3
2010 5.06 774 51 12.2
AVE e 100s 322 493 6.7 11.6
AVE ooc r00s 3-8 594 6.6 12.4

tree canopy dieback, which has been mentioned by
some foresters, is not documented by the actual
data. The situation in the Bohemian Forest with
low air pollution and the canopy damage caused
by bark beetle is not comparable with clear-cuts in
air-polluted regions like the Beskydy Mts., where
sites completely overgrown by Avenella flexuosa
or Calamagrostis villosa have been described (e.g.
F1ALA 1996; FiaLa, TOMA 2003).

The Norway spruce forests (mainly in the 8%
FAZ) are often influenced by bark beetle (Ips ty-
pographus) gradations. GRODzKI et al. (2004) sug-
gested that the spruce bark beetle dynamics is driv-
en by a complex interaction of biotic and abiotic
factors and not by a single parameter such as air
pollution. The climate extremes have the main ef-
fect in this dynamics. Very warm and dry periods
can cause the gradation of bark beetle population.
Climate variability connected with suitable stand
conditions in the region can be a source of large-
area forest dynamics (MATEjKA 2011c¢).

The composition of herb layer in climax Norway
spruce forests (in the 8" FAZ) is very similar to the
species structure of some grassland communities
in parallel site conditions. Species such as Avenella
flexuosa, Calamagrostis villosa, Homogyne alpina,
Nardus stricta, Solidago virgaurea, Trientalis eu-
ropaea and Vaccinium myrtillus are common or
diagnostic for Festuco supinae-Nardetum stric-
tae Smarda 1950 (alliance Nardion strictae Br.-Bl.
1926). The second type of non-forest communities
very similar to spruce forest is included in the al-
liance Genisto pilosae-Vaccinion Br.-Bl. 1926 with
common species Calluna vulgaris, Vaccinium myr-
tillus, V. vitis-idaea. The moss layer has several spe-
cies growing in both ecosystems, under tree stand
and in subalpine grassland, e.g. Pleurozium schre-
beri and Ptilidium ciliare (HusoVvA et al. 2002; CHY-
TRY 2007). It is a possible reason why the species
composition of spruce forest following the stand
damage can be stable (MaTEjkA 2011c) as has been
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demonstrated in this paper. The boreal forests are
similar from the aspect of the presence of shade in-
tolerant species in the ecosystem during the long
time (e.g. BRADSHAW 1993).

CONCLUSIONS

The Norway spruce canopy disturbance caused by
the bark beetle gradation in ecosystems of the near-
to-nature plant species composition would be of
slight importance in the composition of vegetation
as has been demonstrated comparing both catch-
ments. The changes are rather quantitative (e.g. in-
crease of biomass of some species) than qualitative
(change of the species composition). The blueberry
(Vaccinium myrtillus) biomass is sensitive to chang-
es in tree canopy. Its biomass can increase after dis-
turbance. This process is accompanied by changes
in the green biomass to total biomass ratio because
woody biomass can be accumulated.

The climate variability was the second most sig-
nificant factor influencing between-year variability
in the plant biomass stock. It was observed mainly
for grass species (Avenella flexuosa and Cala-
magrostis villosa). The grass growth can probably
be limited by water availability during the vegeta-
tion season. Such a wet season (like that in 2009)
was connected with the rapid grass growth and
high biomass stock.
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