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Abstract

The objective of the research was to characterize the qualitative and quantitative changes in ground and tree vegetation
within 10 years since the beginning of observations at Level II forest monitoring plot in Valgunde. Tree height,
diameter, stem volume, radial increment, crown condition and cone yield were determined, as well as crown projective
cover of each plant species was estimated. To study bioindication, the average Ellenberg’s and Diill’s indicator values
for the monitoring plot were estimated. Species composition in the Level 11 monitoring plot in Valgunde is typical
for Myrtillosa forest type — there is a distinct moss layer, in which Hylocomium splendens and Pleurozium schreberi
predominate, and Vaccinium myrtillus is the most common in the herb layer. Shrub layer mainly consists of spruce
seedlings, and the tree layer — of Scots pine. Changes in vegetation over 10 years are insignificant. It can be explained
with no forest management activities occurring within the observation plot, such as logging or fertilization, and it
may take a longer time to observe significant changes. Tree stand indicators correspond to the average in Latvia in

Mpyrtillosa type forests, but the tree volume is higher in Valgunde monitoring plot.
Key words: Myrtillosa, Level 11 monitoring, vegetation, Ellenberg’s indicator.

Introduction

Forests in Latvia cover 3.2 million hectares of land
or 52% of the country’s territory and standing wood
volume is 631 million m* (Zemkopibas Ministrija,
2017). The growth of trees and crown condition are
key ecological parameters of forests, and thus highly
important indicators of forest condition. Ground
vegetation is another important component of forest
ecosystems. A long-term study of vegetation changes
helps to provide information on the status of forest
organisms and environmental variables. Forests are
greatly dependent on climate and numerous studies
show that any change in abiotic factors can lead to
considerable changes in biodiversity (Nordin et al.,
2005; Lindner et al., 2010; Bell et al., 2016). Growth
and composition of vegetation are affected by many
climatic factors — precipitation, light, temperature,
relative humidity and wind. The possible negative
effects on forests caused by climate change are spread
of diseases and disappearance of native species, loss of
needles or leaves, deforestation and soil degradation as
a result of changes in pH, organic content and bacteria
content. The overstorey trees have an impact on the
ground vegetation through shading and regulation of
the nutrient levels and moisture (Kuusipalo, 1985;
Barbier et al., 2008).

During the last century the average annual
temperature in Latvia has risen by 0.8 — 1.4 °C, the
amount of precipitation has increased, but periods
of snow and ice cover are shorter. There is a slight
increase in forest fire danger and net primary
production, as well as considerable increase in frost
events after budburst and spruce bark beetle attacks
(Bergh et al., 2010; Camia, Amatulli, & San-Miguel-
Ayanz, 2008; EEA, 2005). The effect of winter-
spring temperature on tree-ring width of European

beech (Fagus sylvatica) and European larch (Larix
decidua) has lost significance, suggesting a successful
acclimation of stands growing northwards from their
natural distribution in western Latvia (Jansons et al.,
2015a). Studies of tree-ring width and mean area of
early-wood vessel lumen of red oak (Quercus rubra)
suggest that climate warming would increase vessel
lumen area and result in a risk of embolism and xylem
dysfunction (Matisons et al., 2015). An increase in
temperature burdens formation of tree-rings of hybrid
poplars (Populus balsamifera x P. laurifolia) and
hybrid aspens (Populus tremuloides % P. tremula)
(Senhofa et al., 2016). The influence of climatic
factors on Scots pine height increment has changed. In
western Latvia, the effect of temperature in preceding
September and November has become significant,
whereas in east the effect of temperature in October
has become the main factor affecting height increment
(Jansons et al., 2015b). Due to climate change, the
influence of precipitation amount on radial growth of
Scots pine can increase, but the influence of mean air
temperatures in winter will decrease, and Scots pine
may become precipitation-amount limited in Latvia
(Elferts & Jansons, 2012).

ICP forests (the International Co-operative
Programme on Assessment and Monitoring of Air
Pollution Effects on Forests), in cooperation with the
European Commission, monitors the forest condition
in Europe using two different monitoring intensity
levels. The Level I monitoring is based on around
6000 observation plots on a systematic transnational
grid of 16 x 16 km throughout Europe (Bardule ef al.,
2009). An overall estimation of tree health condition
is done there. The Level II monitoring in Europe
was started in 1994 with an aim of carrying out an
investigation on the effect of atmospheric deposition
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and other stress factors on forest ecosystem (Bardule
et al., 2010). The Level II intensive monitoring
comprises around 500 plots in selected forest
ecosystems across Europe. In-depth investigation of
forest ecosystem is carried out in order to get a more
complete picture of influence of air pollution and
other stress factors on forest ecosystems. Currently,
the program has set the objective to contribute to such
important environmental issues as climate change and
biodiversity as well. Its data is required for a range of
institutions and conventions (MCPFE, CLRTAP etc.).

National forest monitoring in Latvia is a
monitoring, analysis and forecasting system of forest
resources and environmental status, where scientific
methods are used. It includes monitoring of forest
resources, Level I and Level II air pollution influence
assessment, as well as scientific monitoring of forest
pests and diseases. Information on the first level
assessment of air pollution influence monitoring is
obtained by carrying out annual observations in 115
observation plots on a systematic transnational grid,
as well as in observation plots in grid of 16 x 16 km
(Libiete et al., 2010).

The objective of the research is to characterize
qualitative and quantitative changes in the forest
ground and tree vegetation within 10 years since
the beginning of observations in Valgunde plot. The
general hypothesis is that changes in the forest ground
vegetation are insignificant, whereas tree growth
(increment) corresponds with the average indicators
in similar growth conditions.

Materials and Methods

The Level II observation plot in Valgunde is
rectangular (40 x 60 m) with a total area of 2400 m?.
The plot is divided into sections of 100 m in order to
characterize the ground vegetation. In order to observe
changes in species cover, vegetation was assessed in
2 ways: (1) within an area of 400 m? by dividing each
rectangular plot (20 x 5 m) in four smaller squares
5 x 5 m (16 squares in total), considered as base
units for vegetation assessment; (2) within an area of
26 m?, placing six 1 x 1 m squares in each rectangular
observation plot and taking them as basic units. Two

additional squares are placed between rectangular
plots. Vegetation is made up of 4 layers: trees, shrubs,
herbs and mosses. Trees with height less than 0.8 m
are counted as herbs. In this study, vegetation was
inventoried over the period 2004 — 2012.

In surrounding areas, a 10 m wide unrestricted
buffer zone has been established where samples are
taken for several monitoring subprograms, such as
precipitation, tree increment etc. Next to the tree
stand observation plot, a 40 x 30 m large soil
observation plot has been established. According to
national soil classification, soil in terrain elevations of
Valgunde plot is a typical podzolic sandy soil, but in
declines — peaty podzolic gley soil. According to the
FAO classification system, the soil type corresponds
to Haplic Arenosols. It is coarse-textured, weakly
developed soil.

Ellenberg’s indicator values (EIVs) are commonly
applied in Europe as bioindicators of primary
environmental traits: light, temperature, continentality,
moisture, soil pH and fertility (Szymura et al., 2014).
Ellenberg’s indicator values range from 1 to 9 (Table
1). Ellenberg’s indicator was initially developed for
herb species in the United Kingdom, but it can be
extended to other regions.

The value of a specific environmental factor at a
specific site is estimated by using arithmetic means of
the indicator values for this factor of all species (Ter
Braak & Barendregt, 1986). EIVs are calculated by
weighted average formula (Stirmen et al., 2014):

EF::.'[.”’L’ * x,_]l

L]

weighted average =

)

=1

where L, is the response of species i in sample plot j, x,
is the indicator value newline of species i.

EIVs used in this study are approximated for
Russian Federation (Czerepanov, 1995; Ignatov &
Ignatova, 2003). Similarly as Ellenberg’s indicator
is used to calculate environmental factors of herbs,
Diill’s indicator is used for bryophytes. In this study,
the mean EIVs and Diill’s indicator values were
calculated over years 2004, 2009 and 2012.

Table 1

Ellenberg’s indicator values for main environmental factors (Nuamah, 2017)

Environmental Factor Symbol Indicator value
Light L 1 = deep shade, 5 = semi-shade, 9 = full light
Temperature T 1 = alpine-subnival, 5 = submontane-temperate, 9 = Mediterranean
Continentality K 1 = euoceanic, 5 = intermediate, 9 = eucontinental
Moisture F 1 = strong soil dryness, 5 = moist, 9 = wet, 10 = aquatic, 12 = underwater
Soil reaction (pH) R 1 = extremely acidic, 5 = mildly acidic, 9 = alkaline
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Tree growth measurements were carried out
according to internationally accepted methodology
(ICP Forests Manual on Estimation of Growth and
Yield). Tree diameter was measured at 1.3 m height.
Tree growth measurements (height, diameter and
crown projection) were done for 60 selected trees.
Tree height measuring sites were marked with stakes
at a 20 m distance from the particular tree. Tree crown
projections were estimated in four directions — N, E,
S, W.

In order to measure tree radial increment, 15
manually readable tree increment bands were set
up. Bands were placed randomly throughout the
observation plot, including trees of Kraft’s classes 1,
2 and 3. Measurements of tree increment bands were
read systematically once in every 2 weeks.

To estimate tree canopy status 60 trees of Kraft’s
classes 1, 2 and 3 were randomly selected by dividing
observation plot into 24 squares and by selection
of 2 to 3 trees of each Kraft’s class in every square.
Defoliation in the first third or the whole canopy,
dechromation, tree damages and cone yield of the
observation plot trees were also measured and Kraft’s
class of the tree was determined. Defoliation is a loss
of needles/leaves within the assessed canopy and it is
the main indicator of tree health status. It is determined
irrespective of the cause. Defoliation is evaluated in
5% classes. These classes are: 0 (no defoliation); 5
(defoliation > 0 — 5%), 10 (defoliation > 5 — 10%) etc.
Cone yield is divided in 3 classes (1 — no yield, 2 —
medium yield, 3 — good yield). Splitting of class 1 in
subclasses (1.1 — cones are not observed, 1.2 — only a
few cones have been observed) was started from 2014.

Results and Discussion

Vegetation in the observation plot is typical for
mesotrophic pine forests — it has a distinct moss
content and a herb layer. A few Norway spruce and
oak seedlings (< 50 cm) are found in shrub and herb
layer, but the tree layer mainly consists of Scots pine.
The average projection of shrubs is the smallest,
comparing with tree and herb projection: in 2004 it
was 8.26%, in 2009 decreased to 4.06%, but in 2012
it slightly increased up to 4.5%. The average herb
projection in 2004 was 55%, in 2009 it was 57%,
but it 2012 — 65.63%. Tree crown projection has
decreased in the following years. In 2004 it was
64.06%, in 2009 — 47% and in 2012 — 45%. Oaks
were found only as young seedlings with small
projection area during the entire observation
period. The average moss projection slightly increased
in years 2009 and 2012 and was 87% and 88%,
respectively.

By further analysis, in total 21 plant species were
identified in 2004. Five species from those found in
the monitoring plot are also common in other parts

of Europe: blueberry (Vaccinium myrtillus L.); bog
bilberry (Vaccinium uliginosum L.); lingonberry
(Vaccinium vitis-idaea L.); the small cow-wheat
(Melampyrum sylvaticum L.); Scotch heather (Calluna
vulgaris L.). Ten moss species were found, from
which Pleurozium schreberi (39.4%) and Hylocomium
splendens (42.4%) were the most common. Both
moss species were also predominant in the following
years and their projections slightly increased. Other
identified moss species were Dicranum polysetum Sw.,
Aulacomnium palustre (Hedw.) Schwaegr., Ptilium
crista-castrensis (Hedw.) De Not., Brachythecium
oedipodium (Mitt.) Jaeg, Hypnum cupressiforme,
Pohlia  nutans (Hedw.) Lindb., Polytrichum
Jjuniperinum Hedw. Dicranum scoparium Hedw. was
very rare and did not fit into the 100% scale with one
decimal in 100 m? observation plots. Pohlia nutans
(Hedw.) Lindb and Polytrichum juniperinum Hedw.
were not observed in the following years, comparing
with 2004. Hypnum cupressiforme was not observed
in 2009, but was observed again in 2012.

10 species were found in herb layer, from which
Vaccinium myrtillus (45.6%) predominated. Other
species were Calluna vulgaris (L.) Hull.,, Festuca
ovina L., Goodyera repens (L.) R. Br., Melampyrum
pratense L., Picea abies (L.) H. Karst., Quercus robur
L., Scorzonera humilis L., Vaccinium myrtillus L.,
Vaccinium uliginosum L. and Vaccinium vitis — idaea
L. Tree species found in the herb layer were Quercus
robur L. and Picea abies (L.) H. Karst. The most
common herb species in the following years was the
same as in 2004 — blueberry Vaccinium myrtillus L.
Festuca ovina L. was not observed in the herb layer
in the following years. In 2009, three new species
were observed — Dryopteris carthusiana (Vill.) H.P.
Fuchs (0.01%), Luzula pilosa (L.) Willd. (0.03%)
and Melampyrum sylvaticum L. (5.91%). In 2012,
two previously unobserved species were found —
Maianthemum bifolium and Plantago major. Their
projection was below 0.01%.

In 2004, there were only 3 species in the shrub
layer — Picea abies (L.) H. Karst., Quercus robur
L. and Vaccinium uliginosum L., and the projection
was mostly formed of Norway spruce branches. In
the following years, the shrub layer consisted only of
Norway spruce.

Overall changes in vegetation are negligible.
Presence and absence of some species with very
small projections over time can be explained by
methodological shortcomings rather than actual
changes in species composition. No management
activities, such as logging operations or fertilization,
were carried out within the monitoring plot. Studies on
short term responses to logging have shown that mosses
and herbs are mostly affected negatively (Hannerz &
Haénell, 1997; Roberts & Zhu, 2002; Fenton et al.,
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Table 2

Mean EIVs for Valgunde observation plot over period 2004 — 2012

Parameter Year
2004 2009 2012
Light (L) 5.0 5.0 5.0
Temperature (T) 3.2 4.1 3.9
Continentality (K) 5.0 5.0 3.9
Moisture (F) 4.0 4.6 4.4
Reaction (R) 2.0 2.0 2.0
Nitrogen content (N) 2.7 34 2.6

2003; Palviainen et al., 2005; Caners et al., 2013). The
number and richness of forest floor vegetation species
in European forests have changed over the last years
due to wet and dry deposition of atmospheric nitrogen.
Forest fertilization is another factor which increases
soil nitrogen content. Such species as heather and
lingonberry prefer nutrient-poor soils and are sensitive
to nitrogen addition. Most of herb and moss species
growing within the observation plot prefer soils poor
in nitrogen. A drastic decrease in projection cover was
not observed and it can be concluded that nitrogen
deposition in Latvia is low. The increase in herb and
moss projection cover could be a result of decrease in
tree and shrub projection cover, thus allowing more
sunlight to understorey vegetation. Herb species
typical for Myrtillosa forest type are Vaccinum
myrtillosa, Calamagrostis arundinacea, Vaccinium
vitis-idaea, Maianthemum bifolium, Luzula pilosa,
Solidago virgaurea L., Pteridium aquilinium (L.)
Kuhn. and Orthilia secunda (L.). From mosses, the
most common are Hylocomium splendens, Pleurozium
schreberi, Dicranum polysetum, Dicranum scoparium
and Ptilium crista-castrensis. Vaccinum myrtillosa
and grasses are dominating in a typical Myrtillosa
forest type. Nine of the above mentioned species were
found in the monitoring plot. Grasses are not common
in the observation plot.

In forestry, bioindication with the mean values of
EIVshasbeenusedtoassessthesiteproductivity (Berges

et al., 2006) and to predict herb biomass production
(Axmanova et al., 2012), water relationships in soils
(Héring et al., 2013) and atmospheric deposition
(Dobben et al, 1999). Some studies suggest that
bioindication can perform better than instrumental
measurements and predicts plant species occurrence
more accurately (Dupré & Diekmann, 1998; Jarvis et
al., 2016). Plants used for bioindication are supposed
to illustrate relevant environmental factors for them
over time, while measurements provide snapshots
and depend on choices of the researcher — sampling,
analytical methods and choice of measured factors.

According to Ellenberg’s scale indicator values
obtained from our study (Table 2), herb layer
vegetation grows in semi shade, temperature is
between alpine and temperate, continentality value
is intermediate, soil is moist and acidic, but nitrogen
content is low. According to our calculated EIVs, the
temperature increased in 2009 and slightly decreased
in 2012; continentality value decreased by 1 in
2012. Moisture value also has slightly changed over
years — in 2009 it increased by 0.6 and slightly
decreased in 2012. Nitrogen content also increased in
2009 and decreased in 2012.

Our calculated mean Diill’s indicator values for
light, temperature, continentality and reaction only
slightly differ from the mean EIVs, while the mean
value for moisture is higher by 3 units (Table 3). There
is no change in the mean Diill’s indicator values over

Table 3

Mean Diill’s indicator values for Valgunde observation plot over period 2004 — 2012

Year
Parameter
2004 2009 2012
Light (L) 6.0 6.0 6.0
Temperature (T) 3.0 3.0 3.0
Continentality (K) 6.0 6.0 6.0
Moisture (F) 7.0 7.0 7.0
Reaction (F) 3.0 3.0 3.0
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time. Dill’s indicator values for nitrogen were not
available.

Stem diameters were measured at breast height
for 272 trees within the monitoring plot. The average
height of trees was 24 m and average diameter was
21.5 cm. The average diameter of pines is 21.5 cm and
the average diameter of spruces — 10.3 cm. The total
basal area of a tree stand is 37.1 m? ha!. The volume
of growing trees is 417.3 m® hal. The average tree
diameter in Myrtillosa type forests in Latvia is 30.9
cm and the average height of trees is 24.7 m, dominant
species is Scots pine and the average age of trees is
85 years. The average total basal area is 33.56 m*ha™'.
The average tree count per ha is 936. Our results are
similar to those overall in Latvia. The age of the stand
is 90 years. Site index of the stand in Valgunde is I.

The average tree crown defoliation in 2004 was
9.8%. Undamaged and slightly damaged trees (0 —
10%) were 23% of evaluated trees. Dechromation
was not observed. In years 2009 — 2013, the average
defoliation did not change significantly. It was 15
— 20% on average, but did not exceed 30%. There
was a slight decrease in defoliation in 2010. As in
previous years, also in 2015 severely damaged trees
with defoliation more than 60% were not observed.
The tree health condition in the observation plot
is good with a predominance of slightly damaged
trees. More than half of trees (63.3%) belong to the
defoliation class 5 — 15%. Comparing with year 2014,
the proportion of trees with defoliation of 30% has
increased from 3.3% to 11.7% in 2015. At the same
time, the amount of undamaged or slightly damaged
trees has increased from 43.3% in year 2014 to 50%
in year 2015. The average condition of defoliation
has not changed and the condition of tree crowns has
not worsened over years. There is a slight decrease in
average defoliation. Data from 2004 to 2008 may not
be taken into account because the evaluation of the
tree crown condition was done by other experts. It has
significantly affected comparability of results. Foliage
dechromation was not observed until 2008, when 5%
dechromation was observed for one tree. The increase
in dechromation was observed in 2014.

Cone yield has been estimated each year. Overall,
during the past 11 years only minor changes in cone
yield have been observed. In 2004, all 60 trees belonged
to class 1. The average cone yield increased from 1 in
2004 to 1.5 on average in 2005. In 2006, there was
a decrease to 1 again and in 2007 it decreased even
more — 0.5 on average. In 2008, it increased again to
1.3, in 2009 — to 1.6 and in 2010 and 2011 remained
approximately the same. In 2012, there was a slight
decrease and in 2013 — an increase again. A slight
decrease in 2015 was observed again. Trees with cone
yield class 3 were observed in 2005 and afterwards
from 2008. Cone yield is affected by flowering

intensity and synchronicity as well as fertilization of
strobiles. Those factors are affected both by heredity
and environment (Sarvas, 1962; Dreimanis, 1973;
Laura & Beérzina, 1978; Zviedre, 1985). Flowering
intensity is determined by meteorological conditions
during bud differentiation in the previous vegetation
period (Zviedre, 1985), whereas female strobiles are
negatively affected by frost in late spring (Neimane et
al.,2014), as well as strong wind and rain or continuous
draught. Accessibility of water and nutrients also is an
influential factor (Karlsson & Orlander, 2002).

Radial increment was determined for 272 trees
over the period of 11 years (2004 — 2015). The
highest value of girth (perimeter) increment was 15.6
cm over 11 years and 1.42 each year. The average
radial increment in 11 years was 1.11 cm and average
annual increment was 0.1 cm. Tree radial increment
was affected by meteorological conditions, tree
age and genetic factors (Purina et al., 2014). There
was a reduction in tree radial increment over time.
It is expected that tree annual radial increment will
decrease even more in the next years due to increasing
tree age and characteristics of the formation of the
stem radial increment. Although radial increment
of a tree is smaller, it does not mean it is growing
slower — the increase in stem volume can be even
bigger. It was found in the study that weather
conditions can significantly affect measurement
results due to swelling of bark after rainfalls.

Conclusions

1. There are no significant differences between tree
stand indicators in Valgunde observation plot and
in Myrtillosa type forests in Latvia on average,
therefore the observation plot can be used to
characterize processes in pine stands of respective
forests.

2. The tree health condition in the observation plot
is good with a predominance of slightly damaged
trees. There is a slight decrease in average
defoliation, but the overall condition of tree
crowns has not worsened over years. Only minor
changes in cone yield were observed.

3. Changes in the ground vegetation are insignificant
and species composition is typical for Myrtillosa
forest type.

4. According to Ellenberg’s and Dill’s indicators,
vegetation grows in semi shade, temperature is
between alpine and temperate, continentality
value is intermediate, soil is moist and acidic, but
nitrogen content is low.
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