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lveta Desaine!, Endijs Baders?, Juris Katrevi¢s?, Janis Smilga?, Janis Jansons?
1Skogssallskapet, Latvia

2|_atvian State Forest Research Institute ‘Silava’, Latvia

endijs.baders@silava.lv; iveta.desaine@skogssallskapet.com

Abstract

Browsing damages are becoming more common due to almost doubling of population densities of cervids in Latvia
during last 20 years; however, the figures are still lower than those observed in western and northern European
countries. Consequently, the frequency of damages in young stands is increasing, too. Protection against browsing
becomes more difficult, as the trees grow older, also the bark-stripping may result in a long-term deterioration of
stem quality. Therefore, the aim of the study was to assess the factors affecting bark striping damages in pole-stage
Norway spruce stands. Data were collected in 4 sample plots in damaged Norway spruce stands in western Latvia,
measuring the tree parameters: height, diameter, branch characteristics and damage parameters: size, proportion from
the stem circumference. Results of the modeling reveal that both damage parameters were significantly influenced by
the branch length and thickness in the whorl closest to the breast height and the size of damages — also by breast height
diameter of the tree. It suggests that increasing productivity of trees would not reduce the browsing problem. Since
the silvicultural goal is the reduction of the size of branches, especially in bottom-log of the stem, protection against

bark-stripping needs to be developed and cervid population densities controlled to reduce the problem.
Key words: browsing damages, bark striping, branching traits, stem value.

Introduction

Norway spruce is susceptible to fires, wind
storms and bark beetles — factors, causing most of
the carbon loss (reducing sequestration) in European
forests (Kénina et al., 2018; Seidl et al., 2014).
Fires are affected by the movement of weather
systems (Kitenberga et al., 2018) that are formed at
a large distance from the Baltic states. They affect the
climatic indices, for example, drought (that can be also
described by potential evapotranspiration) and they, in
turn, are linked to the flammability of the material in
forest floor (litter) affecting the probability of forest
fore to occur, if ignition source is present. Ignition
nowadays is usually caused by human activity (or
in-action), rather than natural factors, like lightening
(Donis et al., 2017). Once the fire has started, the
efficiency of fire protection system determines its size
—no correlation between it and climatic variables had
been noted (Donis et al., 2017). Norway spruce with
the thin bark and shallow root system is easily killed
in a forest fire. A shallow root system is also the reason
this tree species is often affected in wind storms. They
cause sizable losses for forest owners; therefore, after
most of the largest storms suggestions to replace
Norway spruce with other tree species occur. Due to its
wood quality and fast growth, feasible alternatives are
hard to find though. One of such alternatives could be
a hybrid aspen, but it is also notably affected by biotic
as well as abiotic factors (Zeps et al., 2017; Senhofa
et al., 2017; Senhofa et al., 2016a). Establishment of
mixed stands is also suggested to increase resilience
(Lindner et al., 2008) as well as use of wider spacing
in regeneration. Wider spacing may have a positive
effect on radial increment (Katrevics et al., 2018) also
ensuring the potential to reduce the length of rotation

period while applying the cutting by a target diameter.
However, it might be couples with lower external
and internal (Jansons et al., 2017a) branch quality of
trees. Spruces, affected by abiotic factors, like wind
storms or drought (Zeltins et al., 2016; 2018) are more
prone to damages by biotic factors, primarily — fungus
(Neimane et al., 2018; Burpévica et al., 2016; Jansons
etal., 2016; Arhipova et al., 2015) and dendrophagous
insects. Climatic conditions for bark beetles has
been improving — more than one generation per
year for this insect is becoming increasingly more
common (Smits, personal communication). Ongoing
changes in climatic conditions may have a positive
effect also on the tree growth — as suggested by the
dendrochronological analysis (Jansons et al., 2013a;
2013b; 2015a; 2015b; Sénhofa et al., 2018; 2016b)
and global predictions. Additionally, increment of
Norway spruce as well as for other tree species is at
least partly genetically determined (Jansons, 2005;
Jansons et al., 2006); it can be significantly increased
while applying selected plant material (mainly — seed
orchard progenies). Financial efficiency of breeding
of numerous tree species is high (Jansons, Gailis, &
Donis, 2011; Gailis & Jansons, 2010; Jansons et al.,
2015c); however, it is notably dependent on use of the
area regenerated by the material from the breeding
programs annually. This, in turn, is affected by the
regeneration costs for the forest owner (Dzerina et
al., 2016), including costs of supplemental planting,
linked to browsing (Lazdins, Lazdina, & Liepa, 2010).
Browsing is an increasing problem both in state and
private forests, as suggested by the results of the
monitoring of browsing damages, carried out by
LSFRI Silava. Data of state forest service suggest
almost doubling of population densities of cervids in
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Figure 1. Histogram of diameter distribution in the evaluated Norway spruce stands.

Latvia during last 20 years; however, the figures are
still lower than those observed in primarily western
European countries, suggesting that the trend might
continue. Repellents and their application is additional
costs for the forest owners. Bark striping may reduce
survival of trees in plantation as well as reduce
the stem quality, causing crookedness and wood
discoloration and/or decay. The repellents against
this type of damages so far had not been well worked
out. Advanced regeneration of Norway spruce, being
one of the mechanism of regeneration of this tree
species also in larger-scale openings created e.g. by
storm (Baders et al., 2017a; Jogiste et al., 2017) or
clearcutting, might be less affected by browsing, but
the bark of trees at the pole-stage stands are similar
of that of planted trees, thus may not provide any
protection against barks striping. The impact of this
damage may accumulate over time, since: a) research
suggests that some individual trees are preferred by
cervids and might be browsed from year to year; 2)
healing of damages takes time (Baders et al., 2017b)
and additional damages might be caused. Limited
information is available on the impact of browsing
damages on increment of the trees older than 20 years.
To better understand the situation in the affected stands
and thus set the stage for further research, the aim
of the study was to assess the factors affecting bark
striping damages in pole-stage Norway spruce stands.
Tree-level factors were the subject of this study.

Materials and Methods
Data were collected in 4 sample plots (are 400 m?)
in damaged pure Norway spruce stands at the age of
45 years in Hylocomiosa forest type western Latvia,
affected by browsing c.a. 15 years ago. The measured
parameters for every tree were:
1) diameter at breast height (1.3 m), cm (Dcm)
2) height, m (Hm)
3) height of first living branch, m (HZZm)
4) height of first dry branch, m (HSZm)
5) mean diameter of the branch in whorl closest to
breast height (ZD1 3)
6) mean length of the branch in whorl closest to
breast height (ZG1 _3)

7) number of branches in first 2 m of the stem
(Zsk)

The whorl closes to breast height and the first two-
meter section had been chosen, since it is the part of
the stem affected by bark striping.

Area without bark (largest continuous damage)
and its portion from circumference of the stem in most
affected height was estimated.

The current distribution of stem diameters is as
shown in Figure 1.

ANOVA analysis was used to assess significant
differencesbetweensampleplots. Toassesscorrelations
between factors we used Pearson correlation. The
generalized linear mixed-effects model, with Poisson
distribution was used to assess relationships between
damage severity and tree characteristics. The sample
plot was included in model as random factor. We used
backward variable selection. The final model selection
was based on the lowest AIC values. All calculations
were done in R (R Development Core Team 2016)
using packages “Ime4” (Bates et al., 2015) and “Itm”
(Rizopoulos, 2006).

Results and Discussion

The mean diameter of spruce was 18.1 cm and the
stands were rather dense, with a good survival. The
number of damaged trees varied from 37 in the sample
plot 2 to 63 in the sample plot 1, while the percentage
of damaged trees varied from 42.5% in the sample plot
2 to 66.3% in the sample plot 1 (Table 1). Significant
differences in the number of damaged trees (p<0.05)
(Fig.2 C) were found only between the sample plot 1
and the sample plot 2.

The mean height of the first live branch was 12.7m,
significant differences were found between the sample
plot 4 and sample plot 1, as well as the plot 4 and plot 3
(P<0.05). The mean highest live branch was observed
in the plot 4 (13.7m); however, the lowest one was in
the plot 1 (11.8m). The mean height of spruce trees
was 19.2 m, no significant differences between sample
plots were observed (Fig. 2B). Also, no significant
differences between sample plots for other measured
variables were found. The mean height of the first
dry branch was 0.32 m, the mean diameter of whorl
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Level of browsing damages in the plots

Table 1

Plot No Number of trees Number of damaged trees Proportion of damaged trees %
1 95 63 66.3
2 87 37 425
3 93 57 61.3
4 111 53 47.7

Table 2
Pearson correlation (upper diagonal part shows coefficients, lower diagonal part shows their p-values)
calculated between different analysed factors

Dcm Hm HZZm HSZm ZD1 3 ZG1 3 ZSk
Dcm folalolalal 0.808 0.264 -0.105 0.405 0.274 -0.052
Hm <0.001 falaleialad 0.622 -0.086 0.309 0.167 -0.098
HZZm <0.001 <0.001 folaialelel -0.123 0.121 -0.027 -0.011
HSZm 0.078 0.148 0.039 folalokalad -0.154 -0.184 -0.37
ZD1_3 <0.001 <0.001 0.039 0.009 FAA 0.609 0.243
ZG1 3 <0.001 0.004 0.642 0.002 <0.001 folalalea 0.342
ZSk 0.376 0.096 0.851 <0.001 <0.001 <0.001 lalalale

Dcm — diameter, cm; Hm — height, m; HZZm — height of the first living branch; HSZm — height of the first dry branch;
ZD1_3 - mean diameter of the branch in the whorl closest to the breast height; ZG1_3 — mean length of the branch in the
whortl closest to the breast height; Zsk — the number of branches in the first 2m of the stem.

Figure 2. Descriptive of sample plots, A — mean height, B — mean diameter (cm), C — damaged trees (%).
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Table 4
Models characterizing factors affecting bark striping damages
Parameter Variance of Variables Estimate std. error p-value
random factor

Largest continuous Intercept 0.77 0.16 p<0.0001
damaged area 0.011 DCm 0.035 0.006 p<0.0001

ZG1_3 -0.63 0.177 p<0.0003
Proportion of damage Intercept 3.74 0.103 p<0.0001
from the circumference of 0.033
the stem ZD1 3 -0.08 0.004 p<0.0001

D cm — diameter, cm; ZD1_3 — mean diameter of whorl branches at breast height.

branches at the breast height was 10.4 mm, the mean
length of whorl branches at the breast height was
0.54 m and the mean number of branches until height
of 2 m was 28 branches.

Significant correlations were found between
many predictors (Table 2) that were considered,
while constructing the model. The strongest positive
correlations were found between diameter and
height (P=0.8, p<0.01), height and height of the
first live branch (P=0.6, p<0.001), mean diameter
of whorl branches at the breast height and the mean
length of whorl branches at the breast height (P=0.6,
p<001).

GLMER analysis showed that the maximal
proportion of damage from the circumference of the
stem (%) was significantly negatively affected by the
mean diameter of the branch in the whorl closest to
the breast height (p<0.001). The causal link
presumably being that ticker branches minimize the
probability that the animal will have access to all sides
of the tree — thus, if browsing occurs, then only on the
limited part of the stem.

The largest continuous area of bark stripping
was significantly positively affected by tree diameter
(p<0.001) while, the mean length of the branch in the
whorl closest to the breast height had a significant
negative influence. The breast height diameter might
have a double influence on the area of damages —
of the diameter is larger, there is more space for
bark stripping; and if the tree is larger (presumably
— faster growing) the bark stripping can start a few
years earlier. To distinguish between these factors,
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increment cores shall be collected and analysed, but
this was not part of this study.

The mean length of the branch in the whorl closest
to the breast height might have a similar influence as
the branch diameter, preventing the accessibility to
the stem. In both cases, the factors actually having a
negative influence on browsing are with the negative
silvucultural influence — the main interest of the forest
owner is to heave the highest quality of the bottom log
of the tree (the largest portion from the stem volume) to
sell it for the highest price. Thus, both in tree breeding
and precommercial thinnigs trees with the largest
branches are excluded. Our results indicated, that this
may lead to even higher impact of bark stripping.

Conclusions

1. Assessment of Norway spruce stands, where
half (on average 54%) of the trees had browsing
damages reveal that both the size (area) and
proportion of the damage from the circumference
of the stem were affected by branch parameters at
the height of the damages.

2. Continuous improvement of branch quality and
reduction of browsing damages is possible only
with the use of repellents.
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