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Abstract

Tree logging significantly impacts environmental conditions, increases soil and air temperature, and changes the

microclimate and soil hydrology. This contributes to the changes in bryophyte and vascular plant cover and species composition.
Site preparation positively affects the growth of planted trees in young stands but also causes forest understorey disturbance.
During site preparation in young stands by spot mounding and disc trenching methods, new microtopographies, e.g. soil tumps
and hollows are made in young stands. Site preparation generally increases vascular plant diversity, but there is a lack of
information about the vegetation differences between microtopography depending on different site preparation methods and
soil types.

The aim of this study was to investigate how the microtopography formed during site preparation by spot mounding or disc
trenching affects bryophyte and vascular plant communities in hemiboreal young stands two to three years after tree logging.
Spot mounding altered vegetation composition more than disc trenching. Bryophyte species cover decreased in prepared soil,
but Ellenberg’s moisture value increased; therefore, site preparation before planting contributes to the conservation of typical
forest bryophyte species in young stands. Hollows lead to better typical forest habitat species preservation, but soil tumps
diversify environmental conditions by providing new patches for the development of grassland habitat species that are not

typical in this ecosystem, but temporally provide new ecosystem services.
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Introduction

Understorey vegetation plays an important role in the
stability and productivity of the forest ecosystem; it im-
proves growth conditions by regulating soil fertility and
stabilising moisture (Deluca et al. 2002, Nilsson and War-
dle 2005, Petersson et al. 2019, Siwach et al. 2021). Vas-
cular plant and moss species make a major contribution
to forest biodiversity through interactions with other taxa,
including insects, birds and mammals (Storch 1993, Bok-
horst et al. 2014, Felton et al. 2017, Zhang et al. 2018).
Vegetation in forests is primarily determined by soil type
and the dominant tree species, which determine the light
intensity, its variability during the growth period, and the
chemical composition of the litter (Chipman and Johnson
2002, Sorenson et al. 2011, Li et al. 2012, Petersson et al.
2019). In boreal forests, vegetation is relatively stable in
terms of species composition and has a small variation be-
tween similar stands in different locations, but the cover of
individual species can change significantly depending on

succession or management (Nieppola 1992, Chipman and
Johnson 2002). Large-scale site factors such as light inten-
sity had less influence on species diversity and abundance
than small-scale site variation of geogenic parameters:
moisture and nutrient availability (Bridge and Johanson
2000, Chipman and Johnson 2002). Nevertheless, bryo-
phyte species composition is a complex system: species
diversity at large scale affects species diversity at a small
scale concurrently with the factors affecting them and vice
versa (Mills and Macdonald 2005).

The vegetation composition of hemiboreal forests
is significantly altered by natural (fire, insect outbreaks,
wind) and anthropogenic (thinning, logging, site prepara-
tion) disturbances (Decocq et al. 2004, Mayer et al. 2004,
Crispo et al. 2021). Clearcutting is a common logging
practice in hemiboreal forests but has been criticised for
its negative effects on the environment due to the altered
microclimate and soil hydrology (McDermott et al. 2010,
Tonteri et al. 2016). After clearcut the total cover of bryo-
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phytes decreases and vascular species composition chang-
es (Jalonen and Vanha-Majamaa 2000, Uotila and Kouki
2005, Boudreault et al. 2018). Major vascular plant suc-
cessional change occurs a few years later after a clearcut,
while bryophyte species composition experiences large
shifts in the earliest years following a clearcut (Niemela
1999, Schmalholz and Hylander 2009). Due to increased
numbers of ruderal and light-demanding species, the num-
ber of plant species is the highest in the first ten years af-
ter felling but decreases with stand age (Zobel et al. 2007,
Gustiené et al. 2019, Tullus et al. 2022). Non-typical forest
vascular plants, drought-tolerant, light-demanding and pio-
neer species such as Rubus idaeus (L.) dominate in the first
few years after logging, but with further succession, bryo-
phytes and dwarf shrub species typical of old boreal forests
reoccupy the area (Hannerz and Hanell 1997, Engelmark
and Hytteborn 1999, Uotila and Kouki 2005, Bergstedt et
al. 2008). Species diversity value may be temporally in-
creased after clearcut, but in terms of succession, species
composition and the presence of old forest-specific species
are more important (Gustafsson et al. 2021).

Site preparation after logging and before tree planting
in young stands creates soil upper layer disturbance, there-
fore it has an impact on further vegetation development
(Peltzer et al. 2000, Jasinski and Angelstam 2002, Tonteri
et al. 2016). Site preparation is a valuable and widespread
practice, because it improves the availability of nutrients,
raises soil temperature and changes soil moisture, as well
as reduces damage caused by Hylobius abietis (L.) and
competition between planted trees and vegetation, result-
ing in better growth of planted seedlings and survival rate
(Orlander et al. 1990, Johansson 1994, Bilodeau-Gauthi-
er et al. 2011, Luoranen and Rikala 2013). The most ap-
propriate site preparation method depends on forest type
and soil type, water table level and target species for
seedling (Sutton 1993, Uotila et al. 2010). In Latvia, the
most widespread site preparation method is disc trenching,
in which the humus layer is removed and pushed to one
side, creating a berm (Luoranen and Rikala 2013). Oth-
er applied methods include spot mounding, which is done
by excavating soil and turning it over next to the newly
made pit, thereby making a place, where mineral soil is
exposed and tree seedlings can be planted (Celma et al.
2019). Spot mounding is more appropriate in the areas with
heavy precipitation and high water table, because newly
made pits collect excess water and prevent tree seedlings
from being drowned under the conditions of high water ta-
ble, as well as provide water reserves for the drier periods
(Gemmel et al. 1996, Nieminen et al. 2012, Heiskanen et
al. 2013). These two methods differ in that disc trench-
ing makes long lines with continuous forest upper layer
disturbance but impacts shallower soil layers, while spot
mounding makes randomly-patched forest soil upper lay-
er disturbance, impacting soil layers deeper. During site
preparation, soil tumps and hollows are made; compared
to other microhabitat soil depressions in old boreal forests
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are places, where a higher number of typical old-forest
species can be found (Schmalholz and Hylander 2009,
Boudreault et al. 2018). This suggests that pits and trench-
es made during site preparation create a microhabitats with
a suitable microclimate for typical forest vegetation, es-
pecially bryophyte species. It is significant to understand
that the impact of microtopography formed during site
preparation on vegetation may be beneficial for the pres-
ervation of typical forest vascular and bryophyte species
in dry or drained hemiboreal forest types, except that it un-
doubtedly disturbs forest understorey cover and the upper
layer of soil.

This study aimed to determine how the microtopogra-
phy of selected site preparation methods affected the com-
position of vascular plants and epigeic bryophyte species in
hemiboreal forests on different soil types. Our fundamental
questions were: (1) do different site preparation methods
and microtopography alter species cover and richness;
(2) do site preparation methods and microtopography inter-
act to affect the abundance of forest and grassland habitat
species; (3) do patterns of vegetation development differ
depending on the soil type. We hypothesise that vegetation
composition within the same soil type will be affected by
the type of site preparation method since the trench made
during disc trenching and the pit made during spot mound-
ing are of different depths, thus having different effects on
soil moisture and microtopograpic microclimate (Celma et
al. 2019). We also hypothesise that microclimate in the pit
and trench will have a positive effect on some typical old
forest species that could not be found on unprepared soil.
Finally, we also hypothesise that the most appropriate site
preparation method for vegetation succession will differ
among different hemiboreal forest soil types.

Methods

Study area and design

The study areas were located in the western and
central regions of Latvia (the centroid of stands in west-
ern Latvia is 57.528285, 22.568904, and in central Latvia
is 56.755280, 24.201740), in the hemiboreal forest zone
(halfway between the temperate and boreal zones) (Ca-
salegno et al. 2011) (Figure 1). Total precipitation from
April 2017 to June 2019 had an annual mean of 1,268 mm
and 1,355 mm in the western and central region of Latvia,
respectively. We studied 14 one- to two-year-old mixed
forest stands in four hemiboreal forest types on three soil
types: wet mineral soil, drained mineral soil and drained
peat soil (Table 1). Latvian forest classification prima-
ry assesses the forest productivity, soil type and water
table level having major effect on forests productivity in
this area (Zalitis and Jansons 2013). Hemiboreal forest
type Myrtilloso-sphagnosa grows on wet mineral soil, in
which Pinus sylvestris L., Picea abies L. and Betula pen-
dula Roth dominated the overstorey (Zalitis and Jansons
2013). Forest types Vacciniosa mel. and Myrtillosa mel.
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Figure 1. Locations of the forest stands studied and the site
preparation method applied

grow on drained mineral soil. In Vacciniosa mel. forest
P. sylvestris dominated in the overstorey, but in Myrtil-
losa mel. forest type P. sylvestris, P. abies and B. pendu-
la dominated in the overstorey. We analysed Vacciniosa
mel. and Myrtillosa mel. forest types together because they
grow on the same type of soil. The fourth type of forest
is Myrtillosa turf. mel. that grows on drained peat soil,
where P. sylvestris, B. pendula and P. abies dominated in
the overstorey.

We conducted site preparation by spot mounding and
disc trenching in the spring before planting (one year af-
ter felling) in 2017 and 2018. The requirements for site
preparation quality which is set by Latvian State Forests
assumes that mound is at least 0.50 m wide, 0.60 m long
and 0.15 m high, whilst the trench is 0.50-0.70 m wide and
0.15-0.30 m deep (Celma et al. 2019). In all stands four
economically significant tree species seedlings were plant-
ed: Scots pine (P. sylvestris), Norway spruce (P. abies),
silver birch (B. pendula) and black alder (Alnus glutino-
sa L.). The sites were cleaned by removing the natural

412340

Figure 2. Study area design in Myrtilloso-
sphagnosa forest type on wet mineral soil
where site preparation by both methods —
spot mounding and disc trenching — was
carried out. Vegetation observation
was conducted in each group sampling
plots 1-3
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Table 1. Description of the studied young hemiboreal forest
stands in Latvia

Year
of
plant- Site Sam-
Re- . ing prepa- Area pling
No. gion Soil type  Forest type and ration (ha) plots
soil method (n)
prepa-
ration
1 5 Wetmine- Myrtilloso- 2017 DM 150 48
2 '% ral soil sphagnosa DM 1.50 48
3 2 Drained  Vacciniosa o017 DPM 170 48
4 @ mineral soil mel. DM 170 48
1%}
5 g Drained  Myrtillosa 2018 DM 213 48
6 peat soil  turf. mel. DM 1.70 48
7 DM 180 48
8 Wet mine- Myrtilloso- 2018 M 110 24
o ralsoil sphagnosa ’
9 2 D 085 24
©
10 - Drained  Myrtillosa 2017 M 110 24
11 g mineral soil mel. D 160 24
12 g Drained Myl DM 1.80 48
raine yrtillosa
13 peat soil  turf. mel. 2018 M 184 24
14 D 1.00 24

Note: Site preparation methods: D — disc trenching; M — spot mounding;
DM - both methods.

vegetation mechanically at least once a year. The access of
forest animals to the stands was not limited, and therefore,
could not exclude herbivorous feeding on the vegetation in
the stands as an external factor.

To evaluate vegetation, we established a total of 24
sampling plots in each stand where the site was prepared
either with disc trenching or spot mounding and 48 sam-
pling plots in each forest stand, where the site was made
ready by both methods, adding 264 sampling plots estab-
lished as a result of both site preparation methods, totally
of 528 sampling plots in all study areas (Table 1, Figure 2).
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Sample plots at furrows
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Pine and spruce, containerized
Pine, bare roots
Pine, containerized
Spruce, bare roots.
Spruce, containerized
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[ sirch, bare roots
7] sirch, containerized
PSZ Birch, improved root system
Black alder, containerized

Black alder, improved root system
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As the distribution pattern of planted trees depend-
ed on the site preparation method employed, we used the
same sized sampling plots with different sampling plot de-
signs in each site preparation method. In the stands, where
soil was prepared by spot mounding, we established 24
randomly distributed circular sampling plots. The radius of
the sample plot was 2.8 m (S =25 m?). The area included
several (~3) mounds and pits, as well as unprepared soil.
In stands, where soil was prepared with disc trenching,
we set up eight transects, two trenches for each planted
species. We established three 2.5 m x 10 m (25 m?) sam-
pling plots which were allocated at equal distances from
one another (10 m) along the transect. Each one included
two berms, two trenches and unprepared soil. We allocat-
ed rectangle-shaped sampling plots in the stands where
soil was prepared with disc trenching to reflect the same
microtopography ratio in the sampling plot as within the
entire forest stand. We established sampling plot size as
described in the Cabinet of Ministry Regulations for Forest
Inventory planter trees up to 3 m in height (Ministru kabi-
nets 2016). We did this so that data collected in this study
could be compared with data sets obtained in other studies
of young stands in Latvia. The average planting rate in Lat-
via in stands where soil is prepared with disc trenching is
2,000-2,100 trees per hectare, and 1,600—1,800 trees per
hectare in the stands where soil is worked by mounding,
therefore, the shade effect may differ between different site
preparation methods in stands.

Data observation

We observed understorey vegetation (vascular and
bryophyte species) in all stands in June 2019 — one to two
years after site preparation and planting and two to three
years after logging. We identified 190 species of vascu-
lar plants and 33 species of epigeic bryophytes in all areas
combined: this included tree species up to 0.5 m in height.
We recorded species coverage to the nearest 5% once dur-
ing the growing season (from the beginning to the end of
July). Data were collected by the same observer in all study
sites to avoid subjective errors. We calculated weighted
average cover and species richness for vascular and bry-
ophyte species. We divided vascular plant species into
forest and grassland species based on the European Union
(EU) habitat directives (typical forest habitat species-hab-
itat codes of Natura 2000: 9020, 9060, 9180, 9080, 91EO0,
91D0 and typical grassland habitat species-habitat codes of
Natura 2000: 6120, 6210, 6230, 6270, 6410, 6430, 6450,
6510, as well as growth forms: annual species, perenni-
al species, dwarf shrub species, shrub species, and tree
species (Aunina 2013). We calculated wheighted average
Ellenberg’s bryophyte indicator values for moisture and
nitrogen (nutrients) by summing each species (i) indica-
tor value (F;) and weight (;), calculated for species based
on its percentage cover (C; : W;= f(C))), for all species (n)
in each sampling plot (Equation 1). Ellenberg’s indicator
values are designed to characterise plant growth condi-
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tions throughout the seasons and can be used to assess the
ecological conditions of the habitat (Ellenberg 2001).
Wheighted es = = ™ 1
eighted average values = —_
g g s (M

. i
i=l,n

Data analyses

We used R-Studio software package and Micro-
soft Excel speadsheet for data analyses and visualisation
(R Core Team 2019, Posit 2020). Since the data were par-
ametric, we performed a Shapiro-Wilk test for normal dis-
tribution prior to the analysis. The data did not significantly
differ from the normal distribution. We built a linear mixed
effect model to determine which of the factors had the most
significant impact on vegetation parameters. The model in-
cluded the forest stand as a random factor and the region,
type of soil, type of site preparation, year of reforestation
and microtopography as fixed factors (Equation 2).

Analysed vegetation parameter ~ region + soil type +
site preparation method + microtopography +

ear of reforestation + ——— 2
4 ) ref forest stand 2)

We performed further analysis for factors that had a
significant impact on the vegetation parameter (soil type,
site preparation method and microtopography). We used
two-way ANOVA analyses and post hoc Tukey’s HSD
test to assess interaction significance between variables
between different soil types and between site preparation
methods and microtopography within each soil type.

Results

Vascular plants

The most common vascular plant species were Ru-
bus idaeus, Calamagrostis epigeios L. and Calluna vul-
garis L. Hull, which were observed in all microtopogra-
phies, although higher proportions were found on prepared
soil. Three Vaccinium species — V. myrtillus L., V. uligi-
nosum L. and V. vitis-idaea L. — were also commonly
observed. Vaccinium myrtillus had higher cover on un-
prepared soil, while V. uliginosum was more common on
prepared soil and V. vitis-idaea on mounds. Vascular plant
cover, the proportion of forest and grassland habitat spe-
cies, and growth forms did not differ by the region or the
year of reforestation (Table S1). Mean vascular plant cov-
er was 64.4% (SE 0.75) and it was higher on unprepared
soil regardless of soil type and site preparation method
(Figure 3). We observed differences related to site prepa-
ration method only on drained mineral soil, where the cov-
er was significantly higher on the soil prepared with disc
trenching rather than spot mounding (ANOVA test results
P=0.006; df=1; F =7.838). Higher species richness was
observed on drained peat soil (Tukey’s HSD test results
drained mineral soil P > 0.001; wet mineral soil P > 0.001)
(Figure 4).
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Figure 3. Vascular plant species cover on different soil types
depending on site preparation method and microtopography.
Significance level *** (<0.001), ** (0.001-0.01), * (0.01-0.05),
NS (Not Significant) shows the results of the ANOVA test
between site preparation method and letters (a) Tukey’s HSD test
significant differences between microtopographies (P > 0.05)

E Mound

‘ Unprepared

In most groups, typical forest species contributed
most of the vegetation, regardless of the soil type, site
preparation or microtopography (Figure 5). The average
proportion of typical forest habitat species did not differ
between unprepared and prepared soil (ANOVA test re-
sults P=0.131; df=4; F=1.778, Tukey’s HSD test re-
sults unprepared: berm; mound; pit; trench P =0.999;
0.965; 0.543; 0.974), but it was lower when the site was
prepared by spot mounding rather than disc trenching on
wet mineral soil and drained peat soil (ANOVA test results:
wet mineral soil P <0.001; df=1; F = 19.78; drained peat
soil P <0.001; df=1; F=15.03) (Table S2). The typical
grassland habitat species showed an opposite tendency,
therefore significantly larger proportion of grassland spe-
cies were in areas where the soil was prepared with spot
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Figure 4. Vascular plant species richness on different soil types
depending on site preparation method and microtopography.
Significance level *** (< 0.001), ** (0.001-0.01), * (0.01-0.05),
NS (Not Significant) shows the results of the ANOVA test
between site preparation method and letters (a) Tukey’s HSD test
significant differences between microtopographies (P > 0.05)

mounding rather than disc trenching (ANOVA test results:
wet mineral soil P <0.001; df=1; F=11.89, drained peat
soil P <0.001; df=1; F = 16.41) (Table S2).

The proportion of different plant growth forms dif-
fered depending on soil type, site preparation method and
microtopography (Figure 6). Annual plants did not occupy
a substantial proportion on any of the soil types, however
on drained peat soil, the cover was higher where the site
had been prepared by spot mounding (ANOVA test results:
P=0.004, df=1, F=8.583). Perennial vascular plants
had a higher proportion in the sites, where the soil had been
prepared by spot mounding rather than disc trenching on
wet and drained mineral soils.

On drained peat soil perennial vascular plants were
more commonly found in pits than on mounds. Dwarf

Drained peat soil Forest Wet mineral soil Forest Drained mineral soil Forest
Grassland Grassland Grassland
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100 100 100
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90 17 g 165 L PO 16.7
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a0 g 2 331 __ 80 . 80 18 122 494 10.0
9 g £ . 7.4 :
.g_ 70 § 70 122 152 1 21 § 70
8 60 254 3 60 24 B9 S 60
) %6 211 7 B3 F s
S 50 341 285 2 50 2 50
u— [=] (=}

i i c 5 s 810
Figure 5 Relative cover g 40 g4 § 0 2% 788 36| gp B s
(Proportion of total % 4 g 30 612 593 606 | ¥ ) g
cover) of typical EU & 0 das 44 45 1 8 T 5 4 & & o
habitat directive forest 5 By = i ¥
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species in Latvia from 0 s ¥ ez 3 @ § ¥ E|= B % § 3 E|%2 B T
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site preparation method
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microtopography
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microtopography
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shrubs cover mostly differed by soil type; on drained min-
eral soil they were the most dominant plant growth form,
but on drained peat soil and on wet mineral soils their mean
cover was below 5%. In the stands with disc trenched wet
mineral soil dwarf shrub mean cover was higher on dis-
turbed soil layer (berms) than on unprepared soil (Tukey’s
HSD test results: P =0.002, diff = 11.159). The cover of
tree and shrub species was higher in the stands prepared
with disc trenching (ANOVA test results: trees drained
peat soil P<0.001, df=1, F=35.260, drained mineral
soil P =0.003, df=1, F=4.645; shrubs drained peat soil
P <0.001, df=1, F=27.965, wet mineral soil P=0.018,
df=1, F=5.681, drained mineral soil P=0.035, df=1,
F=4.486).

Bryophytes

Bryophyte cover and weighted Ellenberg’s indicator
values did not differ by the region or year of reforestation
and the mean bryophyte cover was only 18.4% (SE 0.90)
(Table S3). The most common bryophyte species differed
depending on the soil type. On drained peat soil the most
common were Sphagnum girgensohnii Russow, Eurynchi-
um angustirete Koponen and Pleurozium schreberi (Brid.)
Mitt. while S. girgensohnii and E. angustirete were com-
mon on all microtopographies, P. schreberi was found
mostly on unprepared soil and soil tumps (berms and
mounds). Such species as Sphagnum cuspidatum Ehrh.
ex Hoffm., Sphagnum squarrosum Crome and Plagiom-
nium undulatum Koponen were more present in hollows
(trenches and pits). On wet mineral soil the most common
bryophyte species on unprepared soil were P. schreberi
and Hylocomium splendens (Hedw.) Schimp., and the
most common species on prepared soil were Polytrichum
commune Hedw., S. cuspidatum, Polytrichum juniperi-
num Hedw. and S. girgensohnii. On drained mineral soil
the most common bryophyte species were S. girgensohnii
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and Atrichum undulatum (Hedw.) P. Beauv.; Dicranum
polysetum Swartz, H. splendens and P. schreberi were
most common on the unprepared soil and soil tumps, while
S. squarosum, S. cuspidatum and T. pellucida were most
common in the hollows. Species richness was higher on
unprepared soil, followed by those in pits and trenches,
but lower species richness occurred on mounds and berms
(Figure 7). The highest bryophyte species richness was on
unprepared drained mineral soil (Figure 7). This param-
eter also did not differ among site preparation methods.
Similar to species richness, bryophyte cover was high-
er on unprepared soil (Tukey’s HSD test results: unpre-
pared : trench P = 0.001; unprepared : berm P = 0.001, un-
prepared : mound P =0.001, unprepared : pit P =0.004)
(Figure 8).

Drained peat soil Wet mineral soil Drained mineral soil
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Figure 7. Bryophyte species richness on different soil types
depending on site preparation method and microtopography.
Significance level *** (< 0.001), ** (0.001-0.01), * (0.01-0.05),
NS (Not Significant) shows the results of the ANOVA test
between site preparation method and letters (a) Tukey’s HSD test
significant differences between microtopographies (P > 0.05)
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Figure 8. Bryophyte species cover on different soil types
depending on site preparation method and microtopography.
Significance level *** (<0.001), ** (0.001-0.01), * (0.01-0.05),
NS (Not Significant) shows the results of the ANOVA test
between site preparation method and letters (a) Tukey’s HSD test
significant differences between microtopographies (P > 0.05)

The bryophyte indicator values are different to that
used in vascular plant (Urmi 2010, Simmel et al. 2020).
Similar to vascular plant parameters, Ellenberg’s bryophyte
indicator values, species richness and cover did not differ
by region or year of felling and tree planting (Table S3).
Ellenberg’s bryophyte value for moisture was most sensi-
tive to microtopography and the soil type. Moisture indi-
cator value was lower on drained mineral soil than on the
other two soil types and differed between site preparation
method, being higher in the sites, where spot mounding had
been performed (ANOVA test results: P=0.001, df=2,
F=21.257; Tukey’s HSD test results on drained peat soil
P <0.001, wet mineral soil P<0.001; site preparation
method ANOVA test results: P=0.001, df= 1, F =23.83)
(Figure 9). Moisture indicator value was higher on lower
microtopographies (in disc trenched stands; Tukey’s HSD
test results: unprepared soil : trench P = 0.027) but lower
on higher microtopographies: on mounds and berms, as
well as in the forests on drained peat and mineral soils. On
wet mineral soil, moisture value was higher in berms than
on unprepared soil (Tukey’s HSD test results: P = 0.001).

Nitrogen indicator value did not differ between mi-
crotopographies, but rather between the site preparation
methods and soil types (ANOVA test results for soil types:
P=0.001, df=14.759, F =2). Greater differences in El-
lenberg’s bryophyte value for nitrogen were observed on
wet mineral soil in which Ellenberg’s nitrogen indicator
value in the disc trenched sites was lower in trenches than
on unprepared soil (ANOVA test results: P = 0.002, df =4,
F=4.381) (Figure 10). Although no significant differences
were observed on other soil types, mean Ellenberg’s indi-
cator nitrogen values on drained mineral soil were higher
in mounds and berms than on unprepared soil, and in pits
and trenches. On drained peat soil, mean Ellenberg’s indi-
cator nitrogen value was higher on prepared soil.
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Figure 9. Ellenberg’s indicator moisture value for bryophytes
on different soil types depending on site preparation method
and microtopography. Significance level *** (<0.001),
**(0.001-0.01), * (0.01-0.05), NS (Not Significant) shows the
results of the ANOVA test between site preparation method and
letters (a) Tukey’s HSD test significant differences between
microtopographies (P > 0.05)
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Figure 10. Ellenberg’s indicator nitrogen value for bryophytes
on different soil types depending on site preparation method
and microtopography. Significance level *** (<0.001),
**(0.001-0.01), * (0.01-0.05), NS (Not Significant) shows the
results of the ANOVA test between site preparation method and
letters (a) Tukey’s HSD test significant differences between
microtopographies (P > 0.05)

Discussion

Although the vegetation compositions and their de-
velopments following the establishment of the young
stands did not differ by the region, differences were appar-
ent among the soil types of hemiboreal forest, the method
used for site preparation, and the microtopography formed
during site preparation. The highest species richness was
observed on drained peat soil, the same as given in litera-
ture (according to Buss (1981): drained peat soil: 140 spe-
cies; wet mineral soil: 100 species; drained mineral soil:
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mean from both types = 80 species) (Buss 1981). Increased
vascular plant richness on unprepared soil suggested that
vegetation succession was still ongoing and that vascu-
lar vegetation had not yet emerged in all sites with soil
scarification (Gustiené et al. 2019). Vascular plant cover
was greater in the stands, where soil was prepared by disc
trenching rather than spot mounding, suggesting that disc
trenching might have contributed to less affected vegeta-
tion during site preparation, therefore enabling faster nat-
ural revegetation after it (Niemela 1999). Either way, up
to three years after tree planting in the young stands, most
species were typical forest habitat species, regardless of
the hemiboreal forest soil type, site preparation method or
microtopography, therefore the proportion of typical forest
species had not changed significantly on revegetated soil.

In the sites where the soil was prepared using disc
trenching, a higher proportion of typical forest habitat
species and a lower one of grassland habitat species were
present, suggesting that the disc trenching method had a
lesser effect on altering understorey vegetation composition
(Bergstedt et al. 2008). Incoming grassland habitat and tree
species may contribute negative effects not only to seed-
ling growth in the young stands but also to typical forest
vegetation by making shading and competition (Tonteri et
al. 2016). Cleaning by mechanically removing vegetation
once in a growing season reduces the competition driven by
naturally incoming tree and grass species and may be the
driving factor that could help to preserve typical forest spe-
cies (Man et al. 2008). Many grasslands and ruderal species
that ingrow in the stand after logging are higher than typical
forest species. Performing cleaning in height that removes
ruderal species, but it did not notably mechanically affect
lower growing forest vegetation (~ 20 cm), which may be
the way to profit forest vegetation. Overall, it can be con-
cluded that spot mounding is more likely to alter typical for-
est understorey vegetation compared to disc trenching, but
simultaneously increases vascular species diversity of the
area (Gustien¢ et al. 2019).

Those species that typically grow in forests on wet
organic soil were more present in trenches and pits, which
indicates that site preparation in forest stands provides a
suitable micro-habitat where typical species from wetter
habitats are better preserved. But elevated soil, as on berms
and mounds, provided a place where dry forest habitat spe-
cies and grassland species could occur (Table S2). At this
stage of forest development, grassland species may provide
additional ecological interactions with different organism
groups, including pollinators; similar increased pollinator
diversity is notable after cutting the woody vegetation and
keeping flowering plant species under power lines (Steinert
et al. 2020). As typical forest and grassland habitat species
differ in their phenological dynamics, the flowering period
could be extended in the area containing plant species from
both of these habitats (Kiitt et al. 2018). Microtopographies
made during site preparation also increase dwarf shrub
species diversity, a notable ectomycorrhizal plant group in
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the forest, because species such as V. uliginosum and V. vi-
tis-idaea were more common on prepared soil (Storch 1993,
Hobbie et al. 2009).

Previous studies have stated that both felling and site
preparation may negatively influence bryophyte species
richness (Palviainen et al. 2005, Vanha-Majamaa et al.
2017). In this study species richness was higher on the un-
prepared sites, but total area species richness was higher in
the prepared sites; this may be because species that cannot
grow in unprepared soil can grow in patches, where the soil
is prepared (Anderson et al. 2007). Previous studies have
shown that natural microtopographies in the forest ecosys-
tem, such as stones and dead wood, are important in provid-
ing the necessary conditions for the conservation of bryo-
phyte indicator species (Schmalholz and Hylander 2011). In
most cases, temperature increases, and moisture decreases
in the upper part of soil after logging (Tonteri et al. 2016).
However, pits and trenches can diversify the microclimate
elements in the first years of succession and provide a suit-
able environment for species that are more dependent on
microclimate and cannot survive in harsh conditions that are
usually observed after felling. On drained peat and mineral
soil, the moisture indicator values in pits and trenches were
higher than those on unprepared soil, which confirms the
results of a previous study that found temperature is high-
er and moisture is lower on soil tumps, berms and mounds
than on unprepared soil (Kubin and Kemppainen 1994). But
on wet mineral soil the mean moisture value is higher in
all prepared soil microtopographies such as pits, mounds,
berms and trenches. This may have been due to differences
in soil moisture and dominant bryophyte and vascular plant
compositions on different soil types. On wet mineral soil,
one of the dominant bryophytes was Sphagnum genus spe-
cies, which were present in all microtopographies, also on
the mounds and berms. The distribution may be positively
affected by hydraulic connections of the microtopographies,
due to the presence of Sphagnum on undisturbed forest soil
and high groundwater level (Macrae et al. 2013).

Conclusions

The composition of vegetation does not differ between
one- and two-year-old young stands two and three years after
logging, and to observe successional changes in the young
stands, data should also be observed over a longer time in-
terval. Forest soil type and hydrology had more impact on
vegetation than the site preparation method and microto-
pography in most cases. Spot mounding alters young stand
vegetation more than disc trenching, but overall site prepa-
ration provides habitat for typical forest species preservation
by diversifying the abiotic environment of the stand. Typical
forest species preservation in young stands is problematical
because, during the first years after logging, understorey veg-
etation is primarily determined by species with light, temper-
ature, and drought tolerance, and expansions of ruderal and
stress-tolerant species may occur. However, a notable cover
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of typical forest species underneath the canopy of ruderal
species ensures that as the stand ages, the forest understorey
vegetation may restore faster than if the cover of typical for-
est species had decreased drastically. Therefore, we presume
that vegetation cleaning at least once in a season at a height
that removes non-typical forest species but did not affect
typical forest species may lead to faster forest vegetation de-
velopment after site preparation. The soil depressions gener-
ated by disc trenching and spot mounding — pits and trench-
es — are crucial microtopography elements that collect and
maintain soil moisture beneficial for a wider range of typical
forest vascular species as well as bryophyte species which
are important for the succession of the forest ecosystem.
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Supplementary

Table S1. Linear mixed effects model results for vascular plant parameters

Response variable Fixed effects Estimated coefficient SE df t value p value
(intercept) 885.02 2,3197.99 8.92 0.04 0.9704
Site preparation Mounding 27.69 2.06 1,177.97 13.44 <0.001 ***
Microtopography Mound —40.93 1.78 1,168.92 -22.75 <0.001 ***
Microtopography Pit —38.54 1.78 1,168.92 -21.42 <0.001 ***
Microtopography Trench 3.86 1.96 1,168.92 1.97 0.049 *
Microtopography Unprepared 19.75 1.96 1,168.92 10.07 <0.001 ***
Cover Region Central Latvia —7.46 8.66 8.9 -0.86 0.412
Soil type Drained Mineral Soil -3.44 8.82 8.78 -0.39 0.706
Soil type Wet Mineral Soil -0.82 11.39 8.95 -0.07 0.945
Year —0.41 11.50 8.92 -0.04 0.973
Random effect Variance Std. Dev.
Forest stand 138 11.75
Residual 348 18.65
Fixed effects Estimated coefficient SE df t value p value
(intercept) 15,268.02 47,880.15 8.12 0.32 0.758
Site preparation Mounding -2.70 2.39 1174.00 -1.13 0.259
Microtopography Mound —6.51 2.08 1168.97 -3.13 0.002 **
Microtopography Pit 3.76 2.08 1168.97 1.81 0.071
Microtopography Trench 4.06 2.27 1168.97 1.79 0.073
Microtopography Unprepared 3.63 2.27 1168.97 1.60 0.110
Perennial species Region Central Latvia 16.07 17.94 8.58 0.90 0.395
Soil type Drained Mineral Soil -13.22 18.32 8.69 -0.72 0.489
Soil type Wet Mineral Soil -19.72 23.56 8.55 -0.84 0.426
Year —7.54 23.73 8.12 -0.32 0.759
Random effect Variance Std. Dev.
Forest stand 609.4 24.69
Residual 466.0 21.49
Fixed effects Estimated coefficient SE df t value p value
(intercept) —23,860 24,290 9.66 -0.98 0.350
Site preparation Mounding -5.43 1.92 1178 -2.83 0.005 **
Microtopography Mound 8.13 1.68 1169 4.85 <0.001 ***
Microtopography Pit 1.66 1.68 1169 0.99 0.323
Microtopography Trench -5.32 1.83 1169 -2.911 0.004 **
Microtopography Unprepared -7.07 1.83 117 -3.87 <0.001 ***
Shrub species Region Central Latvia -2.97 9.08 9.25 -0.33 0.751
Soil type Drained Mineral Soil 3.89 9.25 9.04 0.42 0.684
Soil type Wet Mineral Soil -0.42 11.94 9.33 -0.04 0.973
Year 11.84 12.04 9.66 0.98 0.349
Random effect Variance Std. Dev.
Forest stand 56.153 12.37
Residual 302.40 17.39
Fixed effects Estimated coefficient SE df t value p value
(intercept) —4,653 35,350 10.74 -0.13 0.898
. Site preparation Mounding 5.38 1.65 1,173 3.25 0.001 **
Dwarf shrub species . 1o00graphy Mound ~1.97 1.44 1,169 137 0172
Microtopography Pit —3.65 1.44 1,169 —2.53 0.011 *
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Response variable Fixed effects Estimated coefficient SE df t value p value
Microtopography Trench —-0.01 1.57 1,169 —-0.01 0.993
Microtopography Unprepared 3.45 1.57 1,169 2.20 0.028 *
Region Central Latvia -20.09 13.25 9.67 -1.52 0.161
Soil type Drained Mineral Soil 9.76 13.53 9.35 0.72 0.488
Dwarf shrub species Soil type Wet Mineral Soil 31.52 17.40 9.79 1.81 0.100
Year 2.31 17.52 10.74 0.13 0.897
Random effect Variance Std. Dev.
Forest stand 332.80 18.24
Residual 223.00 14.93
Fixed effects Estimated coefficient SE df t value p value
(intercept) -3,614 6,068 10.85 -0.60 0.564
Site preparation Mounding 2.99 1.11 1,088 2.70 0.007 **
Microtopography Mound 0.83 0.98 1,170 0.85 0.397
Microtopography Pit -1.82 0.98 1,170 -1.85 0.064
Microtopography Trench —-0.05 1.07 1,170 -0.04 0.965
Microtopography Unprepared -0.08 1.07 1,170 -0.07 0.942
Annual species Region Central Latvia -0.25 2.23 10.09 —0.11 0.914
Soil type Drained Mineral Soil -2.39 2.23 9.381 -1.07 0.311
Soil type Wet Mineral Soil -3.38 2.96 10.55 -1.14 0.278
Year 1.79 3.01 10.85 0.60 0.563
Random effect Variance Std. Dev.
Forest stand 7.85 2.80
Residual 103.54 10.17
Fixed effects Estimated coefficient SE df t value p value
(intercept) -31,820 37,690 9.84 -0.84 0.419
Site preparation Mounding 1.52 2.29 1,170 0.66 0.507
Microtopography Mound 2.87 2.00 1,163 1.43 0.152
Microtopography Pit -3.93 2.00 1,163 -1.97 0.049 *
Microtopography Trench -2.33 217 1,163 -1.07 0.285
. . Microtopography Unprepared -0.56 217 1,163 -0.26 0.797
Typical forest habitat .0, Central Latvia -19.66 14.11 9.31 ~1.39 0.196
species Soil type Drained Mineral Soil 17.42 14.40 9.10 1.21 0.257
Soil type Wet Mineral Soil 35.28 18.54 9.39 1.90 0.088
Year 15.80 18.68 9.84 0.85 0.418
Random effect Variance Std. Dev.
Forest stand 374.60 19.35
Residual 103.54 10.17
Fixed effects Estimated coefficient SE df t value p value
(intercept) 23,594.27 24,641.61 9.11 0.96 0.363
Site preparation Mounding —4.35 1.874 1,171.53 -2.32 0.020 *
Microtopography Mound 3.01 1.64 1,162.99 1.83 0.067
Microtopography Pit 3.53 1.64 1,162.99 2.15 0.032 *
Microtopography Trench -1.72 1.78 1,162.98 -0.97 0.334
X Microtopography Unprepared -2.80 1.78 1,162.98 -1.57 0.117
Tzzg’i?a' tgégZi'izgd Region Central Latvia 6.99 9.22 9.02 0.76 0.467
Soil type Drained Mineral Soil -10.39 9.39 8.90 -1.106 0.298
Soil type Wet Mineral Soil -20.40 12.11 9.07 -1.68 0.126
Year —11.68 12.21 9.11 -0.96 0.364
Random effect Variance Std. Dev.
Forest stand 157.9 12.57
Residual 287.4 16.95
Note: Number of observations: 1182, groups: 14.
Table S2. Mean typical EU forest habitat species cover (%) depending on site preparation method and microtopography
. . Disc trenching Spot mounding
Soil type Forest habitats Trench Unprepared Berm Pit Unprepared Mound
Dry forest habitats on mineral soils 34.6° 35.0° 41.2¢2 22.6" 24 .12 31.7%°
Drained peat soil ~ Wet forest habitats on mineral soils 6.1 8.9 5.5° 5.52 8.8° 452
Wet forest habitats on organic soils 1.6 2.52 0.8° 5.62 5.42 512
Dry forest habitats on mineral soils 41.672 32.1° 43.62 32.92 29.32 39.62
Wet mineral soll Wet forest habitats on mineral soils 6.62 17.1® 5.82 9.8 15.62 11.02
Wet forest habitats on organic soils 13.1° 10.12 11.2° 512 6.0° 4,52
Dry forest habitats on mineral soils 31.72 35.32 3712 30.02 38.22 43.3°
Drained mineral soil Wet forest habitats on mineral soils 6.82 11.32 9.62 6.82 11.82 6.0@
Wet forest habitats on organic soils 33.12 29.22 27.02 33.92 30.92 24.02

Note: Forest habitats on dry mineral soils: 9010; 9020; 9060; 9180. Forest habitats on wet mineral soils: 9080; 91EQ. Forest habitats on wet organic soils:
91DO0. Different letter denotations (a, b, ¢) indicate Tukey’s HSD test significant differences between microtopographies in one site preparation method.
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Table S3. Linear mixed effects model results for bryophyte cover, species richness and weighted average Ellenberg’s indicator values

Response variable Fixed effects Estimated coefficient SE df t value p value
(intercept) 39,556.65 12,924.13 7.96 3.06 0.016 *
Site preparation Mounding 13.64 2.54 581.79 5.37 <0.001 ***
Microtopography Mound -19.20 3.14 579.34 -6.11 <0.001 ***
Microtopography Pit -8.92 1.85 578.39 —4.81 <0.001 ***
Microtopography Trench 5.25 2.53 578.38 2.08 0.038 *
Microtopography Unprepared 19.39 2.47 579.15 7.85 <0.001 ***
Cover Region Central Latvia -7.39 3.98 9.34 -1.86 0.095
Soil type Drained Mineral Soil 4.41 4.34 7.50 1.02 0.341
Soil type Wet Mineral Soil —2.58 7.10 7.31 -0.36 0.727
Year —19.60 6.41 7.96 -3.06 0.016 *
Random effect Variance Std. Dev.
Forest stand 25.66 5.065
Residual 214.73 14.65
Fixed effects Estimated coefficient SE df t value p value
(intercept) 2,241.62 1,346.31 8.57 1.67 0.132
Site preparation Mounding 1.25 0.19 581.07 6.42 <0.001 ***
Microtopography Mound -1.60 0.24 577.21 6.68 <0.001 ***
Microtopography Pit —-0.40 0.14 576.38 2.84 0.005 **
Microtopography Trench 0.64 0.19 576.17 3.34 <0.001 ***
Microtopography Unprepared 1.91 0.19 576.90 10.16 <0.001 ***
Species richness Region Central Latvia —-0.28 0.41 9.39 -0.68 0.514
Soil type Drained Mineral Soil 0.30 0.45 8.32 0.67 0.521
Soil type Wet Mineral Soil -0.14 0.75 8.19 -0.19 0.855
Year -1.11 0.67 8.57 -1.66 0.132
Random effect Variance Std. Dev.
Forest stand 0.31 0.56
Residual 1.24 1.1
Fixed effects Estimated coefficient SE df t value p value
(intercept) 1,975.92 1,407.97 8.27 1.40 0.197
Site preparation Mounding 0.13 0.25 581.99 0.51 0.609
Microtopography Mound -0.42 0.31 578.72 -1.38 0.169
Microtopography Pit 0.37 0.18 577.78 2.02 0.044 *
Microtopography Trench 0.15 0.25 577.68 0.61 0.545
) . Microtopography Unprepared -0.47 0.24 578.46 2.00 0.046 *
E”?:g’iigsr'\\f'a"l':;”re Region Central Latvia ~0.22 043 9.59 -052 0616
Soil type Drained Mineral Soil -0.41 0.47 8.03 —-0.86 0.416
Soil type Wet Mineral Soil -2.19 0.78 7.79 -2.82 0.023 *
Year —0.98 0.70 8.27 -1.40 -0.98
Random effect Variance Std. Dev.
Forest stand 0.32 0.56
Residual 2.07 1.44
Fixed effects Estimated coefficient SE df t value p value
(intercept) -997.73 1,555.20 8.14 -0.64 0.539
Site preparation Mounding -0.31 0.28 582.00 -1.10 0.271
Microtopography Mound —-0.06 0.34 578.68 -0.17 0.865
Microtopography Pit —0.65 0.20 577.72 -3.19 0.001 **
Microtopography Trench -0.32 0.28 577.62 -1.16 0.245
oo Microtopography Unprepared -0.47 0.27 578.42 -1.75 0.080
Ellenberg’s Nifrogen  poion Central Latvia 0.55 047 9.38 1.15 0278
indicator value h R . .
Soil type Drained Mineral Soil -0.53 0.52 7.83 -1.02 0.338
Soil type Wet Mineral Soil -0.37 0.86 7.62 -0.44 0.674
Year 0.50 0.77 8.14 0.64 0.537
Random effect Variance Std. Dev.
Forest stand 0.39 0.62
Residual 2.56 1.60
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