DE GRUYTER
OPEN

Folia Forestalia Polonica, series A, 2015, Vol. 57 (3), 160-172
ORIGINAL ARTICLE

DOI: 10.1515/tfp-2015-0016

Encroachment of woody species on a drained transitional
peat bog in “Mszar Bogdaniec’ nature reserve
(Western Poland)

Marcin K. Dyderski', Anna K. Gdula', Andrzej M. Jagodzinski* 3 v<

! Poznan University of Life Sciences, Faculty of Forestry, Wojska Polskiego 28, 60-637 Poznan, Poland
2Polish Academy of Sciences, Institute of Dendrology, Parkowa 5, 62-035 Kornik, Poland, phone: +48-61-8170-033,
fax: +48-61-8170-166, e-mail: amj@man.poznan.pl

3 Poznan University of Life Sciences, Department of Game Management and Forest Protection, Wojska Polskiego 71c,
60-625 Poznan, Poland

ABSTRACT

One of the most important threats for open peat bog ecosystems is encroachment of woody species, which causes
transformation of habitat conditions and leads to retreat of specialised species. Drainage increases the rate of
succession. The aim of study is the assessment of human-accelerated succession in a transitional bog. The study
was conducted in ‘Mszar Bogdaniec’ nature reserve (W Poland). The structure of vegetation and tree stands was
described and compared using ordination methods. Near the peat bog border, tree stands of Betula pubescens
developed. Towards the middle part of the peat bog, the number, cover and height of trees decreased. The central
part of the peat bog was covered by Sphagno recurvi—Eriophoretum vaginati in dryer parts and Sphagno recurvi—
Eriophoretum angustifolii in wetter parts. The study showed that the successional sequence in these conditions
differs from the classical bog succession scheme. Despite high propagule pressure of Pinus sylvestris, the most
important woody species was B. pubescens, which performed better than other species. Erechtites hieracifolia, an
alien invasive herb species, which previously was rarely recorded in bogs, appeared when the bog was dried by
drainage. In this study, it reached high frequency and abundance, which shows that it may be a next serious threat
to disturbed wetland ecosystems.
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INTRODUCTION bogs — only 3% of Earth’s land surface — contain 550 Gt

of carbon, which is equal to the whole terrestrial plant
Although, peat bogs occupy only a small portion of the biomass of the world and twice the carbon content in
Earth, they are a very important element of the bio- forest biomass worldwide (Parish et al. 2008). Due to

sphere. Due to their carbon accumulation abilities, peat water retention functions, peat bogs mitigate floods in
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the catchments and maintain high groundwater table
levels (Council National Research 1995; Ilnicki 2002).
Specific conditions in peat bogs create unique habitats
for a precious species of organisms, some of which are
endangered at regional or global scales (Ellenberg 1988;
Council National Research 1995; Ilnicki 2002; Zurek
2006; Parish et al. 2008; Schumann and Joosten 2008).
As aresult of their narrow ecological niches, plant cover
is the peat bog ecosystem’s element most sensitive to
environmental changes (Ellenberg 1988; Schumann and
Joosten 2008).

Succession of woody plants in peat bogs is a very
important element of vegetation development and de-
termines shifts of plant formation. Its rate, which is low
during primary succession in intact peat bogs (Ellenberg
1988; Falinski 1988; Ilnicki 2002; Joosten and Clarke
2002; Parish et al. 2008), depends on hydrological re-
gime (Ellenberg 1988; Herbich and Herbichowa 2002;
Joosten and Clarke 2002; Herbichowa et al. 2007). As
trees grow larger, they transpire increasing amount of
water, contributing to further lowering the groundwater
table, which supplies the peat bog (Parish et al. 2008;
Fay and Lavoie 2009; Talbot et al. 2010). Moreover, by
shading, trees modify light conditions, which signifi-
cantly influence the floristic composition of understory
— the species with high light requirements decrease and
are replaced by species with wider ecological tolerances
(Kollmann and Rasmussen 2012). Catotelm penetration
by root systems of trees also allows oxygen to enter,
thus increasing the rate of peat mineralisation in the
deeper layers of the peat bog (Herbichowa ef al. 2007).

Woody species encroachment into peat bogs is of-
ten the result of hydrological changes, due to human
activity connected with land use transformation, as
well as peat mining. In these cases, the limiting fac-
tor — high groundwater table level — is reduced, which
results in rapid emergence of dense undergrowth layers
and increased growth increments of trees (Macdonald
and Yin 1999; Kujawa-Pawlaczyk and Pawlaczyk 2005;
Herbichowa et al. 2007, Woziwoda and Kope¢ 2014).
Sarkkola et al. (2010) found that in drained peat bogs,
transpiration by tree stands was the main component of
water balance and groundwater table level depended on
tree stand volume. The higher the tree stand volume, the
lower the groundwater table level due to higher transpi-
ration rate. Fay and Lavoie (2009) proved that sponta-
neous encroachment by birches (Betula spp.), seriously

influenced hydrological relationships of drained peat
bogs, by increasing the water deficit as a result of tran-
spiration. Species from the genus Befula have transpira-
tion rates two to three times higher than other decidu-
ous species, for example, Quercus spp. or Fagus spp.
Comparing with conifers (e.g. Pseudotsuga spp., Pinus
spp., Picea spp.), these differences may be even seven-
fold (Kozlowski and Pallardy 1997). Among Polish tree
species, only Populus spp. have daily amounts of tran-
spired water higher than Betula spp. (Szaniawski 1979).

So far, most of the published papers concerning
the encroachment of trees and shrubs into peat bogs
were focussed on phytocoenotic aspects. For example,
in NE Denmark, vegetation changes of degraded peat
bog have been observed since 1844 and the share of
species with high water and light requirements (typi-
cal to wetland ecosystems) decreased while the num-
ber of woody species increased (Kollmann and Ras-
mussen 2012). Similar phenomena were observed in
other transformed peat bogs (Jasnowski 1962; Herbich
2001; Herbich and Herbichowa 2002; Herbichowa et
al. 2007; Haapalehto et al. 2010). However, in intact
peat bogs in Sweden, Gunnarsson et al. (2002) also
found encroachment of woody species, but they did
not find negative impacts on the studied ecosystem.
Moreover, they claimed that the appearance of woody
species increased the heterogeneity of spatial struc-
ture and species composition of the peat bog. They
also found higher plant species richness in plots where
trees were recorded, caused by creation of new mi-
crohabitats suitable, e.g. for shade-tolerant species.
However, they did not supply any information about
density and diameters of these trees.

Data coming from phytosociological relevés do not
provide full information about plant community struc-
ture and its transformations. For this reason, assessment
of the progress of tree stand development is difficult.
Only a few papers have supplied data about basic tree
stand parameters (i.e. basal area and tree stand density)
along the successional gradient. Czerepko (2010) stud-
ied changes in tree stand structure of raised bogs after
35 years. Sarkkola et al. (2003, 2004) studied changes
of structures of Scots pine (Pinus sylvestris) tree stands
growing on drained raised bogs in Finland. There is
a lack of papers merging data about tree stand struc-
tures with species composition of plant communities.
Only Laine et al. (1995) used tree stand volume as an
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environmental factor in direct gradient analysis of un-
derstory vegetation. Most understory species typical for
ombrotrophic bogs were negatively correlated with total
stand volume and Betula volume.

The aim of this study is (1) to assess the direc-
tion of the human-accelerated secondary succession
in a raised/transitional bog and (2) to compare two re-
search approaches for identifying vegetation changes of
peat bogs: classical phytosociological method and den-
droecological approach, considered as a joint phytoso-
ciological relevés and biometrical measurements of tree
stand parameters.

MATERIAL AND METHODS

Study area

The study was conducted in the ‘Mszar Bogdaniec’
nature reserve. This place was chosen due to known
human impact history and available study of plant
cover and soils (Maciantowicz et al. 1999). The ‘Mszar
Bogdaniec’ nature reserve is located in West Poland
(51°40°35°N; 17°21’19”°E) and covers an area of 21.98
ha, including 4.95 ha of peat bog (Zarzadzenie 1995;

Maciantowicz et al. 1999). The reserve was established
in 1995 for conservation of the raised/transitional bog
and breeding sites of wetland birds (Zarzadzenie 1995).
The bog is located in local low ground without outflow,
on impervious substrate. This area was drained in the
beginning of the 20" century by the owners by pre-
paring a ditch around the peat bog and two discharge
ditches across the bog. In the second half of the 20t
century, in the SE part of the bog, ridges were prepared
and Scots pine was planted (Maciantowicz et al. 1999).
The forests surrounding the bog are secondary forest
plant communities with Scots pine and invasive black
cherry (Padus serotina) and with Scots pine and Nor-
way spruce (Picea abies).

Methods
Phytosociological inventory

In September 2012 and 2013, 29 phytosociological rel-
evés were conducted in the most frequent vegetation
types occurring in the study area (Figure 1). The rel-
evés were conducted using standard Braun-Blanquet
method in homogenous plots with an area depend-
ing on the level of community organisation from 2 to
100 m2. Their localities were chosen subjectively in the

a  Phytosociological inventory

A Dendroecological inventory
3 Border of the nature reserve

Forest division

1. . J Forestsubdivision 100
——> Drainage ditches

0 100 200 300 400 m

. I—— |

Figure 1. Distribution of the phytosociological relevés and study plots in ‘Mszar Bogdaniec’

Numbers ‘1.” and ‘12.” indicates the first and last plots in the transect. Small letters — plant communities determined in phytosociological inventory:
a — Sphagno recurvi—Eriophoretum angustifolii, b — Sphagno recurvi—Eriophoretum vaginati, ¢ — Vaccinio uliginosi—Betuletum pubescentis,
d - Sphagno—Juncetum effusi, f— Scirpetum lacustris, g — Phragmitetum australis, h — Ranunculo—Juncetum bulbosi; capital letters — plant communities
determined in dendroecological inventory: A — Vaccinio uliginosi—Betuletum pubescentis, B — Sphagno recurvi—Eriophoretum vaginati, C — Scirpetum
lacustris, D — Sphagno recurvi—Eriophoretum angustifolii, E — Sphagno—Juncetum effusi.
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most frequent and representative for the studied area
vegetation types after field recognition. Plant com-
munities present on relevés were determined based on
the criteria of Ratynska et al. (2011). Relevés from this
inventory were deposited in the Polish Vegetation Da-
tabase (Kacki and Sliwiniski 2012).

Dendroecological inventory

In September 2013, a transect was established along
the longest chord of the bog. Square (10 x 10 m) ex-
perimental plots were established every 30 m along the
transect. In total, 12 plots were established (Figure 1).
Therefore, location of plots was systematic and inde-
pendent of human preferences. In each plot, diameter at
breast height (1.3 m; DBH) was measured for all trees
and shrubs with DBH higher than 5 cm. All trees with
height above 1.3 m and with DBH lower than 5 cm were
counted to measure the tree stand density. In each plot,
a 25 m? subplot was randomly selected to measure the
natural regeneration and conduct a phytosociological
relevé of understory. Natural regeneration was counted
in four height-age classes: plants younger than 1 year,
1-year-old plants, 2 years and older plants lower than 0.5
m and older plants with height between 0.5 and 1.3 m.
Phytosociological relevé was conducted only for under-
story layer (herbaceous and moss layer) and opposite
to phytosociological inventory, their locality was inde-
pendent. Thus, plant community homogeneity criterion
had not been taken into account. However, in all plots,
understory plant community was homogenous. Plant
communities were determined based on the criteria of
Ratynska et al. (2011).

Data analysis

For results of each inventory, detrended correspond-
ence analysis (DCA) was conducted. For both invento-
ries, cover of vegetation layers, Ellenberg’s ecological
indicators (Ellenberg and Leuschner 2010) and species
richness were fitted as passive variables using permuta-
tion tests (999 iterations) to test correlation coefficient
(R?) and statistical significance. Statistically significant
(p < 0.05) environmental variables were plotted on the
DCA graphs. In addition, for results of the dendro-
ecological inventory, basal area and density of the tree
stand were also fitted. All analyses were performed in R
software (R Core Team, 2013), using the vegan library
(Oksanen et al. 2013).

REsuLTs

Different plant communities in the study area were re-
corded independently of the type of inventory (whether
phytosociological or dendroecological). Areas around
the border of the peat bog were covered by stands of
Betula pubescens trees with admixture of B. pendula
and Frangula alnus. The number, cover and height of
trees decreased towards the middle of the bog. The cen-
tral part of peat bog was covered by Sphagno recurvi—
Eriophoretum vaginati in drier parts and Sphagno re-
curvi—Eriophoretum angustifolii in wetter parts.

Phytosociological inventory

Seven plant associations were recorded (names of as-
sociations in bold) in the peat bog:

Class: Vaccinio—Piceetea Br.-Bl. in Br.-Bl. et al. 1939
Order: Piceetalia excelsae Pawtowski in Pawlowski et
al. 1928 em. Br.-Bl. in Br.-Bl. et al. 1939

Alliance: Dicrano—Pinion (Libbert 1933) W. Mat. 1962
Vaccinio uliginosi—Betuletum pubescentis Libbert
1933 em. R. Tx. 1937

Class: Isoéto—Litorelletea Br.-Bl. et Vlieger in Vlieger
1937

Order: Litorelletalia uniflorae W. Koch 1926

Alliance: Hydrocotylo—Baldellion R. Tx. et Dierf3es in
Dierf3es 1972

Ranunculo-Juncetum bulbosi Oberd. 1957

Class: Phragmitetea australis (Klika in Klika et Nowak
1941) R. Tx. et Preising 1942

Order: Phragmitetalia australis W. Koch 1926
Alliance: Phragmition communis W. Koch 1926
Phragmitetum communis Kaiser 1926

Scirpetum lacustris (Allorge 1922) Chouard 1924

Class: Scheuchzerio—Caricetea fuscae (Nordhagen
1936) R. Tx. 1937

Order: Caricetalia fuscae Koch 1926 em. Nordhagen
1936

Alliance: Caricion fuscae Koch 1926 em. Klika 1936
Sphagno—Juncetum effusi Dziubaltowski 1928 nom.
invers. propos.

Order: Scheuchzerietalia palustris Nordhagen 1936
Alliance: Rhynchosporion albae W. Koch 1926
Sphagno recurvi—Eriophoretum angustifolii Hueck
1925 nom. invers. et nom. mut.
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Class: Oxycocco—Sphagnetea Br.-Bl. et R. Tx. 1943
Order: Sphagnetalia magellanici (Pawlowski in Paw-
towski et al. 1928) Kéastneret FloBner 1933

Alliance: Sphagnion magellanici Kistner et FloBner
1933

Sphagno recurvi—Eriophoretum vaginati Hueck 1925
nom. invers.

In the 29 relevés, 37 species of plants (including
woody species) were recorded. DCA analysis showed
the diversity and relationships among plant communi-
ties studied (Figure 2, Table 1). On the left side of or-
dination space there are points representing Vaccinio
uliginosi—Betuletum pubescentis and Sphagno recurvi—
Eriophoretum vaginati. These associations are distin-
guished by high shrub cover, which is correlated with
the position of these plant associations in the ordination
space. Points representing associations that occurred
in the wetter parts of the bog (Sphagno recurvi—Erio-
phoretum angustifolii and Sphagno—Juncetum effusi)
are located in right side of the ordination space. Nearby
are two associations of reeds: Scirpetum lacustris and
Phragmitetum communis, which were recorded in the
discharge ditches. The point representing Ranunculo-
Juncetum bulbosi was the most isolated from other as-
sociations. Mean values of Ellenberg’s fertility indica-
tor increases from wetter to drier plant communities.
Mean Ellenberg’s light indicator is strongly correlated
with DCA1 axis, differentiating plant associations into
variants with differing proportions of species with
higher light requirements. The vector representing spe-
cies richness was correlated with vector representing
shrub cover.

The most extensive plant communities represented
initial stages of bog birch forest — Vaccinio uliginosi—
Betuletum pubescentis. These communities occurred
in the relatively dry external part of the bog. The tree
stands were dominated by B. pubescens with an admix-
ture of B. pendula, F. alnus, and rarely — P. sylvestris. In
the understory, the most frequent species were Molinia
caerulea, Vaccinium myrtillus and natural regeneration
of species occurring in the tree layer. In the moss layer,
the most frequent species were Sphagnum fimbriatum
and Pohlia nutans. Further from the bog’s border, the
most frequent association was Sphagno recurvi—Erio-
phoretum vaginati. In this association, E. vaginatum
dominated the community structure. Between the

clumps of E. vaginatum there were frequent and abun-
dant natural regeneration of birches, Scots pine and
F. alnus. Frequent accompanying species were E. an-
gustifolium and invasive Erechtites hieracifolia. In the
wetter, central part of peat bog, there were two associa-
tions from the Scheuchzerio—Caricetea class: Sphag-
no recurvi—Eriophoretum angustifolii and Sphagno—
Juncetum effusi. In the former, E. angustifolium domi-
nated the community structure, with an admixture
of Hydrocotyle vulgaris, less abundant E. vaginatum

a Sphagno-Eriophoretum angustifolii
b Sphagno-Eriophoretum vaginati h
¢ Vaccinio uliginosi-Betuletum pubescentis
| d Sphagno-Juncetum effusi

f Scirpetum lacustris

g Phragmitetum australis L
h Ranunculo-Juncetum bulbosi

F

0 € ceie a g a

rich b b

1l sh_cov 4 4

V! 2 0 2 4
DCA1

Figure 2. The result of DCA analysis of 29 relevés from the
phytosociological inventory. Analysis parameters: eigenval-
ues for DCA1 0.7034, for DCA2 0.2700; axis length: DCA1
6.1694, DCA2 3.7411. Abbreviations of environmental factors
are explained in Table 1. DCA: detrended correspondence
analysis

Table 1. Parameters of environmental variables fitted to DCA
analysis conducted on relevés from the phytosociological in-
ventory. DCA: detrended correspondence analysis

Parameter DCAL1 DCA2 r? Pr(>r1)
rsllz}e;f:s rich | —0.98847 [ ~0.15140 | 0.6034 | <0.001***
Cover of
trees tr cov |—0.98709 | -0.16016 | 0.1947 | 0.117
shrubs sh cov |—0.84614 | —0.53296 | 0.4270 | <0.001""*
herbs he cov | 0.68126 | 0.73204 [ 0.0634 | 0.346
mosses mo_cov [ —0.50606 | —0.86250 [ 0.1810 | 0.055

Ellenberg’s ecological indicators of

fertility F —0.69943 | 0.71470 | 0.1644 | 0.045"
moisture M 0.09952 | 0.99504 | 0.0823 | 0.254
light L 0.00294 | 1 0.3789 | 0.003™
soil reaction | SR —0.30445 | 0.9525310.0755| 0.253

Correlation 12 coefficient and significance level (* p < 0.05; ** p < 0.01;
*** p <0.001) were computed by permutation test (999 iterations). DCA:
detrended correspondence analysis.
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(transitioning from the neighbouring Sphagno recurvi—
Eriophoretum vaginati) and E. hieracifolia. In the lat-
ter, Juncus effusus was dominant, with an admixture of
species from Scheuchzerio-Caricetea class: H. vulgaris
and Carex canescens. In the stagnant water where the
two discharge ditches cross, two reed associations oc-
curred: Phragmitetum communis and Scirpetum lacus-
tris, monoculture aggregations of Phragmites austra-
lis and Scirpus lacustris, respectively. At the shore of
astatic pond, Ranunculo-Juncetum bulbosi was found,
dominated by J. bulbosus.

Dendroecological inventory

Five plant associations were found: Vaccinio uligino-
si—Betuletum pubescentis (5 plots), Scirpetum lacustris
(1 plot), Sphagno—Juncetum effusi (1 plot), Sphagno re-
curvi—Eriophoretum angustifolii (2 plots) and Sphagno
recurvi—Eriophoretum vaginati (3 plots). On the 12
plots, 24 plant species were recorded. Woody species

were present on 10 of the 12 plots, including one on
which only dead trees were recorded (B. pendula and
P. sylvestris). Trees and shrubs were lacking in the
shrub layer (over 50 cm of height) in Scirpetum lacus-
tris, Sphagno—Juncetum effusi and one of two plots
with Sphagno recurvi—Eriophoretum angustifolii. On
the other plots (9 of 12), a shrub and tree layers were in
5 of 12 plots. The highest density of trees and greatest
basal area was on plots with Vaccinio uliginosi—Betule-
tum pubescentis (2,100 to 10,100 ind. ha' and 0.6554 to
9.7145 m? ha™!, respectively).

The highest densities of natural regeneration were
of B. pubescens (present in 9 of 12 plots, 400-534,400
ind. ha') (Table 2). Natural regeneration of F. alnus
occurred in 7 of 12 plots (2800-152,000 ind. ha'), and
the natural regeneration of P. sylvestris was found
only in 4 of 12 plots (800—8000 ind. ha!). The highest
densities of natural regeneration of all species were on
plots with Vaccinio uliginosi—Betuletum pubescentis.

Table 2. Densities of natural regeneration recorded on experimental plots in the dendroecological inventory. All values in table

are ind. ha™!
Successive number of plot
Species Hzlgg:t- 1 2 | 3 a4 | s [ e [7]s]ofw] ]|
name class! Plant association?
1 1 1 2 2 2 3 4 5 4 1 1
Class 1 76,400 | 447,200 2,800 400 400 400 0 0 0 0 0 | 4,800
Class 2 25,200 69,200 6,800 | 1,600 0 400 0 0 0 |400 | 1,200 0
Betula Class3 | 28,800 | 17,200 | 7,600 | 1,600 [ 1,200 olo ool o 0| 400
pubescens
Class 4 0 800 400 0 0 0 0 0 0 0 0 0
Total 130,400 534,400 17,600 | 3,600 1,600 800 0 0 0 |400 | 1,200 | 5,200
Class1 | 11,200 | 89,200 | 8,000 | 1,600 | 2,400 ol ol oo 0 0 | 1,200
Class 2 6,400 38,800 400 | 1,600 2,000 400 0 0 0 0 0 0
Frangula
alnus Class 3 7,200 22,400 5,600 | 3,200 6,000 800 0 0 0 0 0 800
Class 4 0 1,600 4,400 | 2,000 800 | 1,600 0 0 0 0 0 800
Total 24,800 | 152,000 | 18,400 | 8,400 | 11,200 | 2,800 | 0 | 0 | © 0 0 | 2,800
Class 1 1,200 6,000 0 0 0 0 0 0 0 0 0 400
Class 2 0 2,000 0 0 0 0 0 0 0 0 0 400
Pinus
. Class 3 0 0 0 0 0 0 0 0 0 0 | 1,200 0
sylvestris
Class 4 0 0 0 0 0 0 0 0 0 0 400 0
Total 1,200 8,000 0 0 0 0 0 0 0 0 | 1,600 800

Explanations: 1 — height-age classes: class 1: seedlings younger than 1 year, class 2: 1-year-old trees; class 3: tress older than 1 year with height lower

than 50 cm; class 4: trees older than 1 year with height between 50 and 130 cm; 2 — Plant association: 1 — Vaccinio uliginosi—Betuletum pubescentis;
2 — Sphagno recurvi—Eriophoretum vaginati; 3 — Scirpetum lacustris; 4 — Sphagno recurvi—Eriophoretum angustifolii; 5 — Sphagno—Juncetum effusi.
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The natural regeneration of P. sylvestris was recorded
mainly in the first two classes with trees younger than
2 years. The older trees, up to 50 cm (1200 ind. ha')
and between 50 and 130 cm height (400 ind. ha™') were
recorded only on one plot. Natural regeneration of
B. pubescens was more abundant near the NW border
of the peat bog than near the SE border. Density of
natural regeneration was highest in the NW part of the
bog on the first two plots with the highest tree densi-
ties. First class (seedlings, <l-year-old trees) reached
76,400 and 447,200 ind. ha!, second class (1-year-old
trees) reached 25,200 and 69,200 ind. ha'! and third
class (older, up to 50 cm height) reached 28,800 and
17,200 ind. ha'. Fourth class was present only on
plot no. 2 (800 ind. ha'). On plot no. 3, all classes of
B. pubescens natural regeneration were present, but
the density of 2" and 3™ classes were higher than first
and fourth. On plots of Vaccinio uliginosi—Betuletum
pubescentis from the SE part of the bog (plots no. 11
and 12), densities were lower — from 0 to maximally
4800 ind. ha’!, and the fourth class was not recorded.
On plots with Sphagno recurvi—Eriophoretum vagi-
nati, the densities of B. pubescens natural regenera-
tion were lower: from 400 to 1600 ind. ha™! in each
class, but the fourth class (older than 2 years and high-
er than 50 cm) was not recorded. Natural regeneration
of F. alnus had similar densities: the highest values in
Vaccinio uliginosi—Betuletum pubescentis, the lowest
in Sphagno recurvi—Eriophoretum vaginati, and no
natural regeneration in other plant associations.

DCA conducted for relevés from the dendroeco-
logical inventory showed grouping of the relevés along
DCAL axis (Figure 3, Table 3). On the left side of the
ordination space, there are points representing two
plant associations: Vaccinio uliginosi—Betuletum pu-
bescentis and Sphagno recurvi—Eriophoretum vagina-
ti, which are correlated with higher tree stand density
and basal area. Points representing associations typi-
cal for transitional bogs from Scheuchzerio—Caricetea
(Sphagno—Juncetum effusi and Sphagno recurvi—Eri-
ophoretum angustifolii) are located in the right side of
the ordination space. Furthest right was a point rep-
resenting the reed community — Scirpetum lacustris.
The vector representing the shrub layer cover is cor-
related with tree stand parameters (density and basal
area) as well as species richness. All these parameters
reached the highest values in Vaccinio uliginosi—Betu-

letum pubescentis. The Ellenberg’s light indicator is
negatively correlated with these parameters.

C

a Vaccinio uliginosi-Betuletum pubescentis
b Sphagno-Eriophoretum vaginati

¢ Scirpetum lacustris

d Sphagno-Eriophoretum agustifolii

f Sphagno-Juncetum

1 0 1 2 3 4
DCAT

Figure 3. The result of DCA analysis of 12 relevés from the
dendroecological inventory. Analysis parameters: eigenvalues
for DCA1 0.6394, for DCA2 0.3643; axis length: DCA1
5.5163, DCA2 2.1719. Abbreviations of environmental factors
are explained in Table 3. DCA: detrended correspondence
analysis

Table 3. Parameters of environmental variables fitted to
DCA analysis conducted on relevés from dendroecological
inventory. DCA: detrended correspondence analysis

Parameter DCA1 DCA2 r? Pr(>1)
Species | o ~0.96635 | 0.25723 | 0.6671 | 0.012°
richness

Cover of
trees tr cov —0.97046 | —0.24128 | 0.1967 0.401
shrubs sh cov | —0.96860 | —0.24861 | 0.6757 0.013"
herbs he cov 0.33142 | —0.94348 | 0.0217 0.924
mosses mo_cov | —0.93797 | —0.34671 | 0.4315 0.116
Ellenberg’s ecological indicators of

fertility F —0.99382 | —=0.11101 | 0.1529 0.519
moisture 0.98584 0.16767 | 0.2161 0.391
light L 0.86832 | —0.49600 | 0.5600 0.047"
soil -

. SR —0.80036 | —0.59952 | 0.7647 0.010
reaction

Tree stand parameters

basalarea |\ o | 074114 | 067135 | 0.5578 | 0.009"
[m? ha™']
density 1 N ~0.54253 | ~0.84004 | 0.6489 | 0.012"
[ind. ha™']

Correlation r? coefficient and significance level (* p < 0.05; ** p < 0.01;
*** p <0.001) were computed by permutation test (999 iterations).
DCA: detrended correspondence analysis.

In the external part of the bog, there were Vaccinio
uliginosi—Betuletum pubescentis, young tree stands
with B. pubescens, B. pendula and F. alnus. This last
species had twice the density of B. pubescens in the
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NW part of the bog and was absent in SE part of the
bog, where P. sylvestris occurred as a result of former
forest management (in plot no. 12). The most abundant
understory species were M. caerulea, E. vaginatum and
E. hieracifolia together with natural regeneration of
trees and shrubs. In the moss layer, the most frequent
and abundant species were S. cuspidatum, S. fimbria-
tum and P. nutans. Further from bog’s border occurred
Sphagno recurvi—Eriophoretum vaginati, dominat-
ed by clumps of E. vaginatum, with accompanying
E. hieracifolia. The wetter part of peat bog (near the
discharge ditches) was occupied by Sphagno—Juncetum
effusi and Sphagno recurvi—Eriophoretum angustifolii,
the moss layer was poorly developed and herbaceous
layer species from Scheuchzerio-Caricetea dominated:
E. angustifolium, J. effusus and H. vulgaris. These spe-
cies were also accompanied by E. hieracifolia. Natural
regeneration of trees and shrubs were not abundant. In
the cross of the discharge ditches (plot no. 7; Figure 1),
a reed community — Scirpetum lacustris occurred.

Comparison of results from both inventories

The dendroecological inventory recorded 24 species in
12 relevés, while the phytosociological inventory re-
corded 37 species in 29 relevés. In total, 22 species were
common to both inventories. Species composition of
recorded plant communities was similar, independent-
ly on sampling protocol — whether plots were chosen
subjectively or systematically. The points representing
the same plant communities in DCA analyses for both
inventories were similarly located: on the left side of
the ordination space were Vaccinio uliginosi—Betuletum
pubescentis and Sphagno recurvi—Eriophoretum vagi-
nati and other plant associations were on the right side.
Tree stand parameters (density and basal area) meas-
ured during dendroecological inventory were correlat-
ed with DCA results explaining 56 and 65% of species
composition variability of studied plant communities in
DCA ordination space.

DiscussioN

A successional gradient from open peat bog communi-
ties to relatively dry forest associations was observed
in the study area for both inventory methods. In the
driest part of the bog (near borders), tree stand pa-

rameters (density and basal area) as well as density of
natural regeneration of trees and shrubs were highest.
The wetter part of the peat bog had lower tree stand
parameters (basal area and density) and natural regen-
eration densities.

Encroachment of the trees
and shrubs on peat bog

In the peat bog, the first woody species to enter were
B. pubesens and F. alnus, however, the latter species
gave way to B. pubescens. Scots pine appeared only in
SE part of the bog, however, its presence was an effect
of former planting (Maciantowicz ef al. 1999). The sur-
vival of Scots pine seedlings in all experimental plots
was low. Most likely, this was an effect of lower com-
petition abilities of Scots pine in conditions of drained
transitional bog with expansion of herbaceous plants
(e.g. M. caerulea, E. vaginatum) as well as woody
species with higher rates of height increment (B. pu-
bescens, F. alnus). These conditions cause lower light
availability, due to high density and cover of shrub and
herbaceous layers.

Freléchoux et al. (2003), studying mountain bogs
in Switzerland, found that communities with B. pu-
bescens compose an intermediate stage of succession
between open raised bogs and Norway spruce forests.
This intermediate stage is a relatively persistent plant
community. It can be assumed that B. pubescens is
a species facilitating entering late-successional spe-
cies by habitat modification: shading, decreasing
groundwater table level and increasing nutrient avail-
ability (Johansson 1995; Kozlowski and Pallardy 1997;
Fay and Lavoie 2009). Cohorts of F. alnus and B. pu-
bescens seedlings appear at the same time, however,
B. pubescens is able to grow under a canopy (Zarzy-
cki 1979; Czerepko 2010) and F. alnus facilitates the
survival of B. pubescens in the first year. Due to the
different rates of height increment, after several years,
B. pubescens overgrows F. alnus and dominates the
young forest canopy in the initial stage of Vaccinio ul-
iginosi—Betuletum pubescentis.

High densities of B. pubescens natural regenera-
tion are a result of habitat availability, however, few
trees reach heights above 50 cm. Although, lowering
the groundwater table and partial peat mineralisation
increases habitat availability for trees (Limpens et al.
2003; Herbichowa 2004), seedlings in the inner part of
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the bog most often lose in competition with expansive
herbaceous species, that is, M. caerulea and E. vagi-
natum. M. caerulea is an especially expansive species,
which in conditions of lowering groundwater table and
increased nitrogen availability, may become a dominant
component of vegetation in extensive areas (Limpens
et al. 2003; Herbichowa 2004, 2005; Tomassen et al.
2004), which limits the light availability for seedlings
of trees and shrubs. At the border of the bog in con-
ditions of more mineralised peat, the presence of tree
stands and deeper drainage cause higher survival prob-
ability for seedlings. Sarkkola et al. (2004), based on
their observations from permanent plots, argued that
higher survival probabilities and better conditions for
development of seedlings and saplings occur during the
first 20 years after drainage.

Presence of dead B. pendula and P. sylvestris
specimens in some of plots may be an effect of tem-
poral groundwater variability connected with various
precipitation in previous decades. It may reflect the
germination-dying off concept (Eckstein et al. 2011)
typical for undisturbed mires. According to this con-
cept, dead trees may be remains of tree stand, which
emerged in an optimal hydrological phase (i.e. few
years with lower groundwater table level) and after
some years, with higher precipitation, these trees died.
Information about fluctuations in tree stand cover in
‘Mszar Bogdaniec’ was also supplied in Macianto-
wicz et al. (1999). It may show that even in a drained
bog, processes determining population dynamics of
trees occur in a similar way. However, this assump-
tion needs further research, especially because most
of the dead trees were found in the SE part of the bog
where ridges were prepared for pine plantation and it
could influence hydrological conditions in this part of
bog, which may also explain spatial variation in natu-
ral B. pubescens regeneration.

Model of succession
in the drained transitional bog

The successional gradient, observed by the dendro-
ecological inventory, has shown how the relation-
ship between tree stand parameters and succession
progresses. In drained plant communities typical for
transitional bog (from class Scheuchzerio-Caricetea:
Sphagno—Juncetum effusi and Sphagno recurvi—Erio-
phoretum angustifolii) or for raised bog (recorded in

previous study as Sphagnetum magellanici (Macianto-
wicz et al. 1999), these plant communities transform
into a species-poor association of Sphagno recurvi—
Eriophoretum vaginati, which is typical for degraded
and drained raised bogs (Jasnowski 1962; Herbichowa
2004; Ratynska et al. 2011). In this plant association to-
gether with further lowering of the groundwater table,
the conditions promote establishment of M. caerulea,
F. alnus and B. pubescens. In this stage, the growth
of F. alnus and B. pubescens leads to the formation of
a dense shrub layer. The increasing shrub layer cover
with decreasing moisture was described for example by
Gunnarsson et al. (2002), Fay and Lawoie (2009) and
Talbot ef al. (2010). The shrub community creates con-
ditions more suitable to higher incremental growth of
B. pubescens, which starts to create dense tree stands
that can replace F. alnus. This is a result of the dynam-
ics of B. pubescens height increment in the first year
of life and higher maximum height of B. pubescens.
Massive occurrence of B. pubescens causes feedbacks
— due to high efficiency of foliage; its transpiration rate
is very high (Szaniawski 1979; Kozlowski and Pallardy
1997), which leads to further drainage (Herbichowa et
al. 2007; Parish et al. 2008; Fay and Lavoie 2009; Tal-
bot et al. 2010). This positive feedback between shrubs
and trees in boreal peat bogs was also described by
Holmgren et al. (2015).

This case study is different from the classical
scheme of succession in raised bogs. This scheme in-
cludes massive entering of Scots pine and a stage of
pine bog forest Vaccinio uliginosi—Pinetum, as an im-
portant phase of succession (Jasnowski 1962; Ellenberg
1988; Herbich 2001; Herbich and Herbichowa 2002;
Herbichowa et al. 2007; Czerepko 2010, 2011). The lack
of the Vaccinio uliginosi—Pinetum stage and even plant
communities referring to this stage, both in this study
as well as in historical materials (Maciantowicz et al.
1999), suggests another course of succession. Although,
the size of propagule bank in the nearest neighbourhood
is sufficient (bog is surrounded by tree stands of Scots
pine), this species’ survival is low and it is not numer-
ous. It may suggest that in conditions of strong peat
mineralisation and release of nitrogen (Maciantowicz
et al. 1999) as well as lowering the groundwater table,
species with higher resource requirements (i.e. B. pube-
scens, F. alnus) are better competitors than Scots pine.
It also shows that seedlings of B. pubescens and F. alnus
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are less vulnerable to competition with the herbaceous
layer, especially E. vaginatum and M. caerulea, which
are stronger competitors than Scots pine seedlings.
A similar pathway of succession in raised and transi-
tional bogs found in this study was observed only in
Lebskie Bagno and Czarne Bagno (N Poland) by Her-
bich and Herbichowa (2011).

Differences in floristic composition
of understory in successional stages

In the late-successional stages, the number of species
typical to bogs was lower than in early-successional
stages. Czerepko (2011) found that the share of species
typical for bogs decreased and share of species typical
for coniferous forests increased over the past 35 years
in bog pine forests (Vaccinio uliginosi—Pinetum) of NE
Poland. Based on data from the dendroecological and
phytosociological inventories, this study showed differ-
ences in floristic composition of the plant associations
studied. Although, the species richness increased along
a successional gradient, the number of species typical
for bogs did not increase. Moreover, in Vaccinio uligi-
nosi—Betuletum pubescentis, the cover of M. caerulea
was high and in the future, may dominate the floristic
composition of the forest decreasing the species rich-
ness (due to dominancy and competition). This species
is also an indicator of drainage and degradation of this
plant association in natural habitats (Jasnowski 1962;
Ellenberg 1988; Herbich 2001; Herbich and Herbichowa
2002; Herbichowa 2004).

In addition to native species not typical for bogs
entering the plant community, attention should be
paid to invasion of E. hieracifolia. This species comes
from North America where it is a common and im-
portant weed (Darbyshire et al. 2012). Although this
species was rarely recorded in wetland ecosystems
and Chmura (2004) did not find it in raised bog, Or-
lov and Yakushenko (2011) and Koczywas et al. (2012)
provided information about some occurrences in bogs.
Also, Tokarska-Guzik et al. (2009) and Koczywas et al.
(2012) found the species in reed communities and along
streams. In the area studied by us, E. hieracifolia had
its ecological optimum in degraded raised/transitional
bog plant associations: Sphagno recurvi—Eriophoretum
vaginati and Sphagno recurvi—Eriophoretum angusti-
folii, reaching cover up to 25% and high frequency. It
also appeared in a clearing near the nature reserve in

which the study took place and in the neighbouring (c.a.
1 km) ‘Baszkow’ nature reserve (Gdula et al. 2014). Its
habitat preferences in invaded range include clearings
and forest paths in habitats of coniferous and mixed co-
niferous forests (Chmura 2004; Orlov and Yakushenko
2011; Koczywas et al. 2012), which are considered to
have similar fertility range to plant associations where
E. hieracifolia had its optimum in this study (Ratynska
et al. 2011). This may show that E. hieracifolia may be
especially problematic to drained transitional bogs and
due to its quick expansion and recent manifestation of
invasiveness (Chmura 2004; Orlov and Yakushenko
2011; Koczywas et al. 2012), all localities of this species
should be monitored.

Comparison of dendroecological
and phytosociological approach

Compared with classic phytosociological inventories,
dendroecological inventories provide important addi-
tional data about tree stands, which are correlated with
the data on plant communities, although phytosocio-
logical relevés provide information about presence and
abundance of woody species. Moreover, data about veg-
etation layers cover may be a base to discuss vegetation
changes connected with encroachment of woody spe-
cies into non-forest habitats. However, dendroecologi-
cal approach provides more data, which allow to more
precise assessment of succession progress and using
data about trees increments may be useful to predict the
strength of vegetation changes in future. Similarly to
Laine ef al. (1995), data about tree stands were strongly
correlated with the diversity of plant communities. Due
to this information, the strength of woody species ex-
pansion and progress of succession could be quantified.
Based on tree stand data, it will be possible to predict
the near-future direction and dynamics of successional
processes. Updating data about species composition of
plant communities by tree stand parameters will help
assessing the progress of succession and projecting
management and conservation guidelines.

CoNCLUSIONS

In the drained raised/transitional bog in ‘Mszar
Bogdaniec’ nature reserve, we can observe human-al-
tered succession — encroachment of woody species and
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formation of a forest plant community dominated by
B. pubescens. This succession goes from communities
typical for raised and transitional bogs by its degenerat-
ed form typical for drained sites — Sphagno revurvi-Eri-
ophoretum vaginati, to shrubs with F. alnus and B. pu-
bescens. Due to different dynamics of height increment
in the first year of life of these two species, B. pubescens
is able to grow under the canopy of F. a/nus and overtop
it over a period of several years. Tree stand parameters
(density and basal area) are important variables, which
explain species composition of a variety of plant com-
munities. This data may be provided by dendroecologi-
cal inventory and allows prediction of further succes-
sional progress. The successional pathway documented
in this study is different from the classic scheme woody
species entering drained bogs. It may show that in con-
ditions of transitional bogs, Scots pine is not able to
compete with herbaceous and woody competitors and
species with higher trophic requirements, so that B. pu-
bescens becomes the most important and dominant tree
species. Therefore, expansion of B. pubescens should be
a warning in bog monitoring before more dramatic eco-
system changes. Moreover, the process of succession in
drained transitional peat bog created suitable conditions
for the expansion of alien invasive herb — E. hieraci-
folia, which previously was rarely recorded in wetland
ecosystems. This shows the capability of this species to
invade disturbed peat bogs, which, due to recent mani-
festation of invasiveness, may be the new serious threat
to transitional bog vegetation.
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