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Long-term changes in the Leucobryo-Pinetum community: interactions
between the tree-stand, understorey and moss layer

Wieloletnie zmiany w zespole Leucobryo-Pinetum: interakcje pomigdzy drzewostanem
i podrostem a warstwa mszysta

SUMMARY

Results of the research at 0.5 ha permanent study plots in two patches of Leucobryo-Pinetum
community in the Roztocze National Park over a period of almost 40 years are discussed. The chan-
ges in the canopy species composition and their effect on the composition and arrangement of the
moss layer were analysed. The share of pine in the number of trees decreased markedly over the
study period. Instead, numerous species of trees, casting deep shade on the forest floor vegetation
(fir, spruce, beech and oaks), encroached the tree-stands. A similar tendency of changes took place
in the shrub layer: a decrease in the percentage contribution of light demanding and moderately light
demanding tree species and an increase in the shade-tolerant ones. In contrast, the changes in the
moss layer were mainly quantitative, but they were essentially related to the transformation in the
tree stand. The considerable increase in the proportion of broadleaved species in the tree stand and
understorey and, in consequence, a high cover of broadleaved litter greatly inhibited the develop-
ment of terricolous bryophytes characteristic of coniferous forests.

STRESZCZENIE

W pracy przedyskutowano rezultaty prawie czterdziestoletnich obserwacji prowadzonych na
dwoch statych, pothektarowych powierzchniach badawczych. Zlokalizowane sa one na terenie Roz-
toczanskiego Parku Narodowego w ptatach zespotu Leucobryo-Pinetum. Analizie poddano zmiany
sktadu gatunkowego drzewostanu oraz ich wptyw na sktad i rozmieszczenie naziemnej warstwy
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mszystej. Udzial sosny w liczbie drzew spadt bardzo wyraznie w okresie prowadzenia obserwacji.
Na jej miejsce licznie wkroczyty gatunki drzewiaste silnie ocieniajace glebg, jak jodta, $wierk, buk
i deby. Podobne tendencje zmian mialy miejsce w warstwie krzewdw: spadt udziat procentowy
drzewiastych gatunkow $wiattozadnych i umiarkowanie $wiattozadnych, przy wzroscie udziatu ga-
tunkoéw cieniozno$nych. Natomiast zmiany zaobserwowane w warstwie mszystej miaty gtownie
charakter ilosciowy, ale istotnie zwiazany z przeksztalceniami w warstwie drzew. Znaczacy udziat
gatunkow lisciastych w drzewostanie i podroscie, a w konsekwencji wzrost ilosci $ciotki lisciastej
zalegajacej na dnie lasu, bardzo wyraznie zahamowat rozw¢j naziemnych mchow charakterystycz-
nych dla fitocenoz borowych.

Keywords: oligotrophic pine forests, moss layer, species composition, long-term changes,
deciduous litter, interactions, Roztocze National Park

INTRODUCTION

Oligotrophic pine forests are natural in Poland (17, 18) and many rare and threatened plant
and animal species occur in them. Species richness and habitat diversity will be maintained as long
as such forests are adequately preserved. However, directional transformations of coniferous com-
munities are often observed (18, 28, 29, 30, 32, 33, 35, 42). It is often believed that they result
from habitat eutrophication caused by industrial pollution emission, mostly nitrogen and phosphorus
compounds and dusts (4, 16, 30, 31), and by climate changes (12, 13, 26) that trigger succession
processes. These changes may eventually lead to a complete disappearance of such communities
(23, 24). They are less frequently associated with natural processes of tree-stand development or
regeneration subsequent deformation caused by different usage types. As the volume of air pol-
lution emission (15) and the condition of coniferous forests in the Roztocze area (8) may suggest,
processes similar to those described above may be taking place here. The majority of phytocenotic
studies cited above deal with changes in separate layers of communities. Only few studies adopt
a comprehensive approach and analyse whole phytocoenoses, including the terricolous bryoflora.
Aggregations of these plants are considerably influenced by habitat conditions in communities and
often visibly react to their transformations (e.g. 7, 21, 22, 27, 39). Some bryophyte species, e.g.
feather mosses, may therefore be very good indicators of phytocoenotic transformations like expan-
sion of broadleaved species in the coniferous forests.

Feather mosses like Pleurozium schreberi and Hylocomium splendens dominate in the ground
cover of coniferous-dominated forest stands (19, 37), but in the same geographic regions and in the
same site conditions, forest stands that have a component of deciduous trees do not develop feather
moss layer (2). Mosses may be suppressed by the leaf litter from broad-leaf species such as beech,
oak or aspen. The leaf litter periodically blankets the ground, thereby blocking light transmission to
the mosses (36, 38). Dense deciduous leaf litter can also be an important factor limiting the growth
and establishment of mosses (6, 20). The compounds released by the deciduous litter might have
allelopathic effects which directly inhibit the development of mosses (14). Additionally, Startsev et
al. (34) demonstrated experimentally that the leaf litter had negative effects on feather moss growth
and survival caused much more damage to these bryophytes than pine litter. Therefore, the stand
structure and composition may directly affect moss growth.

Suboceanic pine forests Leucobryo-Pinetum Mat. (1962) 1973 cover almost 19% of the forest
area in the Roztocze National Park (Fig. 1A). The moss layer is well-developed in these phytocoeno-
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ses (65-80% of the cover). Rare, protected and mountain species of vascular plants occur in them

). T
those

he state of preservation of these communities in the Park may suggest that processes similar to
described above may be taking place here. Therefore, the main aim of the study was to answer

the following questions:

1. To what degree does the increase of deciduous tree species share in the canopy composi-

tion affect the composition and arrangement of the moss layer?

2. Isthe course of spontaneous changes in species composition directional and parallel in the

analysed forest layers?
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STUDY AREA AND METHODS

The results are a part of comprehensive comparative research on the dynamics of tree stands
and the herb layer in the actively and passively protected phytocoenoses in the Roztocze National
Park. These studies are conducted in permanent study plots located in several forest communities
(P1-P8 plots; Fig. 1A). In this article, changes recorded at two study plots, P6 and P8 (Fig. 1B-C), re-
presenting Leucobryo-Pinetum forest communities, are presented. In the phytocoenoses examined,
the pine stands were planted in the 1920s and they were managed subsequently by the State Forests
Holding until the early 1970s. The study plots (0.5 ha) were established in the stands in 1971-1974
(9, 10) and that was the first (I) term of measurement. As separate tree-stand divisions, the plots
were excluded from forest management afterwards. It activated processes of spontaneous changes
in the phytocoenoses. After the plots were restored, the tree stand, understorey, and moss layer were
re-examined in 1995-1998 (measurement term II) and in 2007-2009 (measurement term III). The
stand measurement methods were based on the research conducted in the 1970s. Each study plot
was divided into a net of squares 10 x 10 m. Observations were carried out on two levels: a 100 m?
square, and a 0.5 ha study plot. The numbers of individuals of each species in the tree stand were
calculated for each plot studied (P6, P8). The cover of the moss layer and litter was estimated as
percentage participation within each square and its distribution pattern was mapped for each plot.
Three litter types were distinguished: broadleaved (participation of needles below 20%), mixed
(20-80%) and coniferous (above 80% of needles). A full list of terricolous bryophytes (mosses and
liverworts) was made for each square and study plot. The total cover of the key bryoflora species
was determined (calculated as the average percentage cover for all the squares in a plot). Changes
in the cover of four mosses, characteristic of coniferous forest: Dicranum polysetum, Hylocomium
splendens, Leucobryum glaucum and Pleurozium schreberi, were assumed as an indicator of trans-
formations of the moss layer.

All trees with the diameter at breast height (DBH) exceeding 7 cm were considered to be forest
stand trees, while the smaller ones were regarded as forest regeneration. In the latter category, indi-
viduals whose height exceeded 0.5 m were considered to be the undergrowth. Each stand tree was
numbered and exact places of DBH measurement were marked in the bark of trees. Measurements
of the stand trees included their diameters (measured in two perpendicular directions), heights and
height of their crown base (using the Vertex VI as a measuring device). Forest regenerations were
counted in the whole study plots.

RESULTS

At the beginning of the study the tree and moss layers were very homogenous
and almost identical in both plots studied. The tree stand was entirely domina-
ted by pine, and terricolous bryophytes covered 65% of the forest floor in both
patches.

The course of changes in the first study plot (P6) considerably differs from
the second one (P8). Therefore, each study patch is described separately.

Research plot no 6
Tree stand and litter. During almost 40 years, the mono-species tree stand
with a complete dominance of pine transformed into a multi-species tree stand
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with an almost 60% contribution of fir and spruce. A three-fold decrease in the
share of pine was observed in that period and numerous species casting deep
shade on the soil entered the tree layer. Altogether they constituted 65% in the
tree-stand (Table 1). At the beginning of the study coniferous litter dominated on
the forest floor and covered 35% of the research plot area. Currently, the litter co-
vers about 36% of the research plot and it shows a mosaic pattern of distribution.
The cover of broadleaved litter increased, while the cover of the coniferous one
considerably decreased over the study period (Fig. 2).

Understorey. An over ten-fold decrease in the percentage contribution of
spruce and an even greater decrease in the share of juniper was observed in the
shrub layer. In contrast, fir and beech intensively encroached on this layer (Table
1). A two-fold increase in the abundance of alder buckthorn Frangula alnus and
black cherry Prunus serotina was recorded in the last ten years. The latter took the
places mostly in the range of canopy gaps or transparencies.

Moss layer. At the beginning of the observations, bryophytes occupied
65% of the study plot and Pleurozium schreberi was the dominant species. The
cover of the moss layer did not change during the study period but participations
of particular species changed significantly. The percentage share of Leucobryum
glaucum and Hylocomium splendens considerably increased (Table 1). Currently,
P. schreberi still dominate in the layer, but its cover decreased by about 15%. Two
new taxa (Ptilium crista-castrensis and Polytrichastrum formosum) were recor-
ded there. The symptoms of their spreading tendency were observed. Additional-
ly, a few gametophytes of Thuidium tamariscinum, the characteristic species of
the Abietetum polonicum forest community, were discovered.

Research plot no 8

Tree stand and litter. As in plot 6, the species composition of the tree stand
changed considerably. The share of pine in the number of trees decreased by over
40% and broadleaved species, especially beech, encroached on the tree stand.
A slight increase was also recorded for spruce. The number and share of fir indi-
viduals remained unchanged. Considerable changes in the stand species composi-
tion have an effect on the cover and type of litter lying on the forest floor. At the
beginning of the studies, the participation of broadleaved litter in the patch was ca.
2% and coniferous litter occupied '/, of the area. Current observations showed that
broadleaved and mixed litter considerably dominated in the patch, while the share
of coniferous litter was very small (Table 1). All the litter types cover nearly 60%
of the plot and form large, non-partitioned patches (Fig. 2).

Understorey. Similarly to the tree layer, the share of beech increased consid-
erably in this part of the forest (Table 1). The contribution of other species such as
spruce and oaks decreased. An increase in the abundance and percentage of silver
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Table 1. Long-term changes in the tree, shrub and moss layers

Percentage share in Plot 6 Plot 8
1971-1972 | 2008-2009 | 1973-1974 | 2008-2009

Species T|s|Tt|]s | T]s | T]Ss
Pinus sylvestris 98.8 - 346 | 0.1 | 99.1 - 57.0 -
Abies alba 0.6 | 11.3 | 40.1 | 54.7 - 1.3 0.8 1.3

“» | Picea abies 0.6 | 8.5 | 185 | 8.1 - 20.7 | 8.6 | 8.1

% Fagus sylvatica - 3.1 5.7 | 303 - 16.0 | 27.2 | 45.7

% Quercus petraea - - - - 03 | 47.1 | 46 | 26.0

.é Quercus robur - - - - - 1.3 8.8

g Quercus rubra - - - 0.25 - 12.0 | 0.5 5.0

% Sorbus aucuparia - 0.1 - 0.9 - 1.1 - 0.4

& Prunus serotina - - 1.1 5.6 1.3 - -
Betula verrucosa - - - - 0.6 1.3 03 | 46
Populus tremula - - - - - 0.5 - -

1971-1972 | 2008-2009 | 1971-1972 | 2008-2009

Pleurozium schreberi 51.8 36.7 48.6 17.2
Hylocomium splendens 5.4 14.3 0.8 13.0

. Dicranum polysetum 5.5 4.0 14.6 1.2

g Leucobryum glaucum 1.9 6.9 - 0.02

% Ptilium crista-castrensis - 0.3 - 9.0

= Polytrichastrum formosum - 1.5 - 0.9
other species” 0.4¢ 0.1° 1.0¢ 0.24
Total 65.0 63.9 65.0 414

! Percentage participation of tree / shrub species

2Percentage cover of individual species

"Atrichum  undulatum®, Buxbaumia aphylla®, Cephaloziella divaricata®, Dicranella

heteromalla®, Dicranum scoparium

abed
5

Herzogiella seligeri®, Hypnum cupressiforme®,

Lophocolea heterophylla®, Orthodicranum montanum®, Plagiomnium affine®, Plagiothecium
laetum®™, Pohlia nutans™, Polytrichum piliferum®, Scurio-hypnum oedipodium®, Sphagnum
capillifolium®™, S. fimbriatum®, Tetraphis pellucida®, Thuidium tamariscinum®
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Fig. 2. The current distribution pattern of terricolous bryophytes and participation of the parti-
cular litter types at plots studied (P6, P8). A — leaf litter, B — mixed litter, C — coniferous litter, D —
bryophytes
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birch and downy birch before the 1990s was followed by their decrease. On the
other hand, the abundance of juniper decreased throughout the study period.

Moss layer. In 1970s, the terricolous bryophytes occupied 65% of the patch
and the greatest cover was noted for Pleurozium schreberi and Dicranum poly-
setum. After almost 40 years the moss layer covered 41% of the study plot only.
A significant increase in the cover of Hylocomium splendens and a considerable
decrease in the share of P. schreberi and D. polysetum were observed in 2009
(Table 1). Two new species were noted: Polytrichastrum formosum and Ptilium
crista-castrensis. The cover of the latter one amounts to 9% of the plot studied.
Currently, P. crista-castrensis together with P. schreberi and H. splendens is the
main component of the moss layer.

DISCUSSION

Mono-species tree stands were recorded at the beginning of the study. Their
composition changed considerably over the study period. The abundance and
share of pine clearly declined in both plots. Species such as fir, spruce, beech
and oaks enter both phytocoenoses. Similar trends of expansion of broadleaved
species to pine stands in oligotrophic habitats have been observed in north-east
Poland (1, 3, 12, 24, 25, 29) and in Germany (42). However, in north-east Poland
these processes progress differently from those in Roztocze due to a different geo-
graphical location and a poorer tree stand composition.

It should be noticed that the dynamic development of species strongly sha-
ding the forest floor probably caused a considerable decrease in the abundance of
both young and older individuals of juniper, a coniferous species that prefers full
light (41).

The cover of the moss layer and its species composition were similar in both
patches at the beginning of the study. During the whole study period, the cover of
bryophytes did not change in the first plot (P6) and decreased by 20% in the sec-
ond (P8), although no qualitative changes in both studied patches were observed.
The abundance of Pleurozium schreberi and Dicranum polysetum decreased in
both plots, particularly in P8 (respectively 30% and 13% drop in the cover). The
considerable increase in the proportion of broadleaved species in the tree stand
and understorey and, in consequence, a high cover of broadleaved litter greatly
inhibits the development of terricolous bryophytes characteristic of coniferous
forests (6, 14, 20, 34). This is the main factor shaping the cover of the moss layer
and percentage participation of individual bryophyte species in the studied plots.
Leaf litter seems to be the major cause of the paucity of bryophytes on the forest
floor, especially in the second plot (P8).
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In both patches, appearance and expansion of Ptilium crista-castrensis and
Polytrichastrum formosum was observed. The first species has phytocoenotic
optimum in Leucobryo-Pinetum community (5, 8, 11, 40). According to our ob-
servations, its appearance after forest management was ceased, which may be
regarded as a return to the natural habitat. The second taxon in the studied patches
is clearly associated with wild boar rooting places, but this phenomenon needs
further, separate studies. For this reason, the expansion of P. formosum may be
significant in the local scale only and caused by local conditions. The appear-
ance of a small population of Thuidium tamariscinum, the species characteristic
of Abietetum polonicum associations (17) in the first plot (P6), may be a signal of
patch transformation towards the mesotrophic submontane fir forest, but further
observations of its dynamics are needed. The comparison of long-term changes
in the frequency of major moss species and the present differences in their cov-
er between the two patches suggest divergent forest transformations. Changes in
the tree species composition are reflected in the moss layer; however, based on
bryophytes only, it is impossible to determine whether a directional change or
a fluctuation is taking place. Bryophytes react to changes mostly quantitatively
with the species composition changing slightly. Further observations of spreading
and receding species will confirm whether the changes observed in the moss layer
are directional.

If the observed tendency of changes in the tree species composition persists,
directional transformations, as a secondary succession or potential regeneration,
towards Querco roboris-Pinetum in plot 8 and Abietetum polonicum in plot 6 may
be expected. This is particularly apparent in the dynamics of tree species entering
the stand. It should be finally stressed that despite the directional changes in the
species composition of the tree stand and the understorey, they are definitely less
conspicuous in the moss layers (species composition was not changed or was
changed slightly). The change in the cover of the particular species was observed,
but this process is essentially related to the transformation in the tree stand.
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