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CHAPTER 36
THE LIBOREZY BOG PRIOR TO EXTRACTION

L. Soukupova, V. Bauer, J. Jenik, L. Klimes, §. Kudera
and K. Prach

The size and diversity of 50 mires in the Trebon Basin Biosphere Re
(TBBR) attract numerous paleo-ecologists interested in Postglacial development
of Central European landscapes, however, the value of these ecosystems for
(actuo)-ccological studies is also substantial. Five peatlands in the TRBR are
dominated by old-growth stands of bog pine (Pinus rotundata Link). a tree of
broad environmental range, yel, of exceptional tolerance to walerlogged soil

sCrve

(see Figure 30.1). These stands offer an opportunity to examine structural
differentiation of a resistant tree population in relation to other woody plants
commonly participating in Central European hydroseres.

Ecological studies of the bog pine mires in the TBBR were initiated by
Ambroz (1927, 1948) and continued after World War I1 by Biezina (1956, 1957).
Palynological examination of peat deposits has been summarized in Jankovskd
(1980), Chapter 31. Human activities have affected these stands to different
degrees: Borkovice Bog was fully extracted and only a marginal strip was
preserved. Cervené Blato (see Chapter 32) and Zofinka bog have been marginally
influenced by preceding drainage and plantations of Scots pine (Pinus svilvestris)
and Norway spruce (Picea abies) but their bog pine stands were finally preserved
by declaration of the areas as nature reserves. Siroké Bog, situated on the Czech/
Austrian border, remained mostly untouched and was ultimately declared a nature
reserve in 1994, Until recently, Libofezy Bog had remained undisturbed by
humans due to its distance from the nearest village; however, at the beginning
of the 1980s this locality was licensed for extraction, drained, clear-cut and
heavy machinery was used to exploit the peat.

Legislative protection for Libofezy Bog was not forthcoming, due to its
unfortunate position astride the boundaries of the TBBR; only recently a smaller
part of this mire has been designated Losi Blato Nature Reserve. In view of the
imeversible destruction to this unigue ecosystem, an opportunity arose o analyse
the bog pine forest by dendrometric methods, including destructive procedures.
A group of ecologists from the Institute of Botany, formerly Czechoslovak
Academy of Sciences, undertook this research in summer 1983, Evaluation of
some data was performed within the GACR project 206/99/1411.
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STUDY SITEAND M ETHODS
ated 14 km eastof Trebori town, close to the eastern boundary

ibotezy Bog is situ : L
LGy 5ok xtensive mire complex filled a narrow valley

e TBBR (Figure 30.1). An e ! : a3 .
?rfolr: north to south for about 6 km. The bedrock is mainly Proterozoie granite,

covered by an extensive layer of Tertiary s:mds: u.nd ;:r;njt]«nnds. The altitude
is between 460 and 470 m, mean annual prccqnlgnnn is 655 mm, and mc'..m
annual air temperature is NSECE, 'l"hF growing sc:us.u|1..cx|1|-c“cd in
meteorological terms, lasts for 148 days, Irm.n Mny Ist to -(’L‘I’_lcmhcr 251h.
Prior to extraction, the depth of peat deposits in the ccvnlrc o.l the bog reached
4 m. Macroscopic layering of the peat strata was in the following sequence: the
basal layers contained remnants of reed-like plants, above were mixed layers of
and peat mosses. All layers were penetrated

sedges, cotton-grass, brown mosses . ; et
by pieces of wood from broad-leaved trees in the Im‘vcr scclinr!.. and c(mlicm‘m
species in the middle to upper layers. In terms of phytosociology, the mire
developed from a minerotrophic fen, through willow or alder carr, 1o treeless
oligotrophic bogs and stands with coniferous trees — pines and Norway spruce.
The age of the bottom layers is unknown, but analyses from a neighbouring mire
complex (Jankovskd, 1980) suggest a period close 1o the beginning of the
Postglacial. Time of immigration of the bog pine remains unknown.

Phytosociological relevés were recorded in accordance with standard methods
of the Ziirich-Montpellier School (Ellenberg, 1956). Nomenclature of syntaxa
is given according to Rybnicek er al. (1984) and Moravec er al. (1995).
Bryophytes were identified according to Pilous and Duda (1960), and
nomenclature of vascular plants followed Ehrendorfer (1973).

Detailed studies in the central section of Libofezy Bog were undertaken on
six experimental plots (P-1 to P-6), of 25 by 25 m. Based on the preceding
measurement of peat depth, groundwater table and the phytosociological survey,
each plot represented a different type of bog pine stand. In each plot, standing
live and dead trees more than 5 cm in diameter at breast height (dbh) were
recorded and plotted on a map by means of rectangular coordinates. Height,
dbh and crown projections were measured for each tree. Basal area, density,
Simpson’s index of dominance (Odum, 1983) and spatial pattern R (Clark and
Evans, 1954) were also assessed. In addition, a profile diagram of a belt, S m in
width, was measured and plotted on graph paper. To evaluate radial increment
and age of individual trees, tree borings were performed at breast height in all
hv‘c trees thicker than 5 ¢m: in the description of radial increment, the ‘age’
refers to annual rings recorded at breast height.

RESULTS

Phytosociological identity of Libofezy Bog

'ghr;c \'Cg""“‘““f‘ ‘)'PL_‘.% .\\'L‘rc distinguished along the environmental gradient of
the forested section of I_lhoj-czy Bog. Aninner belt adjacent to the central treeless

zone, situate P s : : :
ne, situated on the deepest pea sediment, was oceupied by single-dominant
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Figure 36.1  Cross section through Libofezy Bog showing the situation of plots P-1 1o
P-7. distribution of tree species and range of phytosociological units are described in
Table 36.1

bog pine stands belonging to the Pino mrmr:.’ufr.-c-Sphcmm'.mm Kéi?mcr et
Flossner 1933 corr. Neuhidusl 1969, an association from oligotrophic hm:ts
summarized within the Oxycocco-Sphagnetea class. The wet variety of this
community on the outer hm:r. expanse was analysed within the P-1 and P-2 plots;
drier variety (P-3 and P-4) showed some transitional ch;lructcrs.m\\-urd\‘ the
Betuletum pubescentis Tiixen 1937, an association of the Vaccinio-Piceetea chns's.
which prevailed over the marginal slopes of the bog and was well dc\'e!ol?“d 10
P-5. The lagg zone was marked by a shallow peat layer ;qu the p'm.\a:mt:,' ol
mineral ground (P-6) and was covered by a Norway spruce forest with Avenella
flexuosa in the herbaceous layer. Distribution of tree species along a transect
crossing the bog is illustrated in Figure 36.1.

Bog pine woodland

0 . o : J : - ~ e canopy
The wettest sites of the Pino rotundatae-Sphagnetum had an open tree le: )
" H 3 3 3 1 g ' bog

composed of rather short and even-volume specimens of predominantly bog
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pine, with a fes less vigorous specimens of Scots pine. Full saturation of peat
by water was reflected in the common occurrence of Eriophorum Vaginatum
:l;l(.i Oxycoceus palustris; Ledum palustre was “l-"'_f’ IR almost continuoys
cover of Sphagnum recurvion ind_icnlcd a deficiency in nutrients, Other
oligotrophic vascular and moss S])L’L‘ILTS were absent.

Drier habitats with prevailing bog pine were marked by participation of Scots
pine. Presence of Molinia caerulea, Avenella flexvosa and Vaceiniym myrriflys
in the herb layer, and Pleurozium schreberi and Dicranum polysenum in the
moss layer, suggested the previous impact of human-induced drainage in adjacent
foresls.

Still drier sites hosted closed-canopy stands of bog pine. Admixture of S¢ors
pine (Pinus sylvestris) and Pinus X digenea, a hybrid between bog and Scos
pine, was apparent. A patchy herb layer corresponded with the discontinuous
tree canopy. Sphagnum mageflanicum and S. recurvien indicated spots with
higher water saturation, but oceurrence of Vaccinium myrtillus, Molinia caeruleq
and Avenella flexuosa indicated seasonal drying out of the peat surface.

Transitional woodland towards coniferous taiga

The canopy of the woodland with participation of Betula pubescens is rather
loose. Pinus sylvestris is more abundant, and Betuda pubescens, Picea abies
and Pinus rotundata make up the admixture. The shrub layer is dominated by
black dogwood (Frangula alnis). In the patchy herb layer, grasses (_'u[umug;'n.\'n:\
canescens, Molinia caerulea and Avenella flexuosa alternate with species well
adapted to waterlogging, such as Carex canescens. Oxycoccus palusiris,
Sphagnum recurvim and §. magellanicum.

On the periphery of the bog, swampy spruce-pine taiga belonging to the
Betulion pubescentis alliance was established. Patchy soil moisture was reflected
in the interlacing of Scots pine, birch and Norway spruce. Vigorous regeneration
of Norway spruce was visible in the shrub layer. Finally, the outer lagg zone of
the bog was occupied by coniferous taiga with Norway spruce. The closed-
canopy Siﬂnfl developed over a thin layer of peat drained by shallow ditches. In
the shade of spruce, Scols pine was evidently suppressed, and beside Avenella
Hexuosa and l’a.c'r'im'mn myrtillus typical companions of taiga appeared: Oxalis
acetosella, Maianthemum bifolium and Sphagnum girgensohnii.

Structure of experimental stands

jf(‘l(ll}l;;(:;r[:u%rgd::: :m;lg i‘m.!)(:rmnl chur:aucristicx o!’ the experimental plnls.
pertinent sl:u;d,;}n s ):ri I ‘Uhfl-l!e the Jvcmcul anq Iumzu{mnl structure of the
Simpson’s index b “’1‘; ":1_'"”"‘”’ plots P-] to. P-l?). The dominance c':f.lnnmcd by
D, was lowest in [;_1 \‘vl‘: ‘5‘? rtl,liucd to the (hs[r.:hu_[mn of density. The lvuiuc t!l'
overlapped other \‘hc‘cics ;:L s oceurrence of Pinus rotundata considerably

SHEEIEs commonly found on rather drier sites. The total basal
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Characleristics of tree structure in experimental plots on Libotezy Bog:

Table 36.1 . o i d
Fable of trees > 8 m, D, — index of dominance, R — spatial pattern

E,, — height

PLOT P-1 P-2 P3 P4 ps o
mletl level [m] -0.100 =015 =020 -0.25 -030 -035
\1':,‘1111 peat thickness [m] 2.5 2 ) 10 0.8 i
'll'rclc canopy cover E,[%] 42.0 44.3 72.8 714 76.0 885
Density of live trees '
Pinus rotundata 132 ﬂ:) 2.1) 3):.' g
Pinus x digenea - ; ) p
Pinus sylvesiris | 3 E; Izn 16 9
Picea abies - l 7 ( ?;‘ A7
Betula pubescens | : : : : 10
Frangula alnits : - 2 = I : 2
yorbus ancuparia - = = e B
Sl“?n’:}:lm St 134 103 39 48 114 66
D 0.97 0.75 0.33 0.40 0.50 0.55

Live basal area [10.m’]

Pinus rotundata 13262 10467 6120 9960 1613 %

inis X digene, - 978 599 933 = =
Pinus x digenea
P:‘:m\' sylvesiris 75 1411 5188 2026 8225  BI82
Picea abies - 31 564 2495 5510 9009
Bewla pubescens 179 896 521 1259° 2457 3017
Frangula alnus - 15 = 4 40 s
Sorbus aucuparia - - — = i
'SI'::lul J 13516 13798 12992 16677 18245 20208
R 0.64 0.82 0.99 1.08 (.88 0.96

area of the trees was lowest in the wetter part of the gradient and on deeper peat
deposits, and increased gradually towards the drier and nutrient-richer plot
marked by the increasing presence of Norway spruce. However, even the lowest
basal area of the trees was five times higher than that of fertilized forested bogs
in southern Finland (Vasander, 1982). The spatial pattern R of trees 'm_thc plots
was mostly random, only in the wettest plot P-1, was it clustered. '[‘Iu's !1;|llcr[1
reflected the variation in surface soil moisture that is modified by.
hummock-and-hollow microrelief. Successful establishment of sc}'(i]it}gs of
Pinus rotundata apparently requires drier microhabitats. The hybrid Pinus x
digenea occurs in the middle part of the soil moisture gradient in 1"2.. 3, and 4,
These plots are situated in an intermediate position with regard to their parental
species. ;

In the innermost bog pine woodland with the highest water level (|‘.111UTC
36.2: P-1), tree density was high (0.214 m™), in spite of canopy cover of only
42%. The index of dominance D, was high (Table 36.1) reflecting prevalence
of Pinus rotundata. Basal area of the dominant species reached 0.0021 m=m™
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Figure 36.2

Horizontal and vertic ;
I'and vertical structure in sample plot P-1 representing the less

vigorous stand of the P ; 7

treeless zone and I'l:t ':':jw rotundatae-Sphagnetum in the transition zone between the
d arested zone of Li i S e « -~ -

36.3 Libofezy Bog; for explanation of symbols, see Figure
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Figure 36.3  Horizontal and vertical structure in sample plot P-3 representing vigorous

st | Pino r -8 | iti
‘ -n(_ix 111 Pino rotundatae-Sphagnetun in the transition zone between birch-rich woodland
in Libofezy Bog
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camined plots, bul basal area per tree was lowest
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e uble 36.1). Average height of the canopy was 8 m

- o {m] | and was hi ¢ B . .
0 5 v m| ‘ an v +d plots ( i PR R
1 unuugthc c.\.umnﬂtll , 12 m were noted. Crowns of the dominant species

i . J thar - ) S 3 S
| Sl | not contacl neighbouring trees. The trunks mum_gd in
i a response to instability in

ghest

cooly ¢ 1ic
freely and ¢ ; i e
l 1 wed sabre-like curving at the base ] . L
Ao} { irregularly. Saplings of bog pine were present

TOWNS hllll“d( 4 s e 7
G | trees. Both standing dead and fallen trees were common.
Cla. &

pine woodland changed the growth

[ ) | clusters
f | Lty gruund.
| - 7 N ‘-‘(
| the clustere : : ;
: water level in the bog

|| i) ‘ | aroun
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3 -’ {; 3 | basal ared 18 7 "...licd remarkably as less vigorous individuals of Scots pine,
=/~ ( ' v "j dominance Jeot whle 36.1). Mean canopy height
= 2 - pinus X digened : e L er HADLS -
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I rache T3 i H A ¥ ol & e re

7 ) : e | trees with sabre-like trunk bases and standing dead trees were

. ] 2ssel : : ; e oo e

Suppre 0 in the lower tree layer. Numerous seedlings and saplings indicated

-ommo . \ : : ¢ concentrate
g & T ,eneration of both bog pine and birch and black dogwood was conc entrated

: rich regeners

| in small openings. ] Gt st
' The driest bog pine woodland on the thickest peat deposit (Figure 36.3, Table

36.1: P-3) had a high canopy cover (72.8%) w i}l] a higl_lly umlu!uling upper
;url'ucc due to different heights of the crowns. While bog pine u.nd birch zl.ttumcd
15.5 m, Scots pine reached 23 m. Suppression of the bog pine :mgi -bn'ch h\
vigorously growing Scots pines was obvious. Norway spruce participated in
the understorey, attaining 6 1o 7 m in height. Total basal area was lowest among
the examined plots (Table 36.1), however, basal area per tree was highest in
Pinus rotundata and P. sylvestris. All tree species regenerated, and even seedlings
of Quercus robur appeared. Index of dominance was lowest among the examined

and birch were included (1

plots.

The transitional stand of bog pine to birch woodland (P-4) has a continuous
upper tree canopy created by bog pine and conspicuous emergent trees of Scots
pine and Pinus x digenea. Most of the Norway spruce and birch occur in the
lower canopy. With similar total cover of the tree layer as found in P-4, this plot
shows much higher basal area (1.67 m?). Many standing dead trees of bog pine
and fewer fallen trees suggest recent changes in the ecosystem.

[ - Mixed birch-spruce forest on the bog (Table 36.1: P-5) was highly diversified.
| The upper storey at 10 m was formed by a closed canopy of Norway spruce,
bog pine, Scots pine and birch, only emergent trees of the two latter species
reached 20 m. Prevailing total basal area belonged to Scots pine although its

‘ basal area per tree w: : 4
} e [‘“‘f periree.was low and comparable with that in wet bog pine woodland
‘: -\’c')r;\ I;H ). The main canopy consisted of a lower storey at 5 m composed of
I /ay spruce (with the hight.‘\l {ansi : . pager S
3 st density) and a few viduals 'C
Figure 36.4 | ¥l v individuals of birch. In

Horizontal and vertical structure in sample plot P-6 representing tall spruce-

depressions wi

ss1ons with pools, trees were abs :

e - 8, trees were absent and dead fallen trees were freque
rich forest in the lagg zone of Libotezy Bog. For symbols see Figure 36.3 : SR “Lquuu.

-’U\'Cni » beech -
i I.Lrhtuh and oak appeared in the shrub layer.
-onilerous lagg forest (Figure 36.4: P-6) had the

| highest closed c: 3
I8 m, with the tallest eme ighest closed canopy at

rgents of Scots pine and spruce reaching 27 m. Dead
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Figure 36,5 Radial increment in three selected sample trees of bog pine (Pinus
ronmdata) growing in Libofezy Bog

trees were mainly birch, suggesting its suppression by coniferous components,
Total cover of crowns (88.5%) and total basal area (20.2 m?) were highest. Basal
area of Norway spruce was slightly higher than that of Scots pine (Table 36.1),
while the basal area of birch was maximal among the examined plots, The basal
area per tree for all species showed best growth performance. Species in the
tree layer usually appeared in clusters, and shrubs and young trees were mostly
found in small gaps. '

Radial increment of representative sample trees

‘ariation in radial increment in bog pine suggests the impact of both the internal
development of individual specimens (possible effect of competition and ageing)
and external factors related to climate and hydrology of the peat deposits. The
oldest tree of Pinus rotundata (171 years) was found on the wettest plot of the
Pino rotundatae-Sphagnetum. Tts dbh and height were 23.4 cm and 10.5 m,
lrespcctivuly. After an initial 20 years of suppressed development, the annual
Increments between 1835 and 1880 were comparable with those of Scots pine
on favourable sites (with a maximum in I878). After 65 years of intensive
growth, the trees stagnated and, possibly, reflected only macroclimate
fluctuations. A
: F.mnpztruti\'c analysis of several Pinus rotundata trees from various plots
indicated two factors decisive for the de

velopment of bog pine stands (Figure
36.5). =

l.hn:.c sample trees reflected a growth depression in 1918, another
‘d\’pl‘l.‘shl(lll in the first half of the 19405, and a smaller increment in the 1960s.,
T\?‘n‘ sample trees reflected the minimum in 1948/1949. Fluctuation of the
minmum and maximum growth increments were greater in Scots pine that
seems I?]Ul‘l:.snl‘l]hili\’c 1o actual habitar changes in the area of the mire.
Depressions in increments observed between 1898 and 1901 and between 1940
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{1946 were obviously related (o severe winters with hard frosts. This factor
‘:m olled development of trees in waterlogged stands with low canopy cover.
:;:‘:lrw inclined margins of the peat bog, the depressions in gmwl_h increments
were related 1o periods of drought (h‘clwct‘n 1929 '.lr‘ld |f).’-l. after 1947 u_ml
1976). In Pinus sylvestris, the periods of drought were often followed by intensive
growth (plot P-3, P-4). In the lagg zone, the |?|1inilllil In increments were similar
(o Pinus rotundata. Minima in Picea abies in the lagg zone were observed in
1917, 1929, 1942 to 1944, 1964, and 1976, reflecting both drought and frost

pcrimls.

DISCUSSION AND CONCLUSIONS

The structural study of the woody Liborezy Bog on the margin of Trebon Basin
suggests its affinity to oligotrophic mire complexes widespread at lower altitude
of temperate Central and Eastern Europe. Such bogs have been mainly controlled
by resources of groundwater (telluric water) and are adapted to modest supply
of meteoric water and higher degree of climatic (subj)continentality (Kulczynski,
1939/1940). Evolution of the Liboiezy Bog followed environmental changes:
it commenced with paludification on ill-drained depressions and/or by
terrestrialization of a shallow pool/lake behind a natural elevation (possibly
levées of a stream), and continued by gradual upwelling of the peat deposits to
about 4 m in height. Graminoid macro-remainders in the bottom layers and
several transitions from woody to mossy sediments suggest gradual change
from minerotrophic to oligotrophic conditions, but fluctuations in other factors
varied in favour of either treeless or forested succession stages. Appearance of
the bog pine, whose timing remains unresolved. might have been an essential
factor in the enhanced discharge of water through tree transpiration.

Four basic vegetation zones could be distinguished in Libofezy Bog (Figure
36.1). Outwards from the bog core, along the gradient of surface waterlogging
and decreasing depth of peat, the following zonation has been reconstructed:

(@) A treeless zone of the Eriophore vaginati-Sphagnetun recurvi
association,

(b)  Bog pine woodland of the Pino rotundatae-Sphagnetum association
(Figure 36.2 and 36.3),

(¢)  Birch-rich woodland of the Betulion pubescentis alliance (Figure 36.4),
and

(d)

Spruce lagg zone with lofty stands of the Vaccinio-Piceetea class.

Phytosociological unite ; : : S
]()lﬁhmmlngm.tl units in terms of the current phytosociology (Rybnicek er al.,
fiff ! M_”’:il\’k‘t‘ et al., 1995) do not allow any detailed syntaxonomical
differentiation along a short eradient.

Oceurrence of tree speci ] ; :
currence of tree species dominants in experimental plots was closely related
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(o the depth of water in the peat lmg transect and less cyfp,r.cssivcly to the .:hick",h.,;s
of peat deposits (Table 36.1). Density and basal area n.ul I inus rotundata ll?L‘l'C;lsc(l
with rising waterlogging while the same chu_rucl‘cns.lws nll!’nm.\' .'.'_\'Iwi.s‘m.\'. Picea
abies and Betula pubescens decreased. l)lslrlhulmn_ of total density of trees
along the water gradient showed two peaks: the maximum value was found in
the wettest stand with dominant Pinus rotundata and high density was also
found in the spruce lagg forest. In both cases, the high values correspond with
sites where the dominant species is in unfavourable marginal conditions and
where competitive species, which could displace the present dominant species,

are absent.
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PREFACE

UNESCO’s Man and the Biosphere Programme

Improving scientific understanding of the natural and social processes relating
to human interactions with the environment; providing information useful to
decision-making on resource use; promoting the conservation of genetic diver-
sity as an integral part of land management; enjoining the efforts of scientists,
policy-makers, and local people in problem-solving ventures; mobilizing
resources for field activities; strengthening of regional cooperative frame-
works — these are some of the generic characteristics of UNESCO’s Man and
the Biosphere (MAB) Programme.

The MAB Programme was launched in the early 1970s. ILis a nationally
based, international programme of research. training, demonstration, and
information diffusion. The overall aim is to contribute to efforts for providing
the scientific basis and trained personnel needed to deal with problems of
rational utilization and conservation of resources and resource systems and
problems of human settlements. MAB emphasizes research for solving prob-
lems. Tt thus involves research by interdisciplinary teams on the interactions
among ecological and social systems, field training, and application of a
systems approach to understanding the relationships among the natural and
human components of development and environmental management.

MAB is a decentralized programme with field projects and training activi-
ties in all regions of the world. These are carried out by scientists and techni-
cians from universities, academies of sciences, national research laboratories,
and other research and development institutions under the auspices of more
than one hundred MAB National Committees. Activities are undertaken in
cooperation with a range of international governmental and non-governmental
organizalions.

Man and the Biosphere Book Series

The Man and the Biosphere Book Series was launched to communicate some
of the results generated by the MAB Programme and is aimed primarily at



