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Conference objectives

Conference objectives

Floodplain forests are ones of seriously endangered forest ecosystems. Coming to existence as
an anthropogenic ecosystem they cannot survive in their present form without human
intervention but may be on the other hand adversely affected by human activities.

The objective of the conference is to assess and analyze different management methods used
in floodplain forests with respect to the fulfilment of certain functions in the Czech Republic
and abroad, and to learn more about the most problematic stage in the creation of these forests
— their regeneration.
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FOREST MANAGEMENT SYSTEMS OF FLOODPLAIN FORESTS
IN THE FOREST ENTERPRISE ZIDLOCHOVICE
(LZ LCR ZIDLOCHOVICE)

Tomas$ Blaha

Abstract

The paper deals with management in the floodplain forests on the Zidlochovice Forest
enterprise territory. The author gives a brief overview of the history of floodplain forests
origin and silviculture, basic ecological and management conditions and the specificities of
alluvial forests in the region. Artificial regeneration of pedunculate oak (Quercus robur L.) by
sowing and planting, protection of artificial crops from game damage, fungal diseases and
forest weeds are also described. The author characterizes tending (thinning, cleaning) in
pedunculate oak stands as well.

Key words
pedunculate oak (Quercus robur L.), floodplain forest, silviculture, forest protection, forest
tending

INTRODUCTION

Floodplain forests in southern Moravia belong to the most valuable ecosystems in central
Europe. They are situated on the lower reaches of the Morava, Dyje, Svratka and Jihlava
rivers and cover the total surface area of 9.5 thousand hectares, which represents one third of
all alluvial forests in the Czech Republic. The singularity of the complex is amplified by the
interconnection between the ecosystems of the alluvial forests, floodplain meadows and
wetlands.

The Zidlochovice Forest Enterprise (hereinafter “LZ”) is located on a territory characterized
by a very low forest coverage of 15 %; more than 80 % of the landscape is intensively used
for agricultural purposes. It is also important to be aware of the fact that all forests in the
concerned territory represent an artificial ecosystem which is a result of silvicultural
management by man — forester.

LOCALIZATION OF THE TERRITORY, SITE CONDITIONS

Zidlochovice LZ is one of enterprises directly operated by Lesy Ceské republiky, s.p. (LCR -
Forests of the Czech Republic). The present forest management plan is valid from 2000 to
2009. The Forest Enterprise extends on a cadastral surface area of 173,000 ha in two Natural
Forest Regions: NFR 35 — Jihomoravské tvaly (South-Moravian Grabens), and NFR 33 —
Piedhoii Ceskomoravské vysoéiny (Foothills of the Bohemian-Moravian Upland). In total,
the Zidlochovice LZ operates 22,500 ha in two forest management units (hereinafter “FMU”):
Zidlochovice FMU and Moravsky Krumlov FMU.

When divided into categories, there are 39 % of commercial forests, 1 % of protection forests
and 60 % of special purpose forests in the Zidlochovice LZ.

The tree species composition in the Zidlochovice LZ is characterized by prevalence of
broadleaved species (90 %). Conifer trees form 10 % of the tree species. Oak 45 %, ash 16 %,
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robinia 6 % and poplar 6 % dominate among the broadleaved species and pine 8.6 % and
spruce 1 % among the conifer tree species.

Pedunculate oak in the Zidlochovice FMU takes up the surface area of 4,300 ha in the current
species composition, i.e. 25 % of the timber land area which is 17,057 ha. This surface area
should be increased to 7,110 ha, i.e. the target tree species representation increase to 42 %.

The current oak stands are predominantly mixed. Primary tree species are pedunculate oak
and narrow-leaved ash mixed with hornbeam, linden and elm. Aggressively regenerating field
maple grows in numerous locations.

Floodplain forests are located in the Natural Forest Region of South-Moravian Grabens,
namely in the Dolnomoravsky uval Graben in the lower reaches of Morava and Dyje rivers
and in the Dyjsko-svratecky tival Graben in the lower reaches of Svratka and Jihlava rivers
and at their confluence with the Dyje R. The territory is characterized by depressions with
a flat relief on Late Tertiary (Neogene) and Quaternary rocks. The wide alluvial plain of the
Morava and Dyje rivers above the surface of which rise small islands of low terraces takes up
the lowest part. The youngest surficial deposits are Holocene alluvia which are sandy, loamy
and clayey. Primary soil types are loamy—brown and sandy-loam — orthic alluvial greyzems,
loamy-clay semigleys and gleys. Predominant Forest Altitudinal Vegetation Zone is Oak and
prevalent forest types are 1L, 2L, 1U and 3U.

Average annual temperature in the forest enterprise territory is 9 °C. The annual precipitation
amount is roughly 550 mm and the range of altitudes of the alluvial area falls in the interval of
150 — 200 m a.s.1.

Intensive game management (world-famous pheasantry and game preserves with red,
mouflon and fallow deer and wild boar) is a significant feature of the forest enterprise.

DEVELOPMENT OF THE FLOODPLAIN FOREST

Floodplain forests were exploited already in the earliest times; evidence of human settlement
dates back to the palaeolithic times (mammoth hunters). The forests were of great importance
also for the Slavic Great Moravian Empire. Starting from the 13™ century, alluvial forests in
the Bieclav Region gradually came to be incorporated into the property of the Princely House
of Lichtenstein which was exploiting them until 1945. High level of Lichtenstein management
can be documented on the working plans and other forest management records. The oldest
plans go back to 1764. Since the beginning of the 19" century when the development of
intensive forest management commenced, rotation period came to be extended in the tree
species of significance up to 100 years, and low productivity meadows were afforested. Great
care was paid to reforestation of oak, chiefly by means of large-scale sowing of acorns.
Gradual and intentional transformation of a considerable area of grazing forests into
a traditional closed high forest thus occurred. Commonly represented tree species used to be
smooth-leaved elm and European white elm. The management took on the form of a clear-
felling system on large areas at the utilization of alternate forest and farm crops. Stumps used
to be extracted because this type of fuel was highly desirable.

Clear-felling system with stumping and later with the milling of stumps and with the whole-
area soil preparation prior to reforestation by oak seedlings or by seeding acorns is used until
today.

After 1945, the water regime in floodplain forests was particularly affected due to
inconsiderate regulation of the watercourses. Water was drained into the territory of southern
Moravia where it flowed into the floodplain forest. Problems with flood damages to
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agricultural and forest soils became more severe and overpopulating mosquitoes started to be
a serious problem. The construction of the Nové Mlyny hydroengineering structure and the
regulation of channels of the Dyje, Morava, Svratka and Jihlava lower reaches did not cure
the situation. On the contrary, the groundwater table decreased and by rendering spring floods
impossible the forest stands sustained great damage chiefly due to drought. During the floods,
however, when the water is let into the floodplain forests, damages worth several million
crowns are incurred on forest stands, forest roads, game-proof fences, agricultural production,
fixed assets and wildlife.

FLOODPLAIN FOREST MANAGEMENT IN THE ZIDLOCHOVICE FOREST
ENTERPRISE

Forest regeneration

At present, the main system used to regenerate oak is whole-area regeneration by
compartments either by sowing or planting. Planting is made after whole-area site preparation
by means of furrow planting reforesting machines. Roughly 9 to 10 thousand pieces of
transplants are planted per 1ha. Sowing is carried out on plots after whole-area soil
preparation. The amount of 250-300 kg of acorns is sown in a mechanized manner or
manually under hoe. Spacing is chosen in such a manner to allow for subsequent mechanized
treatment of the young plantation. Framework forest management regulations for oak stipulate
management groups of stands 185, 187 and 195. Rotation period is determined from 110 to
140 years and the regeneration period from 20 to 30 years. Maximum size of the clear-felled
area pursuant to Act No. 289/1995 Coll. on forests is 1 ha. An exception of 2 ha is permitted
for the management groups of stands on alluvial sites. Maximum width of a clearcut is not
limited and establishment of young plantations is 7 years. Pursuant to the Decree the
minimum share of soil-improving and reinforcing tree species is 15 %.

Ash regeneration is executed primarily by natural regeneration and by the release of young
plantations with stumps of the original stand being retained. Regeneration of other woody
species is usually performed without whole-area site preparation.

Natural regeneration of pedunculate oak is not performed. Main reasons for failure of
pedunculate oak natural regeneration are as follows:

— lack of acorns, low occurrence of seed years

— occurrence of forest weed — free growing open stands
— problematic weed control

— seedlings are very attractive for the game

Basic method is artificial regeneration of oak stands on a site subjected to whole-area soil
preparation. At present, the following technologies of soil preparation by chipper rotary
cultivators are employed:

— whole-area to a minimum depth of 5 cm, slash was removed from the stand

— whole-area to a minimum depth of 5 cm, slash was not removed from the stand
— whole-area to a minimum depth of 20 cm, slash was removed from the stand

— whole-area to a minimum depth of 20 cm, slash was not removed from the stand

— whole-area to a minimum depth of 5 cm, stumps milled off to a minimum depth of
20 cm, slash cleared from the stand
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— whole-area to a minimum depth of 5 cm, stumps milled off to a minimum depth of
20 cm, slash was not cleared from the stand

The cost of site preparation ranges from 28 to 55 thousand CZK.ha" in dependence on the
used technology.

Protection from game damages

Regenerated areas of young plantations must be protected from game damage. Fully-
functional fence is the best protection in the forest enterprise. Coating the transplants with
repellents is used to a smaller degree. Traditional garden wire mesh with the size of the square
mesh 5 by 5 cm and height of 160 cm or 200 cm is used for the fence (Fig. 1). Higher fence is
used in open red deer hunting districts. In forest districts with game management in the
preserves special “game preserve mesh” is used with the mesh size of 10 cm by 10 cm and the
height of 200 cm or 220 cm, depending on the species of the kept game. The forest district
weaves the mesh itself. Although the utilization of forest knot mesh was tried in the district, it
did not however prove effective neither in the game preserves, nor in the hunting districts
with red deer and hares.

Fig. 1: Fenced plantation of pedunculate oak
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The following coating repellents are used to protect the transplants. The well-proven
Morsuvin and also Aversol and Repentol are used in the winter period and Aversol and
Stop Z against browsing in the summer.

Protection against fungal diseases

In the first two or three years after planting, it is appropriate to treat the transplants against
oak mildew. It is recommended to perform the measure preventively. We use a specially
adapted sprayer carried on a tractor. The applied formulations are Kumulus and Sulikol K.
In the course of the year, the spraying is done twice according to the weather.

Weed control

Conditions for rapid growth of herbaceous and woody weeds are ideal in the floodplain
forests. Frequently, these weeds are strongly aggressive, quickly dominating and suppressing
the planted nursery stock. They reach up to several meters of height in untreated sites. One of
the very important conditions for the ensurance of the sound emergence of tree species
transplants is their protection against forest weeds until the young plantation becomes
established.

Protection of oak seedings

In the period of acorn germination, clearcuts regenerated by seeding must be controlled.
Undesirable, largely herbaceous weeds emerge earlier than the acorns and take hold of the
reforested areas. If the clearcut areas are overgrown, a whole-area spraying by Roundup agent
is done shortly before the oak seedlings start to push against the soil surface. The device used
for the treatment is sprayer carried on a general-purpose wheeled tractor. After the performed
operation the weed dies and rows of oak seedlings start to show. The subsequent operation is
then carried out in a manner similar to reforestation by planting.

Protection of young oak plantations after planting

Reforestation is usually performed on whole-area prepared sites free of forest weeds. If the
forest weed starts to appear in the first year following the forestation, it is recommended to
hoe the transplants in the row once or twice. Mechanized treatment is performed between the
rows by means of a small tractor. We can decide for one of the following operations
depending on the species, size and weed density:

— soil loosening — rotary cultivation
— mowing — mulching
— chemical treatment by cased sprayer (Roundup)

The protective measure is carried out 2 to 3 times a year according to the weather and weed
size. It is expedient to combine mechanical and chemical treatments.

If a further protection of transplants in the row is necessary, it is possible to use mowing by
sickle or by a short scythe and/or to apply chemical treatment by using cased sprayer. This
protection is also practised on sites without whole-area soil preparation and at places
inaccessible to mechanization — water-logged and small sites.

In young plantations a proper protection is to be ensured chiefly in the first years after
reforestation and subsequently until they become established.

If undesirable fast-growing tree species appear in the rows between the oak transplants (white
poplar, white willow, field maple, etc.) or if they dominate or threaten the oak transplants
development in their earliest stage, they can represent a deadly danger to their existence by
taking control of the main level. These tree species therefore need to be cut out; ideally in the
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autumn months (September). Also, the small stumps have to be coated with herbicide
(Roundup) which will prevent their further reproduction.

In the first years after reforestation, the oak grows slowly — it “sits.” While a stand is being
established, it is necessary to assure a sufficient number of individuals equally distributed
over the area, i.e. 8,000 pieces. Oak is a literally light-loving tree species and does not tolerate
shading of a more permanent nature. But at first, it is necessary to keep it in a dense canopy.

Silviculturalists and economists have arrived at a conclusion that cultivation of oak is
economically advantageous and profitable only when it is focused on the production of
valuable assortments.

Cleanings

Prior to approaching juvenile thinnings, it is necessary to make the site accessible by dividing
the stand into individual workspaces roughly 20 m wide. Extraction tracks are 3 m wide.

The first cleaning treatment is performed when the stand height reaches 4 - 5 m, i.e. between
the 10™ and 12" year of age. The stems are already cleaned to the height of a person and the
interior of a stand is sufficiently accessible and transparent. Stand density does not usually get
modified during the first treatment and reduction in the number of trees is not performed.
Self-thinning is taken into account, stand density will become reduced naturally. The
treatment is therefore to be localized particularly in the dominant and main levels in which
poor quality and economically undesirable branchy overtopping and wolf trees are felled.

The second juvenile thinning follows after approximately 5 years depending on the young
growth density and is focused on the modification of density in the young growth of 6—8 m in
height. The cleaning is therefore relatively heavy with the resulting stand density being
reduced by it to roughly 6,000 trees per hectare with the spacing of approximately 1.2 m at
maintaining fully enclosed canopy. Good horizontal canopy is a means to encourage height
increment and stem cleaning. Also during the second cleaning treatment, the negative
selection is carried out only in the main level with the sub-level being neglected. The
selection serves to adjust the situation in favour of higher quality individuals which are given
conditions to produce regular crowns.

The third juvenile thinning treatment at the age of 20 - 25 years, when the stand has already
reached the height of 10 - 12 m, is usually the last one. This improvement measure already
involves a positive selection in the main level. This operation involves the release of
qualitative individuals in the crown space of the dominant level. Treatment of the lower
height classes of the suppressed level becomes intensified and accompanied by the reduction
in the number of individuals on the plot in order to boost diameter increment and increase the
stand stability. Spacing between the trees becomes adjusted to 1.5 m after the cleaning with
their number amounting to 4 thousand pcs.ha™.

Thinnings

The most suitable tending method is crown thinning. In stands up to 50 years of age the crown
thinning is a thinning for quality the aim of which is finding of approximately 400 promising
trees located roughly 5 m from each other.

Older large-diameter stands are subjected also to increment thinnings to produce maximum
diameter increment with the growing of 200 target trees at a spacing of about 7 m.

The sub-level plays an important part in the oak stands. Oak, as a distinctly light-loving tree
species, cannot create it by itself. The tending and later soil-protection and shading functions
preventing the weed infestation and the occurrence of epicormic stem shoots are assumed by
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naturally regenerated shade-bearing species such as ash, linden, hornbeam, elm, field maple
and various shrubs.

An ideal older oak stand should be 2-storied with a maximum amount of high quality oaks in
the main level, which can grow together with ash and a well-kept lower storey of shade-
bearing broadleaved species.

FOREST FUNCTIONS AND METHODS OF THEIR ENSURANCE

Economic objectives of the Zidlochovice Forest Enterprise are based on the “Basic principles
of forest policy” and they are fully consistent with the Act on forests No. 289/95 Coll. and
elaborated documents of the forest policy of LCR which determine the main objectives and
economic strategy for forest administration in the ownership of the state.

Economic strategy of LCR — LZ Zidlochovice draws on the LCR mission and the condition of
the forest which it was entrusted with for management. Basic concept is sustainable
management.

The forest functions are expressed by their division into categories. Principal categories in the
Zidlochovice Forest Enterprise are commercial forests and special purpose forests focused on
game management.

The role of the commercial forests is a well-balanced fulfilment of all forest functions. Non-
wood producing functions in the production forests are mostly ensured spontaneously by
exercising differentiated management according to the natural conditions.

The management of special purpose forests must be executed in such a manner to achieve or
preserve the purpose for which the forests were designed.

The category of production forests was allocated 11 management groups of stands (MGS)
(7,177 ha of timber land).

The category of protection forests was allocated 1 MGS (196 ha) and 26 MGS were allocated
to the category of special purpose forests (9,683 ha).

On the basis of their function, the special purpose forests are further divided as follows:

— Forests in the first zones of Protected Landscape Areas (PLA), Nature Reserves (NR),
Nature Monuments (NM) and National Nature Reserves (NNR)

— Forests with increased soil-protection, water-protection, climatic and landscaping
functions

— Forests for the conservation of biological diversity

— Forests in acknowledged game preserves and self-sustained pheasantries

— Forests in which public interest requires different management methods (MUNA)
In many a case the above functions overlap.

The basic principles of state forest policy specify that the precondition for ensuring public
interests in forests is the preservation of the existence of the forest itself as a source of the
functions in question. By safeguarding the stability of forests and by affecting the
transformations of their tree species composition, the forests will be capable of fulfilling their
function also in the future. To assure the actual existence of the forest and improvement of its
condition, LCR — LZ Zidlochovice uses the principles of sustainable management adopted in
the document Programme of Sustainable Forest Management — Forest Tending and
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Regeneration. It concerns particularly the increase in the share of noble hardwoods during
forest regeneration (mainly oaks), assurance of the prescribed percentage of soil-improving
and reinforcing woody species, enhancement of the proportion of natural forest regeneration
and decrease in the share of incidental fellings.

ECONOMICS OF FOREST MANAGEMENT IN THE FLOODPLAIN FOREST

Cultivation of broadleaved species with respect to the economical perspective can be
profitable only if it is oriented to the production of high-quality large-diameter assortments,
1.e. veneer logs and special industrial logs. Growing weak, curved and knotty mass is
economically unprofitable.

The high proportion of large-diameter quality assortments can be achieved in stands only by
consistent and continuous silvicultural selection for the entire period of tending with the
objective of enhancing the share of good quality individuals. Professional cleaning until the
age of 25 years is decisive for the quality of the final yield production. Early thinnings must
support prime quality and promising trees (at least 400 pcs.ha™) from which the target trees
will be finally chosen (around 200 pcs.ha™). Thinnings in the oak stands are fundamentally
performed in the main level. Until the middle of the rotation period, crown thinning for
quality is to be carried out — in which a maximum possible share of quality individuals in the
stand is formed — which is then followed by increment thinning focused on the production of
diameter increment.

In the course of all tending operations, cleaning treatments and thinning measures, the stand
must remain sufficiently stocked and with closed canopy in the main level in order to
encourage the height growth and elongation of smooth stems. Very important for the quality
of oak stands is the admixture of shade-bearing broadleaved species (linden, hornbeam),
which constitutes a shade-bearing sub-level with the covering, tending and soil-improving
functions.

METHODS AND EFFICIENCY OF COOPERATION WITH STATE
ADMINISTRATION AUTHORITIES, NATURE CONSERVATION BODIES AND
NON-SPECIALIST ORGANIZATIONS

Cooperation with the state administration is mainly satisfactory because the employees in the
relevant offices have experience with forest management and are interested in the
preservation of forests in the landscape.

As far as the cooperation with nature conservation bodies is concerned, negotiations are not
easy. An advisory board was established for issues concerning the Palava Protected
Landscape Area. As far as the non-professional organizations are concerned, we are mostly in
good terms with them, unless they are not directly biased by naturalists.
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SYSTEMS OF FLOODPLAIN FOREST MANAGEMENT
IN THE PROTECTED LANDSCAPE AREA OF THE LITOVELSKE
POMORAVI GIVING THE STATE-OWNED FOREST
AS AN EXAMPLE

Jiri Eichler

Abstract

The present study describes the system of forest management and forest regeneration in
floodplain forests of the Protected Landscape Area Litovelské Pomoravi giving the
management of the Forests of the Czech Republic (LCR) as an example. The forests are
focused on production of high-quality wood and nature conservation. The species
composition is very varied; dominant is European ash and pedunculate oak. Management is
distinctly differentiated according to the management group of stands of different functions,
e.g. production, nature conservation, preservation of the gene pool. Species, which are
geographically allochthonous and unsuitable for the forest site, are eliminated; natural
regeneration is supported on regeneration plots of preferably not more than 0.60 ha. All this
includes data of felling, forest regeneration and economy of management of this forest region.
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INTRODUCTION

The Protected Landscape Area Litovelské Pomoravi (hereafter only PLA) occupies a narrow
strip of forests along the river Morava between the towns Olomouc and Mohelnice.
The territory is usually divided into “Doubrava” (Oakwood), which is not directly affected by
the Morava River and whose forests lie mainly in Forest Altitudinal Vegetation Zones 2 and 3
(hereinafter FAVZ) and “floodplain”, which lies inside and along the inland delta of the
Morava River and is immediately affected by the river and whose forests lie mainly in
FAVZ 1. The total area of the forests in the PLA is 5,403 ha (Management Plan for the PLA
Litovelské Pomoravi 1997), of which the largest parts are state-owned and communal forests.

The present study deals with the problem of forest management in floodplain localities of the
above area; as an example the Forests of the Czech Republic Management, Forest District
Sternberk, are given. The selected stands stand for the majority of problems in this
complicated region.

LOCALISATION OF THE AREA, SITE CONDITIONS

The area of the studied floodplain forest is ca 1,124 ha and is localised by compartments 767
to 799 according to the Forest Management Plan of the Morava River Valley for the period
from 1 January 2000 to 31 December 2009 (hereinafter only FMP) and by groups of forest
types (hereafter only GFT) 1L-elm floodplain, 1U-poplar floodplain and 1G-willow-alder
wood; it lies in the Stien forest district and is formed by two more or less continuous blocks
of forest along and inside the branches of the Morava River. With a few exceptions they are
all floodplain forests in the Stfenl forest district. The whole area lies in the Natural Forest
Region No. 34 - Hornomoravsky uval Graben; in terms of geology and pedology it is formed
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by Neogene and Quaternary sediments, in terms of the climate the territory comes under the
warm region with average annual temperature of 8 °C, average annual sum of precipitation
600-700 mm, in recent years only 450-500 mm (FMP Pomoravi 2000). In terms of typology
the area is formed by elm floodplains (GFT 1L) on 1,038 ha, poplar floodplains (GFT 1U) on
66 ha and willow-alder grove (GFT 1G) on 20 ha. A great part of the stands is regularly
flooded; during the 1997 floods most of the territory was flooded.

DEVELOPMENT OF THE FLOODPLAIN FOREST, SPECIES COMPOSITION

Systematic forest management in the floodplain forests of the PLA dates back roughly to the
mid-18" century. Up to that time the forests were exploited by so-called selective cuttin

(creaming) or as an important source of acorns for feeding farm animals. In the late 18'
century the area from Skrbent and Hynkov was described as a nice oak forest (coppice of a 25-
year rotation period and ca. 30 % proportion of reserves). From written documents of those
times we can see that there were virtually no clearings in the forest and almost the entire
forest was regularly inundated. Already at that time is was difficult to regenerate oak as it had
been recommended to plant strong saplings. In 1833, the working plan based on the area
control method was a serious intervention into the forest. Forests were to be geared up for the
production of a coppice; the predominating species was oak in the upper storey of 300 - 400
years of age, to a lesser extent younger elm and ash. Ash, alder, aspen, linden and willow
made up the lower storey. In some parts of the present-day forests there were extensive
meadows and pastures with sporadic over-mature reserved trees. Basically we can say that
before 1950 the predominating acreage of floodplain forests was managed as
an environmentally-friendly coppice-with-standards forest and ca. 35-year rotation of the
coppice. After that due to economic reasons the forest was converted to large-diameter forest;
evidence of this intervention are extensive areas of stands of younger age categories. In spite
of a number of problems in the past, thanks to wise forest managers the condition of the
forests of the present PLA have been preserved at a very decent standard compared to other
areas (rich species composition, extensive area of storeyed stands in character close to natural
etc.) (Management Plan for the PLA 1997).

Tab. 1 shows the present species composition of the monitored area of the floodplain forest;
the species composition is very varied, predominant is ash and oak. Unfortunately the forest
management plan does not differentiate sessile oak and pedunculate oak, nonetheless it is
apparent that in this locality pedunculate oak is more widely spread. Poplars are mostly
various clones of improved poplars; a negligible part is European aspen. Apart from Scotch
pine there is also eastern white pine and European black pine. The other undifferentiated
species include for instance horse chestnut, ash-leaved maple and shrubs, primarily bird
cherry. The 27 % proportion of storeyed stands gives a true picture of the spatial
differentiation of the stands.

MAIN FOREST FUNCTIONS AND METHODS OF THEIR ASSURANCE

The entire system of management in the floodplain forest administered by the Forests of the
Czech Republic, Forest District Sternberk arises from the basic strategic and long-term
economic objectives of the Forests of the Czech Republic.

Basic strategic targets:

- regeneration and preservation of stable forest ecosystems
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- applying the principle of sustainable management, exploitation of forests in such
amanner and extent to ensure their stability, biodiversity, production capacity,
regeneration capacity, vitality and ability to fulfil the beneficial function of the forest

on a permanent basis

- preserving the forest as a sustainable natural resource for the benefit of the generations

to come

Table 1: Selected parameters of the territory according to woody species (FMP Pomoravi and
forest management records of the LCR, s.p.)

Woody species Area | Composition | Volume felled Artificial Natural
in 2002-2006 | regeneration in | regeneration in
2002-2006 2002-2006
(ha) (%) (m*) (ha) (ha)
Spruce 15.43 1.37 1,845 0 0.25
Pine 19.87 1.77 507 0 0
Larch 5.23 0.47 730 0.10 0
Oak 311.09 27.67 6,187 14.52 0
Slavon oak 3.87 0.34 0 0 0
Red oak 7.04 0.63 373 0 0
Hornbeam 27.88 2.48 1,176 0 0.48
Norway maple 2.05 0.18 0 0 0
Sycamore maple 36.72 3.27 597 2.62 0.70
Field maple 2.30 0.20 6 0 0
Ash 389.70 34.66 11,001 11.03 2.88
Elm 2.67 0.24 114 2.44 0
Robinia 0.70 0.06 2 0 0
Birch 8.99 0.80 271 0 0.28
Black walnut 3.86 0.34 30 0 0
Cherry 0.60 0.05 9 0 0
Linden 137.13 12.20 3,055 6.47 0.10
Alder 96.80 8.61 2,965 22.56 0.66
Poplars 45.53 4.05 7,024 0 0
Willow 5.70 0.51 41 0.87 0
Other 1.03 0.09 83 0 0
Total 1,124.19 100.00 36,016 60.61 5.35

Some long-term economic objectives:

- creating an optimal relation between the fulfilment of all functions of the forests
managed by LCR and a market economic environment. At the same time to ensure
permanent production of high-quality wood substance respecting and developing the

environmental function of the forest

- consistent differentiation of management linking up with differentiation of site
conditions and current stand conditions
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- long-term conceptual preparation of stands convenient for natural regeneration in
terms of the site, species, age and genetics

Multi-functional management of the floodplain forest in the Stient Forest District is based on
these principles.

Definition of the main forest functions

The function of the forest in an allotted space is based on the zone in which the forests are
placed within the PLA and the connecting management groups of stands in which the
functional objective is further specified. Forests of the 1% zone of the PLA Litovelské
Pomoravi are formed by small-scale forests of particularly protected areas (hereinafter
MZCHU) and the gene pools. In the FMP they are earmarked as special-purpose forests.
Forests of the 2™ zone are commercial forests. Tables 2, 3 and 4 give a survey of the most
important management groups of stands and the basic parameters of framework economic
directives. The tables do not provide data on soil-improving and reinforcing species. Under
the conducted method of regeneration and existing woody species composition these data are
of no significant importance.

General functional focus of the forest with regard to the existence of the PLA and
demarcation of the Litovelské Pomoravi Bird Region

General directives for the management of the management groups of stands indeed contain
the basic limits for management; nevertheless, during the effectiveness of the present FMP
two important events took place, which shifted the economic activities in the forests to
a completely different and more concrete level.

In 2004 the Management of the PLA Litovelské Pomoravi and the LCR, Forest District
Sternberk made an agreement on setting-up the rules for conducting some forest activities.

Table 2: Selected management groups of stands in the region of interest — special-purpose
forests (according to the FMP Pomoravi)

Management group of stands 3185 4185 8185

Area (ha) 80 117 128

Target management 19 - management of 19 - management of 19 - management of
floodplain sites — | floodplain sites — other| floodplain sites, gene
National Nature areas of particular base Oak
Reserve Vrapac protection

Stand type Oak, ash, other Oak, ash, other Oak of good quality

Function Nature conservation | Nature conservation |[Gene pool preservation

Rotation period 200 200 140

Regeneration period p* p* 30

*p — physical age of the stand
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Table 3: Selected management groups of stands in the region of interest — commercial forests

(FMP Pomoravi)

Management group of stands 195 197 198 297

Area (ha) 260 446 38 27

Target management 19- 19- 19- 29- management of
management | management | management alder sites on
of floodplain | of floodplain | of floodplain | waterlogged soil

sites sites sites
Stand type Oak of good | Broadleaves Poplar Alder
quality mixed (ash)

Function Production Production Production Production

Rotation period 140 100 40 60

Regeneration period 30 30 20 20

Table 4: Target species composition of selected management groups of stands
(FMP Pomoravi)

Management group of |Target species composition

stands

195 Oak 7, ash 2, linden (alder, maple) 1, elm, poplar, willow, hornbeam, cherry

197 Oak 4, ash 4, maple 1, linden 1, elm, alder, willow, hornbeam, cherry, poplar

198 Oak 6, ash 2, maple 1, linden 1, elm, hornbeam, poplar

297 Alder 5, ash 3, maple 2, birch, aspen, poplar, oak

3185 According to Management Plan

4185 According to Management Plan

8185 Oak 7, ash 2, linden (alder, maple)1, elm, poplar, willow, hornbeam, cherry

In this relatively complicated document the limits for management were distinctly and in
terms of operation clearly concretised for management, particularly in commercial forests.
They are for instance the following principles:

- to introduce procedures of shelterwood management systems

- to reduce the maximal area of regulated regeneration elements in stands with
a majority of autochthonous woody species in terms of geography and forest site
to 0.60 ha and in stands with a majority of allochthonous woody species in terms
of geography and forest site to 1.00 ha

- to specify the number of uncleared woody species left in the course of regulated
regeneration differentiated according to the size of the regeneration unit

- to specify the principles for conducting tending felling, in the first place not reducing
the composition of admixed and interspersed autochthonous species in terms of
geography and site

- to specify the number of woody species in the first forestation based on the size of the
regeneration unit: up to 0.30 ha one species; up to 0.60 ha two species, up to 1.00 ha
three species
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- agreement not to conduct main intentional cutting and skidding between 1 April and
31 August of the current calendar year if not agreed otherwise

- agreement on the regime and marking and determining felling in the MZCHU

- agreement on the regime of discussing and mutually approving projects of silvicultural
and felling activities in commercial forests

- agreement on the execution and marking of trees left to spontaneous decomposition
and leaving the den trees (Agreement based on provision § 68, art. 2 of Act
No. 114/1992 Coll., 2004)

The other event was the delimitation of the Bird Area of the Litovelské Pomoravi according
to the Governmental Decree of 15 December 2004. Pursuant to this Decree are further
restrictions, namely according to § 3, 1b): “In bird areas, with the exception of built-up and to
be built-up community areas, only after previous consent of the respective body for nature
conservation no main or intermediate planned cutting shall be carried out in forest stands with
50 % or more beech or oak older than 80 years, in forest stands with 50 % or more ash older
than 60 years, in forest stands with 50 % and more maple, hornbeam, alder and linden older
than 50 years, in forest stands with 50 % or more willow and poplar older than 30 years, in
the period from 16 April to 31 July.” Taking into account the species composition in the
locality according to Tab. 1 it is evident that the overwhelming majority of forest stands
comes under this decree and in combination with the limitations of the above Agreement in
actual fact only tending felling up to 40 years and some selected tending felling of more than
40 years may be carried out in the period from 16 April and 31 July in the locality.
Nonetheless I would like to add that within such a vast property as the Forests of the Czech
Republic dispose of in the region, such limitations cause only small operational difficulties; in
this period the production capacities can be moved to the not too distant regions outside of the
PLA. Otherwise such limitations would naturally affect the owner as these limitations would
have an impact on all his property.

Management in special-purpose forests

Management in special-purpose forests focused on nature conservation is represented by two
management groups of stands (hereinafter only MG). Both concern forest management in the
small-scale particularly protected areas (MZCHU). The long-term objective of development
control on the greater part of the area is to regulate the development of the present, mostly
near-natural stands of a commercial forest character towards more mature forms of stands
more like a natural forest (Management Plan of the PLA 1997). It includes MG 3185 and
MG 4185 — management of floodplain sites in the National Nature Reserve Vrapac, of other
nature reserves (e.g. Hejtmanka, Litovelské luhy) and nature monuments. These management
groups of stands partly overlap with MG 8185 — gene reserve of oak. Management measures
in this unique locality are based on the approved management plan and are limited to special-
purpose selection felling to allow natural regeneration, reduction of geographically
allochthonous woody plants or species unsuitable for the locality (particularly spruce, robinia,
red oak, boxelder, improved poplar) (Forest Management Plan Pomoravi 2004). In the seed
years shelterwood group felling of the target group of woody species is carried out to ensure
natural regeneration. In localities overlapping with the gene reserve of oak, increment
thinning of selected trees was performed to open the crowns and to improve fertility.
Incidental felling is rare and only after agreement with the PLA Management, primarily to
prevent the distribution of pests (tracheomycosis, some insect pests), or to ensure passability
of river channels (extreme amount of incidental felling in the Morava River channel after
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the tornado in 2004). For demonstration purposes: in 2002 to 2006 felling was executed in
MG 3185 (NNR Vrapac) of 293 m’, of which 169 m® was red oak and 104 m’ improved
poplars. The amount of incidental felling was 43 m’.

Forests intended for preservation of the gene pool, in this case MG 8185 — gene reserve
No. 167a for DB, JL and JS — “Vrapac”, partly overlap with other management groups
of stands as mentioned above. Therefore the methods of management do not greatly differ
from the above principles. Unfortunately only ash and elm satisfy one of the basic conditions
of functional gene reserve, i.e. natural regeneration of the woody species for which the gene
reserve had been declared. In general, the natural regeneration of pedunculate oak is still
at the stage of experiments. The basic problem is a poor to zero harvest in the present decade.
That is also the reason why no oak seed was obtained from the gene reserve. The situation of
the other two species is much better, especially that of ash.

Problems of the commercial forest

Tab. 3 gives the basic management groups of stands where the production function is
predominating and Tab. 4 gives the target species composition.

The most important is MG 197, management of floodplain sites in mixed stands with ash as
the dominant species. The stands are regenerated and tended relatively intensively, as can be
seen in Tab. 1 on felling. In the past period, ash was the most frequently felled species.
Especially the regeneration is relatively rapid, for two principal reasons. It was deemed
necessary to create a sufficient number of starting points for natural regeneration in order to
regenerate overmature ash stands as quickly as possible. Right now it is necessary to sustain
the rate of regeneration felling in order to fell the ash in time, at least in a rotation period of
100 years and regeneration period of 30 years according to the present framework directives
for management, if need be to reduce the rotation period to 90 years, particularly to prevent
devaluation of the wood, i.e. colouring of the heartwood and butt rot. The proportion of
natural regeneration of ash in the total natural regeneration is the highest of all woody species
and at present there is no reason to slow down further development. It is only necessary to
ensure a sufficient admixture of ameliorating species to prevent the growth of extensive
stands of pure ash.

Another important group is represented by stands with dominant pedunculate oak in MG 195.
In the past period regeneration of these stands was not given preference; Tab. 1 shows that
total felling of oak is well below the size of its area. Here again there is a number of reasons.
In the first place a stronger seed year was expected and is still hoped for, in order to be able to
continue in experiments with natural regeneration and ensure sufficient amount of seeds from
local sources. Secondly it is because felling of these stands from the commercial point of view
is much less acute than felling and developing the neglected regeneration of ash and poplar
stands and stands with alder. Unfortunately we have not seen a seed year in this decade;
on top of that, due to the drop of groundwater table and spells of drought, incidental felling of
dead standing oak trees has recently increased and approaches thousand cubic meters a year.
It is premature to draw conclusions; in floodplain forest there has been a number of different
periods of the dieback of certain species (e.g. massive dieback of linden in the past two
decades, which virtually does not continue any more); nevertheless it is necessary to monitor
this phenomenon. In any case felling in this management group of stands will increase in the
following years. Rules similar to those concerning the preceding management group of stands
apply to regeneration of oak stands with admixtures of species where natural regeneration is
easier (ash, maple). Natural regeneration is also preferable in these stands, even at the cost of
not keeping the required proportion of oak in the target species composition.
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Another important and interesting management group of stands is MG 198, poplar
management. Stands of improved poplars should be regenerated in a 40 year rotation and
regeneration period of 20 years. Tab. 3 might indicate that the area of this management group
of stands is not very important but it is not so. In the past 5 years the volume of poplar clones
felled was more than 7,000 m® (Tab. 1), and that is more than of pendunculate oak. It was
because all poplar stands reached the age when their regeneration should be completed.
However this is not always successful and these stands will be going through intensive
regeneration for the entire following decade. It is a great commercial loss because the quality
of butt wood is constantly deteriorating also because in the 1950’s the stem bases were very
large and for many customers they are useless, even though they are healthy. Poplar stands
usually grow in localities where the groundwater level is high; regeneration must proceed
sensitively to avoid the occurrence of bigger clear areas, which it would difficult to
regenerate. In part of the stands poplar forms the upper storey and ash with alder the lower
storey. If the process was correct, in many cases the poplars of the upper storey were
successfully felled, after which zero or only minimal forestation followed. Subsequent
artificial regeneration of these stands took place with other woody species than poplar
because improved poplar as geographically allochthonous cannot be grown in the PLA.
Sufficient amounts of indigenous black poplar are not yet available and for the time being
black poplar is used for the forestation of sediment loads on the embankments of the Morava
River; it is managed and carried out at the general expenses of the PLA Administration.

The last management group of stands is MG 297, management of alder sites on waterlogged
sites. The parameter of regeneration is a 60-year rotation and a regeneration period 20 years.
If alder is to be a commercial woody species in a floodplain forest on these sites, it must be
regenerated in time. Logging alder at the age of 80 or 90 years on these waterlogged localities
is an economic disaster.

Summary of the forest management in floodplain forests of the Stren Forest District

As we can see in Tab. 1 the average annual volume felled per 1 ha in the region in question is
6.40 m’.ha™. This is more than the average for the entire FMP Pomoravi, particularly because
of the higher growing stock in floodplain forests. Due to the demands of the stands the felling
intensity will probably increase in the future, especially if we manage to markedly develop
and take advantage of natural regeneration. Considering that there are enough mature stands
and that all available forms of regeneration are applied the so far observed limits for the size
of regeneration elements by regulated areas should not endanger the necessary increase in
regeneration felling. At the present time the average area of the regeneration unit is ca 0.42 ha
(qualified operational estimate) but even if regeneration of the oak stands is more intensive
this figure is not expected to increase dramatically. The standard of forest tending is very high
and is done on the basis of accepted rules giving preference to the removal of geographically
allochthonous and site unsuitable species. The absolute majority of artificial regeneration is
done by slit planting and bare-rooted planting. Brushwood is cleaned manually or with a slash
rake; crushing the brushwood with a rotary cultivator is not efficient economically or
ecologically. Moreover, a large proportion of the broadleaved smallwood is the object of self-
production and is used as cheap ecological fuel by the local population. Conventional
technology is used for logging operations; forwarders are used for skidding pulp wood and
small-diameter round timber. Since the small forwarders are environment-friendly they are
used, as demanded by the PLA Administration, preferentially in most logging operations
carried out in the small-scale particularly protected areas.
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In terms of forest protection the floodplain forest is endangered only a little. Out of the abiotic
factors insignificantly detrimental is only the wind (with the exception of the tornado in 2004,
which caused a relatively heavy damage, including clearings). Out of the biotic factors in
certain periods it is the oak leaf roller moth damaging oak stands, and other pests of oak.
The beaver is spread over the entire area of the floodplain forest damaging all woody species.
For the time being the damage is not very severe, but due to the number of the animals it can
be expected that over time the damages will increase considerably.

Game management in the forest is always a very topical and controversial issue. Fallow and
roe deer have an immediate effect on the results of forest plans in the floodplain forests. The
owner of the forest regulates their numbers using legal options. Discussions on whether these
legal options are sufficient with respect to the importance of the forest, or if they have always
been applied, is not the objective of the present paper.

OTHER FUNCTIONS OF THE FOREST AND THEIR PROVISION

In the area of interest the forest fulfils all the other functions, which arise from its location and
specificities. The most important is the flood control function of the forest. During high
discharges in the Morava River the floodplain forests in the Litovelské Pomoravi are always
inundated. In general, forest management can influence this function by proper management
and, to be concrete, assuming the responsibility for a sound approach to how much wood
should be left in the immediate vicinity of the water courses. Floating wood may worsen the
flow capacity of the riverbeds and endanger people’s settlements. Another important function
of the forests is recreational because of the proximity of large agglomerations. The Forests of
the Czech Republic support this function as they do in other forests.

ECONOMICS OF FOREST MANAGEMENT

To give an idea about the economic results of the floodplain forest in question the basic data
are given in Tab. 5. Since it is difficult to break some economic data down to a concrete stand
and because the Forests of the Czech Republic have a very variable method of timber sales
(stumpage sale, roadside sale etc.) and because accurate conversion to the given locality is
very difficult, the presented data should be considered to be a qualified estimate.

Table 5: Selected economic parameters of the floodplain forest in the Stfeni Forest District

Year | Total volume | Sales of wood Average Total costs for Result Result per 1

felled converted to | conversion of | silvicultural m° of felling

the locality - wood - operations
"stumpage "stumpage
sale" sale"
3 (thous. CZK (thous.CZK (thous.CZK

(m’) without VAT) | (CZK/m®) | without VAT) | without VAT)| (CZK/m?)
2002 7,452 1,480 199 1,652 -172 -23
2003 8,061 1,420 176 2,124 -704 -87
2004 6,600 1,230 186 1,930 -700 -106
2005 6,602 1,450 234 1,425 25 4
2006 7,701 2,150 279 1,719 431 56
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It is very difficult to comment table 5. Several factors affected the economics of management:
development on the broadleaved wood market, structure of felling, structure of silvicultural
activities, method of sales of the state-owned enterprise and also the limiting requirements
arising from the obligation to fulfil other than economic functions of the forest. It is not the
task of the present paper to evaluate the contribution of these factors on the total economic
results of management. In this locality by his own authority the forest manager can influence
the following processes and in doing so improving the economics of management:

- optimal balance of felling both in overmature and economically less attractive stands,
and in economically attractive stands taking into account the current demand on the
broadleaved wood market (varied species composition outright calls for felling to
order)

- maximal use of natural regeneration and with it reduction of costs for silvicultural
activities

- due to the ongoing boom in broad-leaved fuel and assumption that it will last, to
consider the possibility of management in a medium-sized forest on a definite area

- from a long-term prospective there is a possible option between growing species with
a shorter rotation period and worse quality of wood and species with a long rotation
period but higher quality of wood; above all it is an option between the variant of ash
and maple on the one hand and oak on the other)

At the present moment most of the circumstances affecting management in the floodplain
forest of the Stren Forest District are favourable and in the next years the results of
management should improve.

METHODS AND EFFICIENCY OF THE COOPERATION WITH STATE
ADMINISTRATION AND BODIES OF NATURE CONSERVATION

As mentioned above the floodplain forest in the area in question is subject to a considerably
higher number of directives, regulations, rules and laws than forests in other areas. In order to
be able to carry out proper management in these stands under these circumstances, contact
among all said institutions must be correct and relatively frequent, and in everyday practice it
is. The forest manager must consult virtually all management measures with the PLA
Administration on a regular basis. All disputes must be settled in time and continuously.
A large amount of stands in this area is regenerated at an age earlier than given by law. This
requires a relatively frequent contact with the authorities of state administration and frequent
discussions to make exceptions for felling in stands younger than 80 years. Dissolution
of district offices and transferring their competency to communities with wider competency
has complicated these discussions because the number of officials with whom it is necessary
to deal has increased. Unambiguously it must be said that all discussions with state
administration, the Administration of the PLA Litovelské Pomoravi and with local
government authorities are traditionally very correct and efficient.
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CONCLUSION

The extraordinary character of the floodplain forest in Litovelské Pomoravi is the object of
interest both of experts and of non-professional public. The Czech Forestry Association
organises scientific seminars there, universities carry out research activities, excursions of
students and foresters from other parts of the Czech Republic and also from abroad come
here.
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FOREST MANAGEMENT SYSTEMS IN LOWLAND FORESTS OF
CROATIA

Igor Ani¢

Abstract

The lowland forests of Croatia are immense biological, ecological and general economic
assets that have been managed by forestry profession for more than two centuries. The
management of lowland forests in Croatia is generally based on the natural regeneration and
natural forest dynamics. All silvicultural treatments are carried out with the aim of achieving
the optimal stand structure throughout the stand's life cycle and preparing the site and stand
for natural regeneration. In cases when the young natural generation is less dense,
a combination of natural and artificial regeneration methods is used. The paper analyzes some
basic features of lowland forests of willows and poplars, black alder, narrow-leaved ash and
pedunculate oak.

Kew words
lowland forests, Salix spp., Populus spp., Alnus glutinosa Gaertn., Fraxinus angustifolia Vahl,
Quercus robur L.

INTRODUCTION

The lowland forests of Croatia occur in the area north of Karlovac, mainly between the rivers
Drava, Sava and Dunav. They extend at altitudes between 80 and 150 meters.

This area covers 353,487 ha in all, or 15 % of the total forested area in Croatia. Of this,
215,479 ha refer to the forests of Slavonian pedunculate oak (Quercus robur L.), 38,678 ha to
narrow-leaved ash (Fraxinus angustifolia Vahl), 25,355 ha to black alder (Alnus
glutinosa Gaertn.), 15,212 ha to autochthonous willows, primarily white willow (Salix
alba L.), 3,754 ha to domestic poplars (Populus alba L. and Populus nigra L.), 16,290 ha to
the cultures and plantations of poplars and willows, and 38,719 other hardwood. The total
growing stock is 103,814,000 m3, and the annual increment is 3,038,174 m’
(GFMP RH 2006 — 2015).

These forest stands are found in sites that are regularly flooded, periodically flooded with
high groundwater levels, and not flooded at all with a lower groundwater level (Vukeli¢,
Raus$ 2001). The characteristics of micro-relief and soil change in dependence on the duration,
intensity and frequency of floods, the kind and quantity of alluvial deposits, and the
fluctuations of groundwater. This directly determines the manner and type of forest
management system, especially the regeneration of forest stands.

The most common types of soils are alluvial soils, gley soils, and lowland pseudo-gleys on
elevations. The macroclimate of the region is continental, with mean annual temperature of
10.3 — 11.2 °C and precipitation of 800 — 900 mm in the west, and 600 — 700 mm in the east
of the area (Seletkovi¢, Tikvi¢ 2005).

The management of lowland forests in Croatia is generally based on the natural regeneration
and natural forest dynamics. All silvicultural treatments are carried out with the aim of
achieving the optimal stand structure throughout the stand's life cycle and preparing the site
and stand for natural regeneration. In cases when the young natural generation is less dense,
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a combination of regeneration methods is used (natural + artificial by sowing seeds or
planting seedlings).

The shelterwood system is the most widespread. The clearcutting system has never been
an important method of forest management in Croatia. In fact, it is banned by the Forest Law.
The exception relates to the regeneration of forest cultures and plantations and to pioneer
stands (willows, poplars and black alder).

SILVICULTURE OF SOFTWOOD BROADLEAVES
Forests of willows and poplars (Salix spp. and Populus spp.)

Floodplain forests of willows and poplars are characterized by constant water and soil
dynamics, which gives rise to incessant changes in site conditions. These forests are a mosaic
of willow and poplar stands where stages of initial origin and optimal development alternate.
The nature of willow and poplar forest dynamics ends with the terminal stage usually
represented by a stand mixed with some of the hard broadleaved tree species (ash, oak).

Phytocoenological research identifies and describes the following principal natural forest
communities in Croatia:

a) thicket of purple osier (Salicetum purpureae Wend.- Zel. 1952)
b) forest of almond willow (Salicetum triandrae Malc. 1929)
c) forest of white willow with bedstraw (Galio-Salicetum albae Raus 1973)

d) forest of white willow and black poplar with dewberry (Salici-Populetum nigrae
rubetosum caessi Raus 1976)

e) forest of black and white poplar (Populetum nigro-albae Slav. 1952)

f) forest of spreading elm and narrow-leaved ash with pedunculate oak (Fraxino-
ulmetum laevis Slav. 1952).

The order of these communities reveals their dynamics: from wetter towards drier
communities, from more intensively flooded to those which are flooded regularly but for
shorter periods, from initial towards terminal communities, from pioneer towards the final
form of riparian forests (Ani¢ et al. 2005).

The term thicket of purple osier is used to describe the morphology of these stands because of
the distinct density and the rod-like appearance of the purple osier. The dense thickets
enhance the accumulation of sediments and other materials and are responsible for the gradual
"rising" of the terrain. These fragmentarily distributed stands have no commercial
significance.

Stands of almond willow are pioneer stands inhabiting the shoals and islands in the Danube
and Drava (Rau$ 1992; Raus, Mati¢ 1990), as well as the depressions from which water
retreats the latest (Pernar et al. 2004). They take up the lowest hydrographic positions
of recent alluviums at the lowest boundary of forest vegetation. They are short-lived (about
ten years), they occur rapidly and decline just as rapidly. As almond willow declines in one
locality, its carr regenerates and develops on new sediments. Similarly to the stand type
described above, dense carrs of almond willow also play an important role in sediment
accumulations and in the creation of conditions for the occurrence of white willow.

The distribution of white willow stands includes riparian micro-depressions, bogs and river
islands, the edges of swampy habitats. These stands continue on the previously described
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carrs and thickets or directly on swampy habitats. The most areas under this phytocoenosis
have been ameliorated using various technical treatments, as well as hybrid poplars. Since
white willow is a typical pioneer tree species, its stands undergo natural generative
regeneration in bare clearcut regeneration areas (Raus, Mati¢ 1987).

Stands of white willow and black poplar occupy medium terrain positions above willow
forests but below poplar forests. In these stands, black poplar is on the lowest boundary of its
occurrence. According to Rau$ (1992, 1976), this stand type forms an optimal stage in the
silvidynamic development of riparian forests in Croatia.

Stands of black and white poplar inhabit the best quality sites in high positions of alluvial
terraces and islands in riparian areas. For this reason, this stand type has great silvicultural
importance. The composition mix may be in the form of single trees or group of trees. This
stand type clearly reveals an interaction between the ecological site conditions and the
biological properties of the trees. Natural regeneration is enhanced by the light and mobile
seed, the annual seed crop, the sprouting vigor from the stump and roots, and water as the
main ecological factor (Raus, Mati¢ 1990).

Stands of white willow, white willow with black poplar and stands of black and white poplar,
as pioneer stands, can be regenerated with clearcutting. Strip cutting (strip width equals 2 to
3 stand heights) is recommended.

In sites in which advanced pedogenetic processes have established the conditions for the
growth of pedunculate oak and narrow-leaved ash, poplar stands should be regenerated
simultaneously with a change in the tree species (conversion). From the standpoint of natural
forest dynamics, this involves the replacement of a pioneer or transitional forest with
a terminal forest. The procedure includes natural and artificial regeneration (sowing seeds or
planting seedlings) of pedunculate oak, narrow-leaved ash and other tree species that occur in
the terminal community of riparian forests. Regeneration is carried out under the shelter and
shelterwood cuts are applied. After opening the canopy of the old poplar stand with a seed
cut, the previously prepared site should be regenerated. Site preparation involves removing
weeds and shrubs that might impede regeneration, breaking up the surface soil layer and
fencing off the stand. Crowns of poplar trees left for the final cut should be used to regulate
the amount of light needed by oak seedlings and young growth, as well as to prevent weed
growth (Ani¢ et al. 2005a).

Stands of spreading elm and narrow-leaved ash with pedunculate oak inhabit the highest
positions of riparian areas. The stands occur fragmentarily and have almost no commercial
importance. The stands thrive on older and better developed alluvial soils with distinct
pedogenetic processes. They represent a terminal stage in the silvidynamic development of
riparian forests. Stands in the terminal developmental stage in the riparian area, with regard to
silvicultural properties of the constituting tree species (pedunculate oak, narrow-leaved ash,
spreading elm), are regenerated under the crown shelter of old trees. The shelterwood method
in a shortened regeneration period is recommended (seed and final cut). In the event of
insufficient seeding, regeneration may be combined (natural and artificial).

The area of riparian forests entails not only natural forest communities but also artificial forest
stands (forest cultures and plantations) of willows and poplars. The tradition of nursery
production of poplars and willows and the establishment of their cultures and plantations in
Croatia goes back over 120 years (Mati¢ et al. 2005).

Poplar cultures have a character of pioneer stands. After several decades of pioneer stand
growth, the soil becomes unsuitable for poplar growth, particularly for the ecologically
vulnerable clones of Euro-American and American black poplars. For these reason they
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should be converted and hardwood broadleaves tree species should be introduced that build
up terminal natural forest communities of a floodplain area. In the lowland floodplain region
of Croatia it is the pedunculate oak with its accompaniments — ash, elm, maples, hornbeam,
and others. The process of establishing new poplar and willow cultures in suitable sites is
simultaneously continued.

Forests of black alder (4/nus glutinosa Gaertn.)

Phytocoenological and synecological research has revealed a mosaic-like distribution of
natural stands of black alder in the entire range of floodplain forests in Croatia (Raus 1996,
1993, 1975, 1975a). More spacious forest complexes of black alder are found in the upper
course of the river Drava, while in other regions it inhabits smaller areas in the form of small
and medium-sized stands or groups and clumps of trees within the complex of pedunculate
oak forests.

From the aspect of natural forest dynamics, the stands of black alder have been described in
their initial, optimal and terminal stages. The stages differ with regard to the moisture degree
and floral composition (Raus, Vukeli¢ 1998; Raus 1975, 1971), as well as the stand
morphology and structure (Ani¢ et al. 2005). Stands in the initial and optimal stages are
usually pure or may contain some willows and narrow-leaved ashes, as well as spreading elms
in the optimal stage. The stands in the terminal stage are mixed. The gradually retreating
black alder is accompanied by pedunculate oak, narrow-leaved ash, common hornbeam, field
maple and spreading elm. In other stands of the lowland forests, black alder has the role of
a secondary tree species. In pedunculate oak stands, especially the floodplain ones, it often
fills the gaps in the oak tree overstorey left over from oak and elm dieback.

Black alder stands are usually regenerated in bare regeneration areas in the form of strips.
Seedlings (3,000 — 5,000 pieces.ha™) are planted simultaneously. Cutting is preceded by site
preparation involving the removal of ground vegetation and shrubs.

If the properties of the site inhabited by black alder stands have changed (transitional or
terminal stage of natural forest dynamics) and no longer suit black alder but favor other tree
species, the mixture of species should be changed. In accordance with the silvidynamic
development, a transitional stand of black alder in the terminal developmental stage is
replaced by a stand of pedunculate oak. This stand has the character of the final forest
(climax-forest) in the lowland and floodplain regions of Croatia. The procedure is similar to
that applied to poplar stands. It is accomplished under the crowns of old trees with the
shelterwood method in two cuts on average (seed and final cut). Regeneration is artificial
because after the seed cut the regeneration area is planted (400 — 600 kg.ha™) or sown
(700 — 1,000 kgha') with acorns or planted with seedlings of pedunculate oak
(10,000 — 15,000 kg.ha™"). Two to three years later, depending on the condition of the young
growth, the parent trees of black alder are finally felled.

SILVICULTURE OF HARDWOOD BROADLEAVES

Forests of narrow-leaved ash (Fraxinus angustifolia Vahl)

These forests cover an area of almost 39,000 ha, of which 80 % occur in the forest complexes
of the upper course of the river Sava in Croatia. They grow on distinctly clayey gleyic soils.
They are regularly flooded in spring and autumn. In the complexes at Jasenovac they are
exposed to the natural water regime.
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Narrow-leaved ash thrives in a variety of sites ranging from wet bottomlands, where it forms
a wet forest boundary towards a swamp, to fresh, humid micro-elevations. Differences in the
morphology and structure of ash stands depend first of all on the frequency, duration and
height of floods, the freezing of floodwater, and the water regime in the soil. From these
aspects, the stands of narrow-leaved ash have been described in their initial, optimal and
terminal stages (Ani¢ 2001).

In the initial stage, the majority of the trees are deformed. The base stems are asymmetrically
thickened and the stems are deformed. The trees are often forky. The level reached by flood
and frozen flood water is clearly visible. In the optimal stage of development, a stand of
narrow-leaved ash is in full growth. It is the most clearly delineated from other communities
and has the best ecology. The optimal stage represents a typical ash forest,
phytocoenologically defined by the name Leucoio-Fraxinetum angustifoliae (Glava¢ 1959).
These stands are mainly pure. Deformations are still visible (centric or eccentric thickenings)
at the stem base and in the lower part of the stem. Other forms of deformations (sable-like
growth, twisted growth, bendiness) are less frequent. In the last, final, fresh, or terminal stage,
the stand of narrow-leaved ash reaches its terminal boundary and begins to change. It assumes
a transitional character. All the deformations of the trees disappear in the terminal stage of ash
development. The trees have regularly developed stem bases, straight stems and high crowns.

Stands in the initial developmental stage should be allowed to develop naturally towards the
optimal stage. In these stands, the seedlings of narrow-leaved ash occur but rarely reach the
stage of young growth due to excessive moisture. The gradual opening of the canopy in small
areas provides better conditions in the regeneration area for seedling survival and hampers
weeding and waterlogging. A seeding cut should increase light intensity by a maximum of
15 %. To achieve completely successful regeneration, the regeneration area should be
restocked with seedlings of narrow-leaved ash.

Stands in the optimal stage are regenerated with the shelterwood method with strip felling in
two cuts (seed and final cut). In sites threatened by a false indigo invasion and in sites at risk
from floods and ice, the regeneration period is prolonged with the application of a subsequent
cut (Mati¢ 1971; Dekani¢ 1970). In this case, trees left for the final cut should be retained in
the regeneration area as long as possible. Regeneration should begin in the year of full crop or
in the year following the full crop year. Depending on the stand structure, the intensity of the
seed cut should be such that the level of light in the regeneration area is increased by
approximately 15 %. If artificial regeneration is needed, it is recommended to plant seedlings
(5,000 — 7,000 pcs.ha™).

Stands of narrow-leaved ash in the terminal stage are regenerated under the canopy of old
trees with the shelterwood method in two cuts (seed and final cut). A preparatory cut will be
applied depending on the closure and shape of the tree crowns in the parent stand, the
composition of the lower storey, and the condition of the regeneration area. This means that
regeneration will be accomplished with a combination of natural and artificial regeneration,
and all tree species in the regeneration area will be used. Artificial regeneration involves the
introduction of acorns or seedlings of pedunculate oak (after the seed cut) with the goal of
increasing its share in the composition mix to the level reached by pedunculate oak in
a floodplain forest (60 — 70 %). The rest relates to the young natural growth of narrow-leaved
ash and other tree species. Reconstruction is performed in small areas, because the diversity
of the micro-relief is responsible for the occurrence of young growth of narrow-leaved ash in
more humid parts of the regeneration area and of pedunculate oak in drier parts of the
regeneration area. Other tree species will inhabit the regeneration area in accordance with
their ecological constitution.
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Forests of narrow-leaved ash are among the most important floodplain forest ecosystems
in Croatia. Apart from being a pioneering tree species, narrow-leaved ash also thrives in
unfavorable, mostly swampy conditions where other species cannot survive. Furthermore, it is
the most important tree species in the restoration of degraded pedunculate oak stands.

Forests of pedunculate oak (Quercus robur L.)

Pedunculate oak, which accounts for one tenth of all the forests, is the most precious tree
species inhabiting lowland and floodplain regions in Slavonian part of Croatia (Slavonian
oak).

Pedunculate oak in Slavonia forms two main forest associations: with Genista elata (Genisto
elatae-Quercetum roboris (Ht. 1938) and with common hornbeam (Carpino betuli-Quercetum
roboris /Ani¢ 1959, Raus 1969/). The first association belongs to the group of floodplain
forests, while the second belongs to the group of lowland forests outside the reach of flood
waters.

In Croatia, this tree species forms large coherent complexes, such as Spacva (40,000 ha),
Lonjsko polje (30,000 ha), Pokuplje (10,000 ha), Repas (5,000 ha), as well as forests in the
area of Cesma, Donji Miholjac, NaSice, Slatina, and others (Klepac 2000).

Today, the total forest area dominated by pedunculate oak is 215,479 ha. Of this amount,
210,259 ha are under forest management. Commercial oak forests are of the first, second and
third generation, starting from the first cuttings in virgin forests of Slavonian pedunculate oak.
Past stands were formed with regeneration under the crown of old trees according to different
variants of the shelterwood system (Mati¢ et al. 2003, 1999; Dekani¢ 1974).

Pedunculate oak forests that are excluded from forest management cover 10,468 ha (Klepac,
Fabijani¢ 1996). The aims of protecting pedunculate oak forests are manifold (Vukeli¢,
Raus 2001) and include the conservation of natural properties, above-average age, dimensions
and high timber volume, highlighting excellent management practices in stands containing
high-quality trees, stressing geographical and synecological particularities of their
distribution, and others.

Management of pedunculate oak forests in Croatia has a tradition of over 200 years.
Management practices are characterized by long rotation (120 — 140 years and more),
intensive tending from the earliest developmental stages, early thinning and natural
regeneration with the shelterwood system.

Until the 18™ century, forests of pedunculate oak in Croatia were of a virgin structure and
were almost untouched by any organized impact (Mati¢ 1996). The management and use of
pedunculate oak did not occur much before the 18" century. Cutting down of trees began at
the end of the 18" century and culminated during the 19" century. According to the data by
Safar (1966), 98,000 ha of old forests of Slavonian pedunculate oak were cut down in the
period 1860 to 1920.

Natural regeneration took place under the crowns of old trees. Different cutting methods were
employed. The oldest regeneration method (Kozarac 1887) had a regeneration period lasting
for 5 years. Five years prior to cutting, cattle grazing was banned in stands to be cut down.
When young oak growth was dense enough, the old trees were cut down. Trees were often cut
down even when there were not enough young oaks in the soil, the result being the occurrence
of hornbeam or ash stands. Consequently, a cutting method with a regeneration period of 10 —
15 years was soon implemented. During this period, old oaks would seed the area and only
trees of other species were cut down in order to ensure enough light for young oaks. When the
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young generation did not need the shelter of old oak trees any more, they were cut down.
Regeneration with shelterwood cutting in two cuts, and later in three cuts, was thus
introduced.

Today, commercial stands of pedunculate oak are regenerated under the crowns of old trees
using the shelterwood method in two or three cuts. The regeneration period lasts for
5 — 8 years, depending on the growth of the young generation and the competition of other
species. Usually, two cuts and a shorter regeneration period are applied to so-called floodplain
forests of pedunculate oak (ass. Genisto elatae-Quercetum roboris). Three cuts with a longer
regeneration period are applied to forests of pedunculate oak with common hornbeam.

Stands are regenerated naturally or artificially. Artificial regeneration is executed according to
the principles of natural regeneration. This means that after the preparatory or seeding cut,
acorn is sown or planted, or two-year-old oak seedlings are planted under the crowns of old
trees (Mati¢ et al. 1999).

According to Mati¢ (2000), successful management with forests of pedunculate oak requires
that fundamental principles of management be adhered to. These are:

- Regeneration of pedunculate oak forests should be done naturally or artificially under
the canopy of crowns with shelterwood felling.

- Forests of pedunculate oak can be self-regenerated on the soils possessing the
properties of forest soils. Regeneration on non-forest soils (agricultural, degraded,
etc.) does not ensure quality, stability and productivity of the future stand.

- To regenerate pedunculate oak naturally or artificially, 700 to 1,000 kg of acorns per
hectare is needed, while artificial regeneration with a hoe requires 400 — 600 kg.ha™.
For regeneration with seedlings, 10,000 — 15,000 plants.ha™ are required.

- In case of dieback or degradation of pedunculate oak stands, regeneration should be
aimed at re-establishing the pedunculate oak directly if the soil has not degraded, or
indirectly by planting pioneering tree species, most commonly black alder and narrow-
leaved ash.

SUMMARY

The lowland forests in Croatia are immense biological, ecological and general economic
assets, which have been managed by forestry profession for more than two centuries, and are
among the best preserved and the most important in Europe.

They are structurally diverse ecosystems. Their morphology and structure change in
dependence on the water regime, geomorphology, alluvial properties and anthropogenic
impacts. A natural floodplain forest is a mosaic of regularly flooded stands, periodically
flooded stands with high groundwater and unflooded stands with lower groundwater levels.
In terms of origin, development, texture, structure and silvicultural treatments, there are
softwood floodplain stands (with the predominance of willow, poplar, and alder) and
hardwood floodplain stands (with the predominance of oak, ash, elm, hornbeam, etc.).

The lowland forests in Croatia are dynamic ecosystems. The characteristics of micro-relief
and soil change in dependence on the duration, intensity and frequency of floods, regime of
underground water, and the kind and quantity of alluvial deposits. Changes in the forest soil
affect spatial and temporal dynamics of forest stands from wetter towards drier types. The
more stable the hydro-pedological and climatic conditions are the slower and harder to notice
are the changes in the dynamics of stands. When hydrological conditions change abruptly,
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primarily as a consequence of hydro-technical operations in the surroundings of floodplain
forests, alterations in the dynamics and structure of stands become noticeable in as short
a period as several years.

Floodplain forest ecosystems are highly sensitive to anthropogenic impacts, of which
a changed water regime is particularly conspicuous. As a rule, hydro-technical operations lead
to changes in the sites of aquatic and terrestrial members, and particularly in the forest sites
along riverbanks, causing degradation and disappearance of many members of these
ecosystems. This is reflected in a decreased increment, weakened vitality, the onset of tree
dieback, changes in the tree species composition and the floral structure of shrubs and ground
vegetation.

The management of lowland forests in Croatia is generally based on the natural regeneration
and natural forest dynamics. The shelterwood system and regeneration under the shelter are
the most widespread. The clearcutting system is banned by the Forest Law. The exceptions
relate to the regeneration of forest cultures and plantations, as well as to pioneer stands of
willows, poplars and black alder.
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THE MANAGEMENT OF FLOODPLAIN FORESTS IN AUSTRIA

Herbert Hager, Helmut Schume, Herbert Tiefenbacher, Ernst Buchleitner

Abstract

Distribution, ecological as well as site conditions and dynamics of Austrian floodplain forests
are discussed shortly. The zonation of the forest sites, occurrence of certain tree species and
also site productivity has a strong dependence upon site hydrology. Human influence on these
riverine ecosystems is not only limited to the modification of river systems through dams
dikes and regulation measure, but forestry and also the occurrence of exotic neophytes and
especially invasive species have impacted the floodplain forest and are an important factor.
Two case studies of management of floodplain forests are given which stand for two quite
contrasting management goals. Case study one is from a commercial forest, the Grafenegg
forestry domain, where the optimized production of quality timber in the different sites is
a main objective, but where also other aspects like recreational and beneficial function of
these forests as well as preserving biodiversity are considered and have their value in forest
management. Case study two is from the Ramsar Area of the March-Thaya-floodplain forests,
where a quite different state of the forest is observed and where a multitude of large and small
forest owners should contribute to the goals of nature and wetland conservation and to keep
up an old cultural landscape. Threats and problems for the floodplain forests are pointed out.

Key words
floodplain forests, sites, ecology, dynamics, Austria, Danube, March-Thaya rivers,
anthropogenic change

INTRODUCTION AND CHARACTERISTICS OF AUSTRIAN FLOODPLAIN
FORESTS

Riverine and floodplain forest could be found in Austria at all elevation zones from high
montane regions down to the lowlands. They are characterized by steady change of their
morphology and sites through riverine processes like flooding, sedimentation and erosion
(Seibert 1958; Hohensinner et al. 2005). Usually these processes are more decisive for the
occurrence and growth of woody plant species than the zonal climatic and soil conditions.
Changing ground water tables and very often ample nutrient supply as well as a strong
differentiation in the particle sizes during sedimentation contribute to the great heterogeneity
in site, productivity and general ecological conditions (Ellenberg 1982). Despite of the fact
that riverine forests may be found along a wide altitudinal gradient and along almost all river
systems the most expansive floodplains and floodplain forests could be found in the Tertiary
and Quarternary basins and lowlands as well as in the U-shaped valleys of the Inner Alps of
Austria.

Due to the diversity of sites and on site hydrological properties there is a very distinct and
strong zonation of forest vegetation types and productivity of these types (Hager et al. 1999).

An example of such a zoning of lowland floodplain forest sites is given in Fig. 1
(Margl 1971).
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Fig. 1: Schematic zonation of floodplain forest along the Danube in Austria (modified after
Margl 1971)

As can be seen from the Fig. 1, site type and site class in the floodplain forests are determined
by the relative elevation as compared to the level of flooding and by the duration of flooding.
Other important factors are also the texture and depth of the fine sediments above the
underlying coarse gravel deposits. Usually the forest sites which are flooded for longer
duration and with an annual periodicity are dominated by tree willows or poplars and are
classified according to their soil water holding capacities and duration of flooding and/or
duration of connection with the groundwater into wet, moist, fresh or dry site types. These site
factors are also of importance for on site Leaf Area Index (LAI) and productivity e.g. yield
class of the respective forest stands. An investigation in poplar sites along the Austrian
Danube showed, that groundwater contact during more than 50 % of the year meant an
average annual increment of 29 m’/a while only occasional groundwater contact (less than
2 % of the year) yielded only less than 17 m*/a (Haslinger 1998; Hager et al. 1999). The
decisive site factors, like for example depth of fine sediment layers, which are so important
for site class and forest productivity show considerable small and large scale variability.
An investigation by Schume and Hager (2000) revealed for example that even within site
units, the depth of the fine sediment layer may be vary considerably, for example from 1.3 m
to 3.7 m within a horizontal distance of 30 to 50 m (Fig 2.).

FOREST MANAGEMENT SYSTEMS AND REGENERATION OF FLOODPLAIN FOREST SITES. Brno 8.-9. 10. 2007

42



HAGER, H., SCHUME, H., TTIEFENBACHER, H., BUCHLEITNER, E.: The Management of Floodplain Forests in Austria

0

‘Z

!
o

SIS S
<< SRS SSISSSS
= SOSISISSSOS

- 145] S SIS

4 S ST oo

o s s

=y SIS SRS RS

£ ST —
S S>> ESSOSSTSS <>

2 SIS PSS S SIS

£ PSSO S S SSSSISSS

8 143 SOOI SIS

- SR IS

3 NeesCety =

» NSOSEEELSSS ———
== =

K
0
W
!

N
i
3

N
)

Y
1

)
"
S

e
W
WY

TSNS N>

X
W

7 143

4

4

E 142

= 14

] SN X

£ eSv.an\ARV,

0 N A NN %
g 1M SRS
@

N =

":'I"' <7
S
S
S
oSS
—aa——
Soexs

SIS SS

ho

Fig. 2: 3-D Plot of soil surface vs. surface of the gravel layer. The difference in elevation

between these two surfaces is equivalent to the depth of fine sediment (Schume,
Hager 2000)

The variability of site factors and in consequence of site quality and productivity already
indicates that it might be quite complex to manage floodplain forests in an optimal way.
In addition management of floodplain forests has to take also into consideration that
anthropogenic changes have impacted the ecosystems through the centuries.

ANTHROPOGENIC CHANGES IN THE RIVER FLOODPLAINS

Such changes have been described and investigated for Austrian floodplain forests in more
detail by Wildmann (1926), Mader (1987) and also Hager (2000) and Hager, Schume (2002).

The most apparent among these changes are:
 river regulation and flood protection,
« dredging for shipping channels,

« construction of hydroelectric dams.
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Further on forestry and also the introduction of invasive exotic plant species have altered the
species composition of floodplain forest, which may also result in several management
problems especially when nature conservation becomes a dominant goal in management of
floodplain forests.

River regulation and flood protection measures have resulted in altered flooding and
sedimentation and in grave hydrological changes of forest sites. Eisenmenger (1894) has
already described the effects of the great Danube regulation of the 19" century upon the
floodplain forests in Austria. He cites that certain sites become drier others become more
stagnant and that water circulation as well as sedimentation is severely changed and site class
and productivity is generally decreasing. These observations are also repeated by
Wildmann (1926), but the author is also citing older sources like a forest inventory from the
domain of Hollenburg in Lower Austria, which proves that the forested area has increased
after the Danube regulation due to the protection of forest land from erosion by flood water,
so called “water break down” of forest stands. He found in the domain records that in 1815
(before the Danube regulation) 59 % of the land area in the floodplain was forested and 41 %
fresh gravel and sand deposits or early succession stages of young brush willows. These areas
have gradually vanished after the regulation.

It seems to be clear that channel dredging to improve shipping conditions is altering the cross
section of the river channel and consequently stage levels of the river for runoff events are
altered and thus also the hydrological conditions for the floodplain forests.

Construction of hydroelectric dams, which was rapidly progressing along the Danube after
World War II, had further impact on the water cycle in the floodplain forests. Since dam
construction means also lateral dike construction along the hydro reservoir, the floodplain
forests become hydrologically isolated from the river, and groundwater stage levels are
dampened. Only environmental remediation and restoration measures may bring a certain
compensation, which may be achieved to a certain degree by dike gates and irrigation
channels (“Giessgang”).

Despite of such hydrological restoration methods some sites of the floodplain forests may fall
dry and others may be affected by stagnant water (Haslinger 1998; Schume 1998).

Forestry as well as invasive plant species have also had there impact on the floristic
composition of floodplain forests and also the management practices. Fig. 3 shows that
forestry has introduced newly bred superior hybrid species (e.g. genetic constructions which
don’t occur naturally), which account for nearly one quarter of the tree species in the
floodplain forests East of Vienna.

In addition so called exotic tree species make up another 7 % of the forest area. The majority
of these species are invasive introduced species like Acer megundo L. and Ailanthus
altissima (Mill.) Swingle or Robinia pseudoacacia L. These species together with invasive
herbaceous plants, for example from the genera Solidago or Impatiens, can generate quite
anumber of problems in forest regeneration and also conflict with the goals of nature
conservation in the floodplains.
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Fig. 3: Distribution of tree species in the floodplain forests along the Danube east of Vienna
(Hager, Schume 2002)

CASE STUDY 1: FLOODPLAIN FOREST MANAGEMENT IN THE GRAFENEGG
FOREST DOMAIN

Locality and site conditions

The floodplain forests of this forest enterprise are located along the Danube in the Tulln
alluvial basin and extend from approximately 30 to 70 km west of Vienna. The Tulln basin is
characterised as climatically warm and dry, with little precipitation in winter and frequent dry
spells especially during spring. Long-term average annual precipitations are around 600 mm
and mean annual temperature is 9.5 °C. Through the last decades a marked decrease in annual
precipitation could be observed.

For the total area of the floodplains forests a detailed site classification is available
(Jelem 1974). The percentage area of different site types is given in Tablel.

But these site classifications were done before the construction of two hydroelectric dams
(Altenworth 1975; Greifenstein 1984). The following hydrological isolation of the floodplain
forests due to lateral dikes and dams has altered the sites considerably. The frequency of
smaller flooding has decreased and the amplitude of annual groundwater oscillations was
dampened. The change of the average level of the groundwater table was not uniform in
dependence upon the distance from the hydroelectric dam. Especially the dampened
oscillation of the ground water stages has led to a deterioration of growth conditions for most
of the autochthonous tree species.
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Table 1: Area of different site types Grafenegg Domain Administration after Jelem (1974).

Site type Area in % |Tree species important for forestry
Moist and wet willow sites 3 willows

Fresh willow sites 2 hybrid poplars

Moist silver poplar sites 5

Fresh ash - poplar sites 13

Black poplar sites 5

Total of all softwooded floodplain sites 28

Moist elm - ash sites 6 ash, black walnut
Fresh elm - ash sites 37

Dry oak - elm sites 8

Fresh ash- sycamore maple - elm sites 1 sycamore maple, maple
Moderately fresh oak - ash-linden sites 17 black walnut, oak

Dry oak-linden sites 3 oak

Total of all hardwooded floodplain sites 72

Area, structure of woody species and development of the floodplain forests

The present day mixture of stocking species results from long-term anthropogenic influence.
All forested areas were managed during the first half of the 20" century has hunting
enclosures for deer and elk species, which had dramatic consequences on the tree species
composition. The selective browsing led towards a loss of tree species and resulted in large
areas of grey alder coppice forests. After a war caused interruption of regular management the
floodplain forests were returned to an orderly practice in 1956. The hunting enclosure was
taken down and through considerable silvicultral effort the composition of stocking tree
species was changed towards more valuable species. The percentage cover of different forest
management units could be changed by these means (Fig.4).
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Fig. 4: Change in forest management units for the Grafenegg floodplain forests
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Until 1990 fast growing hybrid poplars (controlled cross breeds between the clones of
Aigeiros and Tacamahaca) were planted on vast areas of the forest land to achieve a rapid
production of valuable tree species. This led to the fact that less suitable sites were also
planted with these hybrids. In consequence planting of hybrids was lately reduced in favour of
hardwooded broadleafs. Hybrids are now only planted on floodplain sites (approx. 30 %
of the area) and also in parts of the moist to fresh sites of the hardwooded floodplain forests.

This transition from a dominant hunting domain to the production of valuable timber has
changed the tree species composition considerably (Fig.5)
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Fig. 5: Tree species composition in the Grafenegg domain in 1970 and 2004.

The priority functions of the Grafenegg floodplain forests and their realization

The priority functions of the floodplain forests in this area are very dependent upon the
viewpoint of differing interest groups. From the ownership and its economic viewpoint the
production function has first priority and second are recreation and (contracted) nature
conservation, while from a national and regional economic as well environmental viewpoint
the most important are the beneficial functions upon climate and water balance and also
nature conservation. The whole floodplain forest has been declared a Natura 2000 area.

Managment of hybrid poplars

From 1940 onwards afforestation with poplar hybrids took place in special highly productive
sites and also along moister ditches, the clones which were used are not documented. Between
1956 and 1959 the enterprise experienced a first wave of intensive hybrid poplar cultivation.
Hybrid poplars were afforested at 3x3 m spacing, these afforestations were done nearly in
a horticultural manner and were very costly. The area was fertilized the planting stock was
secured with stakes and the soil around the plant was loosened by hand. Pesticides were
applied as it was necessary. The clones which were used are mostly documented.
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After 1960 planting and tending in hybrid poplar cultivation became highly mechanized. The
spacing was altered gradually to wider spacing, from formerly 3x3 m to nowadays 8x4 m.
From this time on approximately 80 different poplar clones were cultivated. Each
afforestation after 1965 has a clear plan of the planted clones or species. A steady
improvement of poplar clones and also a frequent change of clones have high priority.
Important selection criteria for the planting stock are secure establishment of saplings,
resistance against pest and disease and against damage by game animals as well as superior
growth performance. To limit the risk of new stands there is no monoclonal afforestation, in
each area the planting of at least 3 clones is obligatory. Presently 8 clones are used and the
saplings are produced form the enterprises own plant material. The rotation period in the
domain could be reduced in the last 4 decades from originally 35 to 40 years to now 26 to
27 years due to the progress in poplar breeding.

Afforestation and tending of stands are now predominantly standardized. The 8x4 m spacing
means that only parts of the afforestation area are planted. Sites are prepared for planting by
mulching strips of 8 m distance, the remaining area is coppiced with the goal to keep up the
biological diversity onsite. Planting is done by means of a planting plough or soil corer.
Usually 2 year old rooted cuttings of to 2.5 to 3 m height are planted. In red deer (elk) habitat
protective fences are used, otherwise single sapling protection is sufficient.

Tending in the sapling stage means cutting severely competing vegetation and climbers and
crown pruning during the first 2 years after planting. Branch pruning with extensible saws is
performed afterwards at 3 different stages and reaches up to 7 m height. At the age of
7 to 10 years follows a schematic thinning, where every second poplar is removed.

Management of the hardwooded broadleaf species

In these areas young stands are either created by natural regeneration or partial area planting.
But natural regeneration is limited because of the scarcity of old growth. Site preparation and
planting is done similar to the hybrid poplar plantations, but with 12x1 m spacing and the
tending period for the sapling stage is double length as compared to poplar. Protective fences
are obligatory. In these stand selective thinning is performed in a way, so that individual
crowns are without competition from the time on, when a desired clear bole length is reached.
After 2/3 of the rotation period the number of dominant valuable trees should be at maximum
100 per 1 hectare.

Seeds of sycamore maple, oak, ash and linden for regeneration of the stands are
predominantly coming from the forestry domains own certified source stands. All black
walnut originates from Grafenegg. Most of the species are either planted or regenerated to
form mixed species stands, only oaks are an exemption. Under the aspect of enhanced
diversity, the planting of new species is tried regularly.

Economics of forest management

The productive area of floodplain forests in the Grafenegg forestry domain is approximately
2,500 ha and the average annual increment is between 7 and 8 m’.ha™'.year”. Hardwood
timber under standard stand management shows the following division into quality classes:
5 % is veneer and class A, 40 % is class B and 55 % is class C saw timber. The percentage of
veneer quality is very much dependent upon the market situation. With a current price bracket
for ash of approx. 300 €.m™ for class A timber and 60 €.m™ for class C, a good chance can be
identified for enhanced quality and revenues through more intensive stand tending.
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The management goal with all species is to achieve a straight lower bole clear of all branches
for at least 25 - 30 % of the total final height. The final DBH in poplars should be between
50 - 60 cm and in hardwood timber 60 - 70 cm. All important tree species, except oak, tend at
a higher age towards wood discoloration and rot, which starts frequently from dead branches.
This is one of the reasons to keep the rotation period as short as possible, other reasons may
be also the necessity to delimit stand risk (from floods, wind storms....) and the return period
for the tied up capital investment. Within the depicted management concept hybrid poplars
reach harvest maturity at 25 - 30 years and hardwood timber at 60 - 70 years age (an
exemption is birch). Height and diameter increment of oak is in the juvenile stages lower than
in other hardwooded broadleaf species, but in later age oaks are catching up.

Grafenegg forestry domain estimates, that there is only a limited possibility to reduce costs by
outsourcing services, due to the fact that there is only limited know-how concerning practical
management of broadleaf forest stands within possible service providers. That’s why the
enterprise has to rely on its own innovation potential to optimize tending and treatment of
stands. This means also that there is a higher risk for management errors which may show up
later on.

Regeneration methods

One of the prerequisites for natural regeneration is superior or at least good genetic quality of
the stand, which should be rejuvenated, but frequently it is missing. Naturally regenerated
stands have in the Grafenegg forestry domain slower growth in the youth stages which
prolongs the production period by 10 - 15 years. In naturally regenerated stands under
traditional management, lasting canopy closure and steady dieback of branches leads towards
discoloration of heartwood, this is especially and frequently the case with ash. It is not known
a release thinning at a later stage, with a resulting enhanced diameter increment, may also
decrease the risk of heartwood discoloration. Finally natural regeneration means for the
Grafenegg enterprise savings in planting and site preparation costs, but these are
counterbalanced by higher tending costs.

The management of planted stands can be more easily standardized and also mechanized. But
one of the prerequisites, that artificial regeneration makes sense and leads towards economic
success, is the availability and selection of genetically superior planting stock.

CASE STUDY 2: FLOODPLAIN FORESTS OF THE LOWER MARCH-THAYA
REGION, RAMSAR AREA

The wetlands of the March and Thaya rivers in the tristate region of Austria, Czech and
Slovak republic were declared a wetland-area according to the Ramsar-Convention. Therefore
the main objective of this case study is to document current floodplain forest status, the
management practices, threats and possible remediations in the face of an old cultural
landscape and a valuable wetland area.

In the year 1991 the area was visited by an expert commission which was monitoring the
observance of the Ramsar convention. In its final resume the commission documented the
importance of this wetland area, but it had also to note that despite of the dedication of this
area to the Ramsar convention principles, the area is experiencing considerable decline in its
functionality. The monitoring commission therefore recommended that a so called "concept
for sustainable and wise use of the wetlands" should be worked out. Project leadership for this
effort was given by federal and provincial government authorities to the Austrian
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"Distelverein". Information on the March-Thaya floodplain forests within this essay is partly
drawn from the final report of the project working group on forests and forestry in the
concerned area.

Area and land use

The concerned area, which was investigated for a wise land use concept of the Ramsar-Area
March-Thaya floodplain forests, encompasses approximately an area of 123 km?”. It is in
general terms a more or less wide strip along both rivers which extends for something like
65 km in north-south direction. Of this area there are approximately 39 % arable lands, 31 %
forests 11 % built over areas (like settlements, dams or channels), 6 % open water courses and
5 % meadows, which are cut on a regular basis (Gamper et al. 1992). The forested area is
close to 3,860 ha and is mainly composed of azonal floodplain forest associations within the
zonal northern Subpannonian mixed oak forests. The forest area follows as an interrupted
more or less wide band the course of the rivers Thaya and March between the village of
Bernhardsthal and the mouth of the March river with the Danube. The largest continuous
floodplain forest complexes are found between Hohenau and Drésing and respectively
between Zwerndorf and Marchegg, each of them is close to 1,000 ha in area (Fig.6).

Climate of the area

The concerned area is situated within the Subpannonian climatic region of eastern Austria,
which is characterized by low annual precipitation around 600 mm. Summers have
amoderate precipitation maximum, where frequent droughty conditions and high
temperatures can be encountered. Average temperatures for July are around 20 °C, while the
annual average temperature is around 9 °C. Average monthly precipitation in the area shows
two minima, one in spring and another in late summer / early fall. Winter temperatures are
cold, with average temperatures of January around -2 °C. The snow cover during winters is
rather sparse and not very long lasting.

During the last decades a general decrease of 10 % of annual precipitation against the long-
term averages could be observed.

Geology and soils

The concerned area of the lower March-Thaya region consists mainly of terraces of pliocene
age which are partly covered by a loess mantle. The lowest and youngest terrace is the present
floodplain of the rivers and is composed of alluvial material, which was transported by both
rivers. The alluvial material is dominantly siliceous and only traces of calcareous material are
contained.

The alluvial soils along the March river are different from alluvial soils along the Danube,
which may be attributed to the character of the river and also to differing geological and
morphological features of the watershed area.

Alluvial soils of the area feature fine sediment content (diameter < 2mm) of nearly 100 %.
Especially the average silt and clay content of 50 %, is highly responsible for the availability
of soil water stores and for soil aeration. This may contribute to the fact that soils along the
two rivers are heavily gleyic, and are more in character of gleysols then of alluvial soils.
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Soils are also high in humus substance content and are of dark colouring down to a depth of
1 m, which points also towards poorer aeration and protection of humid substances against
microbial breakdown.

Besides the above described alluvial soils (fluvisols), some forests and floodplain forests are
also found on remnants of old Quarternary gravel terraces (in German so called: "Parzen"),
stocking upon chernozem soils. Upon sunken terraces in lower elevations histosols may be
found, many of them with disturbed water regimes and dried up.

Hydrology

River channel morphology in the lower regions of the March and Thaya rivers is of the
meander type. Average annual discharge amounts to 111 m’.sec’ with an average flow
velocity of 0.6 m.sec” in the lower reaches of the river. The area of the watershed is close to
26,000 km® and it spreads predominately through the lowland and lower montane elevational
zones, therefore the rivers are characterized by a spring flooding regime. Average monthly
discharge shows a pronounced maximum for the month March and April.

Because of the very low river bed slope, sediment transport is mostly limited to the very small
grain fractions i.e. sand, silt and clays, which constitute the main bed load. Due to regulation
of the stream course, bed slope of the March river was increased from 0.015 % to 0.018 %,
while the slope of the Thaya river increased from 0.031 % to 0.037 %, which altered the
discharge characteristics of both rivers. The construction of dams and storage basins in
southern Moravia along the Thaya river altered also the discharge characteristics. March and
Thaya rivers are on the Austrian side also flanked by 67 km of flood protection dams. In
addition in many instances the area is cut up by a large number of drainage ditches, which are
drying out some of the fields, meadows and also forests.

Forest sites and natural forest associations in the March-Thaya floodplain

The above given soil characteristics combined with a more extreme subcontinental climate
leads towards the very unique composition of floodplain forest associations. The
characteristic and unique tree species of these forests is Fraxinus angustifolia Vahl which
becomes also the dominant tree species of the forests and replaces the common ash (Fraxinus
excelsior L.).

In contrast to the floodplain forests of the Danube region, where Alnus incana (L.) Moench is
found, in some site classes in the floodplains along the Thaya and March river, Alnus
glutinosa (L.) Gaertn. is found, and even neophytic plant species are different between the
two systems. For example Aster parviflorus Nees is replacing in clear-cuts along the March
and Thaya river the dominating Solidago virgaurea L. species, which is omnipresent in such
locations along the Danube floodplains. Or the frequent understorey tree species Prunus
padus L., which is often found in the Danube forests, is completely missing in the March
floodplains.

The main natural forest associations are different types of floodplain forest associations, while
small fractions of the forested areas outside of the floodplains are covered with zonal oak-
hornbeam forests. On special sites, like sanddunes and histosols, other special azonal forest
associations are found.

For the concerned forest area (as it is displayed in Fig. 7), there is only for the Liechtenstein
forestry enterprise and for the forests which are owned by the WWF a forest site mapping
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available. Where the site map of the Liechtenstein ownership is approximately 40 years old
and is due to severe changes in the hydrology of the March and Thaya river more or less out
dated. A more recent forest site map is available for the lower March floodplain forests of
approximately 1,000 ha.

This site map, which was worked out and published by the Austrian Forestry Research Station
(Jelem 1975), shows the site type and also the natural forest association for each site type. The
pertaining site types and forest associations are given in Table 2.

Table 2: Site type and natural forest association

1.+2. Non woody associations
3. Salix triandra site

Salix alba site on clay soils

Salix alba site on sandy soils

Populus nigra site

Populus alba site

Ulmus effusa - Fraxinus angustifolia site

on heavily gleyic soils

9. Fraxinus angustifolia - Ulmus campestre -
Quercus robur site on medium gleyic soils

10. Fraxinus angustifolia - Quercus robur - Acer

Hard campestre - Carpinus betulus site on light

wood gleyic soils

11. Fraxinus angustifolia - Tilia site on sandy
soils (higher bank sediments)

12. Fraxinus angustifolia - Quercus robur - Tilia -
Acer campestre site on tschernosem soils
(Tilia sites)

Soft
wood

S AN

Drescher (1986) mapped for 130 ha of former March river oxbows the actual and also the
possible potential vegetation types and drafted some recommendations for a nature reserve
oriented management of these forest areas.

Lazowski (1986) described for the concerned area the following natural forest types:
For the softwood floodplain forest: Salicetum-triandro-viminalis
Salicetum albae-rubentis
For the hardwood floodplain forest: Leucojo-Fraxinetum angustifoliae
Querco-Ulmetum

Querco-Ulmetum minoris Subass.v. Carpinus betulus

Actual forest types and tree species distribution

Through the implication of forest management practices are natural vegetation associations
transformed into forest associations, which are more or less close to natural conditions. This
extends in the floodplains of the March and Thaya river from pure willow or poplar coppice
stands in the softwood sites, through coppice with standards of oak and ash with mixed hard-
and softwoods in the understorey, towards even-aged pure ash stands with high forest
management.
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For approximately 50 % of the forests there are management plans, based on repeated forest
inventories, available. From these forest inventory data the following tree species distribution
on an area basis could be deducted:

Willows 5 % of the area Ash 39 %
Poplars 17 % Oak 12 %
Alder 2% Black Locust 3 %

Hybrid Poplar 19 % Other species 13 %

The fraction of exotic (i.e. non autochthonous or neophytic) tree species is, with a total of
approximately 10 %, comparatively low. While the floodplain forests along the Danube east
of Vienna, which are in conversion towards a national park, have 33 % of exotic tree species.

When tree species proportions are compared between the northern region of Drosing -
Hohenau, the southern region of Zwerndorf - Marchegg and the Danube region between
Vienna and Wolfsthal, a pronounced north to south gradient, with a flowing transition
between floodplain forests of the "March-river-type" and the "Danube-river-type" can be
observed (Fig. 6).

MARCH - THAYA DANUBE
Hohenau - Zwerndorf - Wien -
Drosing Marchegg ‘Wolfsthal

hardwood | neophytes hardwood | neophytes hardwood | neophytes
86% 8% 48% 20% 36% 329

softwood | domestic sp.|l softwood | domestic sp.ll softwood | domestic sp.
14% 92% 529 80% 64% 58

hardwood [ softwood &8 neophytes 7] domestic species

Fig. 6: Comparison of tree species composition between March-Thaya and the Danube
floodplain forests

For old growth stands of the whole area Hackl, Lebenits, Lux (1993) give the following tree
species composition:

Willows and Poplars 39 % Pine 5%
Ash 31 % Hybrid Poplar 4%
Oak 13 % Other Species 8%
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Growth and age classes for the area show an exceedingly higher proportion of old growth.
From the total forest area the following areas are stocked with:

Old growth 1,243 ha Sapling stage 162 ha
Tree stage 1,120 ha Young growth 101 ha
Pole stage 338 ha Non stocked 262 ha

Ownership and forest users

For the development of a wise-use-concept for the Ramsar-area of the March - Thaya
floodplain wetlands all forest landownerships of more than 50 ha size were investigated. More
then two thirds of the total forest area is under such a landownership which exceeds 50 ha.
The following "larger" forest owners could be identified:

Forest management, Nature reserve March floodplain (WWF) 814 ha
Foundation Fiirst Liechtenstein, Forest Managment Unit Hohenau 590 ha
Agricultural communities  Drosing

Jedenspeigen

Markthof

Ringelsdorf

Stillfried

Zistersdorf total 680 ha
Community Forest Drosing

Weiden total 275 ha

Sum of all large forest holdings on the March Thaya floodplain 2,360 ha

The rest of the floodplain forest area is predominantly under ownership by individual farmers
with forest lot size smaller than 50 ha. For the whole area, when agricultural community
holdings are included, a total of 50 % ownership by farmers or smaller agricultural enterprises
can be estimated.

Present day forest management practices

In the concerned floodplain area all three classical forest managment practices (coppice,
coppice with standards and high or yield forest) are currently applied. In addition typical
(plantation) treefarm management practices are found where hybrid poplars are cultivated.

Main tree species in the high forest is ash (Fraxinus angustifolia L.), which is predominatly
grown in pure stands by the larger forestry enterprises. Besides ash another species of major
importance is Oak (Quercus robur L.). High forest management practices are usually only
implied in the sites of the hardwood floodplain forest.

From the species composition and from inventory data it can be concluded that approximately
30 % March-Thaya forest are high forests.

FOREST MANAGEMENT SYSTEMS AND REGENERATION OF FLOODPLAIN FOREST SITES. Brno 8.-9. 10. 2007

54



HAGER, H., SCHUME, H., TTIEFENBACHER, H., BUCHLEITNER, E.: The Management of Floodplain Forests in Austria

Coppicing with standards, also in its degraded form of coppice with only few standard trees,
is practiced mainly in the agricultural community forests. It covers approximately 40 % of the
forest area, mainly on intermediate sites which are neither extremly wet or dry.

In the wet sites of the softwood floodplain forests the management practice of coppicing in
willow and poplar is wide spread with the smaller farmforest landholdings. Pollarding in
willow is also found as a relic and dying out management practice, which is usually found
along meadows or water ways. Approximately 20 to 25 % of the forest area is used for
coppicing, while 5 to 10 % is used for hybrid poplar plantation forestry.

In the most xeric sites, the gravel terrace relics, coppicing is done in hornbeam forests which
have very often an admixture of black locust.

An overview of forest management practices and their characteristics are given in the Table 3.

Table 3: Forest management practices in the March-Thaya floodplain forests

Management practices

Forest products

Value generated

Ownership

Ecological features

artificial regenaration
50 % saw logs

50 % fire or pulp wood
high

forest

enterprises

+ long rotation
- mono species
- one storied

- artificial regneration

natural regeneration
20 % saw logs

80 % fire or pulp wood
medium

forest enterprises

agricultural communities

+ multistoried
+ multi species

+ natural regeneration

Characteristics high forest coppice with standards coppice

Main tree species ash, oak upp.storey: ash, oak willow, poplar
und.storey: oak,ash. poplar,elm

Rotation period 80-120yr. upp.storey: 3to5x30yr. 25-30yr
und.storey: 30yr.

Regeneration practice  seeds sprouts and seeds sprouts

natural regeneration

100 % fire or pulp