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Foreword

oppicing represents the oldest form of systematic and sustainable management and

utilization of forests. It is a very flexible management system that requires a low input

and has been adapted and modified throughout Europe and beyond according to the
needs of rural societies, to whom coppice forests deliver small size wood primarily for energy,
agriculture and small scale businesses. Despite the reduction of coppice forest area, there are
still over 20 million hectare of forests throughout Europe that originate from coppice. They
characterize our landscapes, especially in mountainous areas of central, east and southern of
Europe. Due to rural migration and technical and economic restrictions, most of these coppice
forests are today neglected or even abandoned, representing a significantly underused natural
resource.

Furthermore, current European ecological research reveals that coppice forests protect and
stabilize critical slopes and contribute in a unique way to biodiversity conservation. Due to their
inherent ecological features they are appreciated as resilient ecosystems, also in the context of
climate change adaptation.

The COST Action FP1301 EuroCoppice was set up in 2013 to explore options and to propose
practical ways and means to make better use of existing European coppice forest resources for the
economy, environment and society. More than 150 scientists and experts from 35 COST Member
Countries addressed in five Working Groups a wide array of coppice-related issues ranging from
history and ecology to harvesting and utilization techniques, environmental protection and rural
employment. During four years of activities, national and regional knowledge from both litera-
ture and collective sources was compiled, analyzed, documented and published. Research gaps
were identified and cooperative strategies to close them were developed. A number of congresses
and workshops were organized to discuss and share the common findings and views with the
scientific community and with practitioners from forestry, wood industry and environmental
agencies. Five COST Training Schools and 42 Short Term Scientific Missions were organized in
different member countries, primarily for young researchers to increase their knowledge and
expertise on several coppice related issues, as well as to promote personal networking. Major
results of the Action and a call to take action were communicated to national and European
actors and stakeholders. To facilitate further scientific activities after the lifetime of the Action,
material, results and databases were transferred to the International Organization of Forest
Research Institutions (IUFRO), where a permanent Unit dedicated to traditional coppice forestry
was established.
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With all of these activities and achievements, EuroCoppice is an excellent example showing that
substantial added value for science, economy and policy can be achieved by bringing together the
expertise and views from various European regions and institutions. The coordinators together
with the great number of participating scientists have used the EU format COST effectively to
enhance knowledge and to raise attention of the multiple benefits and future opportunities of
traditional coppicing.

The results of this COST Action are also highly relevant in the context of the EU Forest Strategy
and the growing recognition of the importance of forests for several EU policies and initiatives,
such as energy and climate, rural development, environment and bioeconomy.

As former research programme officer in the European Commission responsible for COST
forestry actions, I want to express my recognition and warmest thanks for the excellent work of
all persons involved, and I strongly recommend this book to all people interested and involved
in forest and nature conservation issues throughout Europe.

Ignacio Seoane

DG Agriculture and Rural Development

European Commission
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Preface

The work on this volume first began in 2012 with the preparation of a project proposal on coppice
forest management to the EU-funded organisation COST (European Cooperation in Science and
Technology). The idea for such a European project came to one of the editors, Gero Becker, in
the years prior to his (semi-) retirement as Professor of the Chair of Forest Utilization, Faculty of
Environment and Natural Resources, Albert Ludwig University of Freiburg. Along with a group of
professors and researchers at the faculty, he had already explored the subject on a national level in
the state of Rhineland-Palatinate from 2008-2012 with much success and recognised the need and
potential for collaboration following a similar angle, but on a much wider, international scale.

Having connected with many of the leading international experts on the topic, his idea became
reality in November of 2013 with the kick-off of COST Action FP1301 EuroCoppice “Innovative
management and multifunctional utilisation of traditional coppice forests - an answer to future
ecological, economic and social challenges in the European forestry sector”, of which he became
Chair. Within months, the number of countries grew to 35 from within Europe and beyond, involving
150 researchers and practitioners, a testimony to the timeliness and demand for such an undertaking.
Action Members came from a large variety of fields, from history and ecology, to conservation, protec-
tion, governance and, particularly, silviculture and utilisation, so that cooperation in and between
five Working Groups ensured a broad perspective on the topic of coppice forest management.

During the four years of the Action, from 2013-2017, Action Members collected, analysed and
harmonised data and information, in addition to supporting and implementing numerous events
for young researchers, the scientific community and policy makers. A list of the main EuroCoppice
activities and all of its members can be found in the Annex of this volume, while a wealth of further
information and details can be accessed on the website (www.eurocoppice.uni-freiburg.de).

The articles in this volume are the fruits of extensive efforts over the course of those years, involving
experts from both within and outside of EuroCoppice. Although the COST framework offers optimal
assistance for activities such as scientific exchanges, training and conferences, it does not provide
compensation for labour, which means that much of this work has been done in the authors’ own
time — a sign of their dedication to the topic and vision of the EuroCoppice. Many of the articles were
first published as single booklets in 2017. Following the end of the Action, the articles went through
a thorough review and were harmonised to achieve the volume’s current form; the publication is
supported by COST in the form of a “Final Action Dissemination”.

Preface Coppice Forests in Europe



For this first attempt at gathering a truly European-wide group of researchers on coppice forests,
COST was the perfect vehicle to build a network of experts, explore such a relatively under-reported
field and lay the foundation for further cooperation. Within this context, we are pleased to highlight
the new IUFRO Unit 1.03.01 on traditional coppice, which provides a global scientific platform for
coppice topics and is open to any interested parties; please see the Annex for details.

Although this volume is quite comprehensive and provides a strong basis for information and knowl-
edge on coppice forests in Europe, it is only a beginning: We hope to look forward to a future full of
collaborations and knowledge-exchange on coppice forest management.

Freiburg, August 2018,

Alicia Unrau, on behalf of all editors
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Summary for Policy Makers

Coppice forests in Europe:

A valuable and sustainable natural resource

Executive Summary

Coppice is the oldest form of sustainable forest management and is still abundant throughout Europe
today. Its unique characteristics contribute to rural livelihoods, the bio-economy, environment and
cultural heritage. Coppice forests have become neglected in recent history, leaving an enormous
untapped potential. Experts from 35 countries, involved in COST Action FP1301 “EuroCoppice”, urge
EU policy-makers to seize this opportunity by specifically addressing and supporting coppice within

EU strategy, policy, R&D programmes, and structural funds.

Coppice Forests in Europe

Over 20 million hectares across Europe are

managed as coppice, while a much larger area
originates from past coppice management. It
is the oldest form of systematic and sustain-

w
iz

Simple coppice is harvested
frequently on rotation; shoots

regrow from the stump

able forest management and was developed to

supply rural communities and early industries that are left to grow a long

with wood, mainly for fuel. time; they originate from seed

In the early 20" century the prevailing concept
for the management of forests shifted to “high
forest”. This was mainly due to a rise in the

use of fossil energies, through which fuelwood ‘ g

Short Rotation Coppice (SRC)

is harvested more frequently;
it is an agricultural crop

Coppice with standards

became less important. Another factor was an is a mix between simple

increased need for large dimension construction coppice and high forest

wood, which is more easily produced in high Coppice is harvested at frequent intervals and

forests. Consequently, many coppice forests were sustainably supplies wood at a low cost. This

converted to high forests or abandoned. The
rate and intensity of these changes depended on
the local conditions of industrial development
and market demand.

Thus, today a large regional variation of
coppice forests exists in terms of distribution,
structure, legal status and management. Likewise,
diverse products and services are supplied by
coppice.

Policy Paper

management is highly efficient at producing large
amounts of wood in a short time. Coppice forests
provide unique habitat features that benefit a large
variety of vegetation and wildlife, thus contributing
to biodiversity. The existence of coppice forest and
its future depends on human management.

Coppice Forests in Europe




What are the Benefits of Coppice?

Coppice forests have unique characteristics that make a valuable contribution to society, economy
and the environment:

e Rural livelihoods — regular income, sustainable employment and resources

e Low-carbon bioeconomy — renewable, sustainable, environmentally friendly biomaterials & fuels
e Protective function — mitigates soil erosion, rockfall, landslides and avalanches

e Sharing economy — community use & recreation

e Provision — timber and non-timber forest products

e Enrichment — biodiversity and cultural landscapes

What is the Issue?

Coppice is hardly recognised or addressed in EU policy. It is also neglected and even opposed in
many national policies. In consequence, reliable data on coppice is scarce and knowledge on coppice
is diminishing in both science and practice.

The continued neglect of the coppice resource is a lost opportunity for European development.

Policy Recommendations
A European approach and harmonised action is essential to unlock this potential!

To achieve this aim, coppice must be reinstated at an EU level:

Legislation

Forest, Biodiversity and Climate
Strategy, Natura 2000...

Data collection & analysis

Encourage national data collection,
collect European statistics...

Integrating coppice into

existing EU policies
Research & development

Coppice-specific calls in Horizon 2020,
INTERREG, LIFE, LEADER...

Structural funds

Coppice infrastructure, businesses,
protection, livelihoods...

Awareness for and implementation of the policies are the responsibility of EU Officials,
national forest-related organisations and NGOs; particularly those related to the following
European Commission DGs:

e Agriculture and Rural Development e Climate Action
e Employment, Social Affairs and Inclusion e Energy
e Environment * [Eurostat — European statistics

Policy makers and environmental professionals are urged to seize this opportunity

and reinstate coppice forest management at both national and European level.

Coppice Forests in Europe Policy Paper

XV



16 Coppice Forests in Europe



1 Overview

What is coppice?
History & what to expect from this edited collection.
The most important characteristics of coppice, as well as the different types.

Help?! Reference the glossary for guidance on the meanings of terms related to coppice.

Visit this chapter for:
Coppice forests in Europe: a traditional landuse with a new perspective
Coppice in brief
Typology of European coppice forests

Glossary of terms and definitions related to coppice

Coppice Forests in Europe Overview
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Coppice Forests in Europe - A Traditional
Landuse with New Perspectives

Gero Becker and Alicia Unrau

or many people in Europe, the image that comes to mind when thinking or speaking of forests

is a landscape with an extensive area of woodland that is permanently stocked with tall trees

of medium to large diameter. Depending on the region, these forests may be coniferous or
broadleaved, or a mixture of both. When trees are cut, it is done selectively, or in clearcuts, and
regeneration occurs either naturally by seed, or through artificial re-planting. Long rotation cycles
(often between 50 and 100 years) lead to harvested trees of large dimensions, which are used in
sawmilling and for other high-end wood products. All of these traits are typical of the “high forest”
management regime.

When traveling across the continent, especially in the middle, south, east and Mediterranean regions,
vast areas of the landscape are covered with a completely different type of forest: The broadleaved
trees of these regions are often short, crooked, of small diameter and can be quite dense. Many stems
originate from the same stump, giving the forest a bush-like appearance. This more or less uniform
picture is occasionally interrupted by smaller clearcut patches, where trees have been recently cut
and very young shoots are now sprouting again from the old stumps. Short rotation cycles, resulting

in harvested trees of smaller sizes, are typical for this “coppice forest” regime.

The origin of coppice management

Historically, coppicing is the oldest form of
forest management and utilisation to take place
in a systematic and, in many cases, sustain-
able way. Our ancestors, mostly self-sufficient
farmers that settled in small and isolated
villages, depended on forest resources for their
survival: They used the wood for cooking and
heating, fencing, building houses and for all
kinds of furniture and tools. They collected the
foliage of the trees to feed their animals, used
bark for tanning and insulation, and collected
fruits, berries and mushrooms from the forest
to complement their diet. They did not have the
technical means to transport heavy logs over
long distances, so trees were harvested close to
home, at a younger age and smaller size, using
hand tools and transported by hand or draft
animals to the nearby settlements.

The people of those times knew very well -and
made use of- the natural capability of some tree
species to sprout vigorously and repeatedly
from the stump that remains after being cut, as
is the case with oak, hornbeam, linden, black
locust, willows, poplars and others. They delib-
erately cultivated these species in the vicinity
of their villages and developed increasingly
sophisticated management rules and techniques
to optimise the outputs of coppice forests over
generations. It can be observed that the coppice
techniques sometimes developed in parallel to
specific socio-cultural arrangements, such as
common ownership or cooperatives. Thus, rural
societies managed and utilised their forests in
a way that made the best “sustainable” use of
their natural resources.

Corresponding Author: Gero Becker, gero.becker@fob.uni-freiburg.de
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It can be stated that throughout Europe, until
the end of the medieval period, the majority of
accessible forests were very intensively used and
managed as coppice forests. The only excep-
tions were woodlands claimed by kings and
other nobles for exclusive use, most often for
hunting purposes; these forests were managed
by trained forester-hunters. Their utilisation
by the local subjects for wood procurement
and cattle grazing was strictly limited and
controlled, resulting in less pressure on the
resource and, as a consequence, in a different
type of management.

The influence of the industrial revolution

With the development of early industry in some
regions of Europe, technology, markets and
social structures changed. Industrial activi-
ties such as mining, steel, glass, pottery and
textiles appeared, generally close to the places
where the respective commodities were found.
Wood was the only available source of energy
for processing and still the preferred material
for building. As a result, the demand for wood
increased dramatically. Coppice forests were an
appropriate and established way to supply these
industries with large quantities of wood in short
time and at low costs. Thus, large coppice forest
areas were actively managed surrounding those
centres of early industries (good examples are
the regions of Sauerland, Tuscany, Limoges
and England). They were often owned by
noble families acting as entrepreneurs and
were managed intensively, providing not only
wood products, but also labour and income for
rural inhabitants. In some cases, forests were
over-used beyond their natural capacity, leaving
devastated and poorly stocked woodlands.

Coal mining activities began in the middle of the
18% century, prompting industries, as well as the
urban households, to meet their growing energy
demands by gradually replacing wood with coal.
Moreover, once water, road and railroad infra-

Coppice Forests in Europe

structure had been improved, it was feasible
and economical to transport fossil energy to
much more remote areas. In consequence, the
demand for energy wood decreased, while that
for rural and urban construction wood, along
with technical uses of wood, such as mining or
paper, increased. Man-made plantation forests
were established by planting or seeding, often
with relatively fast-growing conifer species,
and managed as high forest, applying selective
thinning and longer cutting cycles to meet the
industrial demand for long and straight trees of
larger dimension. Forest science was developed
to study and to implement modern silvicultural
methods in order to increase the productivity
and to guarantee a sustainable use of these high
forest systems.

These trends have continued until recent times,
leading to the current situation around indus-
trial and urban centres, where coppice forests
have either been replaced by high forests or
abandoned, depending on the owner and the
prevailing socio-economic conditions of the
respective region. In rural areas, inhabitants
long relied on wood for their daily lives and
coppicing was still actively practiced for many
decades - in many places it still is today.

Recent developments

All in all, it is estimated that there are currently
well over 20 million hectares of European
woodlands that are mostly managed as coppice,
while many more are of coppice origin. Although
the figure is difficult to assess, it comprises
over 10 % of the total European forest area.
The national and geographic variation is great,
ranging from a negligible amount in northern
countries, such as Finland and Sweden, to
over 50 % of the total forest area in Serbia and
Bosnia & Herzegovina.

Despite this relative importance, there is actually
quite sparse grey and scientific literature on
coppice and it is still stigmatised on many

Overview
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societal levels. Due to the historical development
described above, coppice forest management
has been somewhat “out of fashion” or even
“forgotten” during the past decades. It was
rarely discussed or even recognised in forest
science and in national and EU-forest policies
and the main emphasis of professional activities
is still on high forest management.

Onlyrecently has the idea and concept of coppice
forest management gained attention once more.
The main reasons behind this new interest have
been: (1) the debate on climate change and
a CO, neutral economy: fast growing, easy to
manage and cheap to harvest dendrobiomass
from coppice forests are being recognised as a
valuable and abundant, but underused natural
resource to provide feedstock for green energy
and the bioeconomy; (2) new research results
on biodiversity and nature protection have
identified coppice forests as resilient ecosys-
tems that give shelter to a unique composition
of species and are less vulnerable to certain
types of biotic and abiotic risks; (3) efforts are
being made to acknowledge and improve the
situation of those in in rural areas, as it is (re-)
discovered that coppice forests and the related
wood and non-wood products can be a source
of rural employment and income.

Into the spotlight with COST Action
FP1301 EuroCoppice

This was the starting point from which FP1301
EuroCoppice, an “Action” within the framework
of COST (European Cooperation in Science and
Technology), was launched. It brought together
researchers and experts from 35 countries
together for four years of cooperation on a broad
range of themes related to coppice forests.

Action members recognised the pitfalls and
opportunities of the topic, such as:

* The geophysical situation, but also the
socio-economic backgound in Europe are so

diverse, that many different ways and means

Overview

to practice coppice forestry developed over
time at the regional and national level. Thus,
there is no common European understanding
between officials, scientists and stakeholders,
on the role and the future potential of coppice
forest management.

* Much coppice-related knowledge exists,
but it is regionally/locally scattered and rarely
communicated amongst the European scien-
tific and professional community.

* This lack of consistent and common knowl-
edge base prevents the exchange of lessons
learned and of new ideas, prohibiting an
effective handling and use and further devel-
opment of this interesting and trendsetting
management concept.

EuroCoppice was the first major international
cooperation to focus on coppice forest manage-
ment. Besides many on-site activities and
events to collect and exchange coppice related
information, the efforts of the members resulted
in quite a number of written documents, which
have been edited and are communicated in this
volume, “Coppice Forests in Europe”.

Contents of this edited collection

The volume begins with very broad, general
information on coppice, before diving into the
details of different coppice themes, related to
ecology, management and policy. The second
half is then focussed on the situation in different
countries, before giving a short summary and
conclusion.

(1) The articles in the rest of this chapter,
Overview, give brief descriptions of the different
types of forest, first in a mainly text-based
format, then the typology in a table format.
Finally, for those unfamiliar with certain terms,
the Glossary provides a first point of reference

that can be accessed as necessary.

(2) The second chapter on Silviculture features
comprehensive guidelines on coppice forests in
Europe, compiled by a large number of experts

Coppice Forests in Europe



from across Europe, making it a key document
for further cooperation and development in both
science and practice. The focus then narrows
to the role of two particular invasive species,
before the final article transitions to the coming
chapter by linking silviculture with utilisation.

(3) Having already touched on the topic of
Utilisation in the previous article, this chapter
begins with an overview about the various
products from coppice forests, both wood and
non-wood. This illustrates that coppice manage-
ment is a very flexible production system that
can be adapted to the actual needs of the popu-
lation. After this, a second set of comprehensive
guideline presents the different possibilities of
coppice harvesting. The next contribution is
devoted to the interaction between harvesting
systems and their impacts to the soil, with

recommendations for low impact systems.

(4) Moving on from the products-focussed
research, the fourth chapter on Conservation
encompasses articles on subjects such as the
biodiversity, protective function and cultural
heritage of coppice forests and their ecosys-
tems. While the first two contributions highlight
coppice in Natura 2000, the third is an exten-
sive review of literature related to erosion and
rockfall. A case study from the Czech Republic
illustrates the effects of changing socio-political
frame conditions on coppice in that country.

(5) Continuing on the societal theme, the next
chapter on Governance outlines the influence
of socio-economic aspects on the management
of coppice forests in several European regions,
then touches on the barriers that prevent small
scale landowners from successfully managing
their coppice forests. The picture is completed
with an example of a community-owned and
managed coppice forest in Serbia.

(6) Having finished with theme-related contri-
butions, the sixth Chapter comprises reports on
the Thirty-Five Countries that were involved in
EuroCoppice, nearly all of which are in Europe.

Coppice Forests in Europe

They include facts and figures, maps, descrip-
tions and forestry regulations, as well as a
summary of a selection of the main data. These
contributions are a valuable source of detailed,
country-specific information on coppice forests
in Europe, which has never before been
presented so comprehensively.

(7) After these many theme and country related
articles, the Outlook summarises the conse-
quences of all the facts and findings that have
been gathered throughout the four years of
COST Action FP1301 EuroCoppice. Conclusions
are drawn and recommendations are given for
decisions and activities on EU and national level
with the aim to conserve, further develop and
promote coppice forests in Europe.

(8) Finally, those interested in the activities and
members of the Action should visit the Annex.
Of particular interest could be the final article
on the newly-formed IUFRO Unit on traditional
coppice; it is open to any researcher worldwide
who has a special interest in coppice forests.

Despite being comprehensive, this volume is
not able to address all aspects of coppice in the
same depth and it reflects the interests of the
contributors. It will hopefully stimulate and
encourage further research on the subject.

Closing remarks

Coppice has been —and in many cases still is—
an important traditional forest land use across
Europe. Its development is closely related
to human efforts to establish a sustainable
management of forests with a minimal input
of scarce resources, such as energy, capital and
land. It’s still unclear whether this type of forest
will again become a recognised, perhaps even
prominent, element of European landscapes in
the near future... For the time being, read on to
discover and explore the many faucets of this
fascinating, but half-forgotten land use system
and let yourself be inspired, be it on a practical,
scientific or political level.

Overview
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Coppice in Brief

Rob Jarman and Pieter D. Kofman

INTRODUCTION

22

Coppice (noun): An area of [wood]land
(on forest or agricultural land) that has been
regenerated from shoots and/or root suckers
formed at the stumps of previously felled trees
or shrubs.

[Adapted from IUFRO Silva Term Database 1995]

Coppice is a word that is used to cover many
things, including: a type of woodland consisting
of trees that are periodically cut; the multi-
stemmed trees that occur in such woodlands;
the process of felling (i.e. coppicing) the trees;
and the production of new shoots by recently-
cut stools. The principle of coppicing is simple:
it is the ability of many woody plants (trees and
shrubs) to regrow from cut or damaged stems
or roots. At its simplest, a single-stemmed tree
that has grown from a seed or a sucker is cut
down and allowed to regrow: several shoots will
then sprout. Repeated felling at multi-annual
intervals will produce a multi-stemmed tree,
growing from a base called a stool. A group of
such multi-stemmed stools in one site are what
then form a coppice, i.e. ‘coppice woodland’, or
‘coppice forest'.

In some regions/countries, elaborate forms of
coppice management have evolved over centu-
ries, designed to produce specific resources
from coppice systems of selected species cut
on strict rotational cycles. Sweet chestnut
(Castanea sativa) has been managed in single
species coppices for poles; likewise sessile oak
(Quercus petraea) for tanbark and charcoal;

Corresponding Author: Rob Jarman, robinajarman@gmail.com
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and hazel (Corylus avellana) for poles and split-
wood products. Coppice woodlands supplied
the needs of rural and urban communities for
millennia, in a relatively sustainable way, until
the Industrial Revolution, at which time the
growing population and the demand for fuels
and materials exceeded the capacities of the
coppices to supply, requiring the importation
of fossil fuels and wood products. ‘Traditional’
coppice management declined during the past
century and many coppices were abandoned or
converted to high forest, plantations or other
land uses.

There is currently a resurgence of interest in
coppicing for intensive production of wood for
energy or manufactured products, as well as
for ecological and cultural objectives. Newly
planted short rotation coppices (SRCs) typically
rely on species such as Eucalyptus or Robinia,
or vigorous hybrids of poplar, willow or alder;
they may be classed as an agricultural land use
rather than as forestry.

Restoration of former coppice woodlands may
attempt to replicate a traditional system, or
adapt management to meet modern require-
ments for wood production and other societal
and environmental benefits. Food production
from coppices can be locally important (e.g.
fungi, nuts, berries, honey) and artisanal
products can also be of local economic interest
(e.g. hazel thatching spars, chestnut fencing,
limewood turnery, willow basketry).

Coppice Forests in Europe



SiLvICULTURE AND TREE MANAGEMENT SYSTEMS

Two basic systems of coppice woodland management are recognised: simple coppice; and

coppice with standards. A third, rarer system is selection coppice. In addition, there are two

management systems that apply coppicing principles of vegetative regrowth to individual trees,

rather than to woods: these are termed pollarding and shredding. Finally, there is a new system of

coppice that is often considered a type of agriculture: short rotation coppice.

Figure 1 illustrates five applications of coppicing (excluding selection coppice) and the typical land-

scapes that result from them; each application is described in the following sections.

Simple coppice

This is woodland managed as an even-aged,
single-storey structure, typically producing

small/medium-sized roundwood for poles
or fuelwood. The coppice is cut on a regular
rotation, the length of which depends on the
product required and also on species, location,
rate of growth and environmental/societal inter-
ests (though usually between 15 and 30 years).
Theoretically, the coppice is managed by
sequential cutting of ‘coupes’ (= compartments)
throughout the woodland, with the woodland
divided into the number of ‘coupes’ equal to the
number of years in the planned rotation: one
coupe is then cut each year. Coppice woodlands
managed in this way, are described as ‘in-cycle’,

or ‘in-rotation’.

Coppice with standards

In this method, the woodland is multi-storied,
with an understorey of coppice underwood cut
regularly to produce small material, as well as
a partial overstorey of standard trees that can
be grown from seed or from selected stems
on stools and allowed to grow to a sufficient
size for timber or tree products. Coppice with
standards is more difficult to manage than
simple coppice as it is necessary to manage the
species, number, age and location of the large
overstorey trees, as they will affect the growth
of the understorey crop. The underwood is
managed as simple coppice: after cutting each
coupe, the number and distribution of the

Coppice Forests in Europe

standards is adjusted. Over time, some of the
oldest trees may be retained for veteran tree
interests, whilst younger generations of stand-
ards need to be recruited, but at a density that
avoids over-shading that would degrade the
coppice.

Selection coppice

Two or three age classes of stems are rotated
on the same coppice stool, to provide specific
sizes or shapes of poles for particular purposes.
They can be found, for example, in some of
the mountain beechwoods and holm oaks of
Europe. Hazel coppice is sometimes cut in this
way, to provide thin straight rods for thatching
spars and, later, larger poles for fence hurdles
or building.

Pollarding

A pollard is a tree that is cut like a coppice stool,
but at a height above the ground intended to
be out of reach of browsing animals (typically
more than one to two metres). New shoots
grow from the decapitated trunk and can be
harvested periodically in just the same way as
from a coppice stool, whilst grazing animals can
use the land beneath the tree — multi-purpose
land use. Willow and poplar pollards are also
widely used to stabilise banks of water courses.

Pollards can grow for centuries whilst being
repeatedly cropped for shoots, used for live-
stock fodder, for poles, firewood or even for
small timber. Some of the most ancient trees in
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Simple coppice Copplce with standards Pollarding Shredding Short rotation
coppice

Coppice in forest landscapes Coppice in agricultural landscapes

Figure 1. Types of coppice management and typical landscapes that result from them
(INustrations: Ruta Kazaka)
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Europe are pollards. In many regions, pollarding
for production purposes has died out, but may
be continued for ancient tree management
objectives or for landscaping reasons. In some
regions, pollarding for firewood and fodder
is still practised e.g. on Ash (Fraxinus), Lime
(Tilia) and Elm (Ulmus).

Shredding

This is the practice of cutting side branches
from the main trunk of a tree while retaining
the crown, typically to provide wood and fodder
for livestock. Unlike pollarding, the tree is not
decapitated and continues to grow upwards as a

BioLoGcy oF CoOPPICE SHOOTS

single stem tree, ultimately able to provide large
dimension timber. Shredded trees are typically
found alongside tracks or field boundaries and
also in some pasture-woodland systems.

Short rotation coppice (SRC)

This is a special example of ‘simple coppice’
that is mainly on agricultural land. The lifespan
of any shoots is short compared with those
of traditional coppice woodlands (typically
between 1 and 3 years): the stools may need
to be replanted after only 5 to 7 rotations to
maintain site productivity.

The ability of woody plants to re-sprout is a
natural adaptation that enables survival after
damage to the tree/shrub from animals, fire,
storm or pathogens. Not all tree species can
produce coppice shoots — most conifers (gymno-
sperms) cannot, whilst most broadleaved trees
(angiosperms) can. Some species regenerate
more readily from stumps, some from root
suckers; over centuries, some individual plants
can spread to a considerable area in their above
ground stool or underground root structures,
creating clonal structures covering hundreds of

square metres.

Origins of coppice shoots

There are three ways in which coppice shoots
form (see box on following page for details):

* ‘Stump shoots’ that originate from dormant
buds suppressed in the bark;

* ‘Stool shoots’ that originate from adventi-
tious buds in callus tissue following cutting
or wounding;

* ‘Suckers’ that originate from adventitious
buds along a tree’s roots.

Coppice Forests in Europe

Regeneration of coppice shoots and
longevity of stools

The probable number of shoots that will be
produced from any one species of tree when
coppiced depends on many factors, including
stump size, age, condition, site parameters,
competition from other plants. It is certainly
possible for coppice stools several hundred years
old to continue to produce abundant shootswhen
routinely coppiced, even though the centre of
the stool may have completely died out leaving
a ring of productive stems several metres in
circumference.

It is quite possible that some stools of long-lived
species such as Tilia and Castanea are more
than a thousand years old. These species are
particularly successful at vegetative reproduc-
tion through layering, which is the rooting of
branches that are in direct contact with the
soil. Layering to produce genetically identical
clonal offspring may take place either naturally
following collapse of a tree’s stem, or as part of
a deliberate management procedure to generate
new stools within a coppice.

Overview
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strongest shoots.

natural vegetative reproduction process.

‘Stump shoots’ are the usual response of a broadleaved tree to cutting, when dormant buds buried
in the bark are stimulated to break dormancy and sprout. Dormant buds are the primary source of
most coppice (and pollard) shoots and they should be favoured after cutting, as they will form the

‘Stool shoots’ grow from adventitious buds that develop from plant tissue growing in the callus
wound at the cut wood surface. These buds develop into shoots in the same season as the cut but,
unlike dormant buds, they are not directly connected to the plant’s vascular system, so have to make
a new vascular link. As a result these shoots are often short-lived; and if they survive, they only form
weakly attached shoots, so are not desired as coppice shoots.

‘Suckers’ grow from adventitious buds on the roots. They may be stimulated to sprout from below
ground by the cutting of the above ground plant, or by disturbance of the ground, or simply as a

If the rotational cutting of coppice is neglected
for a long period, then it is possible that the
sprouting response to the next cutting will be
poor. Neglected stools can survive for many
years, attaining large dimension stems, but they
can become increasingly unstable and vulner-
able to windthrow, when entire root plates
can be uplifted due to the top-heavy growth of
stems; or the stool can be destroyed because it
is split into many pieces.

Browsing animals

Coppice stools, being close to the ground, are
very vulnerable to herbivore damage — new
shoots are highly palatable and young bark is
easily stripped. Deer, grey squirrels, rabbits,
hares and voles can severely restrict coppice
regrowth after cutting and also degrade
standing coppice: they require strict control.
Livestock (cattle, sheep, goats, pigs and horses)
should be excluded from coppices, preferably
permanently, although some coppice wood-
lands were traditionally opened for grazing for
the final years of the coppice cycle. It is possible
for coppices to be managed as a resource for
grazing animals and for game, but the strict
control of browsing in the first few years after

coppicing is crucial and often very costly.

Overview

Coppice management

Most coppice woodlands have been intensively
managed over several centuries to achieve a
high density of stools and a few selected species.
Typical coppices are monocultures of hazel, oak,
lime, sweet chestnut, or black locust, which are
specially selected to meet industrial needs such
as bark for tanning, wood for charcoal, poles
for fencing and building. Ageing stools would
be cut back and replaced with a new plant, by
layering from an adjacent stool or by seeding or
planting. Deadwood would be cut out and only
the favoured species retained. The method of
cutting the stool, the type of tool/machine used
and the height, angle and season of cut are all
factors influencing stool vitality and ecological
interest.

Coppices that have been neglected or their
rotation cycles abandoned are termed ‘over-
stood’, ‘stored coppice’ or ‘over-aged coppice’.
This cannot be a long-term strategy for coppice
—such woods will inevitably become high forest.
There is also a risk of damage to any archaeo-
logical features present by stems and root
plates being thrown over in high winds. Today,
after perhaps decades of neglect, reinstating a
coppice management rotation can be difficult,
especially in view of the modern requirement
for larger dimension poles for fuelwood.

Coppice Forests in Europe



One aspect of modern management that should
be given more attention is the effect of mecha-
nised cutting and harvesting on the woodland
soil and its essential life-support role for
the ecosystem. Compaction of soil is highly
damaging to root systems and to the mycorrhizal
fungi that are essential in nutrient transport for
the trees and shrubs. It is also very damaging to
surface and buried archaeology. Timing of oper-
ations and selection of appropriate machinery

are crucial in the management of sensitive sites
(see Chapter 3 ‘Utilisation’ of this volume).

In modern short rotation coppice, stool
management might be very different, with the
need to maintain production and tree vigour.
Mechanically harvested short rotation coppice
may require more frequent replanting, at

intervals of 12-20 years.

Bi1oDIVERSITY AND CULTURAL HERITAGE

Coppices of all kinds and ages are of interest for
their associated wildlife and for their cultural
heritage. The management system of rotational
cutting creates structural heterogeneity across
a woodland area, providing a range of age-
classes and space for a high diversity of plants
and animals that prefer open spaces and edge
habitats and alternate light and shade condi-
tions. Continuation of coppicing is essential
for many species — they cannot tolerate the
denser shade of high forest or the lack of spatial
diversity therein. Ecological management of
coppice can increase the extent of old trees and
deadwood habitats beyond that normally found
in intensive coppice systems, for example by
retaining some trees and shrubs beyond their
normal rotation and broadening the diversity
of tree/shrub species. Retaining ancient trees
in the landscape, as coppice stools (especially
the high-cut stools known as ‘stubs’) in the
forest and as pollards and shreds in pasture-
woodlands and along watercourses and roads,
adds considerably to the flora and fauna.

Cultural heritage interests are found in ancient
coppices, where thousands of years of woodland
management have created features such as
banks and ditches, hollow ways, timber slides,
boundary markers, charcoal-making platforms,

Coppice Forests in Europe

pollards and veteran trees, often with archaeo-
logical artefacts dating back to the prehistoric
period. More recent coppice woods may contain
pre-woodland features of field systems, habita-
tion sites and other archaeological structures.
Both old and new coppices require sensitive
management to protect these cultural and

ecological interests.

Other aspects of cultural heritage associated
with coppices include the food and artisanal
products mentioned in the introduction, as
well as the social history and art/literature
and language so inextricably tied up with
coppicing as a long-established practice in
most rural communities. The evident popular
interest across many European regions in
community woodlands, woodland crafts, use of
wood instead of artificial materials, switching
to woodfuel, and local food festivals is highly
encouraging — woods will survive if their
products are in demand.
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CONCLUSIONS

Coppicing is a venerable practice — it can, when
practised ecologically, be a very effective way of
managing trees and shrubs to produce wood and
food required by society, in a repetitive manner
without undue depletion of natural resources.
It creates valuable habitats for many species of
plants, fungi and animals and also safeguards
and perpetuates landscapes and aspects of high

cultural importance.

The long-established coppices hold some of
Europe’s most ancient trees and archaeology.
Conservation of semi-natural ancient woodland
by the continuation of coppicing is one way to
protect and promote these assets, provided that
management objectives are widened to encom-
pass these less-productive features.

Traditional coppicing can be promoted for
multi-purpose production and conservation
objectives, whilst new wooded areas on agricul-
tural land managed as short rotation coppices
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can be designed and managed to replicate some
of the most important elements of traditional
coppice. They have the potential to produce
large volumes of wood for energy in a short time,
whilst diversifying the landscape and creating
habitats that support wildlife and game.

Conversion of ancient coppices to high forest or
non-wooded land should be avoided wherever
possible. The task for all of us is to ensure that
we can manage woodlands (old and new) to
integrate all of society’s needs, within the
capacity of the environment (economical,
natural and cultural) to supply them.
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Typology of European Coppice Forests

Valeriu-Norocel Nicolescu, Debbie Bartlett, Gero Becker, Gheorghe F. Borlea,

Peter Buckley, Pieter D. Kofman, Dagnija Lazdina, Natascia Magagnotti,

David Rossney, Raffaele Spinelli and Alicia Unrau

oppice forests are an important compo-

nent of FEuropean woodlands, with

over 20 million ha of the productive
forests in Europe being managed as coppice
(UN/ECE-FAO, 2000, cited in Zlatanov and
Lexer, 2009). Over millennia, the develop-
ment of coppice forests has been influenced
by many factors, such as regional climate,
eco-physical conditions, wood market require-
ments and owners’ interests. This has led to a
very large variety of coppice forests in terms
of their distribution, structure, legal status and
management.

The five coppice types and their most important
characteristics are summarised in the following
figures and table.

\

|
L\
)

Figure 1. Simple coppice of sweet chestnut
(Photo: D. Rossney)

This document describes the basic types of
coppice in Europe: simple coppice, coppice
with standards, selection coppice, pollarding,
and short rotation coppice (Figures 1 to 5),
the latter being a more recent phenom-
enon. It is important to note that the
above-mentioned diversity of coppice in Europe
can never be captured in a categorisation.
In practice, there are no distinct boundaries
between types and within each type there
are exceptions to each described element.
Nevertheless, coppice is a common denominator
of all these types, and there are typical “trends”
to be found across Europe.

Figure 2. Coppice with standards
(Photo: V.N. Nicolescu)

Corresponding Author: Valeriu-Norocel Nicolescu, nvnicolescu@unitbv.ro
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Figure 3. Coppice selection with European beech Figure 4. Pollard of white willow
(Photo: O. Cardoso) (Photo: V.N. Nicolescu)

Figure 5. Willow clone treated as
short rotation coppice (Photo: V.N. Nicolescu)
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Glossary of Terms and Definitions
Related to Coppice

Dagnija Lazdina, Kristaps Makovskis, Pieter D. Kofman and Alicia Unrau

Term Synonyms Definition Reference
1. (of buds) those produced elsewhere than
B normal, such as leaf axils, shoot apices (e.g. )
adventitious root;  those appearing with wounds). Beentje &
adventitious  adventitious bud; . Williamson
adventitious shoot  2- (of roots) lateral roots coming from (2016)
organs other than main root system, such
as the stem.
Establishment of a forest or stand in an area  Ford-
afforestation where the preceding vegetation or land use ~ Robertson
was not forest. (1971)
. . . ISO EN
bioenergy Energy derived from biomass. 16559
The variability among living organisms from
all sources including, inter alia, terrestrial,
biological biodiversit marine and other aquatic ecosystems and UNEP (1992)
diversity Y the ecological complexes of which they are  via SilvaVoc
part; this includes diversity within species,
between species and of ecosystems.
Feeding on the buds, shoots and leaves Kaennel &
browsing of shrubs and trees by livestock or wild Schwein-
animals. gruber (1995)
A meristem (either apical or lateral) in
garly devellopment.or resting stages, with Beentje &
its protective coverings; immature shoot, -
bud Williamson
usually protected by scales or prophyll(s), (2016)
or immature flower, protected by bracts,
bracteoles and/or perianth segments.
canopy The foliar cover in a forest stand, consisting Helms (1998)

of its upper layers.

Corresponding Author: Dagnija Lazdina, dagnija.lazdina@silava.lv
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Term Synonyms

Definition

Reference

canopy

canopy cover
closure by

Ground area covered by the crowns of trees
or woody vegetation as delimited by the
vertical projection of crown perimeters and
commonly expressed as a percent of total
ground area

—note crown cover measures the extent
to which the crowns of trees are nearing
general contact with each other.

Ford-
Robertson
(1971)

clones

A group of plants produced from cuttings,
stump or root sprouts, tissue culture, or
some other method that produces offspring
genetically identical to the original plant.

Maynard
(1996) in
FAO (2002)

conversion

A change from one silvicultural/manage-
ment system to another, e.g. from clearfell
to selection forest. Sometimes also used
for a change from one (set of) species to
another.

Nieuwenhuis
(2000) via
SilvaVoc

coppice

1. A plant derived by coppicing.

2. Any shoot arising from an adventitious or
dormant bud near the base of a woody plant
that has been cut back.

Burley et al.
(2004)

coppice
conversion by
aging

The low coppice is no longer cut so that
stands reach a maturity in which they are
able to regenerate naturally by seed. During
the waiting period, tending operations (e.g.,
cleaning, thinning) are applied depending
on the stage of development. These inter-
ventions are halted after 60-80 years, after
which silvicultural systems typical to high
forests can be applied in order to regenerate
the stands naturally by seed.

Nicolescu
etal. (2017)

coppice
conversion by
replacement

The restoration of such coppice stands for
their conversion to high forest is done
either by

(1) Clear-cutting, followed by planting,
mostly of conifer tree species such as pines
or Norway spruce;

(2) Clear-cutting, followed by manual/
mechanical seeding of species such as oaks;

(3) Use of high forest silvicultural systems,
such as uniform shelterwood cutting.

Nicolescu
etal. (2017)

Overview
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Term Synonyms Definition Reference
Forest which has been regenerated by
allowing regrowth from cut stumps or root
coppice suckers, or both, i.e., by vegetative means. IUFRO
forest Normally grown on a short rotation for (2005)
small poles, but sometimes, e.g. some
eucalypt species, to a substantial size.
coppice A coppice system in which only selected Nieuwenhuis
selection coppice selection  shoots of merchantable size are cut at each  (2000) via
system felling, giving uneven-aged stands. SilvaVoc
Forest stand composed of stools that
. . . Harmer
coppice stand produce coppice shoots which form the (1995)

major part of the crop.

coppice
system

Silvicultural system in which crops regen-
erate vegetatively by stump sprouts and the
rotation is comparatively short.

Young (1982)

A coppice system in which selected
stems are retained as standards at each

coppice with ggg‘pﬁgz‘nd felling to form an uneven-aged overstorey Burley et al
o h which is removed selectively on a rotation 2004 '
standards coppice wit constituting some multiple of the coppice
standards system rotation; a crop partly of vegetative and
partly of seedling origin.
1. The production of new stems from the
stump or roots.
coppicing 2. To cut the main stem (particularly Burley et al.
of broadleaved species) at the base to (2004)
stimulate the production of new shoots for
regeneration.
A small shoot taken from near the end of a
branch or the stem of a plant. It is placed Nieuwenhuis
cutting(s) in the ground and will produce roots and (2000) via
develop into a new plant which will be SilvaVoc
genetically identical to the original plant.
A term often used to mean ‘death’. More
dieback correctly, it means a progressive death of a Burley et al.
tree or a branch from its extremities towards ~ (2004)
the roots. Dieback can be reversible.
Coppice Forests in Europe Overview
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Term Synonyms Definition Reference
A transition from low coppice to high
forest that does not involve another
. silvicultural system. The method of direct
direct S . .
. conversion includes (i) conversion by .
conversion . . . Nicolescu
. ageing (conversion by full cessation of low
of simple . . A . etal. (2017)
. coppice cuttings), (ii) mixed conversion
coppice . . .
(conversion by partial cessation of low
coppice cuttings), and (iii) conversion by
replacement/restoration.
dormant bud; A special condition of arrested growth
dormanc latent bud; in which the plant and such plant parts Young &
y preventitious bud;  as buds and seeds do not begin to grow Giese (1990)
latency without special environmental cues.
epicormic Growth of lateral buds after the apical bud Young &
growth is damaged. Giese (1990)
. . water shoot; A shoqt arising spontaneously from an Ford-
epicormic ) adventitious or dormant bud on the stem
water sprout; . Robertson
shoot . . or branch of a woody plant often following
epicormic branch . . . (1971)
exposure to increased light levels or fire.
Coarse food that is composed of entire Park & Allaby
fodder plants or the leaves and stalks of a cereal (2013)
crop, and is fed to cattle and horses.
Any wood source that is used, without
: . : Grebner et
fuel wood firewood alteration, as a type of fuel for heating, al. (2013)
lighting or cooking purposes. ’
A stand of trees, generally of seedling Ford-
high forest origin, that normally develop a high, closed ~ Robertson
canopy. F.C.(1971)
high forest S||v1cult(tjra| system in V\]/c?@h forest |sOI UERO
svstem managed on rotation sutficient to produce (2005)
y trees large enough for timber production.
o Native to a specified area or region, not Ford-
indigenous introduced Robertson
’ (1971)
indirect
conversion This method removes all current species Nicolescu
of simple and introduces new species to the area. etal. (2017)
coppice
Overview Coppice Forests in Europe



Term Synonyms Definition Reference
. An established (not nec...) plant or animal Ford-
introduced . .
. not native to the ecosystem, region, or Robertson
tree species
country. (1971)
An organism that is non-native (or alien)
. . to an ecosystem and whose introduction Ford-
invasive tree L .
species causes or is likely to cause economic or Robertson
p environmental harm or harm to human (1971)
health = invasive pest species.
Lateral means ‘at the side’, ‘towards the
side’, ‘from the side’, ‘axillary’, ‘farther
lateral shoot from the midline of the body’, ‘situated Klein (2008)

towards or at the side of the body’. E:... (4)
lateral shoot.

layering

The rooting of an undetached branch (=
a layer) lying on or partially buried in the
soil, which is capable of independent
growth after separation from the mother
plant.

Nieuwenhuis
(2000) via
SilvaVoc

leading shoot

The leading shoot is the main shoot which
develops from the terminal bud at the top
of a tree each year.

Klein (2008)

mixed
conversion
(coppice)

Conversion to high forest by partial
cessation of low coppice cuttings. Every

10 years (production of a new management
plan), a part of low coppice stands are no
longer exploited, while the rest of stands
are treated as low coppice. The area of low
coppiced stands continuously decreases
until they no longer exist, while the area
covered with high forests increases and
these stands form successive age classes.

Nicolescu
etal. (2017)

Forest or woodland consisting of different

Nieuwenhuis

mixed forest species either between or within specified (2000) via
areas. SilvaVoc
A stand of a single species, generally Ford-
monoculture  pure stand oven-aced ' Robertson
ged: (1971)
multi-

stemmed tree

“multi-”: comb. prefix meaning many.

Gray (1967)

Coppice Forests in Europe

Overview
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Term Synonyms

Definition

Reference

abandoned
coppice;

aged stools;
derelict coppice;
neglected coppice;
neglected stools;
overstood coppice;
stored coppice

over-aged
coppice

Coppice woodlands that have been left
to grow substantially beyond the normal
rotation and developed stools with stems
having the characteristic sizes and lengths
of high forest trees.

Harmer &
Howe (2003)

overmature
stand

1. A tree or even-aged stand that has
reached that stage of development when
it is declining in vigor and health and
reaching the end of its natural life span -
not nec end of life...

2. A tree or even-aged stand that has begun
to lessen in commercial value because of
size, age, decay, or other factors.

Ford-
Robertson
(1971)

plantation

A stand composed primarily of trees estab-
lished by planting or artificial seeding

—note 1. a plantation may have tree or
understory components that have resulted
from natural regeneration

—note 2. depending on management
objectives, a plantation may be pure or
mixed species, treated to have uniform or
diverse structure and age classes, and have
wildlife species commensurate with its
stage of development and structure

—note 3. plantations may be grown on
short rotations for biomass, energy, or fiber
production, on rotations of varying length
for timber production, or indefinitely for
other values.

Ford-
Robertson
(1971)

pole

A straight, bark-free, tree-length log with
one end embedded in the ground that
supports power and communication
wires, highway sound barriers, and similar
structures.

Burley et al.
2004

pole stage pole phase

Still-young tree larger than 10 cm dbh, up
to about 20-23 cm dbh.

Young (1982)

38 Overview
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Term Synonyms Definition Reference
Cutting back, in a more or less systematic
fashion, the crown of a tree, with the
. . . Burley et al.
pollarding object of producing a close head of shoots (2004)
(a pollard) beyond the reach of browsing
animals.
Natural origin of seeds or trees, usually
rovenance cooraphic origin  SYnenymous with “geographic origin”, or Young &
P eosrap & a plant material having a specific place or Giese (1990)
origin.
The removal, close to the branch collar
or flush with the stem, of side branches
(live or dead) and multiple leaders from a
standing tree
—note 1. pruning is generally done on
plantation trees to improve the tree or Ford-
. its timber, or on urban and rural trees to
pruning . . . Robertson
improve their aesthetics or health (1971)
—note 2. green pruning is the removal of
live branches, dry pruning is the removal
of dead branches, and chemical pruning
is the application of chemicals, e.g., plant-
growth regulators, to the living tree to kill,
suppress, or inhibit lateral shoots.
. The natural or artificial process of Nleuwer)huns
regeneration S (2000) via
re-establishing tree cover on forest land. .
SilvaVoc
Period of years required to establish and
rotation , grow timber crops to a specified condition
period rotation age of maturity. Applies only to even-aged voung (1982)
management.
A tree selected and often reserved for the Nieuwenhuis
seed tree collection of seed or for natural seeding of ~ (2000) via
a (understocked) regeneration area. SilvaVoc
A harvesting system in which most of the
shelterwood trees are felled but some are left to provide
. . Helms (1998)
system protection for the new forest by providing
either shade or wind protection.
A shoot arising from an adventitious bud at . .
. Nieuwenhuis
coppice shoot; the base of a woody plant that has been cut .
shoot . (2000) via
sprout; spring near the ground. In the case of a sucker, the SilvaVoc
shoot arises from the root of the plant.
Coppice Forests in Europe Overview
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Term Synonyms Definition Reference
Production of woody biomass, generally
short on agricultural lands, by regenerating 1SO EN
rotation new stems from the stump or roots after 16559
coppice harvesting and relying on rapid growth,
generally over a 1 to 5 years cycle.
The repeated removal of side branches on a Burlev et al
shredding lopping short cycle, leaving just a tuft at the top of Y '
the tree. (2004)
Woody perennial plant, seldom exceeding
3.0 m in height, usually having several
shrub persistent woody stem branching from the Young (1982)
ground.
simple low coppice; A coppice system in which all shoots in a Nieuwenhuis
o pice simple coppice stand are cut at each felling, giving even- (2000) via
PP system aged shoots and stands. SilvaVoc
To reduce the regrowth from a coppice stool
singling stored coppice to allow a single pole to grow on to form a ang;f; Allaby
standard tree.
A species-specific measure of actual or
potential forest productivity (site quality,
usually for even-aged stands), expressed in
terms of the average height of trees included
o in a specified stand component (defined as ~ Ford-
site index a certain number of dominants, codomi- 509!37e1r)tson

nants, or the largest and tallest trees per unit
area) at a specified index or base age.

—note site index is used as an indicator of
site quality.

site quality

The maximum quantity of material, of
given species, that an area is capable of
producing under normal conditions, so

Nieuwenhuis
(2000) via

class long as the factors of the locality remain SilvaVoc
unchanged.
Type of asexual vegetative reproduction in
which sprouts arise (i) from the side of a
sproutin stump (developed from dormant buds) or (ii)  Fujimori
p g between the bark and wood, on the surface  (2001)

of the stump (originated from adventitious
buds).

40 Overview
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Term Synonyms Definition Reference
stool stum A living stump (capable of) producing Burley et al.
P coppice shoots. (2004)
1. A shoot or new stem/branch emerging )
stool sprout; from (near) the base of the plant, especially ~ Beentje &
stool shoot stump shoot; when the stem has been cut; Williamson
stump sprout . (2016)
2. Several stems arising from the same root.
A shoot arising below group from the roots Beentje &
sucker root sucker . . Williamson
some distance from the main stem.

(2016)
thinning Woody biomass residues originating from ISO EN
residues thinning operations. 16559

vegetative
vegetative propagation; . Burley et al.
regeneration vegetative Nonsexual reproduction. (2004)

reproduction

veteran tree

1. Trees of interest biologically, aesthetically
or culturally because of their great age;

2. Trees in the ancient stage of their life;

3. Trees that are old relative to others of the
same species.

Read (2000)

Areas (or forests) that have never been
disturbed by human intervention, showing

semi-natural natural development in structure and
virein forest forest; semi- dynamics. The soil, climate, entire flora and  Schuck et al.
& natural ancient fauna and the life processes have not been (2002)
woodland disturbed or changed by timber manage-
ment, cattle grazing, or other direct or
indirect anthropogenic influences.
A line of trees or shrubbery planted or
. i h
windbreak shelterbelt managed in such a way as (o protect a Helms (1998)

building or crops, or to alter climate or
wind.

These terms and definitions can be found in the online Multilingual Forestry Glossary, along with

illustrations and translations into many European languages.

Visit the EuroCoppice website for details:

www.eurocoppice.uni-freiburg.de

Coppice Forests in Europe
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2 Silviculture

Management matters.
What are the details of shoot production?
What silvicultural options are there for different types of coppice?
Between threat and opportunity — characterising two major invasive species.

How does this connect to the upcoming chapter on the operations of coppice forest management?

Visit this chapter for:

Silvicultural guidelines for European coppice forests

Two potentially invasive tree species of coppice forests: Ailanthus altissima and Robinia pseudoacacia

Active management of traditional coppice forests: an interface between silviculture and operations

Coppice Forests in Europe Silviculture | 45



Silvicultural Guidelines

for European Coppice Forests

Valeriu-Norocel Nicolescu, Jodao Carvalho, Eduard Hochbichler,
Viktor J. Bruckman, Miriam Piqué, Cornelia Hernea, Helder Viana,
Petra Stochlovd, Murat Ertekin, Martina Podan, Tomislav Dubravac,

Kris Vandekerkhove, Pieter D. Kofman, David Rossney and Alicia Unrau

1T INTRODUCTION
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1.1 Coppice forests in Europe

Coppice is a forest regenerated from vegetative
shoots that may originate from the stump and/
or from the roots, depending on the species.

In contrast to forests originating from seed
(the so-called high forest), the rotation period
of coppice forests can be significantly shorter
(approx. 5-30 years, depending on the type of
coppice system). In 2000, about 16% of the
productive forests in Europe were managed
as coppice, covering a total area of about
23 million ha [53].

All European coppice forests consist of broad-
leaved tree species. Among them, eucalypts,
a non-native species, is a bit of an outlier in
terms of the environmental concerns

1.2 Forms of coppice forests

There are different forms of coppice forests:
simple coppice, coppice with standards, coppice
selection, pollarding and short rotation coppice
(Figure 1).

1.3 The biological and ecological process
of vegetative regeneration

Re-sprouting is a natural adaptation of trees
and shrubs that enables their survival after
having been damaged. Coppicing is the opera-
tion of felling and vegetative regeneration of a
forest. Coppice forests are thus usually a result
of human activities (cutting). However, it is
also possible for coppice to result from natural
disturbances (e.g., wind throw, fire, animals,

discussed in this document. Even
though eucalypts can be managed to
be highly productive and cost-effec-
tive, they can have major detrimental
effects to the environment such as
soil depletion and fire risk.

Willows, poplars and black locust are

treated as short-rotation coppice (SRC),
which is usually regarded as part of
agricultural-production systems.

Figure 1. Different types of coppice forests: simple coppice (a),
coppice with standards (b), coppice selection (c), pollarding (d),
short rotation coppice (e) (drawn by J. Carvalho)

Corresponding Author: Valeriu-Norocel Nicolescu, nvnicolescu@unitbv.ro
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storm, pathogens, etc.) and a few species can
also sprout naturally (e.g., strawberry tree,
Figure 2, as well as wild cherry, hazel).

The result of re-sprouting is the production of
coppice shoots (coppice sprouts) that originate
from coppice stools (stumps, Figure 3, and
roots).

There are three forms of coppice shoots [25]:

a. Stump shoots (sprouts): originate from
dormant buds buried in the bark. They have the
same age as the tree on which they have been
formed and can live in a dormant state for a
long time, usually breaking the dormancy after
major disturbance, e.g. cutting the tree.

b. Stool shoots (sprouts): grow from adventi-
tious buds, which develop in the same season of
the cut from callus tissue formed between the
bark and the wood at the cut surface. They are
not directly connected to the vascular system of
the stump on which have been formed and are
less frequent than the stump shoots.

c. Root suckers: originate from adventitious
buds along the tree roots. Such shoots (Figure 4;
following page) can occur:

* On standing trees, either after the soil has
warmed due to exposure to sunlight or fire,
or following the loss of apical dominance.

* Following the cutting of the above ground tree

e When shallow and/or thin tree roots are
disturbed or wounded.

Figure 2. Natural sprouting in
strawberry tree (Photo: J. Carvalho)

The stump shoots are more desirable than the
stool shoots as they are more numerous, show
a higher vigour, can develop independent roots
sooner than the stool shoots, have a lower
proportion of rot and are more intimately
attached to the stump and so less prone to be
separated from it. Consequently, the stump
shoots should be favoured after cutting.

Compared to stump and stool shoots, root
suckers do not show basal curvature, are less
affected by disturbances (wind, snow) and rot
and can separate fully and more quickly from
the originating roots.

White poplar, aspen and black locust can produce
large amounts of root suckers, a response that
is encouraged when the original tree is cut or
damaged.

Figure 3. Stump and stool shoots on: hornbeam (a), sweet chestnut (b), eucalypt (c), sessile oak (d)
and common ash (e) (Photos: V.N. Nicolescu and V. Bruckman)

Coppice Forests in Europe
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a

Figure 4. Root suckers of silver linden (a) and
black locust (b) (Photos: V.N. Nicolescu and C. Hernea)

Shoot production

The potential for shoot production mainly
depends on the species, tree age, season of
cutting and site conditions. In terms of the
species, all native broadleaved tree species
produce shoots and can be treated as coppice,
albeit to different extents. European beech, for
example, only re-sprouts at a young age (up
to 20-25 years) and on richer soils; on more
acidocline soils it re-sprouts poorly and so is
considered unsuitable for coppice management
on such sites. Other species, such as silver
birch, also re-sprout best at lower ages and are
therefore better suited for coppice systems with
shorter rotations (<20 years).

The majority of broadleaved tree species,
however, can produce shoots vigorously and
abundantly up to an age of 40 years (e.g. Turkey
oak, Holm oak, willows, poplars (not trembling),
elms, black alder), while certain tree species
can produce shoots for up to 100 years, or even
indefinitely (e.g. pedunculate oak, sessile oak,
Hungarian oak, sweet chestnut, linden, elms,
and hornbeam), although the vitality of shoots
decreases considerably at higher ages and
stump diameter.

The production of shoots also depends on the
season of cutting: the best time to cut for simple

Silviculture

coppice is considered to be late winter
- early spring, before the beginning of
growing season. The only major excep-
tions to this optimal period are the oak
tan-bark coppice, which is cut in May or
early June, after the growing season has
commenced, and alder, willow and poplar
coppices on swampy sites, which are cut
in winter or summer, when the ground is
firm or dry enough.

b Light conditions is another important
factor for re-sprouting: the stumps should
be in full light to produce shoots, as a
shaded stump will coppice weakly and
shoots will grow slowly. For light-demanding
species (e.g. oaks, willows), this effect is more
important than for more shade-tolerant species
(i.e. linden, hornbeam, hazel), which still
re-sprout well under the semi-open canopy of
coppice with standards.

Coppicing also depends greatly on the climate:
summer droughts and early or late frosts can
reduce or even halt the production of shoots. A
warmer climate fosters re-sprouting (in terms
of the abundance and vigour of shoots), but this
can result in the stump becoming exhausted
more quickly.

Re-sprouting is also more abundant and can
be longer (up to 300 years or even more) on
rich soils with a good water supply than on
poorer and drier soils. The same phenomenon
occurs on warm, sunny and drier slopes, which
are more favourable for re-sprouting than the
colder, shaded and more humid ones.

Sprouting is also affected by wind, snow and
browsing, which induce the detachment of
stool shoots and compromise the vegetative
reproduction of trees. Periods of continued high
browsing pressure (by deer or livestock) may
lead to depletion and eventual death of the
stools.

Coppice Forests in Europe



Sucker production

On one hand, suckering depends on the species:
the most important sucker producers are poplars
(trembling/aspen, white, black and hybrid),
black locust, grey alder, linden, field elm, field
maple, wild cherry, wild service tree, Pyrenean
oak, and holm oak. Root suckering rarely occurs
in oaks (pedunculate, sessile, pubescent),
European beech, hornbeam, common ash,
and Norway maple. On the other hand, sucker
production also depends on soil conditions:
more suckers occur on sites with lighter (sandy)
and mobilized soils than on heavy and compact

ones.

The distance to which certain tree species
produce suckers can be up to 10 m (black locust,
wild cherry, white poplar, wild service tree, etc.)
or even longer (35 m in aspen), thus allowing
the trees’ expansion to surrounding openings.

1.4 Socio-economic values of coppice forests

For centuries, coppice forests served as a
sustainable source of raw materials for the
local communities [11] (Figure 5). A steep
decrease in demand for firewood due to the

widespread use of fossil fuels led to a strong
decrease in coppice forests over the past two
centuries, especially in many Central- and
Western European countries. However, over the
last two decades there has been a renewed and
growing interest in coppicing in Europe due to
the increasing demand for energy production
from renewable resources, as desired by EU
policy. This development was mainly triggered
by climate change mitigation policies in the
wake of Kyoto Protocol [55]. In addition, an
increase in the price of firewood over the past
few years has also stimulated a recent interest
in coppicing as a forest management alterna-
tive [32].

Coppice forests may provide the following:

Rural livelihoods: regular income, sustainable
employment and resources

Bio-economy: renewable, sustainable and

environmentally friendly biomaterials & fuels

Protection function: prevents soil erosion, rock
fall, landslide & avalanche

Sharing economy: community use & recreation
Provision: timber & non-timber forest products
Enrichment: biodiversity & cultural landscapes
Traditionally, coppice forests were
managed to provide wood material,

with the
been firewood. Further

main product having
common
products were charcoal, basketry,

sticks, fencing, mining timber, poles,

C

Figure 5. Timber forest products from coppice:
sweet chestnut in England (a) and Italy (b),
black locust in France (c) and oak in Austria (d)
(Photos: V.N. Nicolescu, J. Carvalho and E. Hochbichler)

Coppice Forests in Europe

pulpwood, and small-sized timber.

Recently, studies have shown
that biomass can be economically
harvested from traditional coppice
forest systems using modern
machines [47]. This makes coppice
forests an interesting alternative
source for obtaining woody biomass,
for instance for energy or biochar

production [37].

Silviculture
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Short-rotation coppice (SRC, Figure 6) is another
possible way of producing biomass for energy.
Harvesting of SRC should be fully mechanized.

Non-wood products such as truffles and fungi,
tanbark, wild forest fruits and honey from
domesticated bees can also be obtained from
coppice forests. Furthermore, in certain cases,
coppice can be beneficial for the development
of hunting game. The periodic felling creates
opportunities for the development of ground
vegetation, which provides food for herbivores.

Coppice forests are often described as “hotspots
of biodiversity” [51]. The mix of young open
and older closed-canopy stages promotes the
diversity of fauna and flora (e.g. [11]). Habitat
quality may be divergent, depending on current
management practices.

Coppice with standards or over-matured

(outgrown) coppice woodlands may, for
instance, offer a large number of ecological
niches as the stand structure tends to be hetero-
geneous and contain more deadwood [10].
The young open phases of the coppice cycle are

beneficial to numerous light-demanding and

thermophylous species. There is a significant
interaction between coppice woodlands and
the surrounding landscape in terms of habitat
quality, as is shown in the case of bird commu-
nities [5]. Dense stands inhibit or limit the
development of herbaceous ground vegetation
and therefore decrease diversity of herb species
after crown closure.

Coppice is an ancient form of forest management
and so is part of Europe’s historical and cultural
heritage. It proved to be a very effective way
of producing raw material for traditional uses.
In many European regions, large woodland
areas were coppiced in the past, but in the
last 100 years many coppices have either been
converted into high-forest or are abandoned
and overaged.

Figure 6. Short rotation coppice
(Photos: V.N. Nicolescu)

2 CorricE FORESTS AND THEIR SILVICULTURE
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2.1 Simple coppice

Simple coppice is a forest management system
in which trees are systematically and repetitively
cut and regeneration is vegetative, by means of
sprouting or suckering (often from the stump,
alternatively from roots).

Simple coppice is applied especially on broad-
leaved tree species that can withstand repeated
cutting, such as oaks, sweet chestnut, hornbeam,
linden, eucalypts, ash, alders, black locust,
poplars. European beech is less responsive to
coppice [9] [21], so that the use of this tree
species in simple coppices is less recommended.
For birches, coppicing is possible if relatively

Silviculture

short rotations (6-12 years) are applied. In these
guidelines we are focusing on the most relevant
tree species: oaks (Figure 7), beech, eucalypts,
sweet chestnut, hornbeam, black locust, and
silver birch.

The duration of rotations depends mainly on the
species, re-sprouting ability, maximum produc-
tivity, targeted wood dimensions and local site
conditions. Rotations are usually between 5
(willow osier) and 40 years (oak, hornbeam,
beech), but can reach up to 60 years (alder).
New shoots in this type of forest grow very fast
at the beginning, as a result of their developed
root system. Thus, the height and diameter

Coppice Forests in Europe



increment culminates 20-30 years earlier than
in forest originating from seeds, in accordance
with local soil fertility and climate parameters
(i.e. temperature, rainfall). The logged wood
often has lower technical (industrial) wood
quality, as it frequently includes knots, is curved
in lower part of the trunk and may contain many
technical defects.

As the majority of broadleaved species only
re-sprout well until about 40 years after cutting,
the rotation of stands treated as simple coppice
generally ranges from 15 to 25 (30) years [24]
[27]. Such stands produce small-diameter trees
used for firewood, basket work, pea and bean
sticks, hoops, hurdles, fascines, fencing, vine
and hop poles, handles for tools and imple-
ments, pulpwood, etc. [34].

The rotation can be longer, usually up to around
35 years, if larger timber is desired. This is the
case for oaks, sweet chestnut and black locust
when the timber is produced for items such
as wood barrels, flooring, mining timber, solid
furniture [26] [42] [48] [49] [50].

There are many advantages of simple coppice:
* simple management

* low costs of natural regeneration

* low impact silvicultural interventions

* low vulnerability (wind throw, etc.)

However, many disadvantages also exist:
* unstable price of firewood
* high cutting/harvesting costs

* less market flexibility with lower product
diversification potential

Silvicultural management / operations

The intensity and techniques of silvicultural
interventions depend on the production goals.
Both natural regeneration (shoot origin) and
planting trees (seed origin) can be used to
establish simple coppice stands. When using
natural regeneration, 5 to 10 trees per ha
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Figure 7. Holm oak simple coppice in Spain
(Photo: P. Vericat)

should be left after cutting as potential seed
trees. In artificial regeneration 1 to 3-year-old
seedlings are planted with density of 1,000-
1,500 ha' (eucalypts) or 4,000-5,000 ha
(black locust). These species are cut two years
after planting. In the case of other species, such
as sweet chestnut, the plants are cut 7-8 years
after establishment.

Seedlings are also used to replace poorly
sprouting or dying stumps. These operations can
also be made by layering (chestnuts) and root
suckering (black locust and lime). In managing
eucalypts, fertilization is recommended after
every harvest cut.

Between two coppice cuts, tending operations
such as cleaning-respacing and thinning are
sometimes required to improve productivity;
they target the removal of unwanted species
or individuals, improvement of the quality and
quicker growth of final crop, and also produce
small and medium-sized material that may
increase financial return [34]. The number
of these operations depends primarily on the
rotation length, competition among shoots,
and the wood market. For instance, in the black
locust coppice stands of Hungary and Romania
with rotations of 25-35 years, there are 1-2
cleaning-respacing and 1-2 thinning interven-
tions [1] [42], compared to only 2 thinning in
France [13]. In sweet chestnut coppices, the
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number of tending operations ranges from none
in Britain [17] to 3 in Greece [8]. In eucalypt
coppice there is only one thinning operation,
1 or 2 years after the cut.

Simple coppices reaching the rotation age are
worked by the method of annual coupes by area,
after deciding the rotation based on the size
of material required. The total area treated as
simple coppice is divided into annual coupes
equal to the number of years in the rotation;
each year, one coupe is coppiced. All material
should be removed from the cutting area before
flushing begins, so as to avoid damage to the
fragile young shoots [16] [33] [46].

After repeated coppicing, stools begin to rot and
die (Figure 8) and show a gradual decline in
yield, so that the potential of producing young
and vital shoots decreases with increasing age
and shoot diameter [23] [26] [35].

In order to maintain high productivity, the
stools should be replaced after 2-3 coppice
cycles in temperate regions [33] [52]. However,
from a biodiversity conservation perspective
it is recommended to preserve the old stools

as they contain many microhabitats and rare
epiphytes.

Figure 8. Old sessile oak trees treated as coppice
with a high density of cavities and decaying
wood; less productive than vigorous young stools
but with high conservation value
(Photos: V.N. Nicolescu)
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2.2. Pollarding

Pollarding consists of cutting the tops of trees
as to stimulate production of numerous straight
shoots on the top of the cut stem (Figure 9). The
shoots grow out of reach of browsing animals
and flooding waters, which are the two main
reasons for this type of management. Most
typical pollards exist today along riversides
and meadows. The most common species used
are poplars, ash, willows, plane-trees, beech,
chestnut, mulberry, oaks, linden, elms, black
locust, maples, hornbeam and hazel.

Traditionally, some species were pollarded
for both wood and fodder production, while
beech and oak pollards were used to produce
small-sized wood. With the shift in demand
from small-sized wood and fodder to larger
industrial wood (trunks), this type of pollarding
has gradually been abandoned, especially with
beech and oak. Furthermore, pollarded trees
often show low trunk quality (hollow trunks and
rot holes due to the regular cutting) and lower
diameter growth. Many of the pollarded oak
trees that may be found in the landscape (e.g.
Britain, Turkey, Sweden) indeed have hollow
trunks as a result of this kind of cutting.

Pollarding was and still is used for park alley
and garden trees, along streets, roadsides, and
hop gardens. In certain regions (e.g. Portugal),
pollarded plane-trees are used to hold cables and
vine plants. In areas with long pastoral tradi-
tions (Basque Regions of France and Spain) or
with large-scale silvo-pastoral systems (Spain,
Portugal), pollarding is done at heights of 2.5
to 3 (3.5) m, well out of the reach of cattle and
sheep.

The most important forestry use of the
pollarding system is to stabilize the banks of
rivers, streams, and ditches, mainly with willows
and poplars. In this case, pollarding is done at
heights between (1) 2 and 3 m - above the highest

flooding levels over a long chronosequence - to
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avoid any damage to
the high stump caused
by the flooding waters.
In case of willow
pollards, the cutting of
shoots is carried out in
the same way as simple
coppice, especially
during the winter. In
time, after 2-3 cycles
of cuts of 15-20 years,
willow pollards begin
to deteriorate (often
becoming hollow) and
the coppicing potential
and vigour of shoots becoming increasingly
reduced. Consequently, pollards are replaced
with seedlings or so-called rods, which are
(1 or) 2 m long and 3-5 cm thick, and that will

be treated subsequently as pollards.

On the pollard tops, shoots are trimmed off
periodically so that after this series of cuttings,
the upper part of trunk looks like a reversed
stump, sometimes called a ‘chair’ (Figure 10).
After pollarding, many shoots may grow more
or less vertically from the cut tree. These shoots
may be subsequently thinned or left for self-
thinning.

2.3 Coppice selection system

In a coppice selection system (CSS),
a target diameter is fixed according
to the size of aimed wood product,
followed by an estimate of the age
at which material of this size will
be produced. This age determines
the rotation, which is divided into a
number of felling cycles (for instance:
a rotation of 30 years includes three
felling cycles of 10 years). The total
area of forest under CSS is divided
into annual coupes equal in number
to the number of years in the felling

Coppice Forests in Europe

Figure 10. Pollarding
of a narrow-leaved
ash tree (Photo: J.
Carvalho)

Figure 9. Repeatedly pollarded white willow (a), pedunculate oak (b) and
European beech (c) (Photos: V.N. Nicolescu, J. Carvalho and O. Cardoso)

cycle. Each year, coppice felling is carried out
in one of the annual coupes [34]. Shoots of one
to three (seldom four) ages coexist on the same
stool, depending on the number of felling cycles
in the rotation. Only shoots reaching the target
diameter are cut, while the others are thinned.

The coppice selection system has historically
been applied in certain parts of Europe, such as
the Pyrenees, Apennines, Tessin Canton and the
Balkan Peninsula, mainly in European beech
and Holm oak forests (Figure 11).

In the case of European beech forests, the
coppice selection system was commonly used in
areas with poor soils and severe climatic condi-
tions, where trees grow slowly. Under such

Figure 11. Coppice selection with
European beech in Bosnia and
Herzegovina (Photo: O. Cardoso)
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conditions, the application of coppice selection
system consisted of:

* Pyrenees: rotation of 30 years, with 2 felling
cycles of 15 years or 3 of 10 years;

* Morvan Massif: rotation of 36 years, with
4 cycles of 9 years;

* Apennine Massif: rotation of 27-36 years,
with 3 cycles of 9-12 years.

Two examples of coppice selection in European
beech and Holm oak stands are depicted in
Table 1.

Within the coppice selection stands, young
shoots are better protected from frost, snow and
grazing, due to the cover of older and largest
shoots; apart from this, the soil remains perma-
nently covered. Coppice selection is therefore
interesting in the context of soil protection and
habitat conservation. On the other hand, cutting
at ground level is more difficult, it can damage
smaller trees and the harvesting is more chal-
lenging and costly than clear-cutting.

When weighing these factors, this silvicultural
system is considered to have more disadvan-

tages than advantages, so that it has not been
expanded outside the area where it was initially
performed. Moreover, in cases of CSS with
low productivity and vitality, these have been
converted to high forests or selection forests, an
example of which are the pure beech stands in
Croatia.

2.4 Coppice with standards

Coppice with standards (CWS) is a silvicultural
system in which selected stems are retained, i.e.
standards, at each coppice harvest to form an
uneven-aged overstorey that is removed selec-
tively on a rotation consisting of a multiple of
the coppice rotation [30].

Such stands are “the oldest form of irregular
forest” [22], and comprise of two distinct
elements [6] [16] [31] [33] (Figure 12):

(a) A lower, even-aged storey (underwood),
originating from shoots and treated as coppice.
This storey plays an economic role (produces
small and medium-sized timber, used especially
as firewood), as well as a cultural role (protects
the soil and the trunks of standards in the upper
storey).

Table 1. Two examples of coppice selection systems used in Europe

. . . . Rotation, felling cycle Further
Species Region Cutting technique . . Ref.
and products information
1-2 shoots are
Italian Alps,  Selection coppice Rotation: 6-12 years kept per stump
Apennines,  (uneven-aged coppice) ] .
European recions of Total Cyc]e; 36 years Current use is [15]
beech 6 limited; 38]
Piemonte & The largest trees are cut, ) d ch |
Tuscany the smaller are thinned Firewood, charcoa )
Trend: convert to
high forest
Even-aced coppice laver Rotation: 8-15 years
Central & ‘g copp Y (up to 30 years) for the .
below: mainly hornbeam, . Prescribed stem (3]
Western . coppice;
hazel & field maple numbers and (7]
Oak & Europe .
, . shares of different [39]
hornbeam (France, Selective felling of .
. Uneven aged standards age classes in the  [43]
Belgium, S8 standard trees at every
G above: mainly oak . standards [54]
ermany) rotation (standard age
(Q. robur & Q. petraea) — 2-6 rotations)
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Figure 12. Coppice with standards
in Austria (Photo: E. Hochbichler)

(b) An upper, uneven-aged storey (overwood)
composed of taller but scattered trees (stand-
ards), originating from both shoots and seeds,
distributed as uniformly as possible and treated
as high forest. It is also has economic (produces a
certain proportion of large timber) and cultural
roles (provides seeds for natural regeneration)
[14] [19] [40].

To establish a CWS stand, one first determines the
age of the coppice rotation, then the following
operations are carried out [39] [18] [19]:

1. Once the rotation age r (usually 20-25 years)
has been reached, the coppice stand is clear cut
as simple coppice, while reserving a certain
number of a desired species in good form and

increment as standards.

2. After another simple coppice rotation of
20-25 years, the great majority of standards
of 2r (40-50 years) are again reserved,
extracting those that have deteriorated or are
slow-growing. The majority of individuals are
removed from the coppice storey, while a certain
number of trees are reserved as second cohort
of standards r.

3. The same operation is repeated regularly
for several coppice rotations of r years so the
coupe about to be felled consist of coppice aged
r years together with standards aged 2r, 3r,
4r... years, and a number of young prospective
standards, aged r years.

Coppice Forests in Europe

Standards should originate from seed or, if
not possible, from young and vigorous shoots,
already individualized from the stool, or from
root suckers. The trees reserved as standards
should: originate from valuable and light-
demanding species; have tall, large, balanced
and open crowns; be wind-firm and; be scattered
as regularly as possible [2] [6] [16] [33].

In CWS, standards are tall, but with shorter
boles than high forest trees, and have wide and
large crowns [19] [44] [50] — Figure 13). On
the other hand, diameter increments are often
considerably higher than in high forests.

The most recommended broadleaved standards
are oaks, elms and ash. Other important species
are sycamore, Norway maple, wild cherry, wild
service tree, service tree, black walnut [6] [14]
[33] [36]. European beech is not well-suited,
mainly because of its tendency to sun scorch
when isolated, in addition to its densely foliaged
crowns, which casts a large shadow that nega-
tively affects the growth of the coppice storey
[6] [45] [52].

The number of standards in a CWS at a
certain moment has evolved from a minimum
of 16 young trees/ha (Flanders, 16" century
[54]) or 30 trees/ha (Britain, 1543 [17]) to
40-50 trees/ha (France, Forest Law of 1827
[4]) or even 100 trees/ha (Germany [16]).

Figure 13. Oak standards in Austria (a) & France (b)
(Photos: E. Hochbichler and J. Carvalho)
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Nowadays, the proposed number of stand-
ards is 50-100 trees/ha for all age classes;
the number of standards in each age class
should be about half of the number in the age
class immediately younger. For instance, in
a stand with 100 standards/ha, there can be
50 standards in age class I (youngest), 30 in age
class II, 13 in age class III, and 7 in age class
IV (oldest) [26]. Hochbichler [28] [29] has
developed stem number guidelines for different
overwood cover percentages. The number of
standards ranges between 82 and 163 trees/ha
before cut in relation to an overwood canopy
cover of 33% and 66% [target diameter of
60 cm; moderate sites; height of the overwood:
18-20 m; rotation: 30 years].

The rotations adopted for standards, “that
should be reserved as long as they are healthy,
sustainably” [36]
reaches: silver birch from 40-60 years [28];
wild cherry (40) 50-70 years [19] [28] [36]; ash,
elms, Acer sp. 75 (90)-100 years [19] [28] [36];
Sorbus sp. 50-70 years [19] [36] to 80-120 years
[28]; oaks 100-130 years [17] [22] [28].

vigorous, and growing

The underwood (coppice storey) in CWS
consists of a mixture of species coppicing vigor-

ously, able to withstand the shadow of standards
(i.e. at least semi-shade tolerant species), and
producing firewood [31] [45]. The most recom-
mended species for underwood are hornbeam,
field maple, European beech, linden, sweet
chestnut, hazel [19] [27] [31] [45] [46] [52]
[18]. The rotations of underwood used to be
between 8 and 15 years, but are nowadays
20-30 years [7] [20] [28].

In CWS, the silvicultural operations to carry out
depend on the stand storey:

(a) Underwood: release cutting, cleaning-

respacing and 1-2 thinning(s); the latter
operation if it is considered necessary to prepare
the standards for their life after the cutting of

coppice storey [40].

(b) Standards: Removal of epicormic branches
along the stems (especially of pedunculate oak)
that receive a surplus of light after the cutting
of coppice storey [2] [9] [33]. These branches
should be maximum 3 c¢m in diameter and the
recommended season for cutting is before the
beginning of a new growing season. Dead and
dying branches, as well as those that are too
long, should be also removed.

3 CoNvVERSION OF CorrPiCE FORESTS TO HIGH FORESTS
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There are numerous reasons for coppice conver-
sion, such as a change in management objectives
or the targeted yield products (firewood vs.
industrial wood), or concerns related to soil
protection, conservation and landscape.

The most common conversions applied in
European forests are (a) from simple coppice to
either coppice with standards or high forests and
(b) from coppice with standards to high forests.

There are currently two ways of achieving this
aim: direct and indirect conversion. The former
manages shoots of species already in the area,
whereas the latter entails removing all species
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in the area and planting new species that are
considered appropriate.

Some methods of direct conversion and indirect
conversion are described in the following:

3.1 Direct conversion

In this case, the transition from simple coppice
to high forest does not involve another silvicul-
tural system. The method of direct conversion
includes (i) conversion by ageing (conversion
by full cessation of simple coppice cuttings),
(ii) mixed conversion (conversion by partial
cessation of simple coppice cuttings), and (iii)

conversion by replacement/restoration.
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(i) Conversion by ageing (conversion by full
cessation of simple coppice cuttings): This is
considered a passive procedure of conversion,
where the simple coppice is no longer cut so
that stands reach a maturity in which they are
able to regenerate naturally by seed. During
the waiting period, tending operations (e.g.,
cleaning, thinning) are applied depending
on the stage of development. These interven-
tions are halted after 60-80 years, after which
silvicultural systems typical to high forests can
be applied in order to regenerate the stands
naturally by seed.

Conversion by ageing is applicable to healthy,
vigorous and productive simple coppice stands,
with full canopy cover, in which the target
species are found in high proportion and
the soil conditions are favourable to natural
regeneration by seed. However, this method of
conversion creates at least three problems:

* It takes many decades, depriving the forest
owner from all income for quite a long period

of time.

* The method is limited to the situation
described (“healthy,
productive simple coppice stands...”).

above vigorous and

* The method does not improve the age-class
distribution of stands.

Due to the issues mentioned above, conversion
by ageing has been abandoned since the 19®
century in countries such as France, having been
replaced by the so-called method of selection, or
intensive management of crop trees (fr. balivage
intensif), at least in vigorous stands that are rich
in valuable broadleaved tree species. This is an
active type of conversion and includes:

* Selection and paint marking of crop trees
(originating from stump shoots or, preferably,
from seeds). These should be vigorous, of good
quality and as evenly spaced as possible.

Coppice Forests in Europe

* Initial application of high thinning in favour
of crop trees. The subsequent thinnings are
heavy and concentrated around the vigorous
and valuable crop trees, in order to provide
them with a “free-growth” state at crown level.
This state will favour high wood production
and the beginning of a rich seed production,
supporting the conversion towards high forest
at relatively young ages.

(ii) Mixed conversion (conversion by partial
cessation of simple coppice cuttings): This
is a partially passive method that targets the
normalization of age-class structure of stands.
In this respect, every 10 years a part of simple
coppice stands are no longer exploited and are
left to grow older in order to produce industrial
wood, while the rest of the stands are treated
as simple coppice. Proceeding in this fashion,
the area of simple coppiced stands continuously
decreases until they cease to exist, while the
area covered with high forests increases and
these stands form successive age classes.

(iii) Conversion by replacement: Is an active
method that is usually used in degraded simple
coppice stands that have a low proportion of
valuable tree species, low canopy cover, low
productivity, old stumps and low potential of
natural regeneration by seed, compacted and
fallow soils, etc.

The restoration of such coppice stands for their
conversion to high forest can be done by:

e C(Clear-cutting, followed by planting, mostly
of conifer tree species, such as pines or
Norway spruce.

* C(Clear-cutting, followed by manual/mechan-
ical seeding of species such as oaks.

* Use of high forest silvicultural systems,
such as uniform shelterwood

(Figure 14).

cutting
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Figure 14. Successive stages of conversion by
using the uniform shelterwood system; holm oak
stand in Croatia (Photos: T. Dubravac)

3.2 Indirect conversion

This method removes all current species and
introduces new species to the area. It requires
assessing each new species in order to ensure
that it is appropriate for the local habitat.

This practice is widely practiced in artificial
forests. For example, shoots of valuable tree
species, such as beech and oaks, that are lost due
to damage, may have been replaced by low value
species (such as hornbeam, cranberry, shrubs).

These undesired species must be removed from
what were once oak and beech forests; subse-
quently, the soil is prepared and beech and oak
seedlings are planted and tended.

This method can also be applied to coppice
with standards (Figure 15). In this case, when
cutting the coppice storey of 20-30 years, a high
number of standards (500-600 trees per ha or
even more) are left standing, while extracting
the older standards of 3r and 4r ages if neces-
sary. The conversion cutting begins 30 years
after the selection of standards, when such trees
are already
60 years of
age (2r) and
can produce
seeds needed
for natural

regeneration.

Figure 15. Indirect conversion
of a mixed broadleaved simple
coppice to coppice with standards
in Austria (Photo: E. Hochbichler)

4 RESTORATION OF CoprpPiCE FORESTS
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Restoration is particularly recommended in
cases where vegetation cover has declined and
can no longer be defined as forest. This can
result from a variety of causes, such as inappro-
priate harvesting operations, poor silvicultural
management, illegal logging, excessive grazing,
or disturbances such as fires, wind throws, wind
breaks, etc. In some regions, for example the
Mediterranean, restoration can prevent further
ecological site degradation, such as soil loss
and the prevention of bare karst formation. It
is important to remember that the formation of
soil is particularly slow in such conditions (i.e.
very slow organic matter turnover). It is this
protective function that is the primary driver
for this type of intervention; after a disturbance
the interventions should be carried out quickly
in order to stop the degradation process.

Silviculture

Degraded coppice forests have low soil fertility,
poor soil structure, high risk of erosion and an
insufficient number of seed trees. The prerequi-
site for a successful restoration is the removal
of the predominant negative influence(s) that
initiated the degradation (e.g., browsing, fires,
etc.). This is a complex and expensive activity
that is not possible when negative forces cannot
be prevented effectively.

As with conversion, there are two types of resto-
ration: active and passive. Planting (in groups
or clusters) or sowing are the most commonly
used methods in active restoration. Passive
restoration allows for natural colonisation and

successional processes to occur.

Proper species selection is essential in order to
better suit degraded soil conditions and serve
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as a climate adaptation strategy. Appropriately
selected tree species lower the possibility of
degradation initiated by climate disturbances
(e.g. fires, wind throw) occuring in the future.
Climate change-induced disturbances, such
as droughts, can directly affect the planting
success during restoration, especially in the

Mediterranean region.

Some specific cases of restoration of coppice
forests are described below.

4.1 Aged / abandoned / neglected simple
coppices

In aged/abandoned simple coppice forests
(Figure 16) there is a need for a detailed survey
of the sprouting ability of remaining stumps
after cutting.

It is generally thought that the possibility to
use remaining stumps for natural regeneration
is rather low, although current research shows
that some tree species (e.g., oaks, sweet
chestnut) have a long-lasting sprouting ability,
even as aged trees. It is recommended that the
restoration of coppicing is done gradually, i.e.
not cutting all shoots of the stool at once, but
leaving a number of younger, vigorous shoots
(sap suckers) that will enhance the re-sprouting.
If re-sprouting is successful, all shoots can be
cut again when reaching the rotation age [41].
If the sprouting (especially the production of
stump shoots) is not satisfactory, additional
planting and sowing should follow the cut.

Figure 16. Neglected simple coppice stand of
Quercus faginea in Spain (Photo: M. Piqué-Nicolau)
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4.2 Neglected pollard trees

Pollard trees that have been neglected due to
social-economic changes are of high ecological
and cultural value; they should be conserved
and, if possible, restored. They can be an
important seed source for natural regeneration.
On the other hand, one result of neglect can
be that the large crowns hinder the growth of
younger regeneration after sowing/planting. In
this case, shade-tolerant species should be used
as a coppice layer, resulting in a specific type
of coppice with standards, or a pollarded wood
pasture [12] [41]. Such forests have a lower
wood production potential but may be of high
ecological and landscape value.

The restoration of neglected pollards can be
done by cutting the shoots. A good idea would
be to plant a new pollard next to the old one
that will eventually replace it.

4.3 Abandoned coppice with standards

Another need for restoration arises in aban-
doned coppice with standards, which possess
an unbalanced CWS structure due to the
prolongation of the underwood’s rotation
age. The prescription of restoration activities
depends on (i) the number of adequate, quality
overwood trees per hectare, as well as (ii) the
regeneration ability of (former) underwood
trees. If there are enough high quality trees
in the overwood (20-40 individuals/ha), the
cut of the coppice should be combined with a
selective cut in the overstory in order to provide
enough light for re-sprouting. The harvesting
of standards should be done carefully in order
to minimise damage to the coppice stools. In
case there is a lack of natural regeneration by
seed, the high stump sprouting ability should
be utilised, along with the planting or sowing of
valuable tree species for the overwood.
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ANNEX

List of common and scientific names of tree species used in the guidelines

Common name

Alder
e Black
* Grey

Ash

e Common

e Narrow-leaved

Beech

e European

* Southern European

Birch
e Silver

e Pubescent

Cherry
e Wild (sweet)

Chestnut

e Sweet

Elm
¢ Field

Eucalypt
Hazel

Hornbeam
e FEuropean

e Qriental

Linden

e Small-leaved

e Silver
Locust
e Black

Scientific name

Alnus sp.
A. glutinosa

A. incana

Fraxinus sp.
F excelsior

F angustifolia

Fagus sp.
E sylvatica

FE moesica

Betula sp.
B. pendula

B. pubescens

Prunus avium

Castanea sativa

Ulmus sp.

U. campestris
Eucalyptus sp.
Corylus avellana

Carpinus sp.
C. betulus

C. orientalis
Tilia sp.

T cordata

T tomentosa
Robinia sp.

R. pseudoacacia

Common name
Strawberry tree

Maple
¢ Norway
* TField

e Sycamore
Mulberry

Oak
* Holm
e Hungarian
* pedunculate
* pubescent
e Pyrenean
* Sessile

* Turkey
Plane tree

Poplar
* black

* trembling, aspen

* hybrid

e white
Service tree

e wild

¢ common

Walnut
e black

Willow

e osier, white
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Scientific name
Arbutus unedo

Acer sp.
A. platanoides
A. campestre

A. pseudoplatanus
Morus sp.

Quercus sp.
Q. ilex

Q. frainetto
Q. robur

Q. pubescens
Q. pyrenaica
Q. petraea

Q. cerris
Platanus sp.

Populus sp.

P nigra

P. tremula

P x euramericana

P alba

Sorbus sp.
S. torminalis

S. domestica

Juglans nigra

Salix sp.
S. alba
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Two Potentially Invasive Tree Species of Coppice Forests:

Ailanthus altissima and Robinia pseudoacacia

Alexander Fehér and Gheorghe F. Borlea

INTRODUCTION

Biological invasions lead to ecosystem degra-
dation and threaten biodiversity and related
ecosystem services. The two trees species that
are most likely to invade coppice forests are

Ailanthus altissima and Robinia pseudoacacia.

While Robinia is at times itself considered
a species suitable for coppice management,
Ailanthus is almost solely considered invasive
in Europe. The latter is rarely cultivated, with

AILANTHUS ALTISSIMA

only a few exceptions of Short Rotation Forestry

management in Mediterranean countries

(Bianco et al. 2014).

Despite the invasive nature of these two
species, both also have certain uses and advan-
tages. Along with providing a description of
the general characteristics of A. altissima and
R. pseudoacacia, this article will address some
of these negative and positive aspects.

64

Species and Range

The Ailanthus genus (Simaroubaceae family)
comprises tree species distributed in the Middle
East and the Far East, but its only temperate
zone representative is the tree of heaven or
sky-tree (Ailanthus altissima). One of the other
species, Ailanthus confucii, was native to Europe
in the Tertiary (Eocene-Pliocene). A. altissima
is native to Northern-Central China (in the
Yangtze River regions), Northern Vietnam
and North Korea. It was introduced to Europe
and the United States in 1784, with its recent
secondary range covering almost the whole
of Europe, and it has spread to new areas of
Asia, Africa, South America and Australia. The
common names refer to the species’ ability to
grow up to 30 m high, as well as its outstanding
fertility and competitive ability, especially on
poor soils and in polluted air. The species can
invade as seedlings or ramets derived from one
or more individuals, forming concentric patches
(clumps) in open grazing areas, forest gaps

and clearcuts, including coppice (Knapp and
Canham 2000, Call and Nilsen 2003). In some
European countries (e.g. Greece), it is common
in hedgerows surrounding arable lands and in
adjacent wetlands, but quite rare in shrublands,
grasslands and forests (!) (Fotiadis et al. 2011).

Ecology

A single tree can produce more than 2 million
seeds, some of which are persistent. It also has
a powerful ability to sprout without damage; its
suckering and clumping system is impressive,
capable of extending to more than 100 m in
diameter. A. altissima is less successful in heavily
canopied forests (high forests), but coppicing,
cultivation, browsing or any natural distur-
bance (e.g. frost, fire, stem or root damage)
will stimulate its expansion and colonisation.
Any vegetative propagules can set adventitious
shoots and roots, and A. altissima has many
seed dispersal mechanisms: wind (medium
dispersal distance 120 m), water, birds, rodents
and human agencies (people or machinery).

Corresponding Author: Alexander Fehér, alexander.feher@uniag.sk
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The species can tolerate pollution and poor site
conditions, being indifferent to soil fertility, and
it can adapt to a broad range of natural and
artificial soils, including barren rocky layers,
sandy or clay loams, dry calcareous and shallow
soils, artificial deposits of gravel, sand and other
materials, saline soils (roots can be submerged
in sea water), as well as acidic and alkaline
soils. It can withstand conditions in most urban
and industrial areas, but it is sensitive to ozone
(Gravano et al. 2003).

It has a large ring-porous wood structure with
which water is rapidly transferred from its
roots to its leaves and, conversely, it can reduce
transpiration on hot days by summer branch
drop (Kowarik 1983, Harris 1983, Lepart et al.
1991). It effectively reduces water loss by
stomatal closure and lowered root hydraulic
conductance (Trifilo et al. 2004). Two-year-old
seedlings develop coarse, lateral, unbranched
and widely spreading roots up to 2 m long.
A. altissima is classified as a shade-intolerant,
early successional species (Knapp and Canham,
2000). Delayed hard frosts may cause injury to
young plants and to the upper shoots of older
plants; however, it can survive temperatures as
low as -35 °C. The tree has allelopathic prop-
erties in bark extracts, leaves, and seeds etc.
due to flavonoid substances such as acacetin,
apagenin etc. (Udvardy 2008). The direct influ-
ence of secondary metabolites of Ailanthus on

biodiversity in natural ecosystems has been
questioned by Mihoc et al. (2015).

Figure 1. Canopied, uncut coppice forest (left),
and A. altissima growing in a clearing (right),
Babsky Les, Slovakia (Photo: Fehér 2015)

Coppice Forests in Europe

The forest understoreys of A. altissima are
usually species-poor and rather cosmopolitan
in character; its root sucker density negatively
correlates with floristic richness (e.g. in France:
Motard et al. 2011).

No significant natural enemies are known for
A. altissima, but mistletoe (Viscum album) can
cause its death. A rare decline in Ailanthus
altissima was reported from Styria (Austria),
where both older (35 year-old) and young trees
were infected with agricultural soil microfungi
(Verticillium sp., Phomopsis ailanthi, Nectria
coccinea, Fusarium sp. and Verticillium sp.),
causing dieback of branches in the upper crown,
with bark necroses extending down the stem
(Maschek and Halmschlager 2018).

Case Study

Description

In our case study, the invasive behaviour of
A. altissima was studied after making clearings
in an aged oak-hornbeam coppice forest in
Bdabsky les (Slovakia) in 2015 and 2016. Each
of the three sample plots measured 400 m?*:

A : clearing made in 2006,
B : clearing made in 2014, and

C : canopied coppice forest in process of aging
at present — the uncut control (Fig. 1).

Observations

The herb layer of the two studied clearings
(A and B) was dominated by nitrophilous
species, with Sambucus ebulus and Galium

aparine together forming almost 100% cover.

After spontaneously invading, A. altissima
outcompeted the native apophytic and synan-
thropic forest species through allelopathy and
nitrogen accumulation, dramatically changing
the species composition. In area A, the phyto-
coenological relevée had the highest abundance
of the following species: A. altissima, Sambucus
ebulus, Galium Geum

aparine, urbanum,
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Mercurialis perennis, Pulmonaria officinalis and
Urtica dioica. In area B, most abundant were
A. altissima, Quercus cerris, Carpinus betulus,
Galium odoratum and M. perennis, while in area C
Q. cerris and Acer campestre were dominant.
The behaviour of different species depended
on the nature of the competition. In area B,
M. perennis had a different seasonal optimum
than A. altissima; S. ebulus (when simultaneously
cut with A. altissima) re-grew more quickly than
A. altissima but G. aparine and Bromus benekenii
disappeared under dominant A. altissima. In
area A, Hedera helix and Clematis vitalba spread,
but Melica uniflora and G. aparine disappeared
when A. altissima dominated (Fehér et al. 2017,
unpubl.). Plant communities of clearings in
the same forests were also studied by Pilkova
(2014), who related the species composition
to different environmental conditions of water,
nutrients, light, continentality, soil reaction and
temperature (Fig. 2).

Management

To control A. altissima is quite problematic: for
example, prescribed fire during the dormant
season had a limited impact on its distribution
(Rebbeck et al. 2017). Short-term mechanical
and chemical treatment combinations did not
reduce the number of resprouts over a five
year period, although resprout biomass was
reduced. Nevertheless, the long-term control of
A. altissima resprouting was efficient, mainly as
a result of reduced above-ground and below-
ground growth; cutting alone, however, did
not reduce it significantly. Some herbicides can
be used to treat A. altissima but the required
effect is poor (http://rvm.cas.psu.edu). The
best control strategy is repeated and combined
mechanical-chemical treatment.

Conclusion

We can conclude that the presence of Ailanthus
altissima in forests influences the species
composition and structure of ecosystems, as
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Figure 2. Occurrence of Ailanthus altissima is
interrelated with nutrients and light (Pilkova 2014,
modified by Fehér). Ellenberg values: V - water,
7 - nutrients, S - light, K - continentality,
pH - soil reaction, T - temperature

well as the services provided by them. Sladonja
et al. (2015) have carried out a detailed assess-
ment of the disadvantages and advantages of
the species: In terms of potential biological
threat, A. altissima has a high invasive potential
(fast growth and regeneration, allelopathy, high
resistance to pollution and tolerates a wide
range of environmental conditions), causes a
decrease of biodiversity (i.e. replaces natural
flora), is toxic and causes allergic reactions and
dermatitis. On the other hand, it can provide
certain ecosystem services, such as provisional
services (pharmaceutical use, honey production,
timber, paper, essential oils etc.), regulating
services (erosion control, land reclamation etc.),
cultural services (ornamental use, shade etc.)
and supporting services (nutrient cycling, soil
formation etc.). The extract from A. altissima is
an antioxidant, antimicrobial and phytotoxic,
having anticancer properties and is source of
ailanthone (quassinoids), which has potential

in treating malaria, HIV etc.
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ROBINIA PSEUDOACACIA

Species and Range

The second invasive plant, black locust (Robinia
pseudoacacia), belongs to the family Fabaceae.
Approximately 20 species of Robinia are known
in North and Central America, the majority
being shrubs. The Robinia genus was present in
geohistorical Europe (Eocene-Miocene) (Keeler
1990). R. pseudoacacia is native to the Eastern
part of North America where it has a patchy
distribution, the most important being in the
Appalachian Mountains (Cierjacks et al. 2013).
It has become common in many parts of the
world, including almost the whole of Europe
(mainly Central and South-East), Asia, North
and South Africa, South America, Australia and
New Zealand. There are more than 3 million ha
of plantations worldwide (Hanover et al. 1991).
In Europe, other species of the genus are quite
rare (e.g. R. viscosa and R. hispida).

Ecology

R. pseudoacacia is a tree that can reach over 30 m
in height and can live for well over 200 years.
The root system is strong and produces suckers
with root nodules that can fix nitrogen (at
c. 30 kg of N year'ha?) and it can adapt well to
the local soil conditions. The species grows well
on sand dunes and alkaline soils and tolerates
drought, but cannot survive in anaerobic soils
with stagnant water. Although young plants can
tolerate shade, older trees require light.

Figure 4. R. pseudoacacia coppice a few
years after the selection of stems, Romania
(Photo: Fehér 2015)

Coppice Forests in Europe

Figure 3. Robinia pseudoacacia coppice stand,
Slovakia (Photo: Fehér 2015)

Seeds remain on the tree for a long time (even
until the following year) and a single individual
can produce 15.000-17.000 seeds per year.
Seed production increases exponentially with
age; a 50-year-old stand can produce 1 billion
seeds ha'! year?!. The seeds are dispersed by
wind and endozoochory. Germination is limited
by a hard episperm, so that only a portion of the
current year’s seed may germinate annually;
seeds in the soil seed bank can remain viable
for over 40 years (Bartha et al. 2008). Abiotic
factors, such as low temperature, can damage
the seed perisperm and may limit seed germina-
tion. Young seedlings can grow up to 1 m tall in
the first year; flowering occurs after five years.
Vegetative propagation is sometimes dominant,
arising either from the stem or root suckers. Its
“rope-like roots” can be as long as 20 m. Due to
this excellent vegetative propensity, coppicing
is the most common form of management
(Fig. 3 & 4).

Alliances

Stands of R. pseudoacacia are usually mono-
dominant, but mixed forests are formed when
they invade other forests (eg. oak forests,
Fig. 5). The ground flora of Robinia forest is
rich in nitrophilous plants, such as Chelidonium
majus, Ballota nigra and G. aparine. Within the
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Figure 5. Mixed aged oak-horbeam coppice
forest invaded by R. pseudoacacia, Slovakia
(Photo: Fehér 2010)

Rhamno-Prunetea class we can distinguish three

alliances with R. pseudoacacia:

1. Chelidonio majoris-Robinion pseudoacaciae
monodominant mesic groves with a well devel-
oped shrub layer and the associations Chelidonio
majoris-Robinietum pseudoacaciae and Poa

nemoralis-Robinietum pseudoacaciae;

2. Balloto nigrae-Robinion pseudoacaciae wood-
landsindry, sandy habitats with grass-dominated
herb layers and the association Arrhenathero

elatioris-Robinietum pseudoacaciae and

3. Euphorbio cyparissiae-Robinion pseudoacaciae
stands on dry shallow soils, with the association
Melico transsilvanicae-Robinietum pseudoacaciae
(Chytry 2013).

Distribution, Management & Use in Europe

In Europe, the best ecological conditions for
R. pseudoacacia are in the Central-East, due
to its continentality. Most production of black
locust is in Hungary, where it covers 22-24 % of
all forests (two-thirds of which are of coppice
origin). About 50 years ago, Hungary had more
black locust forests than all other European
countries put together (Frank et al. 2017;
“Hungary” report in Chapter 6 of this volume).

The new Hungarian forest act (Act 2009
XXXVII) allows for the coppicing of black locust.
Different technologies are used, such as affores-
tation with deep loosening, trenching or deep
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ploughing, or semi-natural reforestation with
root suckers and man-made reforestation using
deep loosening or complete soil preparation
(Frank et al. 2017). Rarely, the trees are also
pollarded (e.g. Slovakia, Fig. 6). In Hungary,
the tree is often defined as a national treasure
or cultural heritage (“Hungaricum”) and the
majority of foresters and the local population
disagree with the dominant European percep-
tion of an “invasive plant to be removed”. The
Hungarian understanding of the species is
exemplified by the following statement: “The
economic viability of biomass production by
black locust has been debated many times ... but
established in a multi-purpose, ecocycle-based
agricultural system where its invasive character
is carefully controlled and its usefulness is fully
utilised (applying even clone selection for site-
adaptation and best possible performance),
both environmental sustainability and profit-
ability should be guaranteed.” (Némethy et al.
2017). In other Central and Eastern European
countries (Slovakia, Romania etc.) new planta-
tions are rarely established, but old plantations
are maintained. A very productive variety with
distinct features was described in Southern
Romania. The profitability of black locust as short
rotation coppice can be questionable (Stolarski
et al. 2017) but it can be ecologically and envi-
ronmentally attractive in previous mining and
agricultural areas (Carl et al. 2017).

Figure 6. Pollarded Robinia pseudoacacia trees
along a lane, Slovakia (Photo: Fehér 2010)
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In the rest of Europe, Robinia is not planted, or
only rarely, for example to limit soil erosion on
sand dunes and hill slopes. The species is one
of the most important melliferous trees (half
of the Hungarian honey production originates
from the black locust) and it produces excellent
fuelwood, garden furniture and raw material for
pulp. It can be important for soil improvement
and N fixation, and for the phytoremediation
of heavy metals and polycyclic aromatic hydro-
carbons. Forests create shelter for wildlife, and
parts of the plant can be eaten. The fresh flowers,
for example, were traditionally consumed in
Hungary, Slovakia and Romania, and some-
times still are today. The seeds are likely edible
as well, although some authors label them as

DiscussiON

toxic since most parts of the tree contain toxal-
bumin and other toxins. Black locust also has
medicinal properties (e.g. as an antispasmodic,
emollient, diuretic and laxative). R. pseudoacacia
is fast growing when young and resistant to
harmful pests and diseases. It tolerates pollution
well, but prevents natural succession processes
and reduces local biodiversity. When it colonises
an area, it changes the habitat radically through
allelopathy, N fixation, altered water balance
and shading, etc.) and it is almost impossible
to control. The prescribed control strategy is a
combination of mechanical and chemical treat-
ments (for a minimum of 3 years), but new
seedlings will emerge from the soil seed bank
for many years afterwards.

It is challenging to compare the invasive
competition of A. altissima with R. pseudoacacia.
Although R. pseudoacacia originally arrived
earlier than A. altissima, the latter was able to
spread at a faster rate over a period of 30 years
(Radtke et al. 2013). During the coppice cycle
of native species, both Ailanthus and Robinia
can invade synchronously and successfully
colonise fresh clear-cuts. Coppice management,
consisting of repeated clear cuttings every
20-30 years, favours this spread. In the United
States, Call (2002) observed that A. altissima
and the native R. pseudoacacia were frequently
found on disturbed sites and presented similar
growth and reproductive characteristics, yet
each had distinct functional roles, such as
allelopathy and nitrogen fixation. A. altissima
was the better competitor in mixed plantations;
it consistently produced larger above- and
below-ground relative yields. Locally, increased
disturbances could lead to more opportunities
for A. altissima to invade and negatively interact
with R. pseudoacacia, besides replacing the
native species.

Coppice Forests in Europe

We can conclude that both A. altissima and
R. pseudoacacia are successful invaders that
have become naturalised in many temperate
regions. They are good competitors in relation
to other trees and understory herbs in coppice
forests, forest gaps and clear cuts (Tab. 1). They
outcompete the local forest vegetation commu-
nities protected in NATURA 2000, and have a
negative impact on biodiversity. NATURA 2000
habitats that are endangered by invasions of
these species include 9170 Galio-Carpinetum
oak-hornbeam forests, 91G0 Pannonic woods
with Quercus petraea and Carpinus betulus and
91HO Pannonian woods with Quercus pubescens
etc. (Vicenikova and Poldk 2003). In other
countries, the occurrence of either A. altissima
or R. pseudoacacia is used as a criterion to assess
the state of the NATURA 2000 habitat condition
(Poldk and Saxa, 2005). Nevertheless, in some
European countries black locust is considered
important both culturally and economically, and
is well accepted and understood to be part of the
cultural heritage. Such countries are interested
in its future preservation (mainly in Hungary),

Silviculture

69



Table 1. Attributes of invasive behaviour in Ailanthus altissima and Robinia pseudoacacia

Attributes of invasive behaviour g;ﬁs’g?nl{as pseggggg?acia
early flowering maturity 3-4y 5y
flowers are easily pollinated by insects yes yes
no danger of late frosts yes yes
very prolific annual fruiting and sprouting yes yes
easy propagule dispersion by wind, water, animals, hazards yes yes
successful natural regeneration yes yes
rapid rooting and growth yes yes
successful vegetative propagation by adventitious buds yes yes
allelopathic substances inhibit growth of other seedlings and herbs yes yes
no important pests and parasites or predators yes yes
high tolerance of climatic conditions, pollution and infertile soils yes yes
seeds preserve their germination ability for a long time yes yes
nitrogen accumulation in the soil yes yes
expected life span c. 150y c.250y

but in others this is debated (eg. Romania,
Slovakia). Coppice regimes should take into
careful consideration the invasive potential
of both species, especially in the continental

A positive ecological utilisation of both species
is also possible, such as the phytoremediation of
soils contaminated by heavy metals (e.g. Cudic
et al. 2016).

climates of Central and Eastern Europe.
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Active Management of Traditional Coppice Forests:

An Interface Between Silviculture and Operations

Joao Carvalho, Natascia Magagnotti, Valeriu-Norocel Nicolescu,

Philippe Ruch, Raffaele Spinelli and Eduardo Tolosana

Coppice and Coppice Silviculture

Coppice is a forest regenerated from vegetative
shoots that originate from the stump and/or
from the roots, depending on the species.

The potential of producing shoots depends on
the species, tree age, season of cutting, site
conditions and other factors. Most broadleaved
tree species (e.g. oaks, sweet chestnut, linden,
willows, poplars, hornbeam, elms, alders, black
locust, eucalypts, etc.) produce shoots and can
be treated as coppice.

There are different forms of coppice forests:
simple coppice, coppice with standards, coppice
selection and pollarding (examples in Fig. 1).

Coppice forests can provide many different
products and services, such as wood and
non-wood products, biodiversity, protection

and heritage ecosystem services.

Approximately 16% of all productive forests
in Europe are classified as coppice, covering a
total area of ca. 23 million ha. These are mainly
located in the far west, south and south-eastern
parts of the continent. Over half of European
coppice forests are situated in industrialized
countries, such as France, Italy and Spain.

Since the renewal of coppice stands depends on
active human intervention, abandonment is the
greatest threat to the existence of coppice. The
widespread abandonment that has occurred
within the past century is a result of the social
and economic transformation of European
society, which has made traditional coppicing
practices less profitable in many countries.

Converting coppice forest to high forest is an
approach used to attempt to increase owner
revenues and maintain active management. In
some circumstances, this approach has been
driven by subsidies or legal requirements. Such
instruments do not, however, always achieve
desirable results: Conversion requires suitable
site, species and market conditions, and should
not be generalized.

Under certain economic conditions there has
been the opposite effect, where coppice has
been degraded through overexploitation. The
restoration of such coppice forests is possible
and has been performed in some parts of
Europe.

Anew and interesting opportunity for expanding
the active management of coppice stands is
offered by the modern bio-economy, which is
generating a large and sustained demand for
biomass feedstock. Coppice management can
supply this market with significant amounts
of wood if the production can be achieved at
competitive cost.

Coppice forests are acknowledged for providing
important amenity, cultural and environmental
services with the potential to generate greater

revenues in the future.

Figure 1. Example of simple coppice (left) and
pollarding (right) (Photo: V.N. Nicolescu)

Corresponding Author: Natascia Magagnotti, magagnotti@ivalsa.cnr.it
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Coppice Products and Operations

Many wood products can be obtained from
coppice forests, such as firewood, biomass
chips, fencing, assorted and industrial wood
(pulp, panels, tannin etc.). Coppice also offers
a variety of non-wood forest products, such as
truffles, mushrooms and honey.

The market for these products can be local,
regional and even international. Niche markets
are also available for traditional small-scale
products, such as baskets and crafts.

The industrial scale of some markets (pulpwood,
panels, biomass etc.) offers great opportunities
for reviving active coppice management. These
specific markets require a high production

capacity in order to supply large amounts of
wood (Fig. 2).

Figure 2. Mechanized felling and bunching in a
eucalypt coppice (Photo: E. Tolosana)

High production capacity is only achievable
through the increased mechanization of harvest
operations, which would also help to compen-
sate for the effects of the high cost of labour and
the labour shortages that are being experienced
in most industrialized countries.

Technological progress has made possible the
effective introduction of mechanized felling
to coppice operations (Fig. 3), significantly
increasing worker safety and productivity.
Professional management of mechanized
harvesting can prevent or minimize undesired

effects, such as soil, stump and stand damage.

The productivity of motor-manual and mecha-
nized harvesting improves with increasing tree
size and harvest intensity. Productivity is also
higher on flat lands and gentle slopes than on
rough terrain. Long extraction distances have a
negative impact on harvesting costs.

When harvesting is mechanized, the amount of
wood removed must be large enough to offset
the high fixed cost of transporting machines to
the worksite.

Specific harvesting techniques and equipment
(whole-tree harvesting, bundling, chipping,
etc.) are required for the supply of feedstock to
the biomass sector (Fig. 4).

Work safety has become a priority across
Europe, and the accident rate and severity in
mechanized felling is much lower compared
with the motor-manual option.

Figure 3. Mechanized felling and processing
(Photo: P. Ruch)

Coppice Forests in Europe

Figure 4. Coppice harvesting residues are
chipped into renewable fuel (Photo: E. Tolosana)

Silviculture

73



74

Considerations for Active Coppice
Management

Active coppice management should be sustain-
able in all terms (economic, ecological, social),
but also requires financial viability in the
absence of subsidies or other financial aid. The
total area of coppice forests in Europe is so large
that subsidies can only be directed towards
special cases.

Silvicultural prescriptions should be formulated
in such a way that their practical implementa-
tion is easy and cost-effective.

The coppice silvicultural system and rotation
should be chosen depending on the species and
the requirements of the local, regional, national
or international markets.

Abandoned, neglected or overexploited coppice
forests are likely to degrade and may not fully
Such degraded
forests should be restored by using different

(re-)cover their functions.

techniques, which are seldom cost-effective

and, thus, require subsidization.

Figure 5. Processor and yarder
(Photo: R. Spinelli)

The financial viability of the commercial harvest
of coppice in industrialized economies requires
that a minimum amount of wood is removed
and that a certain harvest intensity is applied.
The combination of these two conditions deter-
mines the minimum harvest area. At the same

Silviculture

Figure 6. Cable yarder extraction is the best
solution when site conditions are not favourable
to machine access (Photo: R. Spinelli)

time, there are maximum limits for harvest
area that should not be exceeded, in order to
preserve the ecological, protection and aesthetic
functions of coppice forests.

Wherever labour costs are high, selective and
low-intensity thinning incurs net operation
losses. Mechanization can, however, increase the
productivity, profitability and safety of coppice
management operations. It can also compensate
for the decreasing availability of rural labour in
some regions. Mechanized harvesting requires
specific work conditions and involves specific
risks (Fig. 5 & 6).

Aside from the general conditions for successful
operation, mechanization also requires suffi-
cient annual utilization to depreciate the large
capital outlay. If coppice rejuvenation is not
impeded, then one may consider extending
the cutting season beyond traditional practice.
This is an important prerequisite when cutting
is mechanized and the equipment can only be
used in coppice forests.

Coppice Forests in Europe



Generally, the quality of cutin mechanized felling
is poorer than that of motor-manual felling
(Fig. 7). If poor cut quality compromises coppice
re-sprouting and/or growth, then remedial
action should be taken. On the other hand, if
no adverse consequences are experienced on
coppice re-sprouting and/or growth, then some
tolerance for poor cut quality is advocated.

The unregulated access of machinery to the
forest may result in damage to stumps, residual
trees, advanced regeneration and soil. Therefore,
preventive measures must be taken, especially
when site conditions are unfavorable.

Whole-tree harvesting may negatively affect
soil fertility, especially on poor sites and when
leaves are also removed from the site. Therefore,
whole-tree harvesting should be applied with

caution, after a careful evaluation of site condi-

Figure 7. Motor-manual felling
(Photo: R. Spinelli)

tions and of potential undesired effects.

Concluding Statements

Coppice forests are an important renewable resource for Europe,
with a large potential for providing products and services that

have, thus far, only been used to a small extent.

The new awareness of the potential of coppice forests together
with the existing and future markets for renewable biomass offer

an ideal opportunity for reviving active coppice management.

Unlocking the full potential of coppice forests requires a strong
connection between silviculture and forest operations.

Coppice Forests in Europe Silviculture



76 Coppice Forests in Europe



3 Utilisation

Getting down to business.
What products can be produced?
How are the different types of coppice harvested?

What are the impacts of different harvesting methods on soil?

Visit this chapter for:
Coppice products
Guidelines for coppice utilization

Impacts on soil relating to coppice harvesting operations

Coppice Forests in Europe Utilisation
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Coppice Products

Natascia Magagnotti, Janine Schweier, Raffaele Spinelli, Eduardo Tolosana, Paula Jylh4,

Ivan Sopushynskyy, Pavol Otepka, Ljupco Nestorovski, Mario Costa, Abel Rodriguez,

David Rossney, Philippe Ruch, Petros Tsioras, Karl Stampfer, Matevz Miheli¢, Nike Krajnc,

Vasillag Mine, Piotr Mederski and Andrew McEwan

INTRODUCTION

Coppice is a traditional form of forest manage-
ment that has been widely practiced in Europe
since ancient times. Some studies quoted that,
in the Mediterranean area, coppiced forests
were already established in the Etruscan-Roman
period (Matthews 1989, Gabbrielli 2006).

The management system relies on the ability of
broadleaved tree species to regenerate quickly
from cut stumps and root systems following
felling. Both the size of felled area and periods
between felling vary depending on the silvi-
cultural needs of different species and local

economic factors.

Typical rotation lengths and species in different
countries are detailed in the table below.

Coppice management usually provides a regular
supply of small dimension material after just a
few years of growth. The continued popularity
of this type of forest management may be
attributed to a relative ease of management
and the fact that it is still possible to practice
coppicing satisfactorily without large capital
investment. Farmers and loggers can cut stools
with simple and affordable tools, obtaining
products that can serve multiple purposes. The
felled stems are often small enough to be easy

Table 1. Most common rotation ages and species in some European Countries
(compiled based on the experience of report authors)

Country Rotation (Years) Species
Finland 5-6 Willows
Slovakia 10-30 Birch, Oak spp.
Portugal 12 -30 Chestnut, Eucalypt, Oak spp.
Italy 12 - 40 Beech, Chestnut, Oak spp., Hornbeam
Spain 15-30 Beech, Chestnut, Oak spp.
United Kingdom 10-50 Ash, Birch, Chestnut, Hornbeam
Greece 10-50 Beech, Chestnut, Oak spp.
Albania 10 - 60 Arbutus, Oak spp.
France 10 - 60 Beech, Chestnut, Hornbeam, Oak spp.
Macedonia 30 - 60 Ash, Beech, Oak spp., Hornbeam
Slovenia 30 - 60 Beech, Chestnut, Robinia
Ukraine 30 - 60 Ash, Alder, Beech, Birch, Oak spp.
Poland 60 Alder

Corresponding author: Natascia Magagnotti, magagnotti@ivalsa.cnr.it
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to handle manually, with simple/low specifica-
tion mechanized forestry systems or with tools
already in use on the farm or for other purposes
(i.e tractors, trailers, horses, etc.). Furthermore,
coppiced forests are usually harvested during
winter and this fits well with the work timetable

of farmers.

The final harvest of a mature coppice forest
commonly yields between 90 and 200 m®/ha,
depending on species, age and site productivity.
Stems cut in coppice stands are generally trans-
formed into small-size assortments. Average
stem size varies between 0.05 and 0.25 m®.

Historical and Current Trends

Coppice forest management increased with
the 17%-19%
centuries and with early industrialization (iron

demographic growth during

industry, glass factories, tile and lime kilns)
which created high demand for firewood and
charcoal, especially if coal was not locally avail-
able (Parde 1991, Woronoff 1990).

In the past century, with the widespread use of
other energy sources such as gas and oil and the
use of posts and poles made of concrete or from

Woob ProDUCTS

coniferous species, coppicing entered a period
of decline and many coppiced forests became
neglected. Furthermore, the migration of
people from villages to towns contributed to the
abandonment of rural areas and consequently

also of the forests.

Now, due to higher fossil fuel prices and efforts
to replace fossil fuels by CO, neutral renewable
energy, there is once again a strong demand
for relatively cheap fuel wood. However, this
increase is only in part a demand for tradi-
tional small-scale firewood; it also includes
large commercial operations that supply both
domestic and industrial biomass markets.

There
‘environmentally friendly’ materials for use in

is also an increasing demand for

agriculture, horticulture and in bioengineering,
such as soil and bank protection, which means
that coppice products have a ‘second chance’ to
satisfy these needs.

The general trends of coppice over the past
centuries can be summarised as long-term
growth, a period of short-term decline and,
currently, recent revival.

Firewood

Firewood was the first source of fuel and has
always been used for heating, cooking and
lighting. Historically, small diameter trees were
cut for fuelwood and species more useful for
building purposes were conserved. Firewood
was never completely surplanted by fossil fuels
and it enjoyed a revival in recent years with the
increasingly severe oil crisis (Warsco 1994). In
fact, Europe still uses more traditional firewood
than any other industrial energy wood product
(Nybakk et al. 2003). In total, Europe consumes
over 100 million solid m? of firewood per year,
about twice as much as US and Canada put
together (FAO 2007).

Coppice Forests in Europe

The production of firewood exceeds 17% of
the total wood production in Norway, whereas
in Finland and Sweden the level is nearer
10%. In Central Europe, firewood production
reaches up to 50% of the total wood production
(e.g. Hungary 52%) and in some Southern
European countries it reaches more than 70%
(e.g. Ttaly 70%, Greece 72%) (EUROSTAT
2015).

Firewood consumption reached 22 million m?
solid in France (Elyakime and Cabanettes 2013),
about 2.5 million m?in Spain, 18 million m?in
Italy (Caserini et al. 2008) and Slovenian house-
holds used about 1.1 million m® of firewood
every year (Cebul et al. 2011).

Utilisation
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Figure 1. Firewood from coppice: piled at the roadside, near the forest
and ready for transport (on the left) and split thereafter (right) (Photos: Ivalsa)

Firewood (Figure 1) is extracted from the
forest in different lengths, from 2 to 6 m in
northern Europe, and from 1 to 2 m in southern
Europe, due to the different extraction methods
(Magagnotti et al. 2012, Zimbalatti and Proto
2009). It is sold to consumers both as round-
wood and as split logs in different lengths
(typically 25-30-50 cm or 1-2 m billets).

Most common species used for firewood are
beech, oak spp., black locust, hornbeam, ash
and alder. Traditionally, chestnut has not been
popular as firewood for an open fire because
of its tendency to crack and spit during the
burning process. Nowadays, with the modern
enclosed fireplaces and downdraft boilers, these
disadvantages are not as relevant; chestnut has
become more widely used, especially since it is
more readily available and the price is lower
compared to other species.

Firewood has a strong presence in today’s
markets. In the future a possible slow decline is
predicted due to wood stoves and boilers with
high energy efficiency and the replacement
of solid wood with the new technologically-
advanced user-friendly wood-based fuels,
namely wood chips and pellets.

Charcoal

Charcoal is produced from hardwoods, such as
oak, beech, birch, hornbeam, by pyrolysis and
is a porous solid fuel having a high calorific

Utilisation

value (31MJ/kg). Therefore, the combustion
of charcoal gives off high heat, without flames.
The main advantage of the product is that
the combustion emits no harmful emissions
(tar, tannins, methane, etc.). These qualities
have led to the product being widely used for
domestic purposes: charcoal is popular choice
for outdoor cooking.

In former times, charcoal was produced directly
inthe forest and you cansstill find small flat spaces
in coppice forests where the simple earth kilns
were operated. It is suitable for a large variety
of domestic and industrial uses. As “active coal”
it is also used as an absorbent material in filters
and as a reducing agent in metallurgy. It can
easily be transported and stored.

Nowadays charcoal represents a minor market
in the EU, although there are exceptions. In the
Carpathian mountains of Ukraine, there are
notable examples of industrial charcoal-making
operations, developed for the export markets
over the past 5 years, and currently turning
over 0.5 million m® of wood into charcoal.
Traditional production methods can also be
revived to link cultural heritage with tourism;
in Slovenia, for example, a private forest owner
cooperative successfully markets traditionally
produced charcoal as a cultural product, for use
in outdoor cooking, while the local municipality
offers tourists the opportunity to experience this
traditional activity.

Coppice Forests in Europe



Chips

Wood chips are wood particles with a length of
2-5 cm, a width of 2-3 cm and a thickness of few
millimetres (Figure 2). Chipping is a common
way to process woody biomass from coppice
woodland, mainly processing the residues and
non-firewood species. The efficiency of the
operations is determined by appropriate chipper
selection and work techniques (Figure 3).
Generally, chips are obtained from forest
residues like branches and tops while trunks
are used for firewood or poles. This holds true
as long as the prices for firewood or poles are
higher than the price for chips.

Species such as poplar or willow from short
rotation coppice that do not have an alternative
market are ideal for chip production.

Figure 3. Chipper working at the landing,
chipping coppice wood

W

Figure 4. Chestnut poles that have been
debarked and sharpened (Photos: Ivalsa)

Coppice Forests in Europe

Chipping has the potential not only to increase
the total harvest through a better utilization
of the available above ground biomass, but
also gives a solution to the problem of residue
management (Pottie and Guimier 1985,
Asikainen and Pulkkinen 1998). The demand for
chips is linked to the uptake of modern boilers
and power stations that are more efficient and
have lower emission rates than traditional
stoves (Strehler 2000).

Industrial Roundwood

Coppiced beech and chestnut from France and
Spain is used in industries producing paper,
board and panel materials. In 2014, approxi-
mately 4.4 million m® of industrial hardwood
was used in France (two pulpwood factories in
France, as well as one in Belgium, plus about
10 panel and board factories) (Agreste 2014).
Eucalypt from Spain, Portugal and South Africa
is used in many pulp and paper mills.

Poles, Posts and Other Fencing Assortments

Traditionally, the three coppice species chestnut,
oak and black locust have been preferred
to produce posts and poles because of their
natural resistance to decay, which is particularly
important for materials that have contact with
the ground. With increasing environmental
awareness and concerns regarding the use of
chemicals for preserving softwood species, these
coppiced alternatives are becoming popular
once more (Figure 4).

Larger diameter poles are used in land consoli-
dation works, such as revetments and can be
durable for up to 50 years, while small diameter
poles are used for gardens and small holdings.
Chestnut poles have been used in vineyards
since ancient time.

Even today there is an industrial scale produc-
tion of vineyard poles in Italy, regionally
concentrated close to wine-producing areas. It
is heavily modernised to remain competitive
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with alternatives such as concrete, steel and
impregnated softwood.

UK and France have extensive experience in
splitting bigger coppice boles to produce fencing
materials, but many other types of fencing also
exist (Figure 5).

Production of oak poles and similar assortments
is limited because the price for firewood from
oaks is high compared to other species.

Construction, Furniture and Flooring

Boles of larger dimension from oak and black
locust are used as sawnwood for the production
of outdoor furniture and solid wood for indoor
furniture. A new development is the production
of parquet flooring (Fonti and Giudici, 2002)
with high resistance and beautiful colour in
two main products: the so-called “mosaic” and
“laminated, ready to lay”. Chestnut wood is also
used for outside decking thanks to its resistance

to weather conditions.

NoN Woob PrRoDUCTS

In Austria, cherry from 40 year old coppice
forests is used to make high value furniture. In
Poland, long rotation coppice alder is used to
produce high quality plywood.

Craft Products

A number of other wooden objects can be
obtained by material from coppice forests. In
most cases they are made by artisans as locally
produced handicraft souvenirs and include
items such as baskets, walking sticks, carvings,
sculptures, toys and eating utensils (plates,
spoons, etc).

Figure 5. Example of fencing in the field
(Photo: Ivalsa)
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Coppice forests can provide many non wood
forest products with great potential and market.
For extensive research on non wood forest
products in general, see COST Action FP1203
“European non-wood forest products” (www.
nwifps.eu).

Some examples of non wood products from
coppice forests are:

Honey and Beeswax

Honey (Figure 6) is used as sweetener in many
recipes and as a spread, but also in medical
traditions to treat wounds and coughs. Honey
is also the main ingredient in an alcoholic
beverage called mead. Honey is mainly from
chestnut, black locust, eucalypt and linden.
Honey and beeswax are used in the cosmetic
and pharmaceutical industries as well.

Utilisation

Mushrooms and Truffles

Many edible mushrooms grow in association
with chestnut or oaks — including truffles (Tuber
spp.) and porcinis (Boletus edulis), both highly
prized in many countries as side dish, or with
rice, pasta and meat. Truffle oil is a delicacy
made from high quality olive oil infused with
concentrated truffles (mainly black winter
truffles).

Figure 6. Honey produced in Salix coppice
stands; prepared as a taste-testing to compare
different honey types (Photo: D. Lazdina)
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Fruit

Local fruits and nuts are harvested from coppice
woodland on a small local scale and can be
important to some communities.

Traditional Medical Herbs

Some non wood products are used as medicinal
herbs in the Ukraine and the Republic of
Macedonia.

Game

The habitats provided by managed coppice
forests are ideal for many animal and plant
species that are adapted to particular levels of

open space and shade. Some game species also
find the habitats suitable, so coppice is often
exploited for rearing and hunting.

Biochemicals

Tannin is utilized mainly from chestnut and
oaks. It is prepared by hot water extraction of
the bark and timber, followed by spray-drying
of the solution. Vegetable tannin was used for
leather production, but its use has decreased
since the 1950s because of synthetic tannins.
Nowadays its characteristics are appreciated for
premium quality leather.

NEw PrRoODUCTS AND THEIR PROMOTION IN THE FRAMEWORK

OF A GREEN EcONOMY

The demand for coppice products has recently
been increasing, mainly for energy purposes.
This trend is in part influenced by the recent
developments of management techniques, both
in harvesting and processing technology. For
example, it is quite common to have integrated
recovery of logs for firewood and poles, and
It is likely that
in many countries the use of wood chips will

branches and tops for chips.

increase.

The trend of the increasing demand is not
homogenous in all regions due to different
forest, economic, cultural and social aspects.
For example, chestnut demand for furniture
production is higher in central Italy, while
the production of chestnut laminated beams
and panels is increasing in north-eastern Italy
(Pettenella 2001).

The development of new markets and green
economies can be supported by new manage-
ment and marketing instruments, such as new
approaches in the selling system, efficient

promotion and certification.

Coppice Forests in Europe

It is not easy to find the right “recipe” for
promoting the use of coppiced products in the
framework of a possible green economy. These
trends and markets are at different levels in
different countries, according to economic,
environmental and social conditions and to
species composition.
There are some instruments that can promote
and boost the market chances:
* Networking, association and promotion:
reinforcement of the producers’ market power.
* New selling system: small local markets,
which permit the local producers to sell directly
to consumers; E-business; Business to business
with the sales of semi-finished products and
DIY (do it yourself) products.
* Promotion of legal labour: because of less
taxes and minor costs, companies with illegal
workers can sell products — especially firewood
— at lower price, causing a distorted market.
* New developments in harvesting and
processing technologies: in recent years,
new technologies that require different levels

Utilisation
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of power and investment have arrived on the
market. There is a wide choice of tractors,
trailers, winches, cable-yarders, fire-wood
processors, chippers and many more. Public
administration should control and promote
training courses in safety and technical
matters. Short and practical training courses
could help logging companies in increasing
their competitiveness and productivity.

* Promotion by public authorities: the use
of coppiced products could be encouraged
through regulations, public investments and
promoting programs. For example, a munici-
pality could use benches made from chestnut
wood in public parks, or stimulate the use of
chestnut poles in vineyards and when installing
wooden highway barriers. Cooperation
between public authorities and producers

could be one success factor in promoting

CONCLUSIONS

and developing coppiced products. Another
is increasing the coordination between local
producers.

* Diversification of products: to enter and/
or develop profitable markets and empower
forest owners and operators. In many situ-
ations, high firewood prices discourage the
production of other assortments, such as
poles. However, the economic benefit of good
firewood prices can be uncertain since it can
change under many circumstances, such as
new products, warm winters or regulations on
the air quality allowed in old stoves. A possible
addition could be, for example, pellets and
microchips; the market is currently booming
and the products are easier to manage and
more suitable to modern life style. Operators
should try to diversify their production with a

wide range of valuable assortments.
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In the past, vast areas of coppice forest in Europe
supplied the local population with products
such as firewood, charcoal, tannin, and fodder,
as well as shelter for animals and a large variety
of poles used in agriculture and construction.

Despite some decades of decline, the current
economic trends point to a good future for
coppice management. It has the potential to
gain importance again locally, strengthen rural
communities and help avoid the depopulation
of mountainous regions and other rural areas.

The current danger is that neglective or
disruptive management activities can have
more serious silvicultural and ecological conse-
quences than in more ‘natural’ forest systems.
Thus, abandoning coppice forests may not only
lead to to an impoverishment of rural communi-
ties, but also to environmental degradation and
ecological catastrophes.

Utilisation

Without active management there will be no
coppice and without income from coppice,
there will be no management. Therefore, rural
development policies should encourage and
promote the diversification of rural activities
and multi-functional models that are suitable
for coppice forests.

In addition to the traditional products already
mentioned, there are new products that are
valuable in the context of the green economy,
particularly in the area of energy. One priority
should be to promote the efficiency of coppiced
forests and to pursue this management as a
system. It is not seen to be viable to create more
coppice from high forest, but to try to dissuade
foresters from trying to convert more coppice
to high forest. Coppice forest will only be able
enjoy the benefits of the modern green economy
if coppice management is modernized.

Coppice Forests in Europe
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Guidelines for Coppice Forest Utilization

Natascia Magagnotti, Janine Schweier, Raffaele Spinelli, Petros Tsioras, David Rossney,

Eduardo Tolosana, Abel Rodrigues and Stefan P. P. Vanbeveren

T INTRODUCTION

Coppice management is extremely efficient;
it offers the benefits of easy management,
prompt regeneration and a short waiting time.
Efficiency is also achieved during harvesting,
because coppice is often clearcut, which
allows concentrated harvest and simple felling
arrangements. On the other hand, coppice
management has some important limitations,

especially the relatively small tree size and the

exclusive reliance on hardwoods, which tend to
limit future product outputs and productivity.

In recent years, new applications of the coppice
concept have been developed for industrial
use and/or for a changing agriculture. Today,
we may identify three broad types of coppice
stands, as follows (Table 1):

Table 1. Three types of coppice stands that have implications for utilization practices

Conventional

Short rotation Short rotation

Coppice forestry (SRF) coppice (SRC)
Quercus sp.
Fagus sylvatica L. Populus spp. Salix sp.
Species (type) Ostrya carpinifolia L. Eucalyptus spp. Populus sp.
Castanea sativa Mill. Acacia spp. Eucalyptus sp.
etc.
Rotation  (years) 15-30/40 5-15 1-5
Product (type) Firewood Pulpwood Chips
) Industrial and ) . .
Economy (domain) Industrial forestry Industrial agriculture
small-scale forestry
Harvest (technology)  Forest Forest Agriculture

Corresponding Author: Natascia Magagnotti, magagnotti@ivalsa.cnr.it
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Conventional coppice (Figure 1)

Established with indigenous hardwood species
(oaks, chestnut, beech, hornbeam etc.) and
occasionally exotic ones (Robinia). It is usually
harvested on 15-30/40 year rotations for a large
variety of products and is managed within the
framework of a rural economy, according to local
traditional practice. It is harvested using a wide
range of techniques and usually uses equipment
from small scale agriculture, although the use
of specialized forestry machinery is increasing.

Short rotation forestry (SRF) (Figure 2)
Stands are established with exotic fast-growing
species (Eucalyptus, Acacia) and harvested
on 5-15 year rotations to produce industrial
feedstock (generally pulpwood). SRF is often
developed within the framework of a large-scale
industrial economy to supply industrial plants.
SRF stands are often (but not exclusively)
managed as coppice and they occasionally
undergo shoot reduction treatments (thinning).
Stands are generally harvested with industrial
forestry equipment, but also occasionally with
small-scale forestry equipment.

Short rotation coppice (SRC) (Figure 3)

Stands are established on ex-arable land with
fast-growing species, indigenous (willow,
poplar) or exotic (Eucalyptus, Robinia). They are
harvested on 1-5 year rotations to produce indus-
trial feedstock (generally energy biomass) and
managed within the framework of small-scale
or industrial agriculture. So far, SRC represents
a niche sector and it is generally harvested with

modified agricultural equipment.

Coppice Forests in Europe

Figure 1. Motor-manual felling in a conventional
chestnut coppice

Figure 2. Mechanized industrial felling in a
eucalypt SRF plantations managed as coppice
(Photo 1 & 2: R. Spinelli)

Figure 3. Single-pass harvesting
in SRC established with willow
(Photo: J. Schweier)
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2 CoNVENTIONAL COPPICE
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The traditional management of conventional
coppice forests is quite simple and is based on
clear cutting at the end of rotation. Standards
may be released in conventional coppice, with a
density ranging from 50 to 100 trees per hectare
(ha), depending on the species. No standards are
released in SRF and SRC plantations. The final
harvest of a mature coppice stand commonly
yields between 90 and 200 m® ha, or more,
depending on species, age and site productivity.
The harvest obtained from thinning (conver-
sion) over-mature coppice generally varies from
40 to over 200 m?® hal. Generally, clear-cutting
accrues profits, whereas thinning (conversion)
generates losses.

Management has a strong effect on product
type and harvesting productivity. Stems are
cut before they can become very large and
are best suited for conversion into small-size
assortments. Mean stem volume typically varies
between 0.05 and 0.25 m®.

High production capacity is only achieved
through the increased mechanization of harvest
operations, which also helps to compensate for
the effects of high labour costs and increasing
labour shortages experienced in most industrial-
ized countries (Spinelli and Magagnotti 2011).
Technological progress has made the effective
introduction of mechanized felling to coppice
operations possible, significantly increasing
worker safety and productivity. Professional
management of mechanized harvesting can
prevent or minimize undesired effects, such
as soil, stump and stand damage (Cacot et al.
2015). When mechanized harvesting is applied,
the scale of the operation and the wood removal
must be large enough to offset the high fixed cost
of moving machines to the worksite (Vaitdinen
et al. 2006).

Utilisation

Work safety has become a priority across Europe
and the rate and severity of accidents in mecha-
nized felling is much lower compared with the
motor-manual option (Albizu et al. 2013).

2.1 Products

Europeans have exploited a wide range of
broadleaved tree species in woodlands since
the Stone Age. In fact, this prehistoric period
of human evolution might more accurately be
called the ‘Wood Age’, reflecting the over-riding
importance of wood-based technology at this
historic period.

Our ancestors learned to harness the ability of
broadleaved tree species to sprout and re-grow
when cut. This typically yielded multiple stems,
the size of which simply depended on the time
they were left to grow. The multiple shoots
tended to yield sticks and poles that were
straight-grained and relatively branch free;
properties that still prove useful to us today.

The lightweight and straight material made
good weapons (spears, bows and arrows), tool
handles for axes, blades, adzes and ploughs,
fencing and building materials (Figure 4).
The straight grained wood split easily, yielded

Figure 4. Split chestnut gate hurdles by
G and N Marshman Ltd. West Sussex, UK
(Photo: D. Rossney)
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almost limitless possibilities for strong but
lightweight product designs and dried quickly
and thoroughly, as is important for firewood.

Traditional products may be categorized as
follows:

Building Materials

Includes whole stems (ca. 20 cm +) used in
the round, hewn by axes into square sections,
riven (split by hammer and wedge) and latterly
sawn and jointed into the variety of dimensions
required for timber framing.

Dwellings, fencing and weaving

Younger coppice poles have been used from
earliest times to construct dwellings and fences,
typically with durable species such as sweet
chestnut and oak, if these were available. Hazel
is less durable, but widespread and capable of
producing large quantities of long clean rods.
Such characteristics are ideal for a variety of
products, such as woven panels used as ‘hurdles’
for fencing animals; ‘wattle and daub’, which is
an in-filled stick and mud wall in timber framed
buildings; and even small, round, skin covered
boats called ‘coracles’, which were used in
England during the Iron Age (Figure 5).

Fuel

Firewood for heating or cooking has always been
a large consumer of coppice wood, including
the use of ‘faggots’ (or ‘slash bundles’; bundled
sticks), which give quick heat for bread ovens.
Coppice was also turned into charcoal wherever
fuel was required for smelting metal, until
this practice was superseded by coking coal.
In areas with iron ore, where no coal existed,
industrial-scale coppicing and charcoal produc-
tion continued into the 20 century.

Other products

These included bark for leather tanning and
weaving, fruits and nuts, such as chestnuts
(Figure 6) and hazels, foliage as fodder for

Coppice Forests in Europe

Figure 5. Examples of coracles by
Guy Mallinson Woodland Workshop,
Hereford, UK (Photo: D. Rossney)

animals, pannage (seasonal practice of feeding
pigs in woodland on fallen acorns and other
nuts) and collected herbs, fungi and medicinal
plants growing in coppice woodland ecosys-
tems.

In addition, there are household products that
make use of small-dimensioned material, which
is ‘woven’ into small (decorative) creations/
objects, for example, small baskets and broom:s.
These products have been used through the
ages, and still are today. An important market
now is for tourists or city dwellers purchasing
them (mostly) out of nostalgia, which affords
an opportunity for some rural communities to
earn part of their living from this activity.

Figure 6. Chestnuts, one of many
coppice products (Photo: R. Spinelli)
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Figure 7. Extraction of firewood with
pack mules (Photo: R. Spinelli)

2.2 Harvesting
Traditional harvesting systems

In ancient times, manual work was dominant and
it made sense to reduce cut stems to such a size
that could be easily handled manually. Firewood
was typically cut into one-meter lengths at the
stump site, before loading it on pack animals for
extraction and transportation (Carette 2003)
(Figure 7). With minimal adjustments, animal
extraction remained in use until a few years
ago in industrial countries such as Italy and
France (Baldini and Spinelli 1989) and it is still
widespread in the Balkans. Modern adaptations
to this ancestral system have been the introduc-
tion of chainsaws for felling and processing and
of trucks for transportation, so that animal work
is limited to extraction. Small stem size, an
uncomfortable working position and the need
to cut stems into manageable lengths result
in a very low productivity of motor-manual
felling and processing, which is reported in a
range between 0.3 and 1.4 m?® per scheduled
machine hour (SMH) per operator (Spinelli
et al. 2016a).

Modified traditional harvesting systems

The search for a mechanical substitute for the
traditional mule started in the late 1980s. Over
time, various micro-tractors have been designed

Utilisation

and tested (Magagnotti et al. 2012), but
none have ever obtained commercial success.
Eventually, pack-mules have been replaced by
the so-called pack-tractor, i.e. a farm tractor
equipped with front and rear bins capable of
containing ca. 3 tonnes (t) of one-meter logs
(Piegai and Quilghini 1993). Small payload
size prevents efficient use of these vehicles on
distances further than a few hundred meters,
while the limited mobility of an encumbered
farm tractor limits its use to relatively easy
terrain, or areas with a good network of skid
trails. On suitable terrain, productivity is higher
than reported for mule teams, varying from 2
to 4 m® SMH* with a crew of two (Spinelli et al.
2016a).

Mechanized cut-to-length harvesting

Mechanized cut-to-length (CTL) harvesting
(Figure 8) is based on the introduction of the
classic harvester-forwarder combination. While
representing a radical technological innova-
tion, CTL harvesting is not a revolutionary
system change because it includes the same
task sequence followed in the traditional
system. The system is adapted to mechaniza-
tion by increasing log length to 2 or 3 m, since
one-meter long logs are too short for efficient
mechanical handling. Appropriate machine
choice and operator skill are necessary when
applying CTL harvesting to coppice stands. The

Figure 8. Mechanized cut-to-length harvesting
(Photo: R. Spinelli)

Coppice Forests in Europe



productivity of a modern harvester deployed in
conventional coppice operations may vary from
2 to almost 10 m® SMH", depending on stem
size and operator proficiency. The productivity
of the forwarder commonly ranges between
5 and 10 m® SMH?, depending on machine
model and extraction distance (Spinelli et al.
2016a).

Whole-tree harvesting

Whole-tree harvesting (WTH) consists of felling
trees and extracting them whole to the landing,
where they are processed into commercial
assortments. The main advantages of WTH are
the simple in-forest handling, as well as post-
ponement of processing to the landing, where
it can be mechanized if terrain constraints
make the stand inaccessible to harvesters.
Motor-manual directional felling may proceed
at a pace between 1 and 4 m® SMH! operator.
If terrain is accessible to mechanical equip-
ment, then feller-bunchers can be introduced
and productivity will increase dramatically,
reaching values between 4 and over 8 m® SMH!
(Schweier et al. 2015). The main operational
benefit of mechanized felling is that the better
presentation of felled trees boosts extraction
productivity. This may range from less than
3 m® SMH?! for skidding with a forestry-fitted
farm tractor to 5 or even 8 m® SMH'! when a

Figure 9. Cable yarding on steep terrain
(Photo: R. Spinelli)
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dedicated skidder is used. On steep terrain,
cable yarding (Figure 9) is the cost-effective
alternative to building an extensive network of
skidding trails and results in a much lighter site
impact compared with ground-based logging
(Spinelli et al. 2010). Productivity is somewhat
lower than in ground-based operations, varying
from 3 to 7 m® SMH! (Spinelli et al. 2014). The
main difference with ground-based extraction
is crew size, which increases to 3 or occasion-
ally 4 workers, whereas only 1 or 2 workers are
required for a skidder.

Once at the landing, whole trees are converted
into conventional assorted products (i.e.
firewood, pulpwood etc.) or thrown straight
into a chipper. Whole-tree chipping was tested
relatively early on in the Italian coppice stands
(Baldini 1973) and has become a widespread
commercial activity over the last decade due to

a booming demand for biomass chips.

Despite all its many advantages, WTH must be
considered with some caution because of the
risk of soil nutrient depletion (Helmisaari et al.
2011).

Tree-length harvesting

In tree-length harvesting (TLH), trees are
delimbed and topped before extraction, but not
cut to length. It reduces inefficient stump-site
work compared with traditional short wood
harvesting, but increases the retention of
biomass on-site, helping to mitigate possible
adverse effects and making it suitable for site
of low fertility (Mika and Keeton 2013). TLH
operation determines a large (>50%) increase
of stump-site work compared with WTH,
whereas landing work is reduced only slightly.
Decreased work efficiency leads to a general
increase of logging cost, which has been esti-
mated at 10-15% over WTH (Spinelli et al.
2016b).
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3 SHORT ROTATION FORESTRY
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In Europe, short rotation forestry (SRF) stands,
planted with exotic, fast-growing species and
managed as coppice, are mainly located in the
Iberian Peninsula. Among these fast-growing
species, Eucalyptus is the most prominent and
is cultivated for pulp and paper industry; it will
be the focus of this chapter.

Eucalyptus was first planted in the Iberian
Peninsula in Vila Nova da Gaia (Portugal)
in 1829, while the first eucalypts planted in
Galicia (Spain), around 1850, were likely
E. globulus. Nowadays, the estimated surface of
eucalypt plantations is approximately 0,8 Mha
in Portugal and 0,6 Mha in Spain. The Iberian
eucalypt industrial wood production was esti-
mated at 10,9 Mm? in 2009, which represented
47% of the industrial wood fellings, but only
6% of Iberian forest surface.

3.1. Products

The main planted FEucalyptus species is
E. globulus. 1t is very efficient in cellulose fiber
production, so the main destination of its wood
is the pulp industry. There are several pulp
mills of different companies operating in Spain
and Portugal and in 2009 they had a demand
of nearly 12 Mm?. Nowadays, E. globulus
occupies the largest forest area in Portugal with
812.000 ha, mainly allocated for pulp produc-
tion under an intensive coppice system, with a
full year growing cycle. E. globulus is the only

significant eucalypt species in Portugal.

Other uses of eucalypt forests are less frequent,
but there are some smaller mills producing
veneer, laminated panels and beams used for
farming mussels beneath sea water. In addition,
essences and honey are widely obtained from
these cultivated forests.

Utilisation

3.2. Harvesting

E. globulus is a sprouting species and is thus
traditionally coppiced. In the past, the more
drought-resistant E. camaldulensis was widely
planted in the southwest of Spain, but in the
past decades most of its plantations have been
removed or substituted by more productive
E. globulus clones. Lastly, from the beginning of
21st century, the more freeze, pest and diseases
resistant species E. nitens has become more
frequent in the northwest of Spain, especially
in Galicia.

The most productive Spanish eucalypt planta-
tion area is located within Galicia and the
Cantabrian region. A constraint on these
plantations is the very fragmented forest
ownership (average ownership size of less
than 2 ha, divided into several plots), which
limits the harvesting systems and the planta-
tion profitability. Accordingly, most of the
Spanish harvesting contractors are small-sized
enterprises that have had trouble to adapt to a
proper mechanization due to lack of investment
capability and, in many cases, lack of adequate
training and entrepreneurial culture.

In Spain, the usual plantation frame ranges from
2x3 m to 3x3 m (final density; there are no thin-
nings) and the rotation age varies from 12 to
15 years, although it could eventually be longer.
Fertilizing and cleaning of competing vegetation
are usual practices. Treatments against pest and
diseases are quite common. Fire risk and fire
protection are of high importance for eucalypt
management.

When a E. globulus plantation is coppiced,
felling and sprouting are followed by the
selection of the best sprouts: 1 to 3 per stump,
after 1 or 2 years. The second rotation is
thought to produce some 10-15% more volume
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Figure 10. Felling by chainsaw
(Photo: E. Tolosana)

compared to the original plantation, while the
next rotations continue to decrease in yield to
the point at which it is more productive to plant
again. During the past decade, many coppices
have been uprooted and re-planted again using
genetically improved material.

Eucalypt coppices in Portugal are characterized
by a 12 year rotation cycle and that growth
continues throughout the year. The average
biomass productivity ranges from about 14 to
16 t ha' year?, which is equal to about 14 to
15 m3year’. Recent data shows a high depend-
ence between biomass productivity and rainfall,
reflected by a sharp decrease in the second year
of a two year draught period (2004 - 2005),
characterized by half yearly precipitation
values. The decrease of above ground biomass
productivity in the second year was half the
order of magnitude compared to usual values.

The traditional logging systems are based on:

Motor-manual felling and processing

With chainsaw; where forest harvesters are
not available and/or the terrain conditions are
unfavorable for mechanization (Figure 10).

Semi-mechanized felling and processing

Felling by chainsaw and processing using
forest CTL-harvesters, frequently based on

Coppice Forests in Europe

tracked excavators but also specialized Nordic
machines. One of the reasons felling often has
remained to be motor-manual is the interest of
the forest owners in keeping the stump height
as low as possible and getting a good cut quality.
In steep terrains, felling is always performed
by chainsaw. Whole trees are then slipped or
winched to temporary forest roads where they
are processed by machines.

The most common equipment for extrac-
tion is an adapted farm tractor or local small
to medium-sized forwarder, using the CTL
harvesting system.

The use of residual biomass in Spain has
changed over the years. In the past, the logs were
debarked at the harvesting site and branches,
tops and bark left on the terrain. From the
1990s onwards, the trend has been to transport
the wood with bark to the mill (Figures 11)
and use stationary drum debarking machines to
separate the bark, which is burnt for combined
heat and power (CHP) generation at the mills.

Felling mechanization in eucalypt plantations
has been encouraged in the past years.

Figure 11. Transportation of wood with bark
to the mill (Photos: E. Tolosana)
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Figure 12. Mechanized
felling and processing

Figure 13. Mechanized
felling (Photos:
E. Tolosana)

Besides the traditional systems mentioned

above, companies are trying to implement two

new harvesting systems:

* Fully mechanized felling and processing
with specialized forest harvesters (Figures
12 and 13)

* Fully mechanized felling with disc saw or
knife feller-buncher, followed by processing
with forest processors

To haul the logs off, the trend is to use larger,
increasingly Nordic, forest forwarders.

Regarding eucalypt residual biomass harvesting
in Spain, the prevalent system is based on
bundlers (Figure 14); Portuguese or Nordic
machines equipped with knives - instead of
chainsaws - to cut the biomass bales. This allows
the use of the same machinery to handle the
logs and the bundles and avoids the preparation
of landings to organize chipping operations,
which is often difficult in the typically small
plantations.

Besides this, one of Spain’s leading forest
ENCE, is trying
to improve forest harvesting operations by

management companies,

providing their logging contractors with Total
Quality Management (TQM) instructions, in
order to increase the utilization rate and produc-
tivity. To this end, ENCE has developed apps that
communicate daily reports by the contractors
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through mobile phones and they are providing
their contractors with technical and managerial
support to optimize their operational efficiency.
Despite the inclusion of a GPS tracking system,
the road transport optimization still has much
room for development.

There is a recent strong trend to substitute
E. globulus with E. nitens in some Galician forest
areas despite the fact that the latter is less effi-
cient in producing cellulose fiber and does not
resprout well, which limits coppicing. The main
drivers are the threats by pest and diseases,
towards which E. globulus is more sensitive, and
the much higher growth potential of the E. nitens
in many climate and terrain conditions.

Besides this species change, in Spain there is
a trend to abandon coppicing in some areas;
mainly where E. nitens is planted, but also other
areas. Some reasons are: coppicing requires a
more intense management than first plantation
at final density; pulpwood quality is worse in
coppice; coppice harvesting presents some
mechanization difficulties; there is a decrease
in yield after multiple coppicing; and new
technologies allow the production of pulp from
removed stumps.

In Portugal, the main trends of pulp production
follow a consequent forest biotechnological
breeding program of E. globulus, which aim
at improving the biomass productivity and
resistance to biotic and abiotic agents, such as
drought.

Figure 14. Bundler, often used for eucalypt
in Spain (Photo: E. Tolosana)
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4 SHORT RoTtATION CoOPPICE

Short rotation coppice (SRC) is a dedicated
crop, mainly planted on agricultural land and
designed to produce large quantities of raw

materials at regular intervals.

Fast-growing tree species considered for SRC
can be indigenous (willow, poplar) or exotic
(eucalypt, black locust).

The planting density ranges from about 6,000
to 15,000 plants (usually unrooted cuttings)
per ha, planted in single or twin rows, according
to the species and the rotation lengths. The
tree growth is influenced by site characteris-
tics (such as soil and climate) and genotype
selection should be made accordingly. SRCs
are harvested in rotations of 1-5 years for the
production of industrial feedstock (generally
energy biomass).

The plantations are generally harvested with
modified agricultural equipment that can
harvest small stems. Forest equipment is only
used if stems are too large and too close to
one another. Planting is done with vegeta-
tive material (uprooted cuttings), whereas
resprouting after harvest happens naturally
from the existing root systems.

Advantages of SRC

* High biomass yields

* Regular incomes in short intervals

* Groundwater protection

* Ecological planning

* Phyto-remediation

* Increase of value added in rural areas
* Diversification of landscape

* Higher biodiversity compared to agricultural
fields

Coppice Forests in Europe

4.1 Products

The main purpose is to grow wood for energy
(Figure 15), but it also can be used for other
products, such as industrial feedstock or in
the bio-refinery industry. In most cases, stems
are chipped immediately after the cutting and
blown into a tractor-trailer unit that accom-
panies the forage harvester. These chips have
a moisture content of 50-60% (Spinelli et al.
2008, Vanbeveren et al. 2015) and a low
heating value. Chips can be dried (naturally or

Figure 15. Short rotation coppice crops are
mainly chipped and used for energy
(Photo: J. Schweier)

Disadvantages of SRC
* High moisture content of freshly cut chips
(poplar 50-60% wet weight basis)
 Difficult storage of wet chips
* Technical limitations on difficult terrain
(slope)
* High costs on small sites
* Dependence on harvester availability

Lower biodiversity compared to forests and
uncultivated grass/shrublands
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Figure 16. Unloading of chips; the chips
should be used immediately if possible
(Photo: J. Schweier)

artificially) to reach a desired moisture content.
However, during the storage there is a dry
matter loss of 10 - 20% (Schweier et al. 2017)
due to microbiological activities, which reduce
the chip quality and can create self-ignition and
health problems. The latter are caused mainly
by fungi, especially when their spores become
airborne during fuel handling. Therefore, chips
should be used immediately (Figure 16). If this
is not possible, chips should be stored at a proper
distance from residential areas and should be
handled with appropriate precautions.

If the market recognizes the added value, the
use of surplus heat, when available, could be
a good and efficient option for drying chips
(Schweier and Becker 2013).

Chips from SRC have a relatively high bark
content, which is important because bark has
higher elemental concentrations and a lower
density compared to wood (Tharakan et al.
2003). During the combustion of material
with a high bark percentage, problems arise
from damage to the boilers (Guidi et al. 2008)
and fouling can occur. Bark ratio is reduced in
biannual systems, where harvesting is done at
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minimum 2 - 3 year intervals, which produces
more favorable chip quality than annual
harvesting. Therefore, clones with a lower bark
percentage should be selected and trees should
not be cut before an acceptable fibre-to-bark
ratio is obtained (Spinelli et al. 2009).

4.2 Harvesting

There are two dominant harvesting systems
used for SRC: the single pass cut-and-chip and
the double pass cut-and-store technique.

Single pass cut-and-chip technique

Stems are cut, chipped and discharged into
accompanying tractor-trailer units in one
single pass, using only one harvesting machine
(Figure 17). Generally, the system is based on
a prime mover equipped with a header and
2 - 4 tractor-trailer units to move the chips to a
collection point. There, the wood chips can be
reloaded onto road transportation vehicles, or
used directly as feedstock if an energy plant is

close-by.

The coppice header can be placed on the front of
the mover or on the side. Headers for SRC can be
modified maize choppers (e.g. the Claas HS-1)
or purpose-built (e.g. Claas HS-2 or the Italian
GBE). According to site characteristics, these
machines can reach very high productivities
with peak values up to 80 green tonnes per hour
(Spinelli et al. 2008) and guarantee consistent
chip sizes. An additional advantage of modified
forage harvesters is that they allow the farmer
to run their machines in winter as well, when
agricultural field work is not possible. The main
disadvantage is the machines’ weight, as this
limits their use to flat and solid terrain. Modified
forage harvesters require stems of a particular
size and row spacing. Cut stems usually enter
the chopper horizontally, but if stems are too
close to each other, or too long, the cut stems
can become entangled with standing stems and
jam the header (Spinelli et al. 2009).

Coppice Forests in Europe



Figure 17. Examples of single pass cut-and-chip system: the harvesting machine cuts and chips
the stems and the chips are discharged directly into a tractor-trailer units.
(Photos: J. Schweier)

Mower-chippers can be a good alternative for
dense plantations and larger diameters due to
their capability to chip the stem in an upright
position (Pecenka and Hoffmann 2015).

Double pass cut-and-store technique

With the double pass cut-and-store technique,
the processes of cutting and chipping are split
into two steps: one machine first cuts and
windrows the stems (Figure 18) and a second
picks them up and chips them (usually some
weeks to months later), blowing the chip into
conventional silage trailers. The main benefits
are the capacity to concentrate the cutting
within a short period of time (thus exploiting
good weather windows) and the possibility to
chip the material according to market demand
or required moisture content.

Until now, single pass cut-and-chip harvesting
is the most common technique used in SRC,
due to the technological progress and research
that it underwent. Other techniques do exist,
such as the singe pass cut-and-bale and the
single pass cut-and-billet technique, which
produce wood bales in the first case and billets
in the latter (Vanbeveren et al. 2017), but
they do not yet reach market value. Thanks
to their more powerful engine, cut-and-chip
harvesters have a higher average productivity
(30 green tonnes per hour) than whip harvesters
(19 green tonnes per hour) (ibid.).

Coppice Forests in Europe

Conclusions

Among possible sources of energy biomass, SRC
has a high potential to contribute to the renew-
able energy mix.

Since harvesting costs are estimated to be above
50% of the total cost of the biomass produced
from SRC, the optimization of these operations
is required.

Good performance can be obtained when
several factors concur, such as: good terrain
and weather conditions, adequate machine
selection, appropriate crop density and exact
row spacing.

Figure 18. Example of the cutting in the double
pass cut and store techniques. The stems will
be chipped later (Photo: J. Schweier)
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5 CONCLUSION
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Despite some decades of decline, the current
economic trends point to a good future for
coppice forests (Figure 19).

Coppice management can be applied in many
ways, according to different species, level of
mechanization and specific local condition; it
can also be aimed at different products.

Active coppice management already plays a
vital part in rural economies, but can increase
its potential when a certain level of moderniza-
tion is acquired.

Mechanization is a possible solution to make
coppice management a modern industrial
business instead of a part-time activity. Modern
harvesting systems, of different scales, can
compensate for the difficulty in acquiring
sufficient rural labor and maintaining young
workers in the forestry sector.

7

It is important to select or, in some cases, further
develop the right felling technology to guarantee
the rejuvenation of the coppiced stands. Stump
crowding and small stem size can be considered
common elements that have an impact on oper-
ational choices in many coppiced stands. The
presence of multiple stems on the same stump
offers a serious challenge to mechanized felling
in coppice harvesting operations, because stem
crowding hinders felling head movements.
Small stem size affects the type of products one
can obtain from coppice stands, while limiting
work productivity.

An effective introduction of mechanized felling
requires the selection of a suitable machine but
also a skilled and professional operator who can
prevent or minimize undesired effects, such as
soil, stump and stand damage.

- / . //
S e L5 A

Figure 19. Coppice provides a wide range of products and is important for rural economies
(Photos: upper left C. Suchomel, lower middle R. Spinelli, lower right J. Schweier, rest A. Unrau)
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It is also necessary to promote a certain level of
mechanization to improve safety. Manual work
is associated with the highest accident risk and
severity, and it accounts for most of the fatal
accidents recorded in forest operations.

Silvicultural practices may need to be adapted
to new harvesting technology and to favor,
whenever possible, proper removals and the
use of machines. In many cases coppice forests
are situated in difficult terrain with poor access.
The improvement and adaptation of the existing
infrastructure (road density and quality) to the
requirements of mechanized operations is one
important prerequisite for successful mechani-
zation.

Although much progress has already been made,
the introduction of mechanized operations still
encounters resistance.
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Impacts of Coppice Harvesting Operations on Soil

Rodolfo Picchio, Marco Senfett, Irene Luchenti and Rachele Venanzi

INTRODUCTION

Coppice is a traditional method of stand
regeneration to produce woody biomass, a
management system that is still widespread in
many regions worldwide. Until the middle of
the 20™ century, coppice forests were common
in most parts of Europe; although this has since
changed, several issues relating to coppicing
are still relevant. In Italy, coppice has much
economic and social relevance for hilly and
mountainous areas. Coppice produces timber
for firewood and charcoal production (Picchio
et al. 2011b) and has been an important source
for litter collection and pasture (Gimmi et al.
2008; Glatzel 1999). At the same time, coppice
harvesting could have a significant degrading
influence on woody regeneration, fauna and the
soil, causing compaction, horizon mixing and
topsoil removal (Korb et al. 2007). In particular,
compaction reduces both soil porosity and pore
connectivity, thus increasing soil density and
shear strength (Klvac et al. 2010; Picchio et al.
2012b; Williamson and Neilsen 2000). Such soil
degradation can decrease tree growth (Grigal
2000), while carbon dioxide efflux from the
soil may change significantly (Olajuyigbe et al.
2012). In this paper, two different coppices were
analyzed, characterized by different stand types
of Turkey oak (Quercus cerris L.) and chestnut
(Castanea sativa Mill.).

In Italy, the traditional management of Turkey
oak is coppice with standards, which involves
felling about 80-85% of the total woody biomass
and releasing about 70-120 standards/ha.
For chestnut, the forests are mainly managed

Corresponding Author: Rodolfo Picchio, r.picchio@unitus.it
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as coppices with standards, for productive and
phytosanitary purposes (to cater for bleeding
canker or chestnut blight), felling about 85-90%
of the total woody biomass and releasing about
30-100 standards/ha. Logging systems may
differ, depending on silvicultural management
and the final product. The technical and economic
utilization of coppice forests depends on various
factors, including the type of terrain, transpor-
tation networks and harvesting technologies, as
well as the silvicultural treatment and logging
system (Cavalli and Grigolato 2010; Vusic et
al. 2013). Although in recent years significant
innovations in the technology and methodology
of forest operations have occurred (Picchio et
al. 2012a, 2011b), the majority of private and
public coppice forests are still harvested using
traditional methods, i.e. motor manual felling
with chainsaws or using mules and/or agri-
cultural tractors for extraction (Picchio et al.
2011a, 2011b; Laschi et al. 2016). The effects
of harvesting can affect changes to the vegeta-
tion, nutrient availability, soil microclimate,
soil structure and litter quantity and quality
(Borchert et al. 2015; Edlund et al. 2013). In
particular, operations such as forwarding and
skidding have a high potential for causing soil
compaction (Jamshidi et al. 2008; Cambi et al.
2015, 2016). However, properly managed forest
ecosystems are claimed to be highly resilient in
the long term (Sdnchez-Moreno et al. 2006).
Some studies also suggest that compaction can
be avoided by minimizing areas of soil distur-
bance and soil compaction by designing thinner
networks of strip roads (Mederski 2006).
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In coppice management, the time between
harvests is called “rotation”, or sometimes also
“cutting cycle” (Espelta et al. 1995; Retana et al.
1992). During this time the stands are mostly
restocked by natural regeneration through seed-
lings (gamic) and sprouts (agamic), a process
that is strictly dependent on physico-chemical
soil quality. This aspect of soil quality should
also include some assessment of different
biodiversity patterns. Biodiversity conservation
has long been a goal of European conserva-
tion policy (CBD 2010; CEC 1998) and the
monitoring of this aspect is essential to support
management decisions that maintain multiple
forest ecosystem functions (CBD 2001). A better
understanding of the importance of biological
diversity is needed to support the provision
of multiple forest ecosystem services (Corona
et al. 2011; Mattioli et al. 2015).

METHODOLOGIES

Within the COST Action FP1301 EuroCoppice,
studies specifically designed to analyze the
impact of the silvicultural treatment and
logging operations on forest soils in coppices
were performed using both standard and “inno-
vative” wood extraction systems. In addition to
the usual physical and chemical analyses (pH,
organic matter, bulk density, penetrometric and
shear resistance) (Cambi et al. 2015), an inno-
vative methodology using an arthropod-based
Biological Soil Quality index “QBS-ar” was
applied (Parisi et al. 2005; Venanzi et al. 2016).
The use of this index has valuable potential as
a tool in ecosystem restoration programs in
monitoring soil function and biodiversity, and in
preventing the negative effect of soil compaction
due to logging activities (Blasi et al. 2013).
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Similar study methods were applied to the two
different coppice types in order to determine
the impacts on soil, while some differences
between each type were determined by the
site conditions. The silvicultural treatment
applied was coppice with standards, aiming
to guarantee a profit for the forest owner and
to maintain an even-aged forest. For each
area (described in Venanzi et al. (2016)),
transects were examined in order to estimate
that proportion impacted by machinery. Each
transect was rectangular in shape (2 m x 50 m),
laid crosswise to the maximum slope, making it
possible to assess the percentage of the surface
impacted by forest operations. In each forest,
one random sampling plot (SP) per hectare
was selected (18 for Turkey oak forest and 40
for chestnut forest) to determine: bulk density
(BD), pH, organic matter content, penetration
resistance (PR), and shear resistance (SR). Each
SP was a circular area of 12 m in diameter, in
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which two different points (PO) were visually
selected (e.g. based on the presence or absence
of damaged understory, crushed litter, soil ruts
or soil mixing) to represent disturbed or undis-
turbed soil conditions. To estimate the impact
solely caused by the above ground removal of
woody biomass (the silvicultural treatment,
excluding the winching and skidding), it was
compared with a control in a neighboring forest
parcel which had remained undisturbed for
over 10 years.

A QBS-ar analysis was carried out in each
treatment by taking three soil core samples,
each measuring 100 cm? and 10 cm deep.
Microarthropods were extracted using a
Berlese-Tiillgren funnel and the specimens
were collected and identified to different taxo-
nomic levels (class: Myriapoda; order: Insecta,
Chelicerata and Crustacea). Soil quality was
estimated with the QBS-ar index (Parisi et al.

2005; Gardi et al. 2008; Tabaglio et al. 2009;
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Menta et al. 2010), based on the premise that
the higher soil quality, the higher would be the
expected number of microarthropod groups
well adapted to soil habitats. Soil organisms
were separated according to their morpho-
logical adaptation to soil environments; each
of these forms is associated with an EMI score
(eco-morphological index), which ranges from

RESULTS AND DISCUSSION

1 to 20, according to the degree of adaptation.
The QBS-ar index value is obtained from the
EMI sum of all collected groups. The organ-
isms belonging to each biological taxon were
counted in order to estimate their density at the
sampled depth and the ratio of the number of
individuals and the sample area to 1 dm? of the
surface.

The proportion of forest surface impacted by
logging operations is strictly related to the
adequacy of the road network. In the coppices
studied, the tractors skidded the trees on the
forest floor only occasionally, and in these
cases the impact was not only due to the
amount of winching, but also the frequency of
vehicle movements. The forest surface strongly
impacted by forest operations ranged from
3.4% to 26.9% of the total area, showing a
statistical difference between situations with
good or inadequate forest trail networks. These
results were notably lower than those obtained
in other studies which had much higher densi-
ties of trees released after harvesting.

There were significant differences in bulk dens-
ity, heavily influenced by both the silvicultural
treatment and the impact by vehicles on the soil
(Table 1 and Figure 1). Soil bulk density values

were higher in the disturbed areas compared
with undisturbed ones (average increase from
0.073 g/cm? to 0.209 g/cm?, ranging from 10%
to 27%). This was considered to be mainly the
result of compaction caused by load transpor-
tation and in some cases vehicle traffic, but it
affected only a low percentage of forest area.
In comparison with the control (where there
was no harvesting in the past decade), the
BD in the undisturbed areas increased from
0.123 g/cm® to 0.210 g/cm?, ranging from 19%
to 39%. This was probably due to precipitation
directly affecting the soil in all forest areas
where above-ground biomass was removed.

Compared with the observations for bulk
density, penetration resistances did not always
show significantly greater values between the
control and undisturbed areas, ranging from
0t0 0.06 MPa; 0-88%. However, the PR increased

Table 1. Results of the ANOVA and Tukey test for soil characteristics (average + SD; letters show groups
with statistically significant difference); differences tested between disturbed, undisturbed and control soil

(Marchi et al. 2016; Venanzi et al. 2016)

. . Penetration ; :
Soil Bulk density : Shear resist- Organic QBS-ar
Area typology [g/cm?] re?atgaqce ance [t/m?] matter [%] index
Undisturbed | 0.773+£0.098a | 0.128+0.05a | 3.622+0.88a 13.5+1.85a 172a
Quercus | Disturbed |0.982+0.080b | 0.294+0.09b | 8.773+2.48b 11.1+2.20a 93b
Control 0.650+0.101c | 0.068+0.03c | 2.544+0.74c 19.0+2.09b 251c¢
Undisturbed | 0.747+0.150a | 0.066+0.011a | 1.550+0.272a 18.1+1.3a 213a
Castanea | Disturbed |0.820+0.210b | 0.276+0.090b | 4.113+0.591b | 13.1+1.6b 102b
Control 0.537+0.110c | 0.069+0.012a | 1.569+0.310a 19.2+1.3a 198¢
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Figure 1. Percentage of impact for soil characteristics, on the left differences tested between undisturbed
and control (silvicultural treatment) and on the right differences tested between undisturbed and
disturbed soil (Marchi et al. 2016; Venanzi et al. 2016)

from 0.166 MPa to 0.210 MPa (ranging from
+130% to +318%) when comparing disturbed
and undisturbed areas. Similarly, while the
soil shear resistance was not always greater
in the control compared with the undisturbed
areas (range from 0 to 1.08 t/m?; 0-42%), in
comparing disturbed and undisturbed areas, the
SR increased from 2.56 to 5.15 t/m? (ranging
from 142% to 165%). These relative differences
among the three variables of bulk density and
penetrometric and shear resistance showed
similar significant trends, the greatest being for
the latter two.

Soil organic matter content was also analyzed
within the control site that had no utilization,
and then within the forest areas harvested in
this study. The organic matter content was lower
in all areas affected by vehicle movements and
from extracted loads. In chestnut coppice there
was no significant statistical difference between
areas undergoing harvesting (but not impacted
by vehicles) compared with the control site.
The areas disturbed by mechanical vehicle
movement show a notable decrease in organic
matter content, from 18 to 28%. This decrease
can be linked to reduced mineralization as a
result of less microbial activity in the disturbed
area (Astolfietal. 2011). Organic matter content

Utilisation

was lower in all areas impacted by vehicles,
while the removal of the above-ground woody
biomass seems to only have caused significant
change in Turkey oak coppice, at least during
the first two years after the harvesting.
Similarly, pH changes, which can influence
many soil parameters and processes (Astolfi
et al. 2011), did not seem to be affected by
either the silvicultural treatment or the logging

operations.

The QBS-ar index showed significant differ-
ences between the silvicultural treatment and
the control, as well as between undisturbed
and disturbed soils, indicating that the micro-
arthropod community was affected in part by
the silvicultural treatment and always by forest
operations. Further analysis still in progress,
two years after the treatment, shows that the
OBS-ar index was lower than in the control
within all of the areas directly involved with
logging activities (temporary tracks), but that
the recovery of the impacted soil was significant,
but slow. From the same research in progress,
the QBS-ar index was also affected by the silvi-
cultural treatment, but in the soil surfaces not
impacted by logging activities, recovery of the
microarthropods was rapid. These results show
that vehicle movement had a major impact on

Coppice Forests in Europe



the soil condition, while the silvicultural treat-
ment alone also had a clearly defined impact,
but one that was recovered from quickly.

The QBS-ar index showed a high range of
variation from disturbed to control areas
(93-251 in Turkey oak, corresponding to a
range of 8% to 52%), as was also observed by
Blasi et al. (2013) and Ridisser et al. (2015).
In summary, the microarthropod communities
were probably affected by the bunching and
extraction operations of vehicle traffic and log
dragging, causing soil compaction, while their
density was similarly lower in all areas affected
by vehicles and logging. Moreover, there was
a statistically significant difference between
the area subject to silvicultural treatment (but
not impacted by vehicles) compared with the
control site. In this case, however, it seems that
the silvicultural treatment had a positive effect,
perhaps related to an increase in soil nutrients
immediately after the harvesting.

The QBS-ar can be considered a very useful
qualitative indicator for coppice forests, as it is
extremely sensitive to environmental variations
caused by anthropic disturbance. This study
has also shown that forest soil is extremely
fragile in physical, as well as chemical and
biological terms, and their highly complex
interaction. Forest soils are extremely vulner-
able to natural or anthropic disturbances, for
example in logging operations (Vossbrink and
Horn 2004). It is therefore extremely important
that the impacts caused by forest management
are quantified and the results used to design
lower impact logging methods. These obser-
vations show that tractor tracks consistently
cause compaction that can extend to a depth
of at least 10 cm, creating a high risk of water
runoff and wash out, which over time can cause
a loss of fertile soil. Compacted soil can also
impede seed germination, hinder regeneration
and decrease forest productivity and continuity.

Moreover, increased compaction causes a loss of

Coppice Forests in Europe

soil micro- and macroporosity, reducing oxygen
and moisture in the soil and drastically reducing
micro-biological activity and fine root growth
(Lynch et al. 2012). From a phytopathological
viewpoint, increases in water runoff facilitate
the expansion and transmission of pathogens
as spores and rhizoids (Vannini et al. 2010).
The overall consequence of soil compaction
is a decrease of soil permeability, growth and
nutrient supply to root systems. These negative
consequences have also been shown by others
(Heinonen et al. 2002; Alakukku 2000).

The coppice management system and the silvi-
cultural treatment applied did not show any
particular problems (i.e. in terms of seedling
regeneration, fluctuations in seed production,
prolonged periods of uncovered soil), but
reduced impact logging (RIL) methodologies
could be beneficial (Enters et al. 2002; Maesano
et al. 2013). The logging operations in this case
were carried out with appropriate mechaniza-
tion, with tractors only skidding the trees on
the forest floor occasionally, although physical-
mechanical impacts caused by vehicle movement
on forest soils (off the track) are evident even
here. Carefully designed skid roads are therefore
recommended, as well as setting out strip roads,
skid trails and forwarder use so as to reduce
soil disturbance. In future research, it would be
interesting to evaluate the capacity for recovery
from soil damage over longer periods of 2-16
years. For this specific study and other similar
forest situations, if silvicultural treatments
and logging activities are well planned and
sustainable forest management guidelines were
followed, no particular post-harvesting opera-
tions would be necessary. A forest road network
that is viable and functional will further ensure
a limited impact on forest soil, with impacted
soil surfaces of <5-10%. It is important to
consider the results of studies such as this one
when compiling guidelines, criteria and indica-
tors of sustainable forest management.

Utilisation
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4 Conservation

Unique conditions.
How does coppice contribute to biodiversity?
Is coppice considered in Natura 2000 site management plans?
Coppice forests on steep slopes — how do they impact stability and rockfall?

Their rich past and cultural heritage, illustrated on the example of the Czech Republic.

Visit this chapter for:
Conservation of coppice and high forest management within the Natura 2000 network — a review
The status of coppice management within forested Natura 2000 sites
Prevention of soil erosion and rockfall by coppice and high forest — a review

Historical coppicing and its legacy for nature conservation in the Czech Republic
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Conservation of Coppice and High Forest Management
within the Natura 2000 Network — A Review

Peter Buckley and Jenny Mills

ABSTRACT

110

The Natura 2000 network protects some of the
most threatened species and habitats in the
European Union, of which forests account for
about 50% of the total designated area. This
paper examines the broad habitat preferences
of the terrestrial species listed in Annexes of
the Birds and Habitats Directives, of which
a majority are associated with non-forest
habitats. By comparison, European red lists
and the various country and regional level
lists of species of principal importance contain
many more species and species groups than the
Directive Annexes. Foresters are likely to use
a much narrower suite of species, often based
only on the Annexes, when setting practical
conservation targets for woodlands.

Achieving the objective of ‘favourable conser-
vation status’, as required by the Directives,
should apply equally to the designated forest
habitat types and their listed specialist species.

Key words

European Commission literature describes these
habitats in terms of their typical tree, shrub
and herbaceous species, although in practice a
mixture of iconic and specialist Annex species
may be used for making conservation assess-
ments. Recognising the value of traditional
coppice and its long anthropogenic history can
be considered a valid reason for conservation
in itself, but this form of management is now
in serious decline all over Europe. High forests
and old growth habitats, together with their
associated species, also have equal claims for
protection under the Natura 2000 network.
Given the difficulty of simultaneously achieving
species and habitat targets in the context of both
early and late-successional aspects of forest
conservation, we consider different silvicultural
strategies that may achieve wider biodiversity
benefits in the forest environment.

Natura 2000, Birds and Habitat Directives Annex species, forest habitat type, indicator species,

coppice, silvicultural system
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INTRODUCTION

ome of the most valued and threat-
ened species and habitats in Europe
are protected within the Natura 2000
network under the Birds Directive (European
Commission 1979) and the Habitats Directive
The latter
Directive targets more than 230 ‘habitat types’

(European Commission 1992).

and 1500 animal and plant species for conserva-
tion in its various Annexes, many of which are
rare, threatened or endemic. They include 303
animals, 586 plants (Habitats Directive AnnexII,
HDII) and more than 190 birds (Birds Directive
Annex I, BDI). For a further 400 species and
sub-species listed in Annex IV of the Habitats
Directive (HDIV), which includes many that are
also listed in HDII, a strict protection regime
must be applied across their entire natural
range in the European Union (EU), both within
and outside Natura 2000 sites.

Approximately 375,000 km? of forests are
included in the Natura 2000 Network, repre-
senting around 50% of its total area and 21%
of the total forest resource in the EU (European
Commission 2015). A large proportion of this
forest would undoubtedly have been coppiced
in the past: based on the average of 24
European countries, up to 15% of the area is
presently classified as coppice, together with a
probably much greater extent of neglected or
converted former coppices (Buckley and Mills,
2015). Considering the large protected area
and the strong emphasis given to conserving
the threatened biodiversity of forest ecosystems
within the EU, one would anticipate that a high
proportion of Directive-protected species would
be found in, or be dependent on, forested
habitats. To discover whether this is the case,
the habitat preferences of species listed in BDI

Coppice Forests in Europe

and HDII were investigated. The contribu-
tion that the traditional forestry techniques
of coppicing and pollarding can bring to the
protection of biodiversity in Natura 2000 sites
was also considered.

Many of the species on the BDI and HDII lists
are species of conservation concern, judged as
vulnerable or under threat by the International
Union for Conservation (IUCN). We consider
the composition of different taxa making up
these lists, their endemicity, threat status, and
their preferences for forest habitats or other,
more open ones. In the case of forest and
woodland habitats, the definition of ‘favourable
conservation status’, as applied by the Bird and
Habitat Directives to both habitats and species,
especially more ‘typical’ species as well as the
Natura 2000 species, depends on the ability of
different forest managementregimes to conserve
them. Here we focus initially on traditional
coppice forest management, a widespread but
now rapidly disappearing silvicultural practice
in Europe, and the implications that abandon-
ment or conversion to high forest might have
for protecting habitats and species. At the same
time we consider what additional protected
species niches high forest systems might provide.
Finally, we discuss management strategies that
might deliver combinations of both early and
late-successional growth stages, and which may
serve to increase species diversity in forested
landscapes.

Conservation
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METHODS: ALLOCATING BROAD HABITAT PREFERENCES TO SPECIES

112

Using the HDII and BDI Annexes, each protected
species was allocated to one or anumber of broad
habitat types, using the hierarchical classification
proposed by the European Environment Agency
(EUNIS) (European Environment Agency n.d.).
The EUNIS species browser (http://eunis.eea.
europa.eu/species.jsp) lists the ‘most preferred
habitats’ in its quick facts for nearly all of these
species. These, excluding fish, were allocated
to the 10 EUNIS hierarchical habitats (http://
eunis.eea.europa.eu/habitats-code-browser.
jsp) described in Table 1. If no habitats were
listed for a species on the EUNIS database, the
world IUCN Red List species details (http://
www.iucnredlist.org/details/) were consulted.

When not listed in either database, it was
recorded in the ‘Insufficient data’ column,
except for fewer than 10 cases where informa-
tion was taken, for example, from Wildscreen
ARKive (http://www.arkive.org), EEA Eionet
(https://www.eionet.europa.eu), Joint Nature
(http://jncc.defra.
gov.uk), Environment Directorate General of

Conservation Committee

the European Commission (http://ec.europa.
eu/environment/index_en.htm) and Birdlife
International (http://www.birdlife.org)

While recording this data, it was also noted if a
species was on the IUCN Red List and if it was
an endemic.

Table 1. Summary of 10 broad habitat types and their descriptions, based on the hierarchical
classification proposed by the European Environment Agency (EUNIS)

Marine habitats: fully saline, brackish or almost fresh. Includes marine littoral habitats

1 Marine including tidal saltmarshes; marine littoral habitats and strandlines; waterlogged
littoral saltmarshes and associated saline or brackish pools.
Habitats are those above spring high tides, including coastal dunes and wooded
2 Coastal coastal dunes, beaches and cliffs. Supra-littoral habitats include strandlines, moist and
wet coastal dune slacks and dune-slack pools.
Inland Non-coastal fresh or brackish waterbodies (rivers, streams, lakes and pools, springs),
3 surface including their littoral zones. Also constructed waterbodies (canals, ponds, etc.)
waters supporting semi-natural communities and seasonal waterbodies.
: Wetlands, with the water table at or above ground level for at least half of the year,
Mires, bogs . L ; ‘
4 nd fens dominated by herbaceous or ericoid vegetation. Includes inland saltmarshes and

waterlogged habitats where the groundwater is frozen.

5 Grasslands

Dry or only seasonally wet land with >30% vegetation cover. Dominated by grasses
and other non-woody plants, including mosses, macro-lichens, ferns, sedges and
herbs. Includes semiariorsteppes, successional weedy vegetation and managed grass-
lands (e.g. recreation fields and lawns).

Dry or only seasonallt/) inundated land with >30% vegetation cover. Includes tundra;
heathland dominated by shrubs or dwarf shrubs not above 5m tall. Also shrub orchards,
vineyards, hedges, climatically-limited dwarf trees (krummholz) >3 m high, Salix and

Dominated by trees over 5m, with a canopy cover of at least 10%. Includes lines of
trees, coppices, tree nurseries, plantations and fruit and nut tree orchards. Includes
Alnus and Populus swamp woodland and Salix. Excludes Corylus avellana scrub and

Habitats with less than 30% vegetation cover which are dry or only seasonally wet.
Includes caves and passages including underground waters and disused underground

6 Heathland
Frangula carrs.
7  Woodland
Salix and Frangula carrs.
8 Sparsely
vegetated mines, and habitats with permanent snow and surface ice.
9  Cultivated

Hal()jitats maintained solely by frequent tilling or recently abandoned arable land and
gardens.

10 Constructed

Primarily human settlements, buildings, industrial developments, transport networks
and waste dumps. Includes artificial saline and non-saline waters with wholly const-
ructed beds or heavily contaminated water, virtually devoid of plant and animal life.

Conservation
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ResuLts

Species groupings

We calculate that 80-90% of BDI and HDII
species are also registered on the International
Union for Conservation of Nature Red List
of Threatened Species (IUCN 2015), which
classifies species on the basis of their relative
extinction risk, consistent with their need for
protection (Fig. 1). Relative to their species
numbers, plants, birds and mammals are well
represented, but some taxa, such as the arthro-
pods, have received less attention, with under
50% of HDII species recorded on the world
Red List, perhaps reflecting the relative scarcity
of specialists dealing with this numerous group.
Moreover, the species chosen for protection
under HDII and HDIV are subject to taxonomic,
geographic and aesthetic bias, with preferences
given to larger, iconic species, but also including
many that are widespread (Cardoso 2012).

This bias is evident in the relative dominance
of vertebrates compared with very few in
the arthropod group, which in turn is biased
towards Lepidoptera and Coleoptera, while
completely lacking large insect Orders such
as Diptera and Hymenoptera. Although plant
species make up the largest group in HDII,
only 32 bryophytes and no fungi or lichens are
included (Orlikowska et al. 2016).

Endemicity and threat status

Listing of HDII species is heavily influenced
by their endemic status. Overall, 415 prima-
rily terrestrial species or subspecies (41.7%)
are strict endemics, i.e. restricted to one EU
country or to Macaronesia. Plants and molluscs
have the highest share of endemic taxa (63.8%
and 48.3% respectively), with reptiles and
amphibians intermediate and breeding birds
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the lowest (4.9%) (Fig. 2). The low number
of arthropods (8.3%) almost certainly reflects
an incomplete assessment of this very diverse
group. Macaronesian plant species, being by
definition full endemics, make up over a quarter
of all HDII plants, while of the non-Macaronesian
plants, 55.9% are also strictly endemic.

While reptiles, molluscs and plants were
relatively more threatened, many mammals,
amphibians and birds were of ‘least concern’ on
the TUCN World Red List, but when viewed in
a narrower European context, several species

may be perceived as more threatened.

Nearly half of BDI and HDII

100
species (48%) fell into
the threatened categories 30
(critically endangered,
endangered, vulnerable

and near-threatened) on
the world Red List.

The figures were (Fig. 3):

Percentage of endemic species
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Figure 4. Numbers of BDI and HDII species occurring in
different EUNIS habitat types

Habitat distributions of protected species

The most frequent preferred species habitats were
in sparsely vegetated habitats, with grasslands,
forests, heathlands and wetlands intermediate,
and relatively few in marine, coastal, cultivated
and construction sites (Fig. 4). Several plant
species were given preferred habitat status in
sparse vegetation, although many could also be
categorised more specifically as species of sand
dunes, cliffs, tundra and alpine habitats. Of
particular interest was the ‘forest and woodland’
category, which contained relatively balanced
proportions of the different taxonomic groups
compared with other categories, including a
comparatively high number of arthropods,
amphibians and mammals, although relatively
fewer plants and reptiles than in other open
habitats. As forests cover such a large part of
the Natura 2000 network, it is not surprising
that they shelter a large number of Directive-
protected species. Collectively, however, the
great variety of more open habitats (e.g. sparse
vegetation, grassland, heath, etc.) contain
significantly more. The vast majority of these
BDI and HDII species appeared to be associated
with non-forest or relatively open conditions.

Coppice Forests in Europe

Spatial hierarchies of protected species

Lists of rare species tend to become more refined
as the area of interest narrows. A hierarchical
gradient taken from the IUCN world perspec-
tive, diminishing in scope for Natura 2000 and
the European Red Lists, and further to the more
localised level of countries and regions, shows
that species lists of principal conservation
importance often tend to become more focused
and lengthier (Table 2). In separate European
countries and regions, protected species lists
are generally focused more at this level than
at the BDI and HDII Annex level: those species
relatively widely distributed at a European level
effectively become ‘rarer’ at a local level, and
therefore more notable. Compared with the BDI
or HDII species annexes, European Red Lists
contain many more species, often more than
three times the number. This is particularly
obvious for invertebrate Red Lists of dragonflies
(Kalkman et al. 2010), saproxylic beetles (Nieto
and Alexander 2010), non-marine molluscs
(Cuttlelod et al. 2011), butterflies (van Swaay
et al. 2011) and bees (Nieto et al. 2014). At a
national level the picture is even more variable:
in Britain, for example, as would be expected
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from this country’s size and its history of glacial
impoverishment, the numbers of vascular
plants, mammals, reptiles and amphibians
were lower than the equivalent BDI and HDII
annexes and European red lists, but a greater

effort has been made to cover non-vascular

plants, invertebrates, fungi and lichens. In other
countries and regions, such as France, Estonia
and Flanders, the same tendency to specialise
within some of the broader taxonomic groups is
seen (Table 2).

Table 2. Numbers of terrestrial species (mostly terrestrial or freshwater) selected at different spatial levels
for biodiversity conservation: the IUCN world red list, the BDI and HDII, the IUCN European red lists,
UICN French red lists, the UK Biodiversity Action Plan, Estonian protected species and Flanders red lists

HDII HDII
and BDI Britain — .
Taxonomic species and BDI | European France red | species of Estonian | p10 ders
species red list . - protected .
group on IUCN lists principal - red lists
world red (Nat“?g (EU27) importance* species
. 2000)*
list'
:)’f:::t‘;'a’ 412 554 *1750° | 10187 382 215 1152°
;‘Ig:ga““'ar 1 32 * 4 552 46
Mammals 45 47 179 99" 25 18 65"
Total
invertebrates 75 135 >97 >2
Dragonflies 11 11 *1341 3 5 64
Ezzif’e);y“c 9 17 *408'5 10 3 1916
Molluscs 31 31 *1805"7 29 4
Lepidoptera 14 38 4214 253%" 195 10 72%20
Bees 0 0 1900%! 44 18
Reptiles 23 24 128 35 6 5 6
Amphibians 25 25 82% 35% 4 11 16
Fungi/lichens 0 0 0 782 97
Birds 150 162 3992 345% 105 93 200%

*to be completed by 2018 T bryophytes only i butterflies only

'TUCN (2015) 2European Commission (1992) *European Commission (1979) “Natural Environment and Rural
Communities (NERC) Act (2006a, 2006b), Nature Conservation (Scotland) Act (2004) °Riigi Teataja (2014a,
2014b) °Bilz et al. (2011) UICN France et al. (2012) SUICN France et al. (2009) “Van Landuyt et al. (2006)
""Temple and Terry (2007) ""UICN France et al. (2009) ?Maes et al. (2014) "*Kalkman et al. (2010) “De Knijf
(2006) "Nieto and Alexander (2010) "*Thomaes et al. (2015) ""Cuttelod et al. (2011) '®van Swaay et al. (2010)
UICN France et al. (2014) 2°Maes et al. (2011) ?'Nieto et al. (2014) *?Cox and Temple (2009) #UICN France
etal. (2015) *Yooris et al. (2012) **Temple, Cox (2009) *Birdlife International (2015) #?UICN France et al. (2011)

28Devos et al. (2004).
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At forest species protection level, Britain’s state

forestry service (the Forestry Commission) has

produced a web-based decision support system

for its managers dealing with Habitats and Rare,

Priority, and Protected species (HaRPPS). This

provides information on about 123 woodland

species, including:

e 25 mammals,

e 37 birds,

* 4 herptiles,

* 21 invertebrates,

e 13 vascular plants and

* 23 fungi and lower plants (Forest Research
2011),

allowing forest managers to predict which
species might be present in a given area and
to test the impact of forest operations on them.

Although the British lists of species of principal
importance for conservation cover all habitats,
including forests (NERC Act 2006a,b; Nature
Conservation (Scotland) Act 2004) there are big
disparities with HaRRPS for different taxonomic
groups: mammals, birds and herptiles are well
covered, whereas vascular plants, bryophytes,
liverworts and invertebrates are not (Fig. 5).
Practising forest managers should be able to
identify iconic animals and birds in their well-
protected groups, but are less likely to have
specialist knowledge of some invertebrates,
fungi, vascular and non-vascular plants.
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Figure 5. Numbers of species of principal importance (SPI) in Britain
by taxonomic group, relative to that of the Forestry Commission’s
information system for use in woodland habitats (Habitats and Rare,
Priority and Protected Species HaRPPS) (Forest Research 2011)
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Favourable conservation status

The emphasis placed on rare or iconic species is
not always effective in promoting species diver-
sity, as the overriding issue for forest species is
fundamentally the protection of their habitat
and its quality. However, when compiling the
Standard Data Forms for the designation of
Natura 2000 sites, agencies tend to focus on
rare species, irrespective of whether they are
only a fraction of a metapopulation that extends
beyond the boundary of the protected area
(Battisti and Fanelli 2014). In fact, in terms
of ecological integrity, achieving a ‘favourable
conservation status’, a legal requirement of
Natura 2000 designation, applies to any ‘typical
species’ of a HDI habitat (Rees et al. 2013).
The Directive applies equally to the habitat,
which must be stable or increasing and likely
to sustain its structure and function for the
foreseeable future. The reality is that only 15%
of the protected forest habitats in the EU are
reported as being in a favourable condition
due to multiple factors, such as fires, disease,
browsing, pollution, urbanisation, etc., but
mainly to forest and plantation management,
such as the removal of dead and dying trees
(European Commission 2015). Among the
human activities reported on Standard Data
Forms, agriculture and forestry were associated
with more than 86% of a sample of Natura 2000
sites, of which forestry activities affected 59%
(Tsiafouli et al. 2013). Many broadleaved forest
HDI habitats described as ‘Temperate Forests
of Europe’ in the European Commission’s
Interpretation Manual of European Union
Habitats EU28 (European Commission 2013)
have the potential to be coppiced, based on
the re-sprouting potential of the dominant
trees (Mairota et al. 2016), although most is
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now high forest. The summary descriptions of
each forest habitat type are of essentially wide-
spread or characteristic plant species (Table 3),
including several relatively common herbs and
grasses, which depend on the forest margins
and the more frequently open canopies that
could be provided by coppice management. Very
few HDII species (i.e. rarities and endemics) are
listed. When this suite of ‘typical’, widespread
species is present, it follows that a ‘favourable
conservation status’ is more likely to be achieved
for rarer ones.

To support the regular monitoring of Natura
2000 sites a range of species specialists associ-
ated with long-term anthropogenic management
of their forest habitat could be identified, as
recognised by the Habitats Directive (Epstein
et al. 2015). Such ‘indicator species’ would not
necessarily be rare endemics or HDII species,
but could represent several taxa, including
vascular plants, bryophytes, wood-decaying
fungi, epiphytic lichens, saproxylic beetles and
land snails (Nordén et al. 2014). Some of these
are more properly indicators of traditional high
forest or old growth, but many ancient woodland
‘indicator plants’ with limited dispersal charac-
teristics (sensu Hermy et al. 1999; Verheyen
et al. 2003; Kimberley et al. 2013) are also
associated with former coppice habitats;
Decocq et al. (2005) even suggested that they
might be better labelled ‘coppice-woodland
species’. In northwest Germany, Schmidt et al.
(2014) listed 67 ancient woodland indicator
plants, most of them typical of closed forests,
but with 13% preferring forest edges and clear-
ings, while Pellisier et al. (2013) identified
40 ‘core’ and 38 ‘periphery’ forest species based
on a large database of over 1800 forest patches
in northern France.

Coppice Forests in Europe



Aesthetic as well as biodiversity criteria can be
taken into account in species protection. In the
Zurich Canton of Switzerland, aesthetic criteria
were involved in an action plan to restore the
typical flora (from a target list of 172 species)
associated with ‘light’ or open-canopied forests,
which was carried out on a portion of the total
forest area of 47,500 ha (Biirgi et al. 2010). The
areas selected were based on an analysis of the
target species and forest management practices,
recognising not only anthropocentric history
but also the ecological continuity of coppice
habitats within the region, much in the spirit of
the Habitats Directive.

Provision for coppice specialists

Traditional coppice management, often based
on regular short rotations over centuries, has
produced a habitat for species that are adapted
to the dynamic of rapidly altering light, temper-
ature and hydrological regimes (Peterken 1993,
Rackham 2003, Szabo 2010). These regular,
intense pulses of disturbance tend to boost the
diversity in both the ground flora and shrub
layers (Ash and Barkham, 1976; Decocq et
al. 2004; Brunet et al. 2010; Verheyen et al.
2012; Campetella et al. 2016). The transient
woodland structure produced is important for
many songbirds that forage and nest in young
growth, as well as for other open-ground

Table 3. Species with frequencies of 10% (2/20) or more that are named in the summaries of 20 different
forest habitat types from the ‘Forests of Temperate Europe’ (Annex 1 code 9100); the list is based on
26,433 Natura 2000 sites where at least 100 sites are devoted to each forest habitat type

Trees /20 /20 /20
Quercus petraea 8 Acer tartaricum 3 Ilex aquifolium 2
Fagus sylvatica 6 Betula pubescens 3 Populus nigra 2
Quercus cerris 6 Fraxinus angustifolia 3 Populus tremula 2
Quercus robur 6 Fraxinus excelsior 3 Quercus pyrenaica 2
Carpinus betulus 5 Euonymus verrucosus 3 Sorbus domestica 2
Acer campestre 4 Picea abies 3 Taxus baccata 2
Sorbus torminalis 4 Quercus pubescens 3 Tilia tomentosa 2
Tilia cordata 4 Acer pseudoplatanus 2 Ulmus glabra 2
Abies alba 3 Alnus glutinosa 2 Ulmus minor 2
Shrubs /20 /20 /20
Euonymus verrucosus 3 Frangula alnus 2 Vaccinium myrtillus 2
Ligustrum vulgare 3 Pyrus pyraster 2

Buxus sempervirens 2 Ruscus aculeatus 2

Herbaceous Species 120 120 /20
Carex montana 4 Anemone nemorosa 2 Hieracium sabaudum 2
Dentaria spp. 4 Buglossoides purpurocaerulea ) Lathyrus niger 2
Festuca heterophylla 3 Carex michelii 2 Luzula forsteri 2
Knautia drymeia 3 Cyclamen purpurascens 2 Molinia caerulea 2
Potentilla micrantha 3 Galium schultesii 2 Potentilla alba 2
Pteridium aquilinum 3 Galium sylvaticum 2 Pulmonaria mollis 2
Tanacetum corymbosum 3 Helleborus odorus 2 Tamus communis 2
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foragers (Camprodon and Brotons 2006; Fuller
2012). After coppicing, the resulting sunny and
warm miocroclimate creates suitable conditions
for a range of butterflies, macromoths and other
invertebrates (e.g. Sparks et al. 1996; Fartmann
et al. 2013; Horak et al. 2014), which take
advantage of increased understorey flowering
and abundant sources of pollen and nectar.

While many thermophilic and opportunistic
species are cosmopolitan, others are more
restricted to the coppice habitat. They include
many vascular plants tolerant of intermittent
shading, accompanied by a large insect biomass
dependent on flowers and young foliage
(Warren and Key 1991; Greatorex-Davies and
Marrs 1992). In order to maintain viable popu-
lations, sufficient canopy openings and forest
margins must be present, whether created
anthropogenically or by a natural disturbance
dynamic. Some beneficiaries that are special-
ists of the coppice habitat are considered of
high conservation value: there are examples of
conservation coppicing carried out expressly
to support a single species or group of species.
Examples are rare butterfly populations such
as the Scarce Fritillary (Euphydryas maturna)
and many others that are not necessarily listed
in HDII and HDIV (e.g. van Swaay et al. 2006;
Kobayashi et al. 2010; Fartman et al. 2013;
Dolek et al. 2018). Very low densities of stand-
ards in coppice, covering as little as 10-15% of
the stand, have been recommended in order to
maintain open conditions for butterfly conserva-
tion (Clarke et al. 2011). Coppicing may also be
maintained specifically for other iconic species
such as the hazel grouse (Bonasa bonasia),
where coppice provides a substitute for its
optimum forest habitat of shrub layers in gaps
of old-growth forests (Kajtoch et al. 2012), for
migrant songbirds that nest and forage in scrub
(e.g. Sylvia species), and small mammals such
as the hazel dormouse (Muscardinus avellanarius)
(Ramakers et al. 2014; Sozio et al. 2016).
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Many other species also benefit from the
openings created by coppicing. However, in long-
neglected or converted coppice stands, plant
species diversity and some red-listed herb layer
species tend to diminish rapidly (Van Calster et
al. 2008a; Kopecky et al. 2013; Vild et al. 2013;
Miillerova et al. 2015). In formerly grazed
and coppiced sub-continental oak forest in the
Czech Republic, these declining and endan-
gered species tended to persist in locations with
high light availability and relatively higher pH
(Rolecek et al. 2017). Similarly, in comparing
vegetation data from still-active selection
coppices with beech-dominated high forests
in the Banat region in Romania, the coppices
were slightly more diverse, containing ther-
mophilous and non-forest species more typical
of more open grassland habitats, although they
were similar in herb species richness to high
forests (Sebesta et al, 2017). The re-application
of traditional forest management practices may
be able to reverse successional tendencies in
long-abandoned or converted former coppices.
In lowland thermophilous oak forest, restoration
of a litter-raking treatment effectively increased
the richness and cover of both forest and dry
grassland species over a 5-year period (Douda
etal. 2017). The restoration of canopy thinning,
analogous to coppicing, in a long abandoned
ancient coppice-with standards woodlands, has
been shown to potentially support and revive
light-demanding woodland floras (Vild et al.
2013) and also to increase the functional diver-
sity responses of plant and ground-dwelling
spider communities (éipoé et al. 2017).

Several researchers have shown that vascular
plants in the herb layer of beech forests were
marginally more diverse in managed stands or
after disturbance at the plot level, compared
with unmanaged stands, later to decline with
neglect (e.g. Schmidt 2005; Bartha et al. 2008;
Garadnai et al. 2010; Molder et al. 2014). At the
patch level, Campetella et al. (2016) showed

Coppice Forests in Europe



that a rich species pool of specialist plants associ-
ated with beech forest in the Central Apennines
could be maintained under active manage-
ment, i.e within a landscape mosaic comprising
different woodland development stages. In the
same region, Scolastri et al. (2016) found that
beech forests, whether classified as old coppice-
with-standards or as high forest, contained
many heliophilous plants indicative of past
light regimes, as well as many shade-tolerant,
understorey species typical of 9210* Apennine
beech forests with Taxus and Ilex recognised in
the European Commission’s Habitat Directive
Interpretation Manual (European Commission,
2013). Cervillini et al. (2017) considered that
with canopy cover stabilising between 10 and
16 years, approximately 10 years before coppice
harvesting, many such specialists of shaded
beech forests were able to persist.

Conversion to high forest

Coppices gradually change their biological
character when they are abandoned or are
converted into high forests. Several long-term
studies have investigated the vegetational and
edaphic changes resulting from this transition
in European forests (Debussche et al. 2001;
Peterson 2002; Decocq et al. 2004, 2005; Van
Calster et al. 2007, 2008b; Baeten et al. 2009;
Verheyen et al. 2012; Kopecky et al. 2013;
Verstraeten et al. 2013; Becker et al. 2016). Most
of these recorded a decline in species-richness
of the tree, shrub and herb layers, with homog-
enisation increasing under the shade cast by a
developing canopy, together with increases in
shade-tolerant, vernal and eutrophic species.

Changes in the vegetation, such as increasing
tree cover, may be happening in parallel with
coppice abandonment, frequently detected
in signals of eutrophication and acidification
resulting from increased atmospheric deposi-
tion (Verheyen et al. 2012), as well as potential

climate change. Peterson (2002), investigating
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a chronosequence of sample plots in ageing
coppice in Denmark (median age = 40 years),
suggested that increasing shade,
with the build-up of acidifying litter, tended
to reduce species density and to favour clonal

together

forest species. In Belgium, Van Calster et al.
(2007) also reported increases in soil acidity
in coppice-with-standards undergoing conver-
sion to high forest from 1967-2005, at least
partly explained by the poor litter quality under
canopies of Fagus sylvatica and Quercus robur.
In recordings made over an interval of 50 years,
Verstraeten et al. (2013) found that the species
pool of understorey herbs in former coppice-
with standards generally declined, as did
Ellenberg light indicator values, while those for
nitrogen availability increased. The high input
of atmospheric deposition within this period
shifted the plant community towards a more
N-demanding and shade-tolerant type.

In Germany, similar observations were made by
Becker et al. (2016) in coppice-with-standards
woodlands which had been in conversion for
c. 100 years. They recorded decreases in species
richness, accompanied by increases in nitrophilic
and shade-tolerant species over a recording
interval of 41 years, although the legacy of
coppicing was still evident in the composition
of the tree, shrub and herb layers, suggesting
that the influence of former management
could persist for more than a century. In beech-
dominated forest that had formerly been under
a coppice-with-standards regime, Heinrichs
and Wolfgang (2017) detected relatively more
homogenisation over time in those understorey
communities situated on dry, nutrient-poor and
sun-exposed slopes, which tended to lose light-
demanding, drought tolerant and oligotrophic
species, compared with a more mesic forest
community, which tended to gain in generalist
species. A more recent resurvey interval, with
a baseline set in the 1990s, detected similar
increases in nitrophilous and mesotrophic
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light-demanding species in formerly coppiced
thermophilous oak forests in SW Poland
(Reczyhska and Swierkosz 2016). However, in
this case an increase in plant biodiversity and an
inferred decrease in soil pH occurred over the
20-year interval, coinciding with major reduc-
tions in sulphur emission levels between 1960
and 2000. Other drivers of change were declining
soil moisture and increased ungulate grazing.

Provision for other forest habitats

Notwithstanding the apparent lack of dead-
wood for saproxylic niches in coppices, it has
been pointed out that some are capable of
maintaining microhabitats such as dendro-
thelms and mould cavities in old coppice
stools, pollards or standard trees (Lassauce
et al 2012; Vandekerkove et al. 2016, Larrieu
et al. 2016). Microhabitats in ageing stands
of trees are key components of biodiversity —
for example tree cavities will benefit several
mammals, birds, arthropods, but also fungi,
bryophytes and lichens, including several
obligate saproxylic beetles listed in Annex II of
the Habitats Directive such as Limoniscus viol-
aceus, Osmoderma eremitica, Cerambyx longicorn
and Lucanus cervus. As stands age and amounts
of deadwood increase, old coppices may even
have the potential to allow saproxylic species to
re-colonise. In the medium term at least, they
may favour species with a preference for sun-
exposed wood (Vandekerkhove et al. 2016).

The reductions in herb-layer diversity commonly
observed in unmanaged forests do not apply to
many other species groups. A meta-analysis of
European forest literature found a marginally
wider species diversity in unmanaged forests
compared with managed ones, the differences
increasing with time since abandonment (Paillet
etal. 2010). Management tended to favour light-
demanding understorey vascular plants, ruderals
and competitive species, whereas bryophytes,
lichens, fungi, saproxylic beetles and carabids,
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more dependent on closed-canopy, benefited
from abandonment. However, the way in which
high forests are managed may considerably
effect the biodiversity of species requiring longer
rotations. A systematic Biodiversity Exploratory
Project on beech high forests in Germany actually
found a greater species diversity in managed
forests compared with unmanaged ones, but
the former contained higher average amounts
of deadwood, possibly accounting for a higher
diversity of specialist deadwood beetles, mosses
and lichens (Miiller et al. 2015).

Conversely, in three European biogeographical
regions Zehetmair et al. (2015a,b) found no
differences between commercially exploited
Natura 2000 sites and matching non-Natura
2000 stands of 9130 Asperulo-Fagetum forest in
terms of their densities of forest-dwelling bats or
beetle diversity (including saproxylic species).
This suggested Natura 2000 status alone would
not make the stands more ecologically effec-
tive, especially for encouraging late succession
species, and that additional conservation efforts
were needed in these designated stands. This
would require more deadwood, both standing
and fallen, retention of ‘habitat trees’ with
microhabitats such as cavities and bark pockets,
and mature, living trees as potential recruits.
Current forest certification schemes and local
forest administration rules increasingly advocate
such conservation measures, but non-selective
and intensive harvesting practices in many forest
types still tends to remove senescent trees and
reduce deadwood (Larrieu et al. 2016). This is
particularly the case in actively managed coppice
woodland with few, if any, mature trees, except
in ageing stands that are no longer exploited.

In another forest type, old thermophilic oak
forests, canopy openness favoured saproxylic
species (fungi, lichens, beetles, ants, bees and
wasps), inferring that coppice and wood pasture
could maintain their populations in more open
conditions (Horak et al. 2014). Similarly,
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in lowland oak forest in southern Moravia,
canopy openness favoured an optimum diver-
sity of spiders (Kosuli¢ et al. 2016), although
these authors suggested that small-scale
disturbances created by conservation thinning
and selective harvesting, rather than exten-
sive coppicing, could adequately maintain
the various successional stages required.
In old-growth, predominantly beech forest in the
Czech Republic Horék et al. (2016) also found
that saproxylic beetle richness was positively
influenced by canopy openness, as well as by
the the quantity of deadwood, whereas saprox-
ylic fungi species responded more to canopy
closure, deadwood quantity and higher levels of
humidity. The higher temperatures under more
open canopies might also partially compensate
for a lack of deadwood (Schulze et al. 2016).
Deadwood and old-growth conditions equally
benefit the diversity of bird and bat communi-
ties. Cavity-nesting birds, as well as gleaner
bats, were positively associated with standing
deadwood in a study comparing managed
and unmanaged stands of both lowland and
upland forests in France (Bouvet et al. 2016).
More nesting and feeding opportunities were
available when microhabitats such as cavities
and cracks were abundant, but insectivore
birds, which require more open forests with
well-developed shrub layers, were negatively

affected by high densities of living trees.

Clearly, a range of forest age-classes or patches
at a landscape scale would help to optimise their
species diversity. While British literature tends to
emphasise the benefits of young growth associ-
ated with coppice for birds, both European and
North American studies emphasise the merits of
later stand development for this same taxonomic
group, perhaps reflecting the fact that Britain
has relatively fewer old-growth stands (Quine
et al. 2007). Thus, some balance between the
extent of open and closed forests should deliver
the maximum biodiversity for all taxa.

Coppice Forests in Europe

Strategies to increase biodiversity

What other forms of silviculture might mirror
the biodiversity associated with coppice
management? Clear-cutting routines, which
create abundant open space after harvesting,
have aspects in common with a coppice cycle,
although in coppice the canopies generally
recover faster through vegetative regeneration
and are also harvested earlier. Contrasting
with traditional coppice-with-standards, the
more frequent harvests in forests undergoing
selective cutting may actually disadvantage
the ancient woodland flora by causing greater
disturbance (Decocq et al. 2005). In another
context, the type of timber-harvesting practice,
whether clear-cutting, thinning or selective,
had relatively little effect on understorey plant
diversity in temperate North American forests
(Duguid and Ashton 2013). However, in this
case selective cutting did increase plant species
diversity compared with unharvested controls,
possibly because the frequency of interventions
increased the opportunity for early successional
ruderals to co-exist with late successional peren-
nials, analogous to the situation in harvested
traditional coppices in Europe.

High forests, if neglected or managed along
continuous cover, selection, or close-to-nature
forestry lines, are far less likely to sustain large
populations of light-demanding, thermophilic
species, unless disturbance is sufficiently
frequent and on a scale large enough to trigger
patches of young growth across the landscape.
In a comparison of intensively managed shel-
terwoods in Germany with the more extensive
felling practices in Romania, where a period
of self-thinning was followed by clear-cutting,
Schulze et al. (2014) suggested that shelter-
woods were probably less effective in promoting
a wider biodiversity. At a practical level, some
forest owners might prefer the simplicity of a
clear-cutting routine to more intricate, close-

to-nature management designed to optimise
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stand structure, species composition, amounts
of deadwood and habitat trees for conservation
(Borrass, 2014).

The few studies directly comparing managed
and unmanaged forests have tended to agree
that veteran trees and deadwood should be
retained in order to support a full biodiversity
of species, because the disintegration phase
in forest development generally provides the
highest biodiversity (Winter and Brambach
2011). If a few trees are allowed grow to large
diameters, e.g. for more than 150 years, they will
increasingly provide the cavities, dendrothelm:s,
bark cracks and fungal sporophores that
are missing in younger stands. For beech-fir
forests Larrieu et al. (2012) recommended
conserving 10-20% of the forest area as veteran
trees, retaining at least some individuals of
>70cm diameter; similarly, for beech forests,
Gossner et al. (2013) suggested retaining
‘habitat’ trees of >50cm diameter.

Since coppice rotations are far too short to
allow trees to enter the disintegration phase,
longer rotations incorporating significant
amounts of young growth could be achieved in
irregular and strip shelterwoods, wood pastures
and standards within the coppice. Standards
could potentially provide some microhabitats
and deadwood, but are traditionally felled at
relatively young biological ages, typically at
100 years or less (Matthews 1989; Harmer and
Howe 2003), and would need to be retained for
longer if their full biodiversity potential were to
be realised. Larrieu et al. (2012; 2016) consid-
ered thatintervals of 50 years without harvesting
in coppice-with-standards was insufficient
to reach tree-bearing microhabitat densities
approaching those of old-growth forests; double
this period was more likely to achieve it. Large
diameters of deadwood, favoured by many
saproxylic beetles, can coexist within relatively
open and sunny conditions in coppices and

wood-pastures (Seibold et al. 2015; Sebek et al.
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2015). Rather longer standard tree rotations of
125 years have been recommended by others
for conservation reasons, covering 20-25% of
the area (Hopkins and Kirby 2007). A greater
proportion of older trees within coppice is
provided by the ‘single tree orientated silvi-
culture’ method advocated by Manetti et al.
(2016), in which low densities of target trees
within the coppice are selected (e.g. 100 ha')
and thereafter favoured by frequent thinning of
their immediate neighbours, until they become
valuable timber trees. This system produces a
varied horizontal and vertical canopy structure
comprising isolated trees, thinned stools and
unmanaged coppice, although the crop trees
are destined to be harvested when biologically
still young, at merchantable size. Another
silvicultural technique is to manage groups
of standards as mini-high forests, embedded
within the coppice stand (Mairota et al. 2016).

Standing and lying deadwood accumulation is
strongly linked to biodiversity; the larger pieces
providing a stable and enduring environment
for the larvae of large-bodied beetles (Gossner
et al. 2013). In European forests, a deadwood
threshold of the order of >20-50m®ha has been
suggested as necessary to support a high diver-
sity of saproxylic organisms (Miiller and Biitler
2010; Lachat et al. 2013). However, a signifi-
cant patch-scale threshold of >300 m?® ha' was
found in old-growth, mixed-montane forests in
the Czech Republic, more than twice the level
recommended by Miiller and Butler (2010)
for this type of forest (Horak et al. 2014).
In south-eastern Germany, both the quantity and
the diversity of deadwood (in contrasting sunny
and shady situations) were found to be impor-
tant drivers of saproxylic beetle assemblages in
a mixed montane broadleaved/coniferous forest
(Seibold et al. 2016). An extensive review of
biodiversity within European beech forests by
Brunet et al. (2010) concluded that the general
sensitivity of species groups to shelterwood
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management roughly followed the order:

herbaceous plants

< soil macrofungi

< ground dwelling arthropods

< land snails

< saproxylic fungi

< hole nesting birds and saproxylic insects

< epiphytic lichens and bryophytes

< epixylic bryophytes,
a further argument for retaining a proportion
of veteran trees in order to fully represent the
saproxylic and epiphytic species. Shortening
rotation lengths, as in the increased exploita-
tion of wood energy in aged coppices, could
negatively impact saproxylic biodiversity if
‘habitat trees’ are not retained (Lassauce et al.
2013).

To optimise conservation objectives, it is
frequently suggested that older trees and
old-growth features should be deliberately
interspersed amongst conventional forest
cycles - an ideal situation would be a mosaic of
different forest structures and ages at a land-
scape or regional scale. Several authors cited
conservation measures using variable retention
harvests, in which patches of unharvested ‘tree
islands’, or ‘Tlots de sénescence’, are connected
by a network of ‘deadwood corridors’, set
within a productive, multi-aged forest matrix
(Vandekerkove et al. 2013; Mason and Zapponi
2015; Larrieu et al. 2106). High density patches
of mature trees would theoretially provide a
more humid microclimate for fungi, bryophytes
and lichens than would the spatially separated
trees in a conventional coppice-with-standards
arrangement. The best places for retaining
veteran trees are likely to be within forest
patches possessing a long history of continuity
(Brin et al. 2016). Deadwood could also be
retained in situ as part of regular harvesting,
where the particular tree species may also be
important. Gossner et al. (2016) suggested that

leaving some larger-sized logs of subordinate
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trees such as Carpinus betulus behind on the
forest floor could help to conserve saproxylic
beetle diversity more effectively than would
leaving larger amounts of dominant species,
such as beech.

A study by Winter and Brambach (2011) showed
that uniformly managed forests were less
diverse in the number of different forest growth
stages that they represented than their equiva-
lent in matched forest reserves. A landscape
mosaic consisting of different forest types and
ages might be expected to provide habitats for
far more species than one type more uniformly
managed (Schulte et al. 2006). Interacting
patchworks, networks, and gradients within
the landscape will ultimately determine forest
conservation and biodiversity (Forman 1995;
Lindenmayer and Franklin 2002). If, on the
other hand, a whole landscape were given over
to the small-scale dynamics of close-to-nature
silviculture, this would tend to reduce overall
beta-diversity and homogeneity in forest struc-
ture (Decocq et al. 2005). Building in increased
structural diversity, using a variety of systems
- clear-felling, shelterwood cutting, group selec-
tion, single tree selection, etc. - would offer
greater complexity from a silvicultural point of
view (Schall and Ammer 2013).
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The Natura 2000 network uses criteria of
species rarity and endemicity to represent
Europe’s threatened biodiversity. This is also
true at international, national and regional
levels, where priority species and some habitats
are given special conservation and protection
status. With the emphasis on the protection of
rare and threatened species, this appears to be
more of a bottom-up exercise than one based
on the habitat type (Maiorano et al. 2015). The
former is a fine filter, whereas the latter, though
a coarse filter, could nevertheless be regarded
as a surrogate for the presence of notable and
rare species. However, the Natura 2000 system
can be said to provide a positive ‘umbrella’ for
many groups of non-Annex species, with some
exceptions such as amphibians and reptiles
(European Commission 2016; van der Slius
et al. 2016).

An intimate knowledge of habitat requirements
is needed to manage and maintain healthy
populations and to balance the claims of several
competing species. However, the Natura 2000
exercise will always be incomplete: many taxo-
nomic groups have yet to be assessed or updated,
as can be seen from the continuous revision
of the European Red Lists and priority species
lists used by different countries. In particular,
invertebrates (such as arachnids and molluscs),
soil fauna, bats and small mammals have poor
representation. Taking one example, only
17 saproxylic beetles are listed on HDII whereas
407 appear on the EU27 Red List, 57 (14%) of
which are in the threatened categories. Many
are still ‘data deficient’, with more waiting to
be assessed, some of which will likely be found
to be threatened (Nieto and Alexander 2010)
(Table 2).

Although the HDII list is in serious need of
revision and regular updating (Hochkirch et al.
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2013), this is likely to remain a long-term
project. A recent EU Working Document on the
two Natura 2000 Directives found that they were
indeed ‘fit for purpose’ in achieving the broader
framework of EU Biodiversity policy. While it
could be argued that more improvements in
species coverage and alignment with interna-
tional agreements would be desirable, these
could generate uncertainty, leading to delays in
the full implementation of the Directives while
increasing costs and decreasing legal certainty
(Milieu et al. 2016).

Comparatively few Natura 2000 species are
‘coppice’ specialists, but these and more gener-
alist species have an important role to play.
Gotmark (2013) suggested that, depending
on forest size and objectives, four types of
conservation management strategies should be
combined:

1) minimal intervention, which could eventually
apply to coppices that are no longer managed;

2) traditional management, based on historical
research, such as coppicing and pollarding;

3) non-traditional management, for example
to promote old-growth characteristics, though
this is not applicable to most coppices, or a
particular composition of tree species; and

4) management specifically to promote threat-
ened, indicator and other species.

A silvicultural portfolio embracing the extremes
of all successional stages, from coppicing
of young trees through to old growth, best
promises to enhance diversity at a landscape
level. Forestry certification schemes currently
set standards for tree retention and deadwood,
but some also acknowledge the contribution to
biodiversity of traditional forest management,
such as coppicing and pollarding. A review of
the impacts of forestry practices in Britain and
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Ireland found that most improvements to forest
biodiversity resulted from the temporary open
space after harvesting, or through permanent
open space, often associated with the road and
ride network (Bellamy and Charman 2012).
Given the potentially huge array of species
comprising forest biodiversity, young growth
alone cannot provide niches for all of them,

iconic species as well as cosmopolitan ones.
Other species, including many of those listed in
the Annexes of Natura 2000, depend on high
forest structures and old growth by combining
different forest development stages. Overall
biodiversity will only increase if both the
protected and ‘typical’ species of forest habitats
are given equal scrutiny.

whereas, in coppicing it can be used to promote

REFERENCES

Ash JE, Barkham JP (1976) Changes and variability in the field layer of a coppiced woodland in Norfolk, England.
J Ecol 64: 697-712. http://www.jstor.org/stable/2258779

Baeten, L., Brauwens, B., De Schrijver, A., de Keersmaeker, L., Van Calster, H., Vandekerkhove, K., Roelandt,
B., Beeckman, H. & Verheyen, K. 2009. Herb layer changes (1954-2000) related to the conversion of
coppice-with-standards forest and soil acidification. Appl Veg Sci 12: 187-197. doi: 10.1111/j.1654-
109X.2009.01013.x

Bartha S, Merolli A, Campetella G, Canullo R (2008) Changes of vascular plant diversity along a
chronosequence of beech coppice stands, central Apennines, Italy. Plant Biosyst 142:572-583. doi:
10.1080/11263500802410926

Battisti C, Fanelli G (2014) Don't think local! Scale in conservation, parochialism, dogmatic bureaucracy and the
implementing of the European Directives. J Nat Conserv 24:24-30. doi: 10.1016/j.jnc.2015.01.005

Becker T, Spanka J, Schroder L, Leuschner C (2017) Forty years of vegetation change in former coppice-with-
standards woodlands as a result of management change and N deposition. Appl Veg Sci 20: 304-313, doi:
10.1111/avsc.12282

Bellamy B Charman E (2012) Review of biodiversity impacts of practices typically undertaken in certified forests
in Britain and Ireland. RSPB Research Report No. 46. RSPB, Sandy, UK

Bilz M, Kell SB Maxted N, Lansdown, RV (2011) European Red List of Vascular Plants. Publications Office of the
European Union, Luxembourg.

BirdLife International (2015) European Red List of Birds. Office for Official Publications of the European
Communities, Luxembourg. doi: 10.2779/975810

BirdLife International (n.d.) BirdLife Data Zone. http://www.birdlife.org/datazone/home. Accessed 31
January 2016

Borrass L (2014) Varying practices of implementing the Habitats Directive in German and British forests. For Policy
Econ 38:151-160. doi: 10.1016/j.forpol.2013.05.008

Bouvet A, Paillet Y, Archaux E Tillon L, Denis B Gilg O, Gosselin F (2016) Effects of forest structure, management
and landscape on bird and bat communities. Environ Conserv 1:1-13. doi: 10.1017/S0376892915000363

Brin A, Valladares L, Ladet S, Bouget C (2016) Effects of forest continuity on flying saproxylic beetle assemblages
in small woodlots embedded in agricultural landscapes. Biodivers Conserv 25:587-602 doi: 10.1007/
s10531-016-1076-z

Brunet J, Fritz O, Richnau, G (2010) Biodiversity in European beech forest—a review with recommendations for
sustainable forest management. Ecol Bulls 53:77-94

Buckley B Mills J (2015) Coppice silviculture: from the Mesolithic to the 21st century. In: Kirby K J, Watkins
C (eds) Europe’s changing woods and forest: from wildwood to managed landscapes. CABI International,
Wallingford, UK, pp 77-92

Coppice Forests in Europe Conservation

127



128

Biirgi M, Steck C, Bertiller, R (2010) Evaluating a Forest Conservation Plan with Historical Vegetation Data. A
Transdisciplinary Case Study from the Swiss Lowlands. Gaia 19:204-212

Campetella G, Canullo R, Gimona A, Garadnai J, Chiarucci A, Giorgini D, Angelini E, Cervellini M, Chelli S,
Bartha S (2016) Scale dependent effects of coppicing on 1 the species pool 2 of late-successional beech forest.
Appl Veg Sci 19:474-485. doi: 10.1111/avsc.12235

Cardoso, P (2012) Habitats Directive species lists: urgent need of revision. Insect Conserv Divers 5: 169-174. doi:
10.1111/j.1752-4598.2011.00140.x

Cervellini M, Fiorini S, Cavicchi A, Campetella G, Simonetti E, Chelli S, Canullo R, Gimona A (2016) Relationships
between understory specialist species and local management practices in coppiced forests — Evidence from the
Italian Apennines. Forest Ecol Manag 385: 35-45

Clarke SA, Green DG, Bourn NA, Hoare DJ (2011) Woodland Management for butterflies and moths: a best
practice guide. Butterfly Conservation, Wareham, UK

Cox NA, Temple HJ (2009) European Red List of Reptiles. Office for Official Publications of the European
Communities, Luxembourg

Cuttelod A, Seddon M, Neubert E (2011) European Red List of Non-marine Molluscs. Publications Office of the
European Union, Luxembourg. doi:10.2779/84538

Decocq G, Aubert M, Dupont E Alard D, Saguez R, Wattez-Franger A, de Foucault B, Delelis-Dusollier A, Bardat
J. (2004) Plant diversity in a managed temperate deciduous forest: understorey response to two silvicultural
systems. J Appl Ecol 41: 1065-1079. doi: 10.1111/j.0021-8901.2004.00960.x

Decocq G, Aubert M, Dupont E Bardat J, Wattez-Franger A, Saguez R, De Foucault B, Alard D, Delelis-Dusollier
A (2005) Silviculture-driven vegetation change in a European temperate deciduous forest. Ann For Sci 62:
313-323. http://dx.doi.org/10.1051/forest:2005026

De Knijf G (2006) De Rode Lijst van de libellen in Vlaanderen. In: De Knijf G, Anselin A, Goffart B Tailly M
(eds) De libellen (Odonata) van Belgi: verspreiding - evolutie - habitats. Libellenwerkgroep Gomphus ism
Instituut voor Natuur- en Bosonderzoek, Brussels, Belgium, pp 241-257

Devos K, Anselin A, Vermeersch G (2004) Een nieuwe Rode Lijst van de broedvogels in Vlaanderen (versie
2004). In: Vermeersch G, Anselin A, Devos K, Herremans M, Stevens J, Gabrils J,Van Der Krieken B (eds)
Atlas van de Vlaamse broedvogels 2000-2002. Instituut voor Natuurbehoud, Brussels, Belgium, pp 60-75

Dolek M, K6rosi A, Freese-Hager A (2018) Successful maintenance of Lepidoptera by government-funded manage-
ment of coppiced forests. J Nat Conserv 43: 75-84

Douda J, Boubilik K, Doudova J, Kynci M (2017) Traditional forest management practices stop forest succession
and bring back rare plant species. J Appl Ecol 54: 761-771 doi: 10.1111/1365-2664.12801

Duguid MC, Ashton MS (2013) A meta-analysis of the effect of forest management for timber on understory plant
species diversity in temperate forests. For Ecol Manag 303:81-90. doi: 10.1016/j.foreco.2013.04.009

Environment Directorate General of the European Commission (n.d) http://ec.europa.eu/environment/
index_en.htm Accessed 22 January 2017

Epstein Y, Lépez-Bao JV,Chapron G (2015) A Legal-Ecological Understanding of Favorable Conservation Status
for Species in Europe. Conserv Lett 9:81-88. doi: 10.1111/conl.12200

European Commission (1992) Council Directive 92 / 43 / EEC of 21. May 1992 on the conservation of natural
habitats and of wild fauna and flora. Official Journal of the European Communities 35: 7-50. (Consolidated
version 01.01.2007)

European Commission (1979) Council Directive 79/409/EEC of 2 April 1979 on the conservation of wild birds.
Official Journal of the European Communities (codified version 26.1.2010)

European Commission (2013) Interpretation Manual of European Union Habitats EU 28. European Commission
(D-G Environment), Brussels, Belgium.

European Commission (2015) Natura 2000 and Forests Part I-1l. EU Technical Report 2015-088. Office for Official
Publications of the European Communities, Luxembourg.

Conservation Coppice Forests in Europe



European Commission (2016) Commission Staff Working Document Fitness Check of the EU Nature Legislation
(Birds and Habitats Directives) Directive 2009/147/EC of the European Parliament and of the Council of
30 November 2009 on the conservation of wild birds and Council Directive 92/43/EEC of 21 May 1992
on the conservation of natural habitats and of wild fauna and flora. http://ec.europa.eu/environment/
nature/legislation/fitness_check/docs/nature_fitness_check.pdf, Accessed 9 January 2017

European Environment Agency (n.d.) EUNIS habitat type hierarchical view. http://eunis.eea.europa.eu/
habitats-code-browser.jsp. Accessed 31 January 2016

European Environment Agency (n.d.) Species search. http://eunis.eea.europa.eu/species.jsp.Accessed 31
January 2016

Fartmann T, Miiller C, Poniatowski D (2013) Effects of coppicing on butterfly communities of woodlands. Biol
Conserv 159:396-404. doi: 10.1016/j.biocon.2012.11.024

Forest Research (2011) Habitats and rare, priority, protected species (HaRPPS v. 2.0.3). http://www.harpps.org.
uk/harppsapp/harpps2/web/welcome. Accessed 31 January 2016Forman RTT (1995) Land Mosaics:
The Ecology of Landscape and Regions. Cambridge University Press, Cambridge.

Garadnai J, Gimona A, Angelini E, Cervellini M, Campetella G,Canullo R (2010) Scales and diversity responses
to management in beech coppices of central Apennines (Marches, Italy): from floristic relevés to functional
groups. Braun-Blanquetia 46:271-278.

Gossner MM, Lachat T, Brunet J, Isacsson G, Bouget C, Brustel H, Brandl R, Weisser WW, Mueller J (2013)
Current near-to-nature forest management effects on functional trait composition of saproxylic beetles in
beech forests. Conserv Biol 27:605-614. doi: 10.1111/cobi.12023

Gossner MM, Wende B, Levick S, Schall E Floren A, Linsenmair KEE, Steffan-Dewenter I, Schulze E-D, Weisser
WW (2016) Deadwood enrichment in European forests — Which tree species should be used to promote
saproxylic beetle diversity? Biol Conserv 201:92-102. doi: 10.1016/j.biocon.2016.06.032

Gotmark F (2013) Habitat management alternatives for conservation forests in the temperate zone: Review,
synthesis, and implications. For Ecol Manag 306:292-307. doi: 10.1016/j.foreco.2013.06.014

Greatorex-Davies JN, Marrs RH (1992) The quality of coppice woods as habitats for invertebrates. In: Buckley;
GP (ed) Ecology and management of coppice woodlands. Chapman and Hall, London, pp 271-296

Harmer R, Howe J (2003) The silviculture and management of coppice woodlands. Forestry Commission,
Edinburgh, UK

Heinrichs S, Schmidt W (2017) Biotic homogenization of herb layer composition between two contrasting beech
forest communities on limestone over 50 years. Appl Veg Sci 20: 271-281. doi: 10.1111/avsc.12255

Hermy M, Honnay O, Firbank L, Grashof-Bokdam C, Lawesson JE (1999) An ecological comparison between
ancient and other forest plant species of Europe, and the implications for forest conservation. Biol Conserv
91:9-22. doi: 10.1016/S0006-3207(99)00045-2

Hochkirch A, Schmitt T, Beninde J, Hiery M, Kinitz T, Kirschey J, Matenaar D, Rohde, Stoefen A, Wagner N,
Zink A, Lotters S, Veith M, Proelss A (2013) Europe needs a new vision for a Natura 2020 network. Conserv
Lett 6:462-467. doi: 10.1111/conl.12006

Hopkins JJ, Kirby KJ (2007) Ecological change in British broadleaved woodland since 1947. Ibis 149:29-40. doi:
10.1111/j.1474-919X.2007.00703.x

Horak J, Vodka S, Kout J, Halda JB Bogusch B Pech P (2014) Biodiversity of most dead wood-dependent organ-
isms in thermophilic temperate oak woodlands thrives on diversity of open landscape structures. For Ecol
Manag 315: 80-85. doi:10.1016/j.foreco.2013.12.018

Hordk J, Kout J, Vodka S, Donato DC (2016) Dead wood dependent organisms in one of the oldest protected
forests of Europe: Investigating the contrasting effects of within-stand variation in a highly diversified environ-
ment. For Ecol Manag 363:229-236. doi: 10.1016/j.foreco.2015.12.041

IUCN (2015) The IUCN Red List of Threatened Species. http://www.iucnredlist.org. Accessed 31 January 2016
Joint Nature Conservation Committee (n.d.) http://jncc.defra.gov.uk. Accessed 22 January 2017

Coppice Forests in Europe Conservation

129



130

Jooris R, Engelen B Speybroeck J, Lewylle I, Louette G, Bauwens D, Maes D (2012) De IUCN Rode Lijst
van de amfibieén en reptielen in Vlaanderen, Rapporten van het Instituut voor Natuur- en Bosonderzoek
INBO.R.2012.22. Instituut voor Natuur- en Bosonderzoek, Brussels, Belgium.

Kajtoch &, Zmihorski M, Bonczar Z (2012) Hazel Grouse occurrence in fragmented forests: habitat quantity and
configuration is more important than quality. European Journal of Forest Research 131:1783-1795. DOI:
10.1007/s10342-012-0632-7

Kalkman VJ, Boudot J-B Bernard R, Conze K-J, De Knijf G, Dyatlova E, Ferreira S, Jovi¢ M, Ott J, Riservato E,
Sahlén G (2010). European Red List of Dragonflies. Publications Office of the European Union, Luxembourg.
doi:10.2779/84650

Kimberley A, Blackburn GA, Whyatt JD, Kirby K, Smart SM (2013) Identifying the trait syndromes of conserva-
tion indicator species: how distinct are British ancient woodland indicator plants from other woodland species?
Appl Veg Sci 16:667-675. doi: 10.1111/avsc.12047

Kobayashi T, Kitahara M, Ohkubo T, Aizawa M (2010) Relationships between the age of northern Kantou plain
(central Japan) coppice woods used for production of Japanese forest mushroom logs and butterfly assemblage
structure. Biodivers Conserv 19:2147-2166. doi:10.1007/s10531-010-9870-5

Kopecky M, Hedl R, Szabo P (2013) Non-random extinctions dominate plant community changes in abandoned
coppices. J Appl Ecol 50:79-87. doi: 10.1111/1365-2664.12010.

Kosuli¢ O, Michalko R, Hula V (2016) Impact of Canopy Openness on Spider Communities: Implications for
Conservation Management of Formerly Coppiced Oak Forests. PLoS ONE 11(2): e0148585. doi:10.1371/
journal.pone.0148585

Lachat T, Bouget C, Biitler R, Miiller J (2013) In Kraus D, Krumm F (eds). Section 2.2: Integrative approaches as
an opportunity for the conservation of forest biodiversity. Eur For Inst, Freiburg, Germany.

Larrieu L, Cabanettes A, Delarue A (2012). Impact of silviculture on dead wood and on the distribution and
frequency of tree microhabitats in montane beech-fir forests of the Pyrenees. Eur J For Res 131:773-786.
doi:10.1007/510342-011-0551-z

Larrieu L, Cabanettes A, Gouix N, Burnel L, Bouget C, Deconchat M (2016) Development over time of the tree-
related microhabitat profile: the case of lowland beech-oak coppice-with-standards set-aside stands in France.
Eur J For Res136:37-49. doi: 10.1007/s10342-016-1006-3

Lassauce A, Anselle P Lieutier E Bouget C (2012) Coppice-with-standards with an overmature coppice component
enhance saproxylic beetle biodiversity: A case study in French deciduous forests. For Ecol Manag 266:273-285.
doi:org/10.1016/j.foreco.2011.11.016

Lassauce A, Larrieu L, Paillet Y, Lieutier E Bouget C (2013) The effects of forest age on saproxylic beetle biodi-
versity: implications of shortened and extended rotation lengths in a French oak high forest. Insect Conserv
Divers 6:396-410. doi: 10.1111/j.1752-4598.2012.00214.x

Lindenmayer DB, Franklin, JF (2002) Conserving Forest Biodiversity. Island Press, Washington, DC

Maiorano L, Amori G, Montemaggiori A, Rondinini C, Santini L. Saura S, Boitani L. (2015) On how much
biodiversity is covered in Europe by national protected areas and by the Natura 2000 network: insights from
terrestrial vertebrates. Conserv Biol 29:986-995. doi: 10.1111/cobi.12535

Maes D, Vanreusel W, Jacobs I, Berwaerts K, Van Dyck H (2011) Een nieuwe Rode Lijst dagvlinders. De IUCN-
criteria toegepast in Vlaanderen. Natuur.focus 10: 62-71

Maes D, Baert K, Boers K, Casaer J, Criel D, Crevecoeur L, Dekeukeleire D, Gouwy J, Gyselings R, Haelters J,
Herman D, Herremans M, Huysentruyt E Lefebvre J, Lefevre A, Onkelinx T, Stuyck J, Thomaes A, Van
Den Berge K, Vandendriessche B, Verbeylen G, Vercayie D (2014). Instituut voor Natuur- en Bosonderzoek,
Brussel. De IUCN Rode Lijst van de zoogdieren in Vlaanderen. Rapporten van het Instituut voor Natuur- en
Bosonderzoek (INBO.R.2014.1828211). Instituut voor Natuur- en Bosonderzoek, Brussels, Belgium.

Mairota B Buckley B Suchomel C, Heinsoo K, Verheyen K, Hédl R, Terzuolo PG, Sindaco R, Carpanelli A
(2016) Integrating conservation objectives into forest management: coppice management and forest habitats
in Natura 2000 sites. iForest 9: 560-568. doi: 10.3832/ifor1867-009

Conservation Coppice Forests in Europe



Mairota B Manetti MC, Amorini E, Pelleri E Terradura M, Frattegiani M, Savini B Grohmann E Mori B Terzuolo
PG, Piussi P (2016). Opportunities for coppice management at the landscape level: the Italian experience.
iForest 9: 775-782. — doi: 10.3832/ifor1865-009

Manetti MC, Becagli C, Sansone D, Pelleri F (2016). Tree-oriented silviculture: a new approach for coppice stands.
iForest 9: 791-800. doi: 10.3832/ifor1827-009

Mason E Zapponi L (2015). The forest biodiversity artery: towards forest management for saproxylic conserva-
tion. iForest 9:205-216. doi: 10.3832/ifor1657-008

Matthews, JD (1989) Silvicultural systems. Clarenden Press, Oxford, UK

Milieu Ltd, Institute for European Environmental Policy, ICF International, Ecosystems Ltd. (2016) Evaluation
Study to support the Fitness Check of the Birds and Habitats Directives. Draft emerging findings for Fitness
Check Conference 20 November 2015. Milieu Ltd, Brussels, Belgium. http://ec.europa.eu/environ-
ment/nature/legislation/fitness_check/docs/consultation/Fitness%20Check%20final%20draft%20
emerging%20findings%20report.pdf. Accessed 14 September 2016

Molder A, Streit M, Schmidt W (2014) When beech strikes back: How strict nature conservation reduces herb-
layer diversity and productivity in Central European deciduous forests. For Ecol Manag 319:51-61. doi:
10.1016/j.foreco.2014.01.049

Miiller J, Biitler R (2010) A review of habitat thresholds for dead wood: a baseline for management recommenda-
tions in European forests. Eur J For Res 129:981-992. doi: 10.1007/510342-010-0400-5

Miiller J, Boch S, Blaser S, Fischer M, Prati D (2015) Effects of forest management on bryophyte communities on
dead wood. Nova Hedwigia 100:423-438. doi: 10.1127/nova_hedwigia/2015/0242

Miillerova J, Hédl R, Szabd P (2015) Coppice abandonment and its implications for species diversity in forest
vegetation. For Ecol Manag 343:88-100. doi: 10.1016/j.foreco.2015.02.003

Nature Conservation (Scotland) Act 2004 Section 2(4): Species of principal importance for biodiversity
conservation in Scotland. http://www.Inhg.org.uk/scottish-biodiversity-list.htm. Accessed 11 September
2016

Natural Environment and Rural Communities (NERC) Act (2006a) Section 42: Species of principal importance
in England http://webarchive.nationalarchives.gov.uk/20140711133551/http://www.naturalengland.
org.uk/ourwork/conservation/biodiversity/protectandmanage/habsandspeciesimportance.aspx.
Accessed 11 September 2016

Natural Environment & Rural Communities (NERC) Act 2006: Section 42 List of species of principal impor-
tance for conservation of biological diversity in Wales. http://www.eryri-npa.gov.uk/ _data/assets/
pdf file/0003/486156/SpeciesList.pdf. Accessed 11 September 2016

Nieto A, Alexander KNA (2010) European Red List of Saproxylic Beetles. Publications Office of the European
Union, Luxembourg. doi: 10.2779/84561

Nieto, A, Roberts SPM, Kemp J, Rasmont B Kuhlmann M, Garcia Criado M, Biesmeijer JC, Bogusch B Dathe
HH, De la Rua P De Meulemeester T, Dehon M, Dewulf A, Ortiz-Sanchez FJ, Lhomme B Pauly A, Potts
SG, Praz C, Quaranta M, Radchenko VG, Scheuchl E, Smit J, Straka J, Terzo M, Tomozii B, Window J,
Michez D (2014) European Red List of Bees. Publications Office of the European Union, Luxembourg. doi:
10.2779/77003

Nordén B, Dahlberg A, Brandrud TE, Fritz 0, Ejrnaes R, Ovaskainen O (2014) Effects of ecological continuity on
species richness and composition in forests and woodlands: A review. Ecoscience 21: 34-45. doi: 10.2980/21-
1-3667

Orlikowska EH, Roberge J-M, Blicharska M and Mikusinski G (2016) Gaps in ecological research on the world’s

largest internationally coordinated network of protected areas: A review of Natura 2000. Biol Conserv
200:216-227. d0i:10.1016/j.biocon.2016.06.015

Paillet Y, Berges L, Hjiltén J, Odor B Avon C, Bernhardt-Rémermann M, Bijlsma R-J, De Bruyn L, Fuhr M,
Grandin U, Kanka R, Lundin L, Luque S, Magura T, Matesanz S, Mészaros I, Sebastia M-T, Schmidt
W, Standovar T, Téthmérész B, Uotila A, Valladares E Vellak K, Virtanen R (2010) Biodiversity differ-
ences between managed and unmanaged Forests: meta-analysis of species richness in Europe. Conserv Biol
24:101-112. doi: 10.1111/§.1523-1739.2009.01399.x

Coppice Forests in Europe Conservation

131



132

Pellissier V, Touroult J, Julliard R, Siblet JB Jiguet F (2013) Assessing the Natura 2000 network with a common
breeding birds survey. Anim Conserv 16:566-574. doi: 10.1111/acv.12030

Peterken GF (1993) Woodland Conservation and Management, 2nd edn. Chapman & Hall, London

Petersen PM (2002) Importance of site conditions and time since abandonment for coppice vegetation on Langeland,
Denmark. Nord J Bot, 22: 463-481. doi: 10.1111/j.1756-1051.2002.tb01400.x

Quine, CB Fuller RJ, Smith KW, Grice PV (2007) Stand management: a threat or opportunity for birds in British
woodland? Ibis 149:161-174

Rackham O (2003) Ancient woodland: its history, vegetation and uses in England, Castlepoint Press, Dalbeattie,
UK

Ramakers JJC, Dorenbosch M, Foppen RPB (2014) Surviving on the edge: a conservation-oriented habitat
analysis and forest edge manipulation for the hazel dormouse in the Netherlands. European J Wildlife Res
60: 927-931. doi: 10.1007/s10344-014-0849-5

Rees SE, Sheehan EV, Jackson EL, Gall SC, Cousens SL, Solandt J-L, Boyer M, Attrill MJ (2013) A legal and
ecological perspective of site integrity’ to inform policy development and management of Special Areas of
Conservation in Europe. Mar Pollut Bull 72:14-21. doi: 10.1016/j.marpolbul.2013.03.036

Reczyniska K, Swierkosz K (2016) Compositional changes in thermophilous oak forests in Poland over time: do they
correspond to European trends? Appl Veget Sci doi: 10.1111/avsc.12290

Riigi Teataja (2014a) I ja II kaitsekategooriana kaitse alla voetavate liikide loetelu. https://www.riigiteataja.
ee/akt/760301?leiaKehtiv. Accessed 15 September 2016

Riigi Teataja (2014b) III kaitsekategooria liikide kaitse alla vOtmine https://www.riigiteataja.ee/
akt/13360720?leiaKehtiv. Accessed 15 September 2016

Rolecek J, Vild O, Sladky J, Repk R (2017) Habitat requirements of endangered species in a former coppice of high
conservation value. Folia Geobot 52: 59-69. doi: 10.1007/512224-016-9276-6

Sozio G, Iannarilli E Melcore I, Boschetti M, Fipaldini D, Luciani M, Roviani D, Schiavano A, Mortelliti A
(2016) Forest management affects individual and population parameters of the hazel dormouse Muscardinus
avellanarius. Z Saugetierkd 81: 96-103: http://dx.doi.org/10.1016/j.mambio.2014.12.006

Schall B Ammer C (2013) How to quantify forest management intensity in Central European forests. Eur J For Res
132: 379-396. doi: 10.1007/510342-013-0681-6

Schmidt W (2005) Herb layer species as indicators of biodiversity of managed and unmanaged beech forests. For
Snow Landsc Res 79:111-125.

Schmidt M, Kriebitzsch W-U and Ewald J (eds) (2014) Waldartenlisten der Farn- und Bliitenpflanzen, Moose und
Flechten Deutschlands. Bundesamt fiir Naturschutz, Bonn, Germany.

Schulte LA, Mitchell RJ, Hunter Jr ML, Franklin JE McIntyre RK, Palik BJ (2006) Evaluating the conceptual
tools for forest biodiversity conservation and their implementation in the US. For Ecol Manag 232: 1-11. doi:
10.1016/j.foreco.2006.05.009

Schulze E, Bouriaud L, Bussler H, Gossner M, Walentowski H, Hessenmoller D, Bouriaud O and v. Gadow K (2014)
Opinion Paper: Forest management and biodiversity. Web Ecol 14:3-10. doi: 10.5194/we-14-3-2014

Schulze ED, Aas G, Grimm GW, Gossner MM, Walentowski H, Ammer C, Kiihn I, Bouriaud O, von Gadow
K (2016) A review on plant diversity and forest management of European beech forests. Euro J For Res
135:51-67 doi: 10.1007/s10342-015-0922-y

Scolastri A, Cancellier L, Iocchi M, Cutini M (2017) Old Coppice vs High Forest: the impact of beech forest
management on plant species diversity in central Apennines (Italy). J Plant Ecol 10: 271-280 doi: 10.1093/
jpe/rtw034

Sebek B Bace R, Bartos M, Benes J, Chlumska Zuzana, Dolezal J, Dvorsky M, Kovar J, Machac O, Mikatova B,
Perlik M, Platek M, Polakova S, Skorpik M, Stejskal R, Svoboda M, Trnka E, Vlasin M, Zapletal M, Cizek
L (2015) Does a minimal intervention approach threaten the biodiversity of protected areas? A multi-taxa

short-term response to intervention in temperate oak-dominated forests. For Ecol Manag 358:80-89. doi:
10.1016/j.foreco.2015.09.008

Conservation Coppice Forests in Europe



Sebesta J, Madéra B Repka R, Matula R (2017) Comparison of vascular plant diversity and species composition
of coppice and high beech forest in the Banat region, Romania. Folia Geobot 52:33. doi: 10.1007/s12224-
016-9279-3

Seibold S, Brandl R, Buse J, Hothorn T, Schmidl J, Thorn S, Miiller J (2015) Association of extinction risk of
saproxylic beetles with ecological degradation of forests in Europe. Conserv Biol 29:382-390. doi: 10.1111/
cobi.12427

Seibold S, Bassier C, Brandl R, Biiche B, Szallies A, Thorn S, Ulyshen MD, Miiller, J (2016) Microclimate and
habitat heterogeneity as the major drivers of beetle diversity in dead wood. J Appl Ecol 53:934-943. doi:
10.1111/1365-2664.12607

éipoé J, Hédl R, Hula V; Chudomelova M, Kosuli¢ O, Niedobova J and Riedl V (2017) Patterns of functional
diversity of two trophic groups after canopy thinning in an abandoned coppice. Folia Geobot 52. doi: 10.1007/
§12224-017-9282-3

Szabo P (2010) Driving forces of stability and change in woodland structure: a case-study from the Czech lowlands.
For Ecol Manag 259: 650-656. doi: http://dx.doi.org/10.1016/j.foreco.2009.11.026

Temple HJ, Cox NA (2009) European Red List of Amphibians. Office for Official Publications of the European
Communities, Luxembourg

Temple HJ, Terry A (2007) The Status and Distribution of European Mammals. Office for Official Publications of
the European Communities, Luxembourg

Thomaes A, Drumont A, Crevecoeur L, Maes D (2015) Rode lijst van de saproxyle bladsprietkevers (Lucanidae,
Cetoniidae en Dynastidae) in Vlaanderen. Rapporten van het Instituut voor Natuur- en Bosonderzoek 2015
(INBO.R.2015.7843021). Instituut voor Natuur- en Bosonderzoek, Brussels, Belgium.

Tsiafouli MA, Apostolopoulou E, Mazaris A D, Kallimanis AS, Drakou EG, Pantis JD (2013) Human activities in
Natura 2000 sites: a highly diversified conservation network. EnvironManag.51: 1025-1033. doi:10.1007/
s00267-013-0036-6

UICN France, FCBN, MNHN (2012) La Liste rouge des espéces menacées en France - Flore vasculaire de
France métropolitaine : Premiers résultats pour 1 000 especes, sous-especes et variétés. http://www.
uicn.fr/IMG/pdf/Tableau_Liste_rouge flore vasculaire_de metropole.pdf. Accessed 1 February 2016

UICN France, MNHN, SHF (2015) La Liste rouge des especes menacées en France - Chapitre Reptiles et
Amphibiens de France métropolitaine. Paris, France. http://www.uicn.fr/IMG/pdf/Liste_rouge France
Reptiles et Amphibiens de metropole.pdf. Accessed 1 February 2016

UICN France, MNHN, OPIE, SEF (2014) La Liste rouge des espéces menacées en France - Chapitre Papillons
de jour de France métropolitaine. Paris, France. http://www.uicn.fr/IMG/pdf/Liste rouge France
Papillons_de jour de metropole.pdf. Accessed 1 February 2016

UICN France, MNHN, SFEPM, ONCFS (2009). La Liste rouge des espéces menacées en France - Chapitre
Mammiferes de France métropolitaine. Paris, France. http://www.uicn.fr/IMG/pdf/Liste_rouge France
Mammiferes de metropole.pdf. Accessed 1 February 2016

UICN France, SFO, FCBN (2009). La Liste rouge des espéces menacées en France Orchidées de France métro-
politaine. Paris, France. http://www.uicn.fr/IMG/pdf/Liste rouge France Orchidees de metropole.
pdf. Accessed 1 February 2016.

UICN France, MNHN, LPO, SEOE ONCFS (2011) La Liste rouge des especes menacées en France - Chapitre
Oiseaux de France métropolitaine. http://www.uicn.fr/IMG/pdf/Liste_rouge France Oiseaux de
metropole.pdf. Accessed]1 February 2016

Van Calster H, Baeten L, De SchrijverA, De Keersmaeker L, Rogister JE, Verheyen K, Hermy M (2007)
Managementdriven changes (1967-2005) insoil acidity and the understorey plant community following conver-
sion of a coppice-with-standards forest. For Ecol Manag 241: 258-271. doi: http://dx.doi.org/10.1016/j.
foreco.2007.01.007

Van Calster H, Baeten L, Verheyen K, De Keersmaeker L, Dekeyser S, Rogister JE, Hermy M (2008b) Diverging
effects of overstorey conversion scenarios on the understorey vegetation in a former coppice-with-standards
forest. For Ecol Manag 256: 519-528. doi: http://dx.doi.org/10.1016/].foreco.2008.04.042

Coppice Forests in Europe Conservation

133



134

Van Calster H, Vandenberghe R, Ruysen M, Verheyen K, Hermy M, Decocq G (2008a) Unexpectedly high 20th
century floristic losses in a rural landscape in northern France. J Ecol 96:927-936. doi: 10.1111/j.1365-
2745.2008.01412.x

van der Sluis T, Foppen R, Gillings S, Groen T, Henkens R, Hennekens S, Huskens K, Noble D, Ottburg E Santini
L, Sierdsema H, van Kleunen A, Schaminee J, van Swaay C, Toxopeus B, Wallis de Vries M, Jones-Walters
L (2016) The “Umbrella Effect” of the European Natura 2000 protected area network. Alterra report 2730B,
Wageningen.doi: 10.18174/385796

Vandekerkhove K, Thomaes A, Jonsson BG (2013) Connectivity and fragmentation: island biogeography and
metapopulation applied to old-growth elements. In: Kraus D, Krumm F (eds) Integrative approaches as an
opportunity for the conservation of forest biodiversity. European Forest Institute, Joensuu, pp 104-115

Vandekerkhove K, Thomaes A, Crévecoeur L, De Keersmaeker L, Leyman A, Kohler F (2016) Saproxylic beetles
in non-intervention and coppice-with-standards restoration management in Meerdaal forest (Belgium): an
exploratory analysis. iForest 9: 536-545. doi: 10.3832/ifor1841-009t

Van Landuyt W, Hoste I, Vanhecke L (2006) Rode Lijst van de vaatplanten van Vlaanderen en het Brussels
Hoofdstedelijk Gewest. In: Van Landuyt W, Hoste I, Vanhecke L, Van den Bremt B Vercruysse W, De Beer
D (eds) Atlas van de Flora van Vlaanderen en het Brussels Gewest. Instituut voor Natuur- en Bosonderzoek,
Nationale Plantentuin van Belgié & Flo.Wer., Brussels, Belgium, pp. 69-81

van Swaay CAM, Warren MS, Lois G (2006) Biotope use and trends of European butterflies. J Insect Conserv 10:
189-209. doi: 10.1007/5s10841-006-6293-4

van Swaay C, Cuttelod A, Collins S, Maes D, Lépez Munguira M, Sadi¢ M, Settele J, Verovnik R, Verstrael
T, Warren M, Wiemers M, Wynhof I (2010) European Red List of Butterflies. Publications Office of the
European Union, Luxembourg. doi:10.2779/83897

van Swaay C, Maes D, Collins S, Munguira ML, Sasic M, Settele J, Verovnik R, Warren M, Wiemers M, Wynhoff

I, Cuttelod A (2011) Applying IUCN criteria to invertebrates: how red is the Red List of European butterflies?
Biol Conserv 144:470-478. doi: 10.1016/j.biocon.2010.09.034

Vild O, Rolecek J, Hédl R, Kopecky M, Utinek D (2013) Experimental restoration of coppice-with-standards:
Response of understorey vegetation from the conservation perspective. For Ecol Manag 310:234-241. doi:
10.1016/j.foreco.2013.07.056

Verheyen K, Guntenspergen GR, Biesbrouck B, Hermy M (2003) An integrated analysis of the effects of past
land use on forest herb colonization at the landscape scale. J Ecol 91:731-742. doi: 10.1046/j.1365-
2745.2003.00807.x

Verheyen K, Baeten L, De Frenne P et al (2012) Driving factors behind the eutrophication signal in
understorey plant communities of deciduous temperate forests. J Ecol 100: 352-365. doi: 10.1111/j.1365-
2745.2011.01928.x

Verstraeten G, Baeten L, Van den Broeck T, De Frenne B Demey A, Tack W, Muys B and Verheyen K (2013)
Temporal changes in forest plant communities at different site types. Appl Vegetation Science 16 237-247.
doi: 10.1111/j.1654-109X.2012.01226.x

Warren MS, Key RS (1991) Woodlands: past, present and potential for insects. In: Collins NM, Thomas JA
(eds) The Conservation of Insects and Their Habitats. Academic Press, London pp155-211

Wildscreen ARKive (n.d.) http://www.arkive.org Accessed 22 January 2017

Winter S, Brambach F (2011) Determination of a common forest life cycle assessment method for biodiversity
evaluation. Forest Ecology and Management 262: 2120-2132. doi: 10.1016/j.foreco.2011.07.036

Zehetmair T, Miiller J, Runkeld V, Stahlschmidte B Winter S, Zharovg A, Gruppe Axel (2015a) Poor effective-
ness of Natura 2000 beech forests in protecting forest-dwelling bats. J Nat Conserv 23: 53-60

Zehetmair T, Miller J, Zharov A, Gruppe, A (2015b) Effects of Natura 2000 and habitat variables used for
habitat assessment on beetle assemblages in European beech forests. Insect Conserv Divers 8:193-204. doi:
10.1111/icad.12101

Conservation Coppice Forests in Europe



The Status of Coppice Management
within Forested Natura 2000 Sites

Paola Mairota and Peter Buckley

ost forest habitats that are listed for

their nature conservation impor-

tance in the Habitats Directive of
the European Union and the Bern Convention
have been modified for centuries by human
intervention. It is well documented that many
forests throughout Europe were traditionally
coppiced (cf. Piussi & Redon 2001; Kirby &
Watkins 2015), thus influencing the woodland
ecology not only at the stand level, but at
wider spatial (landscape) and temporal scales,
creating specific communities that are often the
focus of nature conservation initiatives. As such,
coppice management falls within the scope
of the Habitats Directive (Council Directive
92/43/EEC; European Commission 2003; Loidi

In order to examine prevailing attitudes towards
coppicing within sites designated under the
Natura 2000 framework as Sites of Community
Importance or Special Areas of Conservation
(SCIs or SACs), a study was carried out within
the framework of the EuroCoppice COST
Action FP1301 to examine the relevant Site
Management Plans (SMPs) in six participating
countries. The aim was to sample the extent to
which different countries recognised coppicing
activities, and what extent they considered
alternative options that might better secure the
conservation status of the habitat in question
(The full study is available in the open source
iForest article Mairota et al. 2016a). These six
countries (Belgium, Czech Republic, Estonia,
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stands, or their conver-
sion to high forest, is
the de facto approach
within areas protected
for conservation.

Figure 1. Left axis: Share of simple coppice (C) and coppice with standards
(Cs) woodlands over the forest area of the country (C&Cs/Forest-country),
and share of country simple coppice and coppice with standards in the EU
(C&Cs/C&CS EU); Right axis: Share of simple coppice/coppice with standards
woodlands over the forest available for wood supply in the country (C&Cs/
FAWS country) (Processed from UNECE-FAO 2010 data)
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which coppice is reported in the sample countries.

The share of Natura 2000 FHT_WPC: fo.rest habitat types with potential for coppicg;
FHT_C: Forest habitat types which have been coppiced historically.

area in the sample countries

is comparable to the EU28

terrestrial average, which is 14.6%. Of this,
73.9% is protected under the SCIs and SACs of
the Habitats Directive, while the remainder falls
under the Birds Directive. However, progress
in formulating SMPs in compliance with the
Habitats Directive’s recommendations varies
widely between the EU countries, as is mirrored
in the six sample countries. In Italy there are a
number of NUTS2 regions without enforced, or
even envisaged SMPs, but here compliance to
the Directive is ensured by collective conserva-
tion measures for those habitat types belonging
to the same biogeographical zone (IT-D4 Friuli
Venezia Giulia), or macro-environmental
category (IT-C1 Piemonte and IT-F4 Puglia).

As a general tendency, it appears that a greater
proportion of forest areas were designated
as SCIs/SACs than many other habitats. The
majority (68 %) of the 78 Annex I forest habitat
types recognised by the Habitats Directive
have the potential to be coppiced, i.e. the
dominant species is capable of resprouting.
This ability varies among the main forest
habitat categories (i.e. 9000 ‘Forests of Boreal

Europe’, 9100 ‘Forests of Temperate Europe’,
9200 ‘Mediterranean deciduous forests’,
9300 ‘Mediterranean sclerophyllous forests’)
(Figure 2).

In the sample countries, 38% of the habitat
types were considered to have been coppices in
the past, with more and more evidence to this
effect being reported (e.g. Madera et al. 2017).
However, coppicing is no longer allowed in
Estonia (where non-intervention is the current
management strategy in protected areas), while
it is only allowed for research purposes in the
Czech Republic. Management prescriptions for
coppices in SCIs/SACs tend to be rather strict
in Italy (detailing specific aspects such as coupe
size, rotation length, number of standards,
standard age category, sporadic tree species
release and canopy cover). Conversely, coppicing
done to conserve particular target species is still
practised in parts of the United Kingdom and
Germany. Similar signs of a strict conservation
interest have in fact also been noted in Italy
(Negro et al. 2014), where a debate has recently
begun between the Italian chapter of Pro Silva
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(a Europe-wide association of silviculturists)
and two national scientific societies dealing with
vegetation science (SISV) and forest ecology
(SISEF).

A closer look was taken at a number of SCI/SAC
management plans (172 SMPs, 51% of those
available) of five administrative regions in three
sample countries (IT-E2 Umbria and ITF-4 Puglia
(NUTS2), UK-J, South East England and UK-L
Wales (NUTS1), and DE-B Rhineland-Palatinate
(NUTS1). This revealed that coppice manage-
ment was rarely encouraged and that conversion
to high forest was often thought desirable.
While the justification for this view was seldom
provided, other than in generic/anecdotal
terms, it was frequently argued that high forest
could achieve higher financial returns, or that
high forest, regenerating from seed, was the
more ‘natural’ condition. That being said, no
scientific study has thus far convincingly demon-
strated that a high forest/wilderness state could
achieve a more ‘favourable conservation status’
than that provided by coppice in most SCI/SAC
forest habitats (European Commission 2013).
On the other hand, a number of studies have
provided increasing evidence of the importance
of coppice in promoting biodiversity through its
provision of open habitats (e.g. Garadnai et al.
2010, Molder, 2010, Miillerova 2015).

SMPs generally addressed the notable species
listed in Annex II where they occurred within
the habitat, but were less concerned with
other species that might benefit from coppice
management (Buckley and Mills 2015). This is
in spite of the Habitat Directive’s aim to protect
the habitat per se, with its array of characteristic
(but not necessarily rare) species; in this case,
species that are frequently associated with the
mosaic of age classes created by coppice woods
or coppice-with-standards.

Another common feature was that, notwith-
standing differences in the amount of detail

Coppice Forests in Europe

required by the individual regional authorities
dealing with SMPs, these plans were often
rather descriptive or aspirational documents
and provided no comprehensive management
prescriptions or schedules. Their utility as the
first level of a cascade process for integrated
landscape/forest planning (sensu Baskent &
Keles 2005) is therefore very limited. This
is concerning, because decisions to abandon
coppice at the stand level, or to select another
(high forest) silvicultural solution, has a strong
impact on forest landscape structure and func-
tioning and could affect some key elements of
biodiversity. A number of technical practices,
such as the group selection of standards or
single tree silviculture, when combined with
non-intervention and conversion to high forest,
have the potential to increase forest landscape
micro- and macro-heterogeneity (Cf. Mairota
et al. 2016b). This is a desirable objective in
order to maintain high levels of beta-diversity
in the long run (e.g. Hunter 1990, Buckley 1992,
Fuller & Warren 1993, Mairota & Piussi 2006,
Chiarucci et al. 2008, Garadnai et al. 2010,
Kopecky et al. 2013 and Buckley & Mills 2015).

A case can be made for amore balanced approach
to forest management (combining coppice, high
forest and non-intervention), as this appears
most likely to revive and maintain specific
forest landscape habitats and site conditions, as
well as revitalise local economies. Overcoming
socio-economic factors and, especially, the
cultural factors behind SMP strategies and atti-
tudes is necessary. One factor that may become
important is the increasing demand for wood
for energy (Mantau et al. 2010, UN-ECE-FAO
2011). In response to the EU Renewable Energy
Directive 2009/28/EC and in compliance with
the Framework Program for the Forestry Sector,
Horizon 2020 should improve the transpar-
ency of wood-fuel flows in agreement with the
EU 995/2010 Timber Regulation.
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Prevention of Soil Erosion and Rockfall by

Coppice and High Forest — A Review

Peter Buckley, Christian Suchomel, Christine Moos and Marco Conedera

INTRODUCTION

An important regulating ecosystem service of
forests is their ability to protect against natural
hazards such as soil erosion and rockfall,
particularly on steep slopes. The ability to
provide this service strongly depends on the
forest structure and condition (e.g. Dorren et al.
2007, Imaizumi et al. 2008, Fuhr et al. 2015,
Moos et al. 2017). With coppice, however, the
question remains whether clear-cutting might
actually exacerbate slope erosion, and if, in their
abandoned or converted state, coppice stools
could eventually become unstable and prone to
collapse. In such a case, the risk of rockfall may
be enhanced (Radtke et al. 2014).

At higher altitudes in the European mountain
regions of Switzerland, Austria, Slovenia, Italy,
Cyprus and Spain, coniferous forest species
such as Norway spruce (Picea abies), silver fir
(Abies alba) and European larch (Larix decidua)
predominate in protection forests, while broad-
leaved species with innate coppicing ability are
more prevalent at lower altitudes. These include
European beech (Fagus sylvatica), oak (Quercus
spp.), chestnut (Castanea sativa), lime (Tilia
spp.), maple (Acer spp.), ash (Fraxinus spp.),
hazel (Corylus avellana), whitebeam and wild
service tree (Sorbus spp.), hornbeam (Carpinus
betulus L.), hop hornbeam (Ostrya carpinifolia),
and black locust (Robinia pseudoacacia) (Jancke
et al. 2013). Beech in particular may reach as
far as the upper timberline (1600-2000m asl)
in the Alps, as in southern Switzerland (Ceschi
2014), or in Slovenia (Perret et al. 2015).
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Tree cover increases rainfall interception and
transpires away soil moisture, thereby reducing
runoff, so that a continuous or semi-continuous
canopy may give good slope protection. Standing
and lying trees can slow down, deviate, or stop
falling rocks, and thus reduce their propaga-
tion and intensity (Perret et al. 2004, Dorren
et al. 2007). By adopting appropriate forms of
silviculture and eco-engineering, these forests
can permanently reduce the risks to human life
and property, although in extreme cases the trees
may have to be supplemented or replaced by
civil engineering and bioengineering solutions
(Dorren et al. 2005, Dorren et al. 2007). From
one point of view the high stem densities in
coppice form strong physical barriers and exten-
sive rooting networks (Gerber and Elsener 1998)
and can re-grow rapidly after cutting, when parts
of the root system may remain alive. On the
other hand, abandoned coppices on slopes can
develop a large aerial biomass relative to their
root system (Conedera et al. 2010), which in time
may cause stool instability and uprooting (Vogt
et al. 2006). On more gentle farmland slopes
in lowland regions, where the soil surface may
be periodically exposed by arable cultivation,
one alternative might be to grow short-rotation
coppice stands of Populus, Alnus and Robinia to
protect against soil erosion (Petzold et al. 2014).

The goal of this paper is to give an overview on
the effect of coppice stands on risks induced by
erosion, landslides and rockfall and to discuss
management strategies aiming at high protec-
tion capacity of these forests.
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1. The role of tree canopies

Trees intercept and transpire moisture, as well
as increasing both water infiltration into the soil
and the water storage capacity, thus delaying
levels of soil saturation that could cause
incipient slope stability (Forbes and Broadhead
2011). The level of this effect strongly depends
on the type of vegetation (e.g. forest structure,
species composition) and season (Anderson
et al. 1976). While harvesting removes the
coppice canopy, the probability of slope failure
will depend upon the frequency of cutting,
the amount of litter and brash left behind,
and the presence of unharvested trees (Piussi
and Puglisi 2012). Remaining tree roots tend
to increase infiltration by increasing soil pore
formation and forming networks that facilitate
a faster drainage than if no channels were
present (Vergani and Graf 2016). The recov-
ering canopy of the transpiring crop may also
reduce excessive soil moisture and, therefore,
the risk of surface instability, although in cool,
temperate regions where precipitation usually
exceeds evapotranspiration, the advantages
may be small. Nevertheless, soil loss resulting
from forest harvesting can become an issue
at slope gradients above 8-9° and it increases
significantly above 20°, when major landslides
and debris flows are likely to occur (Borrelli
et al. 2016).

2. Root reinforcement

Shallow landslides occuring on slopes carry
earth, mud, clay and other debris; they are
generally less than 2m deep (Rickli and Graf
2009, Sidle and Bogaard 2016) and are often
triggered by heavy rainfall or earthquakes. Tree
rooting forms a fibrous reinforcement, increasing
the soil shear strength: in general, the coarse
roots (>10 mm diameter) act as anchors or soil
nails, while fine to medium roots (0.01-10 mm
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diameter) tend to reinforce and ‘pin’ together
the soil profile (Stokes et al. 2009). We can
distinguish basal root reinforcement along a
potential slip surface, lateral root reinforcement
at the margins of the landslides, and stiffening
effects of soil under tension and compression
(Mao et al. 2012, Schwarz et al. 2015, Cohen
and Schwarz 2017). These effects are mainly
influenced by root density, root tensile strength
and depth of rooting. The glue-like exudates
of root mycorrhizae provide additional soil
strength by contributing to the formation of soil
aggregates (Bronick and Lal 2005). In an inves-
tigation of a steep slope revegetated 25 years
earlier by hydroseeding and supplementary
planting of grey alder (Alnus incana) and purple
osier willow (Salix purpurea), Burri et al. (2009)
showed that soil aggregate stability approached
that of a nearby mature (‘climax’) beech forest
on a similar incline. In coppices, a window of
susceptibility to erosion begins when roots start
to decay after cutting, and persists until new
woody vegetation and root growth is achieved.

Slopes also appear to influence root morphology,
with the larger roots orientated uphill and
assisting soil anchorage, as observed in downy
oak (Quercus pubescens) and manna ash
(Fraxinus ornus) by Chiatante et al. (2003).
Di Iorio et al. (2005) found the same tendency
in maiden (uncoppiced) trees of downy oak,
growing on slopes ranging from 14 - 34°, where
the first-order laterals tended to cluster asym-
metrically, in an upslope direction, and to form
resistant I-beam cross-sections. This adaptive
root architecture emphasizes the resistance of
these up-slope roots to pullout, counteracting
the turning moment that tall, upright tree stems
of abandoned coppice stools are constantly
subject to. A study of managed and abandoned
chestnut coppices in northern Italy, situated on
slopes of 13 - 35°, showed denser but shallower
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rooting in the 0 - 50 cm soil profile of a currently
managed stand compared with overaged stands
(Bassanelli et al. 2013). This may have been
influenced by the renewal of the root systems
after each coppicing event, although there was
less soil depth than in the abandoned coppice
sites. The study showed that root tensile strength
was not affected by abandonment, but simula-
tion modelling suggested that slopes of >35°
were intrinsically unstable and likely to lead to
shallow landslides, particularly those with high
levels of soil moisture saturation. These authors
concluded that maintaining a regular coppice
cycle was essential to prevent shallow land-
slides occurring on steep slopes. On the other
hand, Dazio et al. (2018) suggested that aging
chestnut coppice stands in southern Switzerland
tended to provide progressively more root rein-
forcement, owing to an increasing proportion
and absolute number of coarse roots.

The roots of different tree species appear to react
differently to coppicing. In birch (Betula spp.)
coppice, Bédéneau and Pages (1984) found
that medium to coarse (>5 mm diameter) roots
were the same age as the stool, suggesting that
the old root system remained intact, whereas
in chestnut the roots were freshly regener-
ated (Dazio et al. 2018). The latter also seems
to hold true for beech (Amorini et al. 1990,
Bagnara and Salbitano 1998) and maple (Lees
1981) but not for some Eucalyptus species,
which tended to keep their original root systems
after cutting (Riedacker,1973, Wildy and Pate
2002). It seems likely that the drastic reduc-
tion of carbohydrate resources resulting from
stem loss forces the plant to direct its energies
into shoot production, with root development
(especially that of coarse roots) lagging behind.
This is exacerbated when short rotations are
applied; in a hybrid poplar plantation, for
example, coppicing caused the plants to use
carbohydrates stored in the roots for the new
stem growth, potentially inhibiting rooting (Lee
1978, Bédéneau and Auclair 1989).

Coppice Forests in Europe

The amount of rooting, and particularly the
development of structural coarse roots, has
particular implications for coppice. In maiden
trees and in old coppice, there is some evidence
that the ratio of coarse to fine roots increases
over time, whereas younger coppice tends to be
more dependent on fine rooting (Montagnoli
et al. 2012, Di Iorio et al. 2013). Laboratory
and field pullout tests (Giadrossich et al. 2013,
Vergani et al. 2016) have been used to estimate
the tensile force of root bundles, which also
clearly demonstrate a power law relation-
ship between root diameter and tensile force.
Root reinforcement can be estimated using a
number of different models, most recently by
the Root Bundle Model (RBM) (Schwarz et al.
2013), which uses a Weibull survival function
to account for mechanical variability and the
relative contributions of different combinations
of coarse and fine roots. Simulations show that
coarse roots are disproportionally influential
in effecting root reinforcement - the maximum
tensile force of a single root of 50 mm diameter
being the equivalent of more than 500, 1 mm
diameter roots (Vergani et al. 2017).

Trees that root relatively deeply, such as
European ash (Fraxinus excelsior), Quercus spp.,
aspen (Populus tremula) and alder (Alnus gluti-
nosa) give better soil anchorage, especially when
species with different root forms are mixed
together (Rayner and Nicoll 2012). With an
increasing ratio of coarse to fine roots developing
within a tree crop over time, we might expect
that root reinforcement, and consequently
soil stability, would also increase as coppices
are converted, or gradually develop into high
forests. In over-mature coppice crops, coarse
roots will also extend outwards from the stool,
stabilising a greater surface area than would be
the case of recently cut coppice, which is more
dependent on its finer roots (Dazio et al. 2018).
On the other hand, by virtue of their very high
stem densities, many coppices may reinforce the
soil surface with their rooting as effectively as
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high forests. Breaking forces, taking into account
root diameter, are also quite variable between
species: for example, Vergani et al. (2012) found
that beech roots were almost twice as resistant
as larch (Larix decidua) and spruce. The order
was beech (84N) >sycamore (65N) >hop-horn-
beam (56N) >ash (47N) >larch (46N) >sweet
chestnut (44N) >Norway spruce (40N).

When the shear zone lies below rooting depth,
particularly on relatively impermeable clays
liable to slope instability, the reinforcing effect
of roots is expected to be negligible (van Beek
et al. 2005). However, the hydrological regula-
tion under a forest may have a positive influence
on soil stability. When coppices on slopes are
cut, a potential problem could arise if the rate of
decay of the original root system is not compen-
sated by the rapid regrowth of fine and coarse
roots, or if the interval between harvesting and
root regrowth is prolonged. New roots may not
counterbalance the decay of the old root system
in those species that tend to renew their roots
after coppicing, lowering root reinforcement
(Vergani et al. 2017). However, some coarse
roots can take several years to decay and this
may provide a sufficient interval of protection
from the risk of shallow landslides. In felled
beech stands in Northern Tuscany, Preti (2013)
found that root tensile strength declined in a
roughly linear fashion, at 11% per year for a
total decay time of c. 9 years. This work also
predicted that deforested slopes could be liable
to shallow landslides within a decade of tree
death, a period in which heavy rain- or snowfall
events could easily occur. Silvicultural treat-
ments could mitigate this risk, for example by
extending the rotation period, as this might raise
the level of root reinforcement and conserve soil
resources (Rubio and Escudero 2003). Standard
trees retained among the coppice could also
provide pockets of permanent anchorage when
the coppice is cut. Finally, uneven-aged or
selective coppicing will maintain a permanent
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canopy and therefore reinforce rooting. In many
situations, however, conversion of coppice to
high forest can be extremely expensive and
demanding compared to the default option of
abandonment, or even coppicing on a short
rotation (Vergani et al. 2017).

Uprooting of abandoned chestnut coppice (>50
years) was also investigated by Vogt et al. (2006)
in the southern Swiss Alps on slopes of 20 - >30°.
The uprooted stems were taller and larger,
with the probability of overturning increasing
on steeper slopes, particularly in hollows and
gullies. To avoid large trees becoming unstable
due to their increasing gravitational load, the
authors recommended re-coppicing or thinning
within the coming 30 years. Being more vulner-
able to windthrow, the surface scars created
by uprooting might form starting points for
(2010)
did not consider this to be a long term issue,

erosion. However, Conedera et al.

because any gaps were likely to be filled by forest
regeneration in due course. Although surcharge
resulting from the weight of overaged stools has
also been suggested as a factor likely to cause
shallow landslides and a reason for continued
coppicing, this has been largely discounted
(Stokes et al. 2008, Vergani et al. 2017).

3. The barrier effect

On very steep slopes exceeding 30° in the source
(or release) area of rockfall, the protective
effect of trees can actually be negative (Dorren
et al. 2007) if, by swaying to and fro in the
wind, they act as levers to loosen and tear open
the soil profile (Frehner et al. 2005). On the
other hand, apart from tree roots binding the
soil surface together, they may intrude into rock
fissures and also promote the decomposition of
rocks by organic acids (Frehner et al. 2007).

Both in the areas of transit (usually on
>30° inclines) and deposition (<30° inclines),
the protective effect of forests against falling
rocks is basically due to the barrier effect of
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Figure 1. Trees acting as barriers on a steep

slope (Photo: Christian Suchomel)

standing and lying trees (Figure 1). Collisions
with trees slow down or stop rocks, with sparse
forests offering less protection than dense stands
(Foetzkietal. 2004, Dorren etal. 2007). The main
parameters influencing the degree of protection
are: the forest density (number of stems hal),
the diameter distribution of the trees, the tree
species’ specific energy dissipative capacity, the
length of the forested part of the slope, the block
volume and the block’s kinetic energy (Dorren et
al. 2005, Moos et al. 2017). It is often suggested
that only rocks <2 m?® can be halted by single
trees, but there are some examples from the
Alps where rocks up to 20 m* have been halted
(Dorren et al. 2007, Ernst 2017). Several studies
have shown that the basal area, i.e. the total
surface covered by tree stems in a given area,
is a good indicator of the protective effect of
forests against rockfall (Berger and Dorren 2007,
Dupire et al. 2016, Moos et al. 2017). Not only
large diameter trees (> 36 cm), but also small
trees can stop larger blocks (> 1 m?®), provided
that part of the kinetic energy has already been
dissipated. Thus, coppices stands may offer
sufficient protection against larger blocks when
combined with larger trees on the upper part of
a slope (Dorren et al. 2005).

A study by Dupire et al. (2016) used the
rockfall algorithm Rockyfor3D (Dorren 2012)
to generate simulations of the rockfall hazard
in 3886 forest plots in the French Alps, based
on sloping terrain of 20° or more. Using
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measures of the plot basal area and the mean
tree diameter, they were able to calculate the
minimum length of forest to needed to obtain a
reduction of 99% in rockfall hazard. The study
found that coppices dominated by deciduous
Fagus sylvatica and Quercus spp. were the most
effective stands in this respect, compared with
pure coniferous stands of Pinus spp. and Larix
decidua. Stands with high stem densities, high
basal areas and greater biological and struc-
tural diversity were the most efficient, with the
presence of a large number of trees being more
important than lower densities of thicker trees.

Again using the RockyFor3D simulation model
of rockfall (Dorren 2012), Fuhr et al. (2015)
assessed the protection efficiency of pure and
mixed uneven-aged stands dominated by beech,
silver fir and Norway spruce along a maturity
gradient. ‘Young’ stands with the highest stem
densities gave the best protection against
1-2 m® rocks, but even the neglected ‘sub-
adult’ and ‘mature’ stands had tree densities
of >500 hal. The ‘mature’ stands, containing
some individuals up to 220-260 years old
and a significant number of very large trees
(>77.5cm DBH) still offered high levels of
protection, particularly against the larger sizes
of rocks. Recently logged plots were considered
much less effective, as the low-cut stumps could
act as springboards, rather than obstacles, for
the falling rocks. Moreover, mature stands
contained high volumes of deadwood, including
snags, which increased the roughness of the
forest floor and, after modifying the simulation
model to consider this, the stopping distance of
large rocks was reduced by 28%. Radtke et al.
(2014) recommended a slight extension of
the coppice cycle in broadleaved mixed stands
dominated by Ostrya carpinifolia and Fraxinus
ornus, arguing that 25-year coppice forests gave
better protection than young coppice, while
beyond 40 - 50 years of age many stools tend to
lose stability or break apart.
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4. Spatial arrangement of coppices

Coppice stems may be dense and clustered, with
the multiple stems per stool in young stands
tending to confer more protection than sparser,
older stands with fewer stems per stool. A high
stem density can reduce many risks (Ringenbach
2013), but in unmanaged stands the declining
stem density, through natural self-thinning,
decreases the probability of rock collisions.
This could be balanced to some extent by the
increasing diameter and mechanical resilience
of older trees, unless they are more prone to
rot, as well as by the build-up of high volumes
of deadwood in unmanaged stands. Older
stems have thicker, more absorbent and energy-
disspating bark with which to resist rockfall and
are more likely to arrest larger boulders with
less stem damage. The higher stem densities
associated with young stems may be effective
against smaller (<0.25 m?®) rock sizes (Omura
and Marumo 1988, Cattiau et al. 1995).
Working in coppice stands of Orno-Ostryetum
forest in northern Italy, Radtke et al. (2014)
concluded that overaging did not adversely
affect their protection function, at least for
stands <60 years old, although the gaps between
stools were generally larger. They also found
that in theory, a random distribution of stems
had a higher protective effect than clustered
distributions because the gaps between coppice
stools decreased the likelihood of tree impacts.
In a test case on Apennine coppice, the average
distance between tree/boulder contacts (ADC),
a measure of the energy absorbed by a forest
structure, needed to be adjusted upwards from
a theoretical single-stem arrangement so as to
account for the higher rates of energy dissipa-
tion by coppiced trees (Ciabocco et al. 2009).
They suggested that management based on the
now-obsolete coppice selection system, where
some stems are retained on individual stools at
each cutting, or coppices with large reserves or
standards, could give good rockfall protection.
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Radtke et al. (2014) also found that the protec-
tive effect against large rocks was still one-third
greater in the overaged coppice stands than the
equivalent site without significant tree cover
immediately following coppicing, provided that
a few standard trees remained.

Ciabocco et al. (2009) conducted a series of
impact tests on fresh beech stems (3-10 cm DBH)
using a reinforced 84 kg concrete pendulum
bob, swung to impact with clamped, single
coppice stems. As expected, this demonstrated
that mechanical resistance increased with stem
diameter and lessened with the height of impact.
However, it was surmised that highly flexible
young coppice stems, generally of smaller
diameter than those in mature forests, could
decelerate boulders effectively and that the
clumping of stems on stools could act as addi-
tional small retention fences. Although probably
limited in their ability to protect against rocks
>1 m?, simultaneous impacts against more than
one stem on the same stool could effectively trap
rocks between them (Figure 2). Nevertheless
it was uncertain whether this multi-stemmed
coppice structure produced a greater protective
effect. Furthermore, the basal sweep of stems
associated with slopes, resulting from growth
stresses that form tension wood, could weaken
them against impacts.

The history and spatial pattern of rockfall
was investigated by Favillier et al. (2015) on
sub-montane broadleaved forest on slopes of

Figure 2. Rock caught in a coppice stool
(Photo: Christian Suchomel)
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25 - 39° in the Vercors massif of the French
Alps. An exhaustive analysis of wounds and
bark scarring on the stems of individual trees
and coppice stools revealed, as expected, a high
incidence of impacts from rockfall near the top
of the release zone, at frequencies of <20 years,
as well as laterally in topographic depressions,
which tended to funnel any rockfall. At 150 m
downslope, the frequency of the damage
interval fell to >40 years. Favillier et al. (2015)
also demonstrated that the fast-growing downy
oak, with its thicker bark, might be capable of
absorbing more impact energy with less damage
than an Italian maple (Acer opalus) of similar
age. In a rockfall corridor in the French Alps,
Stokes et al. (2005) showed that beech suffered
less from stem breakage, wounding and
uprooting than did the other species tested.
Through winching experiments to break or
uproot a tree, they found that beech was twice
as resistant as silver fir and three times more
than Norway spruce, which tended to uproot.
In similar experiments, Dorren et al. (2005)
ranked species in the following order of energy
of dissipation: pedunculate oak (Quercus robur)
>beech >sycamore >silver fir > larch/Norway
spruce. There was a strong exponential rela-
tionship between stem DBH and the amount of
energy dissipated from an impacting rock. Such
differences could be attributed to the different
xylem structure of the broadleaves, which can
make them more resistant to splitting and
deformation, and their greater number of roots
that are anchored at a greater depth.

5. Silvicultural comparisons

In the southern Italian Apennines, Ferretti
et al. (2014) developed a Synthetic Index of
Protection (SIP) against soil erosion to compare
the efficiency of different types of canopy of tree
species, shrub and herbaceous layers, based
on their respective interception values. Taking
this (and slope angle) into account, they deter-
mined the most suitable silvicultural treatments
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providing a continuous canopy cover. Beech
selection coppices, in which some stems were
always retained on the stools, provided good
protection, as did the conversion to an uneven-
aged beech high forest structure, although both
options were costly. With Turkey/downy oak
forest cover, the alternatives were:

a) to continue coppicing,

b) to convert to high forest via a shelterwood

system, or

¢) to retain about 50 standards ha'! along with
the coppice (Ferretti et al. 2014).

The authors suggested making very small felling
coupes, predicated on getting good natural
regeneration, either from seedlings or coppice
resprouting. Becker et al. (2013) argued that
on steep slopes, small diameter coppice poles of
low volume were both uneconomic and techni-
cally difficult to harvest. They suggested that on
dry, steep slopes of up to 16.7°, slow-growing
stands of oak could be grown on longer rota-
tions (50-80 years) in order to produce a more
profitable mass per unit ratio. High quality trees
could be retained as standards (at densities of
20-30 ha') to be harvested after two coppice
rotations (100-160 years), while some poorer-
quality trees could be left to die back naturally
and become ‘habitat trees’. Steeper slopes
would require more expensive methods to be
employed, such as cable harvesting.

The relatively small stem sizes associated with
coppice might be considered most appropriate
in the deposition zone of slopes, at a point
where the slope incline eases and most travel-
ling rocks have been slowed by impacts on
trees further up in the transit zone. Although
regrowth of coppices after cutting is rapid,
the same practice of restricting felling coupes
to 40m in the fall line is commonly advocated
(Dorren et al. 2015). Pure coppice stands are
only recommended in areas with short transit
area slopes of less than 75 m length (Frehner
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et al. 2005). Coupe sizes of 0.5 ha or more were
less likely to give protection, since a weakened
root reinforcement might allow loose rocks to
reach their maximum velocity when travelling
through the felling coupe. It was therefore
recommended to keep clear cuts small and
well-distributed throughout the whole protec-
tion area, with maximum widths of 20 m on

CONCLUSIONS

steep slopes regularly prescribed. In the case
of preventing shallow landslides, as opposed
to rockfall, Vennetier et al. (2014) also recom-
mended limiting clear cuts to <0.5 ha, certainly
<1 ha, or adopting a selection silviculture to
protect the soil, pointing out that the increased
cutting intensity, as in coppicing for fuelwood,
might exacerbate the risk of erosion.
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After coppicing, stands regrow quickly and soon
achieve stem densities of a critical diameter,
which are able to withstand soil erosion and
minor rockfalls, as well as recover quickly from
stem wounding and breakages. As the stems of
traditional, in-rotation coppices rarely exceed
15 - 20 cm DBH, their protection function tends
to be limited for rocks greater than 1 m® (Jancke
et al. 2009). With abandonment, and increasing
stem size, there is always the risk of stools being
uprooted on unstable steep slopes during high
winds or due to soil oversaturation, although
the same would equally apply to mature high
forest crops. Overaged coppice stands will even-
tually self-thin, increasing their stool spacing,
but Fuhr et al. (2015) showed that old stands
were able to retain moderate stem densities,
as well as some trees large enough to intercept
large blocks of c. 5 m?, while the high volumes
of deadwood presented additional barriers.

By maintaining high stem densities, active
coppicing does appear to provide an effective
protection service against rockfall. As many
former coppice forests develop into high
forests, either through conversion or abandon-
ment, they often retain the high stem densities
that tend to reduce rockfall hazard (Dupire
et al. 2016). Coppice harvests are also likely
to be more economic in the deposition zone,
below the steeper slopes, and may still be more
cost-effective than converting the stand to a
high forest structure. Coppicing also promotes

Conservation

strong lateral rooting reinforcement against soil
shear, with many broadleaves tending to have
deep roots. The ‘retention fences’ resulting from
multiple stems on the same stool may be more
effective in trapping rocks than discrete, single
stems of equivalent diameter, especially if rocks
impact more than one stem simultaneously,
although this may be counterbalanced by the
clumped stem distributions forming large gaps
between stools.

Beech and several other broadleaves also have
roots with a stronger tensile strength than
those of conifers, their frequent competitors
in mountain situations; for a given DBH their
stems are also more able to dissipate rockfall
energy. It is not clear, however, to what extent
root reinforcement retains its effectiveness
immediately after cutting, before canopy cover
is re-established. Conversion or abandonment
of coppices on very steep slopes does not neces-
sarily impair their protection services. Most
evidence points to high forests as being inher-
ently more stable structures with respect to soil
erosion, due to their greater amount of coarse
rooting compared with coppice. Hence the
abandonment of coppicing on vulnerable slopes
may not adversely affect the ability to regulate
shallow landslides, and may actually increase
soil stabilisation, especially in the case of those
tree species that need to renew their root
system immediately after harvesting. However,
in the special case of river banks and gullies,
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which are liable to debris flows during floods,
managed coppice can avoid the overturning of
large stems and their transport down swollen
rivers (Rudolf-Miklau and Hiibl 2010).

Since abandoned and over-mature coppices
are even-aged, they will eventually break up

authorities advocate only clearing small coupes
at a time, or uneven-aged/group selection
systems, which rely on small canopy openings
that fill with natural regeneration. All of this
assumes the presence of relatively few domestic
or wild browsing animals, as the fresh shoots on

synchronously. Under these circumstances, and a coppice stool and natural seedling regenera-

particularly in the slow-growing conditions of tion are both equally vulnerable. If coppicing

mountain habitats, there may be insufficient operations are to be continued on slopes,

naturally-seeded regeneration to take over protection can be enhanced by keeping gap

. . . izes t minimum, retaining standar n
the protection function of root reinforcement, sizes 1o 4 um, retaining standards and

especially if large gaps form. Thus, several ensuring natural regeneration.
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Historical Coppicing and its Legacy for

Nature Conservation in the Czech Republic

Radim HédI

INTRODUCTION

I wrote this contribution having in mind a
twofold perspective on coppicing: a historical
one and an ecological one. The logic connecting
these two otherwise distinct views is that the
long-term presence, or even dominance in
some regions of coppice management in the
Czech Republic has influenced both past and
current forest ecosystems. And vice versa, the
historical range of coppicing has been largely
determined by ecological factors. One cannot
fully understand one aspect without the other.
Despite being so widespread an activity, ranging
from the prehistory up to the first half of the
20" century, coppicing has been deliberately
and entirely abandoned in the past decades. The
research devoted to historical and ecological

aspects of former coppice management partly
aims to restore it for conservation and production
purposes. In the Czech Republic, this process is
justbegun - nevertheless, this is stunning progress
compared to the situation less than two decades
ago, when coppicing was completely absent from
nature conservation handbooks (e.g. Michal
and Petricek 1999) and not even mentioned in
forestry. Up until now, several research projects
directly or indirectly focusing on coppicing
have been completed, or are still running, and
a growing interest among the conservationists
can be clearly observed. As foresters tend to be
much more conservative as a whole, the future
of coppicing restoration for wood production
remains somewhat less promising.

BRIEF HISTORICAL PERSPECTIVE ON COPPICING

FROM THE MIDDLE AGES TO THE 20™ CENTURY

Coppicing was a widespread management
system in the Czech lands (Bohemia, Moravia
and Silesia) at least since the Late Middle Ages.
Its historical range strongly correlates with the
extent of lowlands (150 to about 500 m a.s.l.),
which occupy roughly one-third to half of the
country area. This correlation is apparently
because the lowlands are the most fertile, and
hence the most densely populated areas of the
Czech Republic since prehistory. Coppicing was
a primary source of fuel energy, so the constant
production of fuelwood was of high societal

Corresponding Author: Radim Hédl, radim.hedl@ibot.cas.cz
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concern, at least until it was replaced by fossil
fuels at some time during the 19* century.

Forest has always been relatively scarce in the
lowlands of the Czech Republic. Only sites least
favourable for agriculture, such as slopes or
stony soils, were left to forest management.
This could explain why coppicing, an intense
and effective fuelwood production system of
the past, prevailed in the lowlands. Two note-
worthy examples, illustrating which factors
historically played a role in decision making
with regard to the forest management type,
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were presented by Szabé and Hédl (2013).
Coppicing was clearly preferred where the
natural conditions allowed. Non-timber forest
systems, including wood pasture, were probably
applied only in the relatively less suitable situ-
ations. To fully understand the driving factors
for particular types of management in the past
would, however, require further research. This
situation was typical for central and northern
Bohemia, southern Moravia and adjacent parts
of Silesia (Figure 1). The structure of forest vs.
agricultural land use remained conservative
for centuries in these regions, with crop fields
predominating and forest areas being relatively
small (Mackov¢in et al. 2011).

In Moravia and Silesia, the proportion of
coppicing systems within all types of forest
management can be relatively precisely
established for the 18" and 19™ centuries.
This information has been obtained through
extensive research, using all available archival
material for the region (http://longwood.
cz/?page id=165). The share of coppicing in
Moravia and Czech Silesia ranged from zero to
100% in individual cadastres (civil parishes),

In Bohemia, the western part of the Czech
Republic, no reliable data for a similarly
detailed mapping of the historical coppicing
area exists. Land use and management data
from the so-called Stable Cadastre, a land use
survey of the 1820s-1840s, was rewritten long
after the survey and in an unsystematic manner
(P Szabo, pers. comm.). Although this infor-
mation is now freely available on the internet
(http://archivnimapy.cuzk.cz/uazk/pohledy/
archiv.html), further critical research is required
in order to construct a detailed map of the
historical coppicing for Bohemia. Nevertheless,
approximations can be made: a map of the
historical area of coppicing in the whole Czech
Republic has recently been published by Madéra
et al. (2017), which confirms that coppicing
prevailed in the lowlands of both Bohemia and
Moravia (Figure 1).

A map of coppice forests for 1947, presented
in the above-cited paper, shows a very similar
pattern, indicating a persistence of coppice at
time when there was no active coppicing in the
country any more. The leading researchers in
forestry at that time emphasised the negative

showing a strongly uneven pattern.
In the densely populated lowlands,
the proportion of coppicing on all
forest systems was typically more
than 50%, often 80-100% (apart
from quite significant areas without
forest). In contrast, forested uplands
had little or no coppicing manage-
ment and in the transitional belts
the coppicing proportion varied
between zero to about 30-40%.

Interestingly, the corresponding
geographic pattern of coppicing in
Moravia could be traced back to the
Middle Ages (14" century), pointing
to the long-term stability of coppicing
systems for at least six centuries

(Szabd et al. 2015).
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Figure 1. The approximate historical range of coppice forests
in the Czech Republic, based on historical research by P. Szab6
and his colleagues and published maps by Madéra et al. (2017).

The area with significant historical coppicing (outlined in red)
correlates with the lower altitudes (150 to 500 m a.s.l.). Current
coppicing restoration work (not shown) is confined to no more

than seven small-scale sites (situation in 2018).
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aspects of coppicing, instead proposing methods
for converting the remaining coppices into
high forest (e.g. the special issue of Lesnictvi
1957/2).
Probably the last deliberate coppicing activity

[Forestry] devoted to coppicing,

was performed shortly before the WW II. Studies
using tree-rings and archival resources (maps

and written documents) confirm the story of
gradual coppicing abandonment over the past
two centuries in Dévin, one of the most signifi-
cant sites with historical coppicing in the Czech
Republic (Altman et al. 2013, Miillerova et al.
2014). The last regular coppicing was applied
there in 1935/1937.

LEGACY OF HISTORICAL COPPICING AND EFFECTS OF

COPPICING ABANDONMENT IN TODAY’S FORESTS

The legacy of historical coppice management
in forests of the Czech Republic has yet to be
published. Persistent effects of past coppicing
management in the present forest ecosystems
has so far received only little attention. To the
author’s knowledge, there has been no system-
atic study of the effects of past coppicing on
abiotic (e.g. soil chemistry) or biotic properties
of forest ecosystems. The latter includes the
distribution of individual species and commu-
nities, as well as patterns in biodiversity. Why
would this knowledge be worth the attention
of researchers, conservationists and forest

managers?

The approach is similar to other studies on
the legacy of past land use. Several studies
have shown a marked legacy of ancient land

Figure 2. Coppicing in the Dévin Nature
Reserve, Palava, showed positive effects on
flowering of herb species of forest understory,
such as Primula veris.
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use on soil properties and biotic communities
(reviewed by Hermy and Verheyen 2007).
These legacy effects could be somewhat more
complex (and subtle) than coarse transitions
from agricultural land to forest. However,
they may be at least partly responsible for
the current distribution of oak (Madéra et al.
2017) or the biodiversity of forest understory
vegetation (Figure 2). Unpublished research by
Hédl et al. shows that 19" century coppicing in
Moravia significantly explains current species
richness at the plant community level. Plots in
cadastres with the 19" century coppicing show
a higher number of vascular plant species than
in plots where coppicing was absent. However,
the contribution of coppicing, independent
from other factors, is relatively low. At a still
broader perspective, patterns of the historical
coppicing (outlined above) largely coincide with
the potential vegetation (after Neuhduslova
et al. 1998). Oak and oak-hornbeam forests
are the types of potential vegetation prevalent
in areas where coppicing once dominated.
One must keep in mind that the natural condi-
tions largely correlate with land use and partly
with management types, so statements about
the net effects of coppicing on the actual or
potential distribution of species or ecological
communities require careful differentiation.

On the other hand, changes in biodiversity
and composition following coppicing abandon-

Conservation

153



154

ment are relatively well documented. Related
research is based on two types of evidence:
recent resurveys of vegetation plots, recorded
at times shortly after the coppicing abandon-
ment, and comparisons of sites with varying or
contrasting parameters of environmental condi-
tions, resembling the situation in active coppices.
Both types of studies were performed in forests
with historically prevalent coppicing in southern
Moravia and central Bohemia. Several groups
of organisms were targeted in these studies:
vascular plants and their communities (Hédl et
al. 2010, Kopecky et al. 2013, Miillerova et al.
2015), butterflies (Benes et al. 2006, Freese et
al. 2006), epigeic invertebrates (Spitzer et al.
2008) and saproxylic beetles (Vodka et al.
2009, Vodka and Cizek 2013). Para