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CHAPTER 20

ASSESSMENT AND PLANNING FOR FOREST
BIODIVERSITY: A EUROPEAN INITIATIVE

Michael Kéhl, Janne Uuttera, Peter Bachmann
and Risto Pdivinen

INTRODUCTION

Loss of biclogical diversity has been recognized as one of the main current
threats to the world’s forests, and there is a general growing concern for
developing new global, regional and national programs for conserving and
managing forest biediversity. According to Wilsen (1988), the current giobal
rates of extinction exceed background rates by three to four crders of magnitude.
Extinction is caused by a variety of factors. Frankel and Soulé (1981), on'ihe
basis of evidence about known extinction, argued that biotic factors rarely cause
extincticn, especially in continental species, but that habitat destruction, over-
exploitation, and the impacts of exotic species are the major causes of modern
extinction.

Biological diversity is an irreplaceable value in itself. The diversity of the
biosphere creates a genetic bank, crucial for the functioning of ecosystems and
to the recovery of ecosystems after disturbances and temporal changes in
ecosystem functions as well as changes in environmental factors. Each couniry
that ratified the ‘Global Biodiversity Strategy’, signed in 1992 in Rio de Janerro,
and the resolutions of the 1990 {Strasbourg) and 1993 (Helsinki) Ministerial
Conferences on the Protection of Forests in Burope committed to national
monitoring of biodiversity and to preserving the characteristic natural variation.

Among others, the FAO/ECE Meeting of Experts on Global Forest Resources
Assessment (Nyyssonen, 1993) emphasized the need for national assessments
of forest biodiversity and the necessity of fully integrating biodiversity data
with traditional forest inventory practices. While there is a sense of urgency
about developing reliable and effective methods for assessing and moenitoring
farest biodiversity, there is still a lack of applicable tocls to momitor the
distribution and structure of species variation in temperate and boreal forests —
tools that are needed for sound management plans and forest biodiversity
conservation programs.

There is no consensus on the best way to measure genetic, species, and
ecosystem diversity (Peet, 1974}, so it is difficult to state clearly any hypotheses
concerning those issues. Samson and Knopf (1994) emphasized that there are

1o decisive definitions of diversity to guide development of operational
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approaches for conserving diversity. Under the auspices of the European Forest
Institute (EFI) in Joensuu, Finland, a BEuropean research project has been
launched to identify the parameters, atiributes, and variables tc be sampled,
assessed, and measured in characterizing the biodiversity of various European
forest types. Moreover, the project will provide guidelines to national and
international institutions for assessing biodiversity through forest resource
inventories and indicating measures for preserving biodiversity and improving
forest resource management programs. The EFEI project will focus on species
diversity and ecosystem or community diversity. The discussion below
summarizes the background of the EFI project, its research objectives, and the
approach chosen.

MONITORING FOREST DIVERSITY: WISHFUL THINKING AND
FEASIBILITY

The cencept of biodiversity is related to the entirety of all forms of life within a
system and covers the entire range of life — from organic molecules to flora and
fauna species, plant societies, landscapes, and biomes. If biodiversity is
considered not only a static but also a dynamic concept, the genetic variability
of species has to be taken into account as well. These three elements of
biodiversity — genetic diversity, species diversity, and ecosysiem/community
diversity — can actin a variety of spatial and temporal dimensions. The observed
time interval can range from a few seconds (the life span of a micro-organism)
to centuries {the life expectancy of trees) or millennia {evolution). Biodiversity
can else be investigated on a local, regional, or global spatial scale. It is therefore
essential to define the elements of biodiversity, as well as the spatial and temporal
dimensions, to be included in monitoring.

It might be possible 1o assess the biodiversity of a limited number of forest
ecosystems in case studies, but monitoring forest biodiversity on a large scale
requires representative, cost-efficient, rebust, and sample-based methods. It is
doubrful whether the entire spectrum of biodiversity in forest ecosystems can
be recorded in regional or national assessment and monitoring programs. In
addition to the amount and specificity of the attributes to be assessed, the
dynamics of species composition within the vegetation period and succession
stage can hardly be recorded. Most often, only a limited number of organisms
can be determined, Because of this insufficiency, the term biodiversity should
be used to describe an omnibus concept that incorporates the variety of life in
all its forms, but should not be used in a quantitative sense. Assessments will
cover only sub-systems of forest ecosystems; therefore, the term diversity seems
more suitable.

Diversity is a generic term referring 1o the condition of being different (Gove
er al., 1994). A synonym for diversity is variety. According to Pielou (1975),
diversity is an equivalent to variance. Variance characterizes the variety of

aantitarive measnres (e g tree yoligme)s divercity charactarizes the variety of
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qualitative measures (e.g. tree species). Several methods are available to quaniify
diversity (Pielou, 1973; Magurran, 1988). The objective of all methods 18 to
present muiti-dimensionzl variability such as relative frequencies, spatial
paterns, or processes over time in a one-dimensional, ranked order. Among the
most commonly used diversity indices are species count, species richness,
Shannon index, and Simpson index {Magurran, 1988).

The (not always valid) assaumption that diversity decreases with increasing
envircnmental stress has been cited by many authors and has led to a wide use
of diversity indices in forest monitering programs. For example, the UN/ECE
Convention on Long-Term Transboundary Air Pollution (Environmental Data
Center, 1993) recommended the application of the Shannon index for integrated
forest monitoring. However, if the evolution of diversity over time has to be
observed, different diversity indices can lead to different results. The Shannon
index is very sensitive to changes in species richness, while the Simpson index
is mainly influenced by the frequency of the dominant species (Peet, 1974}
K&hl and Zingg (1996) applied four diversity indices to the data from six stands,
where observations of species, number of stems, and basal area were available
for a period of up to 88 years. Inconsistent rates of changes in diversity were
obtained depending on the applied measure (number of stems, basal area, or
number of species) and the chosen diversity index.

As there are many problems in using methods thal measure genetic and species
variation, the most promising and most practicable alternative for measuring
diversity for the purpoese of forest management and land-use planning is (o
monitor the variation of habitats. As most of the flora and fauna species are
fixed to certain hahitats and their structural elements (Camp, 1994), the habitat
composition of an area reflects its potential species composition. Measuring
habitat composition and structure is easy and quick cempared to methods based
on genetic variation and species richness. Therefore, it is natural to start
estimating diversity at the habitat level.

Habitat is the combination of climate, soil, water regime, and vegetation to
which a species has adjusted and on which it depends. Habitats create the living
conditions for certain additional flora and fauna species on the site, and the
ecosystem variation is based on these components. Habitat variation takes place
and can be examined on three different scales (Miller, 1978). The smallest scale
is the local scale of homogeneous patches {micro-ecosystems), The size of micro-
ecosystems is in the range of hectares. Linked patches create a landscape mosaic
(meso-ecosystem), A landscape mosaic consists of spatially contiguous patches
distinguished by material and energy exchange. They range in size from 10 km?
to several thousand km’®. In broader scales, landscape mosaics are connected to
form larger units {macro-ecosystems). These units of connected mosaics are
called regions (Bailey, 1983).

In addition to a preferred habitat at the patch level, some species alsa require
certain key elements in the habitat. Key elements can be, for instance, dead and
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streams, steeps, or charred wood., At the landscape level, many bird and mammal
species require a certain habitat mosaic of a certain scale with a species-specific
distribution. Species can also have different habitat requirements depending on
the time of the year. In addition to the location of different habitat patches (spatial
distribution), variation of the size and shape of the habitat patches (edge effects)
are essential to the well being of some flora and fauna populations. For example,
Whitcomb ef al. (1981) found that forest interior bird species are rare on small
(1 to 5 ha) patches and frequent on large (> 70 ha} forests. Fragmentation of
habitats causes serious survival problems for certain species. According Lo
Wilcove et al. (1986), fragmentation is the principal threal to most species in
the temperate zone.

THE NEED TO INTEGRATE FOREST DIVERSITY ISSUES INTO
FOREST MANAGEMENT PLANS

The current forest planning procedures in Europe have been developed over a
period of more than 200 years. The first planning concepts focused mainly on
the timber productive function of forests and were based on area. The area of
the forest enterprise (F) was divided into annual cutting areas {F/u} according
to the rotation peried, u. This system was first employed in the 14th century in
the national forest of Niirnberg and the city forest of Erfurt. In the 18th century,
felling area/year was determined according to the site class. Since then, forest
management planning has undergone many modifications. However, from the
very beginning the most important concepts in forest management planaing
have been sustainability and long-term considerations.

The ides of describing stand dynamics on the basis of permanent obsarvation
first emerged in the last century. Gurnaud (1878), working in France, elaborated
riles for the application of repeated measurements in estimating increment;
this procedure is known as the control methed. These rules were first apphied in
Switzerland by Biolley (1921} in 1890 to the forest of Couvet in the Jura.

Nowadays, forest management planning is no longer restricted to the Umber
productive function of forests. In most European countries, forest laws stipulate
sustained conservation of all forest functions, ncluding biodiversity. Unlike
many parts of the world, forests of Central and Southern Europs have to fulfill
several functions simulanecusly and within the same area. Therefore, integrating
hiodiversity into forest management planning cannot be restricted to creating
preserves, wildlife sanctuaries, or national parks. As neither people nor resource
use can be removed from forests, conserving and enhancing forest diversity has
1o become an integral part of forest management planning. Comprehensive
methods have to be provided that simultancously take into account timber
production, other forest products, and hiodiversity issues on lands with a varety
of owners and users.
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THE EUROPEAN INITIATIVE UNDER EFI

In many paris of Europe, the traditional metheds of forest management planning
have not been developed for planning the conservation of forest bicdiversity.
There is an obvious gap between the international agreements and practical
forestry in maintaining the diversity of forests. As can be seen from many other
examples, national institutions and administrative bodies tend to develop their
own approaches to solve problems common to various nations, which later on
have (o be harmonized to come up with comparable figures. To avaid national
solo attempts, the European Forest Institute (EFI) in Joensuu, Finland, started a
European project that will provide standardized methodologies for diversity
assessment and tools for creating management planning strategies based on
measures of habitat diversity. Integrating the assessment of habitat diversity
into practical management inventories and forest management planning will
allow preservation of the natural variatior of habitat composition and structural
clements or an increase in the variation toward a desired target level.

EFT’s research project will consist of five case studies based on common
principles and methods that will be modified accerding te the different
environmentai factors of five ecoregions — moderate continental needieleaf taiga,
western oceanic coniferous and mixed forests, permanently humid western
oceanic broadleaf forest, alpine forests, and mixed sclerophyll forests and shrub.
These ecaregions cover more than 90 percent of the area of northern, western,
middle, and southern Europe. Two representative areas with different socio-
econormic conditions and land-use history will be selected in each gcoregion,

Every habitat develops several herizontal vegetation layers as a result of
forest management, natural disturbances and vegetation succession. One of EFl's
research objectives is to identify the factors of physical and community habitats
and of certain key elements that can be detected in field inverrories and are
critical for the survival of species of a certain habitat. The factors of the physical
habitat are climate and soil parameters, whereas factors of the community habitat
are characteristics of different horizontal layers of vegetation. Based on this,
habitat classification systems for different ecoregions will be developed. The
systems include all stages of natural forest succession as well as artificially
developed habitats that are crucial to diversity. A standardized, common method
for measuring the components of the habital classification system will be
suggested.

The consequences of a management regime can only be predicted if the
dynamics of different habitats and interactions between habitats are known.
Habitat dynamics are initiaied and driven by changes in climatic and site
conditions and by human impact. Changes in climate can affect forest ecosystems
so that they shift from an optimum phase through phases of tree species
impoverishment to near disappearance of the forest, Changes in site conditions
can have a limiting effect on different tree species and thus affect compeution
until a single tree species reaches dominance over the other species. Human




CHAPTER 21

ECOLOGICAL MONITORING IN EUROPE AND
NORTH AMERICA: BIOSPHERE RESERVE
INTEGRATED MONITORING PROGRAMME (BRIM )

Jiirgen Nauber

INTRODUCTION

The United National Education and Scientific Committee/Man and the Biosphere
(UNESCO/MAB) National Comumittees of Europe and North America form a
sub-network — called EUROMAB — of the larger international MAB cooperative
effort. EUROMADB was founded 1987 at its first conference in Berchiesgaden,
Germany. Since then, the National Committees have held a conference every
two years in order Lo discuss the further development of the network and its
activities.

EUROMARB concentrates on different thematic aspects of ecology, including
land-use changes, ecotones, forest ecosystems, the Biosphere Reserve Integrated
Monitoring Programme (BRIM), a recently founded working group on societal
dimensions, and the Northern Science Network.

BIOSPIHERE RESERVE INTEGRATED MONITORING
PROGRAMME (BRIM)

Development of BRIM

in 1993, approximately |80 biosphere reserves in 32 countries existed in the
EUROMAB region, Over the last quarter of a ceniury, a huge amount of data
has been gathered in these biosphere reserves (Schroder er al., 1996). However,
the approach to monitoring and rescarch has been sectorial in nature rather than
proceeding in a harmonized fashion, emphasizing integration of scientific
disciplines. As well, the link between social science and natural science has
been insufficient for a true interdisciplinary monitoring program (SRU, 1991).
In addition, even though the MAB programme envisioned the biosphere reserves
in part as an international informarion network (see UNESCO, 1984, 1995),
data from the reserves and the research and menitoring undertaken within them
remain difficult to access.

To increase coordination of the various bio-, geo-, socio-, and climate-
meonitoring efforts in the biosphere reserves, the 1991 Strashourg EUROMARB
Conference I11 approved the creation of the Biosphere Reserve Integrated
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impact can take different forms, but is generally the cause of rapid changes.
Clearcuts, afforestation, fertilization, introduction of exotic species, or
restrictions to plant only distinct, fast-growing provenances Cause severe
interferences in forest ecosystems and prevent evolution and natural adaptation
processes. The ‘optimal’ phase of a forest ecosystem is thus created according
to human desires.

Natural and human-induced causes of observed trends in biological diversity
have to be determined and quantified to permit the consequences of management
regimes. Fortunately, relatively comprehensive information about managed
forasts is available throughout most of Europe. Forest maps have been created
for large forest enterprises since the last century, a network of permanent
observation plots has been set up during the last 100 years, and forest surveys
have a long tradition in monitoring Buropean forests. Combining these data
sources and findings from case studies, published research results, and
experiments will aliow development of a model for predicting the consequences
of management regimes with respect to forest diversity. Providing computer-
aided optimization techniques for investigating forest managerment Siralegies
with reference to bicdiversity conservation will be the final goal of the project.

Currently six research institutions have joined EFT’s research initiative. They
are the Finnish Forest Research Tnstitute, Kannus Research Staticn, Finland;
the Swedish University of Agricultural Sciences in Garpenberg, Sweden; the
Swiss Federal Institute of Technology (ETH), Zurich, Switzerland; the Federal
Institute for Forest, Snow and Landscape Research (WSL) in Birmensdort,
Switzerland: the Instituto Sperimentale per la Selvicoltura of Florence, Taly;
and the Center for Agricultural Landscape and Land Use Research (ZALF) in
Eberswalde, Germany.

CONCLUSION

It is obvious that in the highly populated areas of Europe, natural habitats have
declined and fragmentation of the landscape has increased. Human impacts and
changing conditions will affect forest ecosysiems. International declarations
have addressed these concerns, but there is a substantial lack of international
activity to approach these probiems and fulfill international commitments as
well as 2 lack of assessment and planning methods for transferring international
commitments to the local level.

Assessment of, and planning for, forest biodiversity requires a set of new
methods that provide sound information on the current state of forests and their
reactions to management activities. Currently, there are no methods to quantify
forest biodiversity. The implementation of management concepts is difficult
because is not easy Lo plan for aims that cannot be measured. The project launched
by EFI focuses on the classification of key habitats to close the gap between
assessment and planning approaches, Still, the project will not answer the
guestion, ‘How should the ‘optimal® forest, with respect to biodiversity, be
structured’?

Assessment and planning for forest biodiversity
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Article 7 — identification and monitoring

Integrated monitoring in biosphere reserves can assist the contracting parties in
meeting the objectives of the Agenda for Scieatific and Technclogical Research,
which have been elzberated by the Intergovernmental Committee of the
Convention. This ambitious agenda covers a full range of activity, from
identifying representative ecosystems and their biodiversity to developing and
demonstrating methodologies for the sustainable use of biodiversity. BRIM can
facilitate and enhance the inventory of compenents of biodiversity (particularly
those that are threatened), the monitoring of those components, the identification
of processes and categories that have or are likely to have significant adverse
impacts on biodiversity, and the maintenance and organization of data derived
from inventory and monitoring.

Article 8 — in situ conservation

Biosphere reserves play an important role in the establishment of systems of
protected areas and contribute to the protection of ecosystems, natural habitats,
and the maintenance of viable populations of species in natural surroundings.
BRIM can assist in furthering this role, especially in the proemotion of
environmentally sound and sustainable development in areas adjacent to
proiected places (Stdndige Arbeitsgruppe der Bilosphirenreservate in
Deutschiand, 1993).

Article 12 — research and training

Activities in most biosphere reserves include research and training. The direct
connection ta the international scientific community that the MAB programme
— enhanced by BRIM - offers biosphere reserve personnel increases in their
access to training and to research results elsewhere.

Articles 17 and 18 — exchange of information and technical and scientific
cooperation

Integrated monitoring in biosphere reserves has the potential fo open well-
established, multi-disciplinary information highways to a broader audience,
Regular contacts among biosphere reserves through BRIM can facilitate the
exchange of data and technical and scientific methodologies,

OUTLOOK

As noted zbove, one difficulty in creating integrated monitoring projects is to
achieve a truly interdisciplinary approach (Kruse-Graumann ez a/l., 1995). Most

menitering prejects are dominated by natural scientists, but the development of

Ecological monitoring in Europe and North America

will be the task of the BRIM working group to propose methodologies for
assuring integrated monitoring and to catalyze respective pilot projects. A first
attempt to include the social science aspects of monitoring in BRIM requested
information on permanent plots incorporating research on anthropogenic
impacts. Forty-five biosphere reserves reported that to date, they contain
permanent plots dedicated to monitoring anthropogenic impacts.

In conclusion, the MAB programmes of Germany and the United Stales, in
cooperation with their MAB colleagues and programs throughout the
EUROMAB region, hope that the combined BRIM activities will make a
significan: contribution to improve the quality and frequency of international
cooperation in biodiversily monitoring and research programs.
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Monitoring Programme (BRIM). It is overseen by a working group that meets
at irregular intervals and reports to the EUROMAB Conference.

The activities of BRIM should help overcome the current shoricomings of
the international network and set the stage for long-term cooperation and
integrated environmental monitoring and research {Kerner et al., 1991,
Schénthaler er al., 1994),

ACCESS

The first step must be to elaborate ar inventory of the potential of the biosphere
reserve network. On the basis of the 1987 UNESCO survey of the international
biosphere reserve network, USMAB conducted an inquiry into the research
and monitoring activities of the individual biosphere reserves that covered topics
such as infrastructure and accessibility and alse garnered the addresses and
names of officials in the reserves. The resuliing publication, known as ACCESS
(EUROMAR, 1993), supplies the basic information for an open network and
has been widely distributed.

Parallel to this activity, USMAB began developing a standardized protocel
for monitoring flora and fauna in biosphere reserves in the EUROMARB region.
The protocol has been tested and improved over several years, and part of it,
MAB Fauna, was being readied for application.

ACCESS 1996

Once the ACCESS directory was under preparation, it became obvious that the
publication was just the first step in creating a hierarchically structured systerm
for making information available. Consequently, the German MAR National
Committee agreed to undertake a second inquiry to decumentmore of the details
of the monitoring and research activities conducted in biosphere reserves.
Because monitoring and research usually take place on permanent plots, a
detailed questionnaire was sent t© all EUROMARB biosphere reserves and the
respective National Committees. The questionnaire was directed at discovering
which biosphere reserves have permanent plots, what type of plots are
maintained, and which topics are investigated at the plots.

The results of this survey will be published by USMAB in its capacity as the
Secretariat for the EUROMAB BRIM Programme. The publication, titled
ACCESS 1996: A Directory of Permanent Plots Which Moniter Flora, Fauna,
Soil, Hydrology, Geclogy, Climate, and Anthropogenic Changes at 132
Biosphere Reserves in 27 Countries, should be availabie by the time this
proceedings document is released. Like its predecessor, ACCESS 1996 will be
published in paper/soft cover format as well as on the Internet at various web
sites and locations. Readers can electronically access this new cdirectory at http:/
[WWW.UNESCO.CRG/MAB/The MABNet.htm/.

Ecological monitoring in Europe and North America

ACCESS 1996 will 2lso contain a series of summary tables and charts
depicting the biogeographic distribution of the various types of permanent plots
by biome, using the UNESCO Udvary classification system. These tables will
indicate not only the current coverage, or representative nature, of the biosphere
reserves, but also will hint at one of the future tasks of the MAB Programme: to
improve the coverage of the network and develop a system for indicating the
representative nature of the ecosystems within biosphere reserves.

ACCESS 1996 will follow the format of the original ACCESS dirsctory in
identifying each bicsphere reserve’s administralive entity, Tatitude and longitude
coordinates, and elevation. The publication will also summarize information
concerning the permanent plots maintained at each biosphere reserve, inciuding
research objectives, management of data acquisition, data availability, and plot
type and spatial distribution, and indicate whether the plots are situated in
terrestrial, aguatic, or marine environments. The total number of plots wiil be
listed along with the year each was established. To facilitate contact with the
darta base of each permanent plot at each biosphere reserve, ACCESS 1996 will
provide the name of a contact person who is responsible for administration and
coordinarion of the menitoring and research program and the telephone number
and, where available, the Fax number and Internet/E-mail address of the contact.
If the biosphere reserve maintains a home page on the World Wide Web, ACCESS
1996 will list the Uniform Resource Locator (URL} address.

Summary tables in the document will provide a quick reference by country,
biosphere reserve, type of plots {by topic), their functional objectives, status of
computerization of data, and their distribution within the biosphere reserve.
Detailed summaries will be provided for permanent plots dedicated to flora,
fauna, hydrology, anthropegenic impact, climazte, soil, and geology.

Note that the Climate Convention calls for monitoring and research. In many
of the biosphere reserves of the Buropean region, monitoring of climate-relevant
parameters is underway (WBGLU, 1993, 1994, 1996). Access 1996 will provide
an overview of more than 98 bicsphere reserves in which monitoring or research
dedicated to issues related to climate is occurring in permaneat plots.

APPLYING BRIM: AN EXAMPLE

BRIM can assist parties to the Convention on Biological Diversity in fulfilling
some of the requirements of the Convention (Interim Secretariat for the
Convention on Biological Diversity, 1994), as described below.

Article 5 — cooperation

BRIM provides the link among biosphere reserves, each of which 1z under
national sovereignty, and facilitates cooperation among the contracting parties
by providing space.




Forest biodiversiry

actually be structural when considering the habitat of species dependent on the
lichens. Different factors are likely to influence the diversity of these two groups
(Huston, 1994}, a consideration for researchers in developing and carrying out
monitoring programs.

Many studies of species diversity can be related to different spatial scales
through point, a-, £-, - and e-diversity (Whittaker, 1977) — which are essentially
equivalent to micro-habitat diversity, within-habitat diversity, between-hahitat
diversity, landscape diversity, and regional diversity {see also MacArthur, 1965).
These equivalences are expressed for clarification only: it is possible Lo apply
them at a variety of different scales (Allen and Starr, 1982; O’Neill et al., 1986).
Of the types just noted, o and B-diversity tend to be the most widely used
(Southwood, 1978; Magurran, 1988). Pattern diversity (Palmer, 1990; Zobel ez
al., 1993) also needs to be considered, with the basic assumption being that this
is the variation attributable to species interactions as opposed to environmental
gradients.

In practice, several on-going programs have adopted a fairly coarse approach
Lo assessing ecosystem and species diversity. Forexample, Radcliffe ef af. (1994)
primarily considered only vertebrates, specifically excluding vascular plant
diversity and discounting fungi and insects on the basis that there was insufficient
information available about them. Such an approach probably reflects the
potential interest in species diversity; there is considerably more public concern
about the presence of bears than a micro-lepidopteran (see below).

The value of long-term monitoring has been demonstrated sufficiently often

to prectude the need for any further justification (Strayer et al., 1986, Likens,
1989; Peterken, 1993b). Long-term monitoring of various aspects of biodiversity
has a substantial history, and considerable data are available. However, much
.of this information is fragmented and site-specific, making interpretation
difficuls. This paper describes & program in Switzerland that is currently in its
initial stages. it is an interdisciplinary pregram associated particularly with
assessing the effects of air pellution and climatic change on forest ecosystems.
The basic project has been described by Innes (1994), and the details of the
criteria used in the selection of the monitoring plots are given in Innes (1995).
Biodiversity is included as one of a series of ecosystem characteristics that
need to be included in any assessment of ecosystem change.

METHODS FOR ASSESSING BIODIVERSITY BASED ON
TAXONOMY

Species diversity has been the subject of many investigations. Traditional
approaches have generally considered diversity as consisting of two components
—the variety and the relative abundance of species. These are assessed for specific
groups and/or functional types and can either be measured separately or
combined inte some form of index. Assessments of variety are relatively easy
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area (i.e. species density). This is different from species richness, which Is the
number of species that occur within a given number of individuals or bicmass
{Kempton, 1979).

A namber of indices have been devised that take into account boti the number
of species and their relative abundance. Further information on numerical
measures of o-diversity is given by Magurran (1988) and Krebs (1989). These
and other measures of a-diversity are purely numerical and, as to be expected,
involve the loss of information when they are calculated. For example, the indices
do not take into account species compesition, and a spruce forest would have
the same index value as a beech forest provided that the numbers and relative
abundance of the species were the same. While much effort has been expended
on comparing the different indices, such studies have contributed little o the
general mechanisms underlying species diversity (Huston, 1994). In addition,
the value of statistics dealing with overall diversity within an ecosystem is of
questionable ecological relevance, since they reveal nothing of the processes
occurring in the system or of the relative functions of the organisms in it.

To assess the different scales of diversity within an area, a much more
integrated approach is required that includes not only species abundances but
also their functions, sizes, spatial distribution, and other information (see for
example, the dominance—diversity curves of Whittaker, 1965, 1975, and the
standardized methods for assessing amphibians presented in Heyer eral., 1994).
Consequently, in recent years, a range of methods has been used to assess
biodiversity, In particular, atiention has focused an indicator species and
functional groups, whether as ‘keystone species’ (Paine, 1966), indicators of
particular environmental conditions (Kremen, 1992), or indicators of guilds
(Root, 1967) that are believed to respond to envircnmental change in a similar
fashion. Noss (1990) recognizes several other indicator types in addition to the
above, including ‘umbrellas’ (species with large-area requirements that, if
protected, will also protect a variety of species with smaller area requirements),
‘flagships’ (popular, charismatic species that can attract the attention of the
public), and ‘vulnerables’ (species that are viewed as being at risk). The indicator
approach has a number of problems (Verner, 1984; O’Neill ef al,, 1986; Block
et al., 1987: Landres er al., 1988), but these can sometimes be overcome if
sufficient care is taken with indicator identification (Pearson, 1554).

Assessments of indicators are based not only on presence or absence, but
also on population dynamics. Very often, indicators are believed to be endangered
species, Recent developments in the United States have concentrated on the
preservation. of forest habitat for the northern spotted owl (Sirix occidentalis
subsp. caurina) (Thomas et al.,, 1990} and the red-cockaded woodpecker
{Picoides borealis). By providing ‘old-growth’ habitats for these two species,
together with all the necessary ecosysiem structures to enable a transfer of
individuals between forest areas, the maintenance of populaticns of many other
species is believed to be ensured. A wide range of potential indicator species
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CHAPTER 22

ASSESSMENT OF BIODIVERSITY IN ECOSYSTEM
MONITORING PLOTS WITH PARTICULAR
REFERENCE TO SWITZERLAND

John L. Innes, Walter Keller and Ruedi Boesch

INTRODUCTION

Biodiversity, as defined in Eurcpe and under the Convention for Biological
Diversity, is ‘the variability among living organisms from all sources, including
inter alia terrestrial, marine and other aquatic ecosystems and the ecological
complexes of which they are part; this includes diversity within species, between
species, and of ecosystems. Biological diversity encompasses not only species
but also ecological structures, functions and processes’.

Under this definition, biodiversity is more of a concept than & measurable
phenomenon. Consequently, most studies have concentrated on those measurable
aspects of biodiversity such as the species diversity of particular groups that
can be determined, and there are as yet no holistic studies covering the complete
species diversity of an area. This deficiency may not be significant from an
ecological point of view because the number of species present in an ares is
probably less important than the viability of the ecosystiem functions in that
area (Goodman, 1975, Pielou 1977). For example, while boreal forests have
lower numbers of species than tropical forests, this does not impair their
biological significance (if such a phenomenon can be defined). In the context
of forest ecosystems, it would be possible to increase the biological diversity of
a natural area by replacing part of the natural vegetation with introduced species,
but doing so clearly does not represent an improvement in biodiversity.

Current ecological and political concern is focused on fosses of bicdiversity
and on ways in which these losses can be halted or reversed. Thus, monitoring
changes in biodiversity is seen by many as a priority for research.

The available literature indicates that it is possible to assess the biological
variation of particular groups of organisms (e.g. amphibians, birds, or higher
plants). A fundamental division exists here between structural and interstitial
species. According to Huston (1994), structural species are those species that
create or provide the physical siructure of the environment. Interstitial species
are those that are dependent on the structural species. In relation to forests, the
structural species are often considered to be the trees, but they may also include
some shrub and herb species. However, the concept is scale-dependent, and
species that might normally be considered as interstitial, such as lichens, may
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although it is frequently assumed that resuits from one geographical region can
be readily transferred to another, this is not always the case. European bird
species seem to be much more eclectic in their habitat requirements than those
in North America (Jarvinen and Visdnen, 1980; Hansson; 1994) as an example,
and the relationships between patch size and the occurrence of species typical
of the forest interior that have been developed in North America are seamingly
inapplicable in Europe, although some aspects of stand structure may be (Telleria
etal., 1992). Even a species such as the black woodpecker (Dryocopus martius)
that may be censidered typical of European *old-growth’ forests can occurina
wide range of different forest types, provided that there are encugh sufficiently
large trees for nesting, and will ferage on open ground. In such studies, it is
important tc separate different guilds and analyze them separately. When this is
done, relationships may become apparent that were not so when the overall
species diversity was considered (Hansen er ql., 1994),

Another problem cencerns the differential use of habitat types. Referring to
European forest bird species, while some have very narrow requirements, a
number seem to be dependent on the presence of a mosaic of different structural
(successional) stages. These include the woodlark (Lullula arborea), nightjar
(Caprimulgus europaeus), wryneck (Jynx torquila), and green woodpecker
(Picus viridis)(Avery and Leslie, 1990; Bowden, 1990; Simberloff, 1995). Such
a mosaic has been recognized in forests for many years (Cooper, 1913), and it
tends to be accentuated by forest management. However, in Europe, there has
been a trend toward decreasing use of forest resources and a general aging of
the tree population (Kauppi ez al., 1992), suggesting that the balance between
early and late-successional habitat stages is changing. This is typical of the type
of phenomenon that needs to be resolved through careful moritoring.

There are various ways in which the data from studies of vertical and
herizontal structure can be analyzed. The majority of the techniques used to
relate plant communities to environmental indicators are of relevance here (Ter
Braak, 1587, Wildi and Orldci, 1990; Debinski and Brussard, 1994) as are a
number of cther methods used in quantitative plant ecology (see Digby and
Kempton, 1987). Considerable care is needed with the derivation and
interpretation of multivariate indices because they are often difficult to relate to
any actual phenomenon (Peters, 1991),

A variety of measures of S-diversity are available. For data related to species
presence-absence data, these include f,, (Whittaker, 1960); B. (Cody, 1975);
B, B, and B, (Routledge, 1977); and B (Wilson and Schmida, 1984). These are
all variable in their relative efficiency and, as with species diversity indices, the
choice cf which index {or which range of indices) to use is strongly dependent
cn the objectives of the study. Wilson and Schmida (1984) emphasize that any
evaluation of the performance of these indices should take into account a number
of factors, including the turnover of species between different habitats, the
requirement that the indices are additive, the need for independence from the
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best of these, given the above requirements and in relation to analyses of variation
across envirenmental gradients, was 3. This can be expressed by:

_ 8 = i)

P 20

where g is the gain and [ the loss of species along a gradient /4, and « is the
average number of species found within each habitat or community.

Assessment methods derived from landscape ecology

Landscape ecology offers considerable potential for the assessment of
bicdiversity. Many of the techniques 1n use are quite old, having been developed
in geography, but the use of modern technology such as geographic information
systems has greatly speeded up the type of analysis that can be done (Kienast ef
al., 1994). The basic elements of landscape ecology, namely patches, edges and
corridors, can be readily quantified and monitored over time. Difficulties may
arise when attempts are made to analyze the ecological significance of these
units. The importance of horizontal patchiness in explaining species diversity
is well known {Roth, 1976, Wiens er al., 1987; Gerell, 1988), although it is
dependent on how the patches are defined. In addition, the recognized
relationship between patch size and diversity (Gleason, 1922, and many studies
since) adds a compligating factor to any interpretation of paichiness, as does
the degree of isclation of individual patch types (Lynch and Whigham, 1984;
Askins et al., 1987) and the history of individual patches (Lovejoy et al., 1983,
1986; Hermy, 1994; Rescia et al., 1994). Explanations for supposed relaticnships
between patch sizes, fragmentation and species diversity are frequently given
but these are often unsupported by empirical studies or rely heavily on quite
site-specific case studies (Huston, 1994; Wiens, 1995}, In partcular, the use of
mabile groups of organisms {e.g. birds} in the study of patch diversity is often
complicated by interactions among individuals from different patches,
invalidating many of the theories and suppositions associated with avian
metapopulation dynamics {(Harrison, 1951; Simberioff, 1995).

Other groups may be much less mobile and therefore more suitable for study.
Many inverlebrates are more habitat-specific than birds and alse tend to interact
less with neighboring populations (Thomas, 1595). However, the links between
habitat and population dynamics are unclear; population extinctions have been
recorded at the same time as increases in adult food plant availability. It is the
immature stages of many invertebrates that appear to be extremely specific in
their habitat requirements, whereas surveys are often made of the adult abundance
{Thomas, 1993).

Edges are also known as an important factor affecting diversity, particularly
in avian communities, and there is a substantial literature covering this area,
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be made. However, it is ¢lear that a number of different indicators will be
required. The danger exists that these indicators will in the future prove less
useful than originally thought, but the status of ecological knowledge today is
such that the level of risk appears acceptable. By encompassing a sufficient
number of indicators, a sufficiently comprehensive picture may be possible.

Pearson (1994) has suggested that the choice of indicators shouid be based
the following requirements:

(1y  the indicators are taxonomically well-known and stable,

(2)  their biolegy and general life history is well-understood,

{3)  their populations are readily surveyed and manipulated,

(4)  higher taxa occupy a breadth of habitats and a2 broad geographical range,
{5) there is a specialization of each population within a narrow habitat,

(6)  the patterns observed in the indicator taxon are retlected in other related
and unrelated taxa, and

(7) the indicators are of potential economic importance.

The priority ranking of these criteria depends on whether the indicators are
being used for ervironmental monitoring or for biological inventories. No cne
indicator can reflect all values; thus, a combination appropriate to the scale of
the study should be chosen (Noss, 1990).

Surrogates for species diversity in forests

The investigation of the structural and functional diversity of forests has received
considerable attention over the past 30 years. Many of the principles have
developed from the perceived need to maintain a number of different successional
stages within the landscape (Franklin, 1988), and the assessment of structural
diversity has become a goal in itself. This perhaps refiects the view that structure
includes not only the spatial and temporal abundance of species, but also resource
allocation; niche relations; species-area; food webs; body-size relations; foraging
techniques; age distribution; vertical, horizontal, and temporal distributions;
and morphology (McIntosh, 1995). The surrogate approach is based on the
supposition that a more complex habitat will support a greater variety of species
(MacArthur et al., 1962), and this appears to be supported ty empirical
observations (Johnston and Odum, - 1956; MacArthur and MacArthur, 1961;
Recher, 1969; Karr and Roth, 1971; Lovejoy, 1972; Moss, 1978; Urban and
Smith, 198%). However, exceptions occur {Orians, 1969; Ralph, [1985; Hansen
et al., 1994}, and vertical cornplexity does not necessarily provide an explanation
Tor variaticns in animal species richness (Flather ef al., 1992). Alarge literature
base details niche separation within habitats, and the quantification of the
struciural elements having a relationship with niche dimensions are reasonably
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well-known for some species groups (Cody, 1974; Verner, 1984; Szaro, 1987).
The process has been formalized through the development of resource matrices
(Colwell and Futuyma, 1971). Methads for summarizing these into indices are
provided by Levins (1968), Hurlbert (1978) and Smith (1982), among others,
assuming that the derivation of indices has a value,

Al its coarsest level, the use of structural diversity as a surrogate for species
diversity inveclves the development of habitat affinity tables, which can be
expanded to include affinity tables for different stages of habitat development
and different habitat structures. Within Burope, this approach is aided by the
substantial body of information that is available for many species, particularly
vertebrates and higher plants. However, for vertebrates, much of this information
is related to relatively large scales (e.g. forest type), and detailed information
on the precise habitat preferences of individual species is often only avaiiable
for rare and endangered species, particularly where conservation interests have
spurred research into precise habitat requirements (e.g. for the capercaillie, Tetrao
uregalius) (Leclercy, 1987; Rolstad and Wegge, 1987; Angelstam, 1992; Storch,
1993a, 1993b, 1994). In addition, the temporary use of habitats (e.g. during
dispersai) needs to be taken into account (Hanski, 1991; Wiens e/ al., 1993).
Even less is known about the requirements of invertebrates, with enly limited
information being available for most groups. Given that the greatest diversity
in forest ecosystems normally occurs within the invertebrates — in a wood in
Cambridgeshire, England, Steele and Welch (1973) recorded that invertebrates
represented at least 76% of the fauna — the lack of information on most faunal
and several floral griups represents a significant limitation. It is extremely
unlikely that the autoecclogical requirements of all species within an area will
ever be known. As a result, autoecological studies of habitat requirements have
fallen our of favor among ecologists (Simberioff, 1995).

Within habitats, several methods have been developed (Eltan and Miller,
1954; Bunce and Shaw, 1973), ranging from traditional assessments of stand
structure (¢.g. size distribution) and vertical zonation (Davis and Richards, 1933
34; Cyr, 1977) to much more detailed assessments of the dead wood in forests
(Hunter, 1990; Ratcliffe, 1993) or the vertical structure of the habitat (Short,
1982, 1988; Streeter et al., 1983). The majority of this work has been developed
within the North American context, where standing dead wood and fallen stems
are believed to form an important part of the forest ecosysiem (Samuelsson ef
al., 1994). Amajor difficulty with the approach has been the relationship between
these structural indicators and the actual species diversity at a site (Schamberger,
1988). For example, the presence of dead wood alone is of little relevance as an
indicator and, in some cases, the species diversity of some groups may be
independent of the presence of dead wood (Hansen et al., 1994).

The majority of studies that have been undertaken to date are relatively local
(of necessity) and it is unclear to what extent the results obtained from one area
can be applied to ancther. This becomes clear when the ecological functions of
dead wood in different regions are compared (Harmon et al., 1986). In additicn,
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Table22.3 Observed tree species distributions compared to predicted occurrences from
the p_hytasociological tables of Frehner (1963} and Kuoch (1934). Values for the plots
are given as percentages of the trees present. Predicted values refer to the percentage of
original field plots that held a given species; superscripts indicate abundance (Braun—
Blanquet classification scheme for a 250 to 400-m? plot: r = one or two individuals; + =
< 10 individuals; 1 = > 10 individuals, < 5% of surface area; 2 = 6 to 23% surface area;
3 =726 to 50% surface area) 1

Tree species Cthmarsingen Alptal

Plor ! Plot 2 Predicted Plorl  Plot 2 Predicted

Picea abies 10 27 100%3 -
Ables alba 3 0 883 ’17'12 9‘51 %88
Fagus sylvaiica 70 72 10072 0 4] G4+t
Quercus robur i 1 32+ 0 0 0
Quercus petraea 5 04 64! ¢ 0 G-
Carpinus betulus 4 0 64+! 0 0 0
Tilia cordata 4 ¢ g 0 0 0
Sambucus nigra 3 O 68+ 0 0 0
Acer pseudoplatanus 0 0 28+! 0.4 G 3
Fraxinus excelsior 0 ¢ 8§ 0.4 0 36
Alnus incana 0 0 0 17 1 25

Oth:marsingen, the natural vegetation type would be Galio odarati-Fagetum
typicum, typical variation, and the Carex pilosa variation, following Frehner
(1963). At Alptal, it would be Equiseto-Abietetum, following Kuoch (19543,
The typical tree species for Othmarsingen is Fagus sylvatica, and the influence
of forestry practices is revealed by the presence of Picea abies and Abies alba.
At Alptal, forestry practices are responsible for the absence of F syfvatica, the
dominance of P abies, and the presence of A. alba in the dominant and co-
dominant canopy layers. Further information cn the use of this classification
scheme can be found in Ellenberg (1988).

Use of forest stracture as a surrogate

A basic tool used in the assessment of vertical stand structure is hemispherical
Photography. Photographs are taken on a fixed grid throughout the plot, and the
images are subsequently electronically scanned. This provides a variety of
information, including estimates of leaf area (in broad-leaved stands), estimates
of the light penetration at ground level, and & quantitative assessment of vertical
stand structure. As the coordinates of the photography points are known to the
nearest cim, the assessments can be repeated over time. All other measurements
are also geo-referenced, making it possible to establish a link between, for
example, leaf area at a point and throughfall chemistry.

Quantitative assessments of specific vertical strata have been reccmmended
by Short (1982, 1988). These are rather limited, and in the Swiss prooram.
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Table 22.4 Structura! indicators used for the assessment of biodiversity (order of -
indicators has no significance)

Stem density, basal area, and average dbh of trees;
total, by species, by size class
Stem density of shrubs:
total, by species
Stem density, basal area, and average dbh of seedlings:
total, by species
Density of snags:
total, 10 to 24.9 cm dbh, »25.0 cm dbh, by species
Decay class of snags
Percent canopy closure:
total, by species
Height to bottom and top of main crown canopy
Height of identifiable layers within the canopy
Average height of shrub layer
Percent of ground surface coverage:
by species, rock or hare soil, coarse woody debris (including decay class), litter
Potential natural vegetation
Litler depth
Epiphyte diversity:
on deciducus species, on coniferous species, number of species, abundance
Leaf area:
Total, by species

more detailed above-ground stratification is used (Table 22.4). The basic model
still needs to be tested in Switzerland using, for example, avian guilds. In
particufar, the utilization of defined habitats needs to be assessed through detailed
field work involving the target species/functional groups and the subsequent
data analyzed using, for example, Bonferroni-Z tests (Neu er al., 1974).

Several stand characteristics are taken directly from maps made of the plots.
The maps are generated from low-level aerial photography combined with
ground surveys and include crown positions and dimensions, vegetaticn types,
snags, coarse woody debris and other features. The maps are suppiemented
with a list of stand characteristics that are routinely assessed as part of the
integrated program (Table 22.4). The choice of stand indicators reflects past
studies of forest structure (Busing and White, 1993; Kruse and Porter, 1994).
Assessments of the potential redundancy in the list is part of an on- going research
project associated with the monitoring program. Many of these assessments are
made as measurements related to studies of pnenomena (such as stand growth
and regeneration) other than biodiversity.

Several structural characteristics of the plots are aisc of interest for subject
areas (such as silviculture} other than biodiversity. The main problem is
determining the area over which such assessments should be made because
many aspects of species diversity require an area larger than 2 ha. Some of the

. measures are extended to a 30-ha area, or even to the entire catchment, and the
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is discontinuous, and grazing occurs in both open areas and in the forest. Annual
precipitation is 2,200 mm, 40% of which falls as snow. The mean annual
temperature is 5 °C. The area was largely cleared from the fourteenth to the
nineteenth century, but has since been partially reforested. Hydrological
monitoring began in 1968 to assess water quantity and quality, and a
meteorological station was instailed in 1982, Monitoring and research activities
were increased in the peried from 1985 to 1989 when the site became one of
three intensively researched forest ecosystems in Switzerland {Schiipbach, 1991}.
Since 1989, a number of research activities have been undertaken, resulting i
a considergble amount of data on ecclogical processes operating within the
catchment.

Species inventories

Most of the considerable work carried out on the diversity of site and vegetation
types in Switzerland has concentrated on the higher plants (see, for example,
Ellenberg and Klatzli, 1972, for a detailed description of the different foress
types present in Switzerland). Much iess is known about other species groups,
although there have been several studies of endangered or declining species
such as the Scops ow! (Otus scops) (Ariettaz ef al., 1991).

The limitations associated with the use of diversity indices for species groups
alone can be illustrated by tree data from the Long-Term Forest Ecosystem
Research Programme in Switzerland. Data are available for two sites,
Othmarsingen in the canton Aargau and Alptal in the canton Schwyz, each with
two plots having been assessed, The data refer to the numbers of trees with a
diameter at hreast height greater than 5 cmm. At the two sites, all trees withip a 2-
ha area were assessed, with the data for each ha being reported separately. The
basic data are presented in Table 22,1, Tn Table 22.2, the various indices for the
four sites are shown. The number of tree species varied between the sites, but
this alone is a poor index of the diversity of the site. The highest values for the
Shannon (H) and the Simpson (1 — D) indices and the lowest value of the Berger—
Parker index () were recorded in the plot with the greatest number of species.
However, cne of the Alptal plots had very simitar values, reflecting the mixed
nature of the stand, Although these indices are of interest, all the information on
the structure {size distribution) of the stand is lost.

These limitations are not new. They have been recognized for a considerable
time (Hurlbert 1971; Peet, 1974; Krebs, 1989; Spelietberg, 1991). Each index
has specific advantages and disadvantages (Magurran, 1988), with some (e.g.
log series o, log normal A, the Q statistic, and the Margalef index) having much
better discriminating abilities than others. It is therefore rather surprising that
particular indices (dominance/evenness), known (o have poor discriminating
abilities (the Berger—Parker index, Shannon evenness, and Brillouin evenness}
continue 1o be used on their own. Instead, the use of several diversity indices,
cambining nne nr more richness indices. an evenness index, and assessments of
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Table 22.1 Tree species and social class of trees in four t-ha monitoring plots (B =
dominant; Cod = codominant; Subd = subdominent; Supp = suppressed)

Tree species # siems D Cod Subd Supp
Othmarsingen 1

Picea abies 20 2 - 2 i6
Abies atha & 1 - 2 3
Fagus sylvatica 147 64 27 24 32
Quercus robur 2 - 2 - -
Quercus pelraed 11 3 7 1 -
Carpinus benuldus & - 3 3 -
Titia cordaia g 6 2 - -
Sambicus nigra 7 - - i 6
Othmarsingen 2

Picea abies 63 - - 3 58
Fagus sylvatica 168 79 50 b 31
Quercus robur 3 1 2 - —
Quercus pelraea 1 - 1 - -
Alptal 1

Picea abies 168 70 74 22 2
Abies alba 28 10 8 g 2
Acer psendoplaianus l - 1 - -
Fraxinus excelsior 1 i - - -
Alnus incana 40 5 33 2 -
Alptal 2 -

Picea ables 336 136 135 45 20
Abies alba 18 9 5 3 1
Alnus incana 4 2 - 2 -

Table 22.2  Various measures of diversity for the tree layer in two 1-ha plots at each of
two Swiss sites (H = Shannon index; d = Berger-Parker index; D = Simpson index)

Site # species H ©od I-D
Othmarsingen | 3 1.14 0.70 0.49
Othmarsingen 2 4 0.67 0.71 0.42
Alptal 1 5 1.01 0.71 0.46
Alptal 2 3 0.26 0.64 0.12

the species abundance distribution, appears tc have considerable value
(Magurran, 1988).

The iree species distributions shown in Table 22.1 indicate what is currently
present. This reflects the influence of selective forestry and provides nc indication
of the extent to which the forest stand has been changed. In Table 22.3, the
prepoctions of each species and the proportions that would be expected {as
derived from the reference plots for the respective forest types) are given. Al
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Figure 22.1 (a) Digital terrain mode! and hydrological map for the Erlentobel catchment
in Alptal (b) Stand map for the caichment. Six classes of forest stand are recegnized,
based on the average dbh of the thickest 100 trees/ka. Unmarked areas represent meadows
() Potential natural vegetation for a part of the Erlentobel catchment. The blank areas
are improved meadows where the PNV is no longer discernable. The classification follows
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how landscape heterogeneity may change under different scenarios and enable
the quantitative assessment of landscape heterogeneity on successive occasions.

Modeling is particularly useful for assessing the potential effects of a change
in environment on the biodiversity of an area. Such changes are normally driven
by exlernal forcing factors, such as climate or stand mantgement practices.
Modeling is Hikely to be a key factor in any attempt 10 assess whether the aims
of biodiversity conservation are being achieved within Swiss forests.

Two parallel lines are currently being developed. One set of models is based
on gap-phase dynamics and looks at the development of individual species under
changing environmental conditiens (Kriuchi, 1994). The other modei
(FORCYTE) is driven by nuirient dynamics and looks at long-term changes in
nutrition and biomass, given particular starting points and management regimes.
Both model types are being calibrated with data from the monitoring plots so
that site-specific scenarios can be developed and tested later.

CONCLUSIONS

A variety of measures are available to assess biodiversity in forests. A critical
factor is how bicdiversity is defined; this will strongly influence how the
assessments are approached. In addition, the purpose of the assessments is
important as different methods will be used if biodiversity is being assessed or
if aspecis of biodiversity are being assessed as & SWTOgAE for other processes.
It is very important to look at biediversity at a variety of scales. At the finest
scale, it involves the diversity of genetic material. Methods exist to assess this,
but it also importart to consider the flow of genetic material. For example, with
animals, it is important to consider within the theme of biodiversity the ability
of animals to move from one area of habifat to another. In this respect, the
degree of fragmentation of the landscape provides a measure of the genetic
flow capabilities, although the nature and ecological significance of
fragmeniation needs to be evaluated carefully for each species under study
{Wiens, 1995).

Species inventories and assessments of the relative abundance of species
provide useful measures of a particular aspect of biodiversity. It is extremely
unlikely that any exhaustive lists of all species present in each forest area will
ever be compiled. At present, no such list exists for any forestin Switzerland. A
recurrent problem with such lists will be to establish a baseline. What 1is the
normal abundance of particular species? The Ellenberg—Kltzli classification
system for forest vegetation does not help in this respect, although the empirical
information upon which it is based could be used as a baseline against which
future changes can be measured. The baseline can be checked against other
historical data, but explanations for histerical variations in species abundance
are generally unavaiiable.

Structural diversity within and between stands provides a partial surrogate
Lo i lniine tome of copme af the maore difficult snecies orouns such as the
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determination of which other measures should be exiended spatially is the subject
of on-going research. A link between the structural parameters and the species
diversity of specific groups has not yet been made, and this is 2lso a subject of
research.

Long-term process monitoring

As it is impossible to measure all processes within a forest ecosystem, decisions
are needed as to which processes to monitor. The processes can be broadly
divided into abiotic and biotic, although clearly there is an interface between
the two. Generally, the abiotic factors (climate, pellution, soil chemisiry, etc.)
drive the biotic processes, and some degree of concentration on the abiotic
processes therefore seems appropriate. Table 22.5 lists the abiotic processes
that are being monitored within the Swiss forest monitoring program.

Tablelz’.f‘.s Abiotic processes assessed in the monitoring plots (some assessments nat
made in all plots)

Within the forest plot Cutside the forest
Meteorology:
A;r temperature Alr temperature
Alr humidity Adr humidity
Wind speed Wind speed
UV-B radiation
Photqsyntheﬁcally Photosynthetically
active radiation active radiation
Precipitatipn Precipitation

Soil temperature {2 depths)
Seil humidity (2 depths)
Throughfall

Sternflow

Soil moisture availability

Nutrient flux:
Precipitation chemistry Throughfall chemistry
Stream chemistry Stemflow chemistry
Soil-water chemistry
Litter chemistry
Heavy metal deposition

Atmospheric Pollution 0, 50,.NO_, CO,

Pedological changes:
Soils are sampled in detail every 10 years, Chemical,
physical, and mineralogical analyses are undertaken by
horizon and by fixed depths

Nutritional status;
Nutritional status of the main tree species is determined
every two years. The analyses cover N, S, B, Ca, Mg, K, Na,
Zn, Mn, Fe, Cu, F, (1, Cd, Ph, Al, and B

Assessment of bicdiversity in ecosystem monitoring plots

In considering ecosystem processes, it is important 1o remember that the
processes may not have a direct relationship to species diversity. This is a
fundamental point that must be taken into account if the broader definition of
biodiversity is accepied. Many biotic processes within the ecosystem {e.g.
primary production) may be more directly influenced by environmental factors
than the species present. Indeed, some processes, such as certain types of
chemical fractionation within the soil, may be entirely abiotic.

A variety of biotic procasses are included in the routine assessments. These
include regeneration, mortality, net primary production, litter preduction, litter
decomposition, and live biomass accumulation. Methods are currently being
sought to extend these measurements to include gross photosynthesis, leaf
respiration, and decomposer respiration. As with many of the structural aspects
of diversity, these process measurements represent an end in themselves. As an
example, there is considerable concern over the possible effects of increased
nitrogen depositicn in the plots. While experimental research is required 1o
fully answer this, the assessment and moritoring of processes involving nitrogen
will generate hypotheses and also enable some hypotheses — generated, for
example, by modeling - to be assessed.

Landscape ecology

Within Switzerland, the first stage in such an assessment is the preparation of
detailed maps of the site and vegetation types. This has already been undertaken
by some cantens (Schmider ez al., 1993), but for many parts of Switzerland, the
best maps available are the national topographical maps. Reviews of the methods
available can be found in Burrough {1986) and Turner and Gardner {1991).

The process can be illustrated by a preliminary analysis that has been taken
at one of the intensive monitoring plets in the Swiss program, The basic underlay
is the digital terrain model and hydrology for the site (Figure 22.1a). This is
supplemented by a stand map derived from aerial photography (Figere 22.1b)
and a map of the potential natural vegetation (Ellenberg and Kldtzii, 1972;
Keller et al., 1986) gained by intensive ground mapping (Figure 22.1¢). Other
detailed information available but not shown here relates to geology,
geomorphology and soils. These preliminary data were expanded during the
1995 field season and will be used for the development of a structural diversity
data base for the Alptal site. Other sites will be included in the future.

Modeling

Modeling forms a critical part of the assessment of biodiversity. The models
may be simple assessments of diversity, or they may be complex models of
ecosystem development under current or changing environmental conditions
as, for example, developed for Derberence (Vzlais) and Ziirichberg (Zirich) by
Kriuchi (1994). In relation to biodiversity, modeling can provide predictions of
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assessed in and of itself (Franklin, 1988). Deveiopmcm work is sull undelway
in this area, and some refinement of the methods is necessary. A major issue 1s
likely to be the extent to which specific habitat structures, including the structural
species composition, can be used to predict species richness. This is still a major
issue of debate in ecology (Meclntosh, 1995},

Landscape heterogeneity provides the highesi level of interpretation within
Switzerland. Here, techniques such as remote sensing may be the most
applicable. Data can now be stored and readily analyzed using geographic
information systems, and the data can be spatially refated o other environmental
data collected within the area.

There are many other problems w1th the assessment of biodiversity. In the
program described in this paper, a variety of different aspects of biodiversity
are assessed. Such an approach is considered essential if useful data, rather
than species lists, are to be generated. Past experience of forest monitoring in
Switzerland (Innes, 1994) has indicated that it is possible to become heavily
involved with parameters that later turn out to have rather limited value and
that are difficult or impossible to evaluate. Although the definition of the concept
of biodiversity remains rather broad, there is sufficient experience within ecology
10 know which variables are of importance in ecosystems. Using the framework
of Franklin et al. (19813, these variables should cover composition, structure
and function, Ignoring any will result in the possibility that major changes in
forest ecosystems are missed.
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