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Editorial

During the International Year of Biodiver-
sity in 2010 it became clear just how dif-
ficult it is to measure biodiversity. The
Year involved an effort to assess whether
the loss of biodiversity had at least
slowed, but the search for biodiversity
metrics proved extremely difficult. It was
impossible to create a satisfactory set of
indicators that could be used in all the
countries involved. In Switzerland,
around 80 scientists working under the
aegis of the Biodiversity Forum compiled
the best available data in an elaborate
collection process. The data covered popu-
lation development and species distribu-
tion as well as habitat size and quality.
This work showed that, despite gaps, Swit-
zerland is in quite a comfortable position
compared to other countries when it
comes to biodiversity data. This is due in
part to the many species experts who
notify their records to the data centres,
largely in a voluntary capacity. It is also
owed to the existence in Switzerland of
numerous monitoring programmes meas-
uring biodiversity, both directly and indi-
rectly, and allowing for statistically valid
assertions. Yet some unease remains.
Could it be that, despite all the data col-
lected, we are missing important develop-
ments in biodiversity? Are we truly meas-
uring that which is relevant? It is impor-
tant to review monitoring programmes
from time to time and, where necessary,
to supplement and refine them in line
with new scientific findings. The Swiss
Federal Office for the Environment (FOEN)
is in the process of developing an inte-
grated monitoring system which will
bring all the different programmes under
one roof and close existing gaps. Switzer-
land is on track, at least as far as monitor-
ing its biodiversity is concerned.

) St

Dr Daniela Pauli
Managing Director

Swiss Biodiversity Forum
daniela.pauli@scnat.ch
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Keynote article

Look what'’s out there

Gregor Klaus, Editor, and Daniela Pauli, Managing Director, Swiss Biodiversity Forum, daniela.pauli@scnat.ch

At the end of 2012, almost exactly
8,036,900 people lived in Switzerland; of
these, 49.4% were men, 35.5% were aged
between 40 and 64 and 7.9% were di-
vorced. While there are four official lan-
guages, a proportion of immigrants con-
tinue to speak their own language (9% of
the population). A quarter of the popula-
tion lives in the mountainous regions cov-
ering two thirds of the country’s territory.
We know our average life expectancy, how
many children there are in the average
household, the age at which most people
get married, and the most popular first
names given to babies. We have an incred-
ible amount of knowledge about Homo sa-
piens, but what do we know about the
tens of thousands of other species living
here, the species living all around us, our
biological environment? To be honest, it is
quite astonishing just how little we know
about them.

This is despite the fact that the recording
and monitoring of biodiversity is the basis
for its conservation, enhancement and
sustainable use. Without data and factual
evidence on the status and development of
biodiversity there would be no early-warn-
ing about emergent problems, no objec-
tives, no required action, no protection
measures. The Swiss Biodiversity Strategy
(SBS) adopted by the Federal Council in
2012 is the political answer to the warn-
ings from the scientific community: for
years, scientists have tirelessly pointed to
the unfavourable condition and ongoing
decline of biodiversity in Switzerland and
have backed up their claims with hard fig-
ures.

What to measure?

In Switzerland there are a whole range of
long-term monitoring programmes and
results-based monitoring programmes for
conservation measures which directly or
indirectly record biodiversity data. They
all have one thing in common: they only
measure a small segment of the overall bi-
odiversity. This is not really surprising,
however, given that biodiversity is enor-
mously complex. In Switzerland alone,
and micro-organisms aside, there are at

Humans dominate the earth, but they are not alone. Their survival depends on ecosystem services which

are driven by biodiversity. But we do not even
poor grassland. Photo credit: Beat Ernst, Basel

least 46,000 species in millions of popula-
tions and with billions of individuals; ge-
netic diversity within and between popu-
lations of the same species is also surpris-
ingly great. These species inhabit no less
than 235 different habitat types, such as
pubescent oak woodlands, rocky steppe
heath of the inneralpine valleys, moor-
grass meadows, or underwater stonewort
swards where they form complex commu-
nities.

Given that it will be impossible to ever re-
cord biological diversity in its entirety, rec-
ords of representative aspects allowing for
assertions to be made with respect to the
development of biodiversity must suffice
for purposes of assessing the status quo.
Such biodiversity metrics (or indicators)

know yet how many species live in the soil under nutrient-

include, for example, the genetic diversity
within or between populations, crop ge-
netic diversity, the number of species in a
given area, population size, a species’
range, temporal patterns of abundance
and distribution, the composition or vari-
ability of biocoenoses, habitat quality or
functional diversity (see article on p. 15).
To this end it is usually the more conspic-
uous and easily identifiable groups of or-
ganisms such as plants or birds that are
being recorded. The vast majority of in-
conspicuous species remains just that: in-
conspicuous. When habitat quality de-
clines, a whole range of aspects of biodi-
versity is affected. However, it is normally
sufficient to focus on certain groups of in-
dicator organisms.
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Responses, e.g.

>

Enactment and adaptation of
laws and regulations

Consistent enforcement of legis-
lation

Red lists (inventories of the con-
servation status of species)

> New protected areas
> Inventories
> Quality ecological compensation

Species reintroductions

> Habitat revitalisation
> Habitat restoration and enhance-

ment

Drivers, e.g.

>

>

>

>

Industrialisation
Mechanisation

Demographic trends

Natural resource consumption

> Housing area requirement
> Mobility
> Agriculture and forestry

Amelioration
Climate change
Leisure pursuits and tourism

> Hunting and fisheries
> Subsidy regimes
> International trade and investment

Value systems

Pressures, e.g.

> Land consumption

> Intensification of land use

> Drainage

> Sealing of soil surfaces

> Eutrophication

> Pesticide inputs

> Encroachment of scrub and
woodland

> Road construction

> Disturbance

State, e.g.
> Area and quality of habitats is

> Improving habitat connectivity

> Species support programmes

> Game protection zones

> Overpasses and small animal
wildlife crossings

> Monitoring

> Research and education

> Enhancement of recreation areas
and greenspaces

> Airborne nitrogen deposition
> Light pollution

> Micro-pollution

> Invasive species

> Conservation of livestock breeds Impacts, e.g.
and crop cultivars > Reduced ecosystem services
> Budget increase for nature con- > Adverse impacts on health and well-
servation being
> Amendments to subsidy regime > Decline in scenic qualities of land-
> Cross-sectoral cooperation scapes

> Decline in ecosystem resilience
> Increased risk of erosion, floods and

rock-fall
Decline in drinking-water quality
Loss of identification

declining

use are declining
> Abundance is declining
> Populations are disappearing
> Ranges decrease in size
> Genetic diversity is declining

> Species go extinct at local, regional

or national levels
> Biocoenoses loose species

> Species composition of biocoenoses

becomes more similar
> Fragmented migration corridors

What are the factors impacting on biodiversity? What type of changes result from these? What impacts result from these changes? How do humans react to these changes? The inter-
nationally adopted DPSIR modelling framework “Drivers — Pressures — State — Impact — Responses” allows for the selection and grouping of potential parameters and indicators for

monitoring programmes.

Species as core currency

At the core of most monitoring pro-
grammes, at present and into the near fu-
ture, is the species as the most easily
measured unit. The “species richness” in-
dicator is therefore often used to describe
biodiversity change. It is however not al-
ways a meaningful indicator. While world-
wide the number of known species is in-
creasing all the time as taxonomists de-
scribe new species, an increase in species
richness can also be the result of alloch-
thonous species moving into new areas or
previously locally extinct species being re-
introduced. An increase in species rich-
ness in a country does not therefore neces-
sarily signal positive change. If at the
same time most of the rare species loose
populations and see a decline in abun-
dance, if habitats deteriorate both in
terms of quality and extent, and if genetic
diversity is lost, it is clear that biodiversity
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is indeed being lost. Only the analysis of
various indicators of different aspects of
biodiversity allow for assessments of the
overall development.

In order to monitor the situation of indi-
vidual species, changes in their popula-
tions are recorded. Since usually not all
individuals of a population can be count-
ed, surveys are based on sampling. Sam-
ples must be selected very carefully and
based on scientific criteria to allow for sta-
tistically valid assertions to be made (see
article on p. 8f). And even though these
surveys only measure a segment of the
overall biodiversity they are extremely
time-consuming and labour-intensive and
therefore expensive. For this reason, other
data are usually taken into account that
provide indirect indications of biodiversity
change such as the area covered by nature
reserves or airborne inputs of nitrogen in-
to ecosystems.

Measuring biodiversity

Powerful indicators

The parameters and indicators in modern
monitoring programmes are usually de-
rived from models describing the causes of
losses, adverse impacts on ecosystems, the
status of biodiversity, impacts on people
and the environment, and measures for
the conservation and enhancement of bio-
diversity (see Figure). The various indica-
tors allow for statements to be made on
complex issues; they shed light on inter-
connections and trends and enable these
to be communicated (see article on p. 7).
Not only do they indicate general develop-
ments in biodiversity but they also high-
light areas where action is needed.
Results-based monitoring differs in that it
provides information as to whether cer-
tain measures have been implemented,
funds have been used efficiently, and set
objectives have been met. In contrast to
monitoring programmes, results-based

> Structural diversity and diversity of



monitoring is targeted to specific projects
and normally only continues to the end of
the project concerned. In ideal cases, re-
sults-based monitoring supplements mon-
itoring programmes.

Future-proofing biodiversity monitoring
The Swiss Ordinance on the Protection of
Nature and Cultural Heritage (NHV) ex-
plicitly calls for biodiversity monitoring to
be undertaken and for it to be integrated
with other programmes (NHV Article 27a):
“The FOEN shall be responsible for the
monitoring of biological diversity and
shall coordinate this with other environ-
mental observation measures. This moni-
toring may be supplemented by cantonal
measures.” Switzerland, in contrast to
most other countries, has had a dedicated
biodiversity = monitoring programme
(BDM) since 2001.

For the purposes of monitoring species di-
versity in landscapes and habitats, the
BDM programme maintains two different
sampling grids covering the whole of Swit-
zerland. One grid covers 500 sampling ar-
eas, each measuring one square kilometre,
while the other grid comprises 1,600 sam-
pling areas of 10m? each. Playing a global-
ly pioneering role, Switzerland has taken a
scientifically sound approach to biodiver-
sity monitoring. The two sampling grids
can shed light on long-term developments
concerning common and widespread spe-
cies. In addition, other mostly independ-
ent monitoring programmes provide data
on some 30 pressure, state, and response
(PSR) indicators.

For example, data on rare species are ob-
tained from the red lists which are availa-
ble for 27 groups of organisms and focus
on those 36% of species at risk of vanish-
ing from our country. Since the year 2000,
the red lists have been compiled in multi-
annual process cycles based on IUCN
(World Conservation Union) criteria and
involving some very elaborate field sur-
veys (see article on p. 16).

Twelve years after its establishment, the
BDM is set to undergo some course correc-
tions and see some additions in connec-
tion with the Swiss Biodiversity Strategy

(see interviews on p. 20ff). The FOEN is
currently working on a coordinated biodi-
versity monitoring system which is to be
implemented from 2014 onwards. The
aim is to ensure monitoring of ecosystem,
species and genetic diversity by 2020.
There is indeed room for improvement in
the Swiss system of biodiversity monitor-
ing. Suitable indicators for important as-
pects of biodiversity are missing. More-
over, there is a degree of duplication be-
tween different programmes and data ac-
quisition by data centres and organisa-
tions is not standardised. Overall, there is
a lack of coordination, including coordina-
tion in communication. This has led to a
situation where messages about the status
of biodiversity in Switzerland appeared
somewhat contradictory, not just to the
layperson.

An important first step on the path to a co-
ordinated monitoring system is the amal-
gamation of data centres into the Info Spe-
cies network (see article on p. 10f).

The revamped programme “Monitoring
the Effectiveness of Habitat Conservation
in Switzerland” and the new agri-environ-
mental indicators ALL-EMA (see article on
p- 17f) will plug two significant gaps in the
monitoring network. FOEN also developed
indicators for selected ecosystem services.
New methods for measuring microbial di-
versity are at hand (see article on p. 14). All
these offer opportunities to integrate ad-
ditional aspects of biodiversity into the
monitoring system with a view to answer-
ing questions that had not even been con-
ceived when the BDM was established.

Networked data

Data consolidation and the coordination
of sampling grids are demanding and im-
portant tasks, not just within Switzerland.
Comprehensive information about the
state of the world’s biological resources
necessitate a globally harmonised observa-
tion system for delivering regular, timely
data on biodiversity change. Partners in-
volved in GEO BON (Group on Earth Obser-
vations — Biodiversity Observation Net-
work) are developing a framework for
such a global monitoring programme

based on a set of “Essential Biodiversity
Variables” (Pereira et al. 2013).

Scientist already analyse biodiversity data
from a range of perspectives in order to il-
lustrate global trends and ecological is-
sues. They rely on worldwide data being
digitised and accessible (see article on p.
12f). This also allows for thus far undetect-
ed synonyms of species names to be con-
solidated over time. Costello et al. (2013)
for example suspect that to date a “mere”
1.5 million species have been named in-
stead of the estimated 1.9 million normal-
ly cited; 20% of these are likely to be unde-
tected synonyms.

High-quality biological data obtained in
the field are the foundation for the calcu-
lation of all indicators and thus for all
findings on biodiversity change, the driv-
ers of such change, and the necessary re-
sponses. It is therefore regrettable that da-
ta gathered in the course of scientific stud-
ies tend to serve merely as a basis for sta-
tistical analysis. The raw data tend to van-
ish and are not available to either the sci-
ence community or policy-makers. All
those involved in biodiversity research
must urgently be required to submit sur-
vey data on any aspect of biodiversity to
the data centres so as to make these data
available for future analyses by both aca-
demics and practitioners.

References and list of important monito-

ring programmes in Switzerland
biodiversity.ch/index.en.php>Publications
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Indicators for biodiversity

Quantification, standardisation, communication

Lukas Mathys, Sigmaplan AG, CH-3006 Bern, lukas.mathys@sigmaplan.ch

Baseline information on biodiversity in-
cluding all its elements and interactions
is vital to biodiversity conservation and
enhancement. It also presents a challenge
in that biological diversity entails diver-
sity of information. In order to make as-
sertions about the status and develop-
ment of biodiversity it is necessary to
reduce the complexity of this informa-
tion. Biodiversity indicators serve this
need.

Biodiversity indicators are metrics based
on verifiable data, delivering integral, sci-
entifically sound information (BIP 2011).
Biodiversity information is thus simpli-
fied, quantified, standardised in terms of
methodology, and communicated in a
comprehensible manner (SBSTTA 2003). In
a wider sense, biodiversity indicators are
composed of three components, i.e. the
underlying data, the evaluation of these
data and the communication of results
(see Figure).

In a narrower sense, biodiversity indica-
tors refer to the data evaluation process
producing the resultant figures. However,
this must be based on existing data or data
to be obtained, and the resultant figures
must be communicated in a suitable for-
mat. Only then can a biodiversity indica-
tor be considered effective and complete.
There is no single comprehensive and gen-
erally valid biodiversity indicator. Differ-
ent target audiences perceive biodiversity
in different ways and their requirements
in terms of indicators vary accordingly. A
suitable biodiversity indicator must there-
fore be both comprehensible and relevant
to the target audience (SBSTTA 2003, Fell-
er-Linzlinger 2010). For that reason indi-
cator development begins with identifying
the intended users and their needs. These
in turn determine the most appropriate
ways of communicating the indicators,
possible methods of analysis, and what
underlying data will be needed (BIP 2011).
A variety of biodiversity indicators have al-
ready been developed. In Switzerland for
example, Biodiversity Monitoring Switzer-
land (BDM) documents the various aspects
of biodiversity using a range of indicators.
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Communication

Biodiversity indicator

Evaluation

Data

In a wider sense, biodiversity indicators are composed of three components, including the communication of results. Photo

credit: Lukas Mathys

The core indicators convey information
about the diversity of species or groups of
organisms. A number of other institutions
and programmes in Switzerland produce
biodiversity indicators as part of their
work in order to be able to provide rele-
vant information to their own target audi-
ences. Internationally the three most com-
mon indicators produced to date in the
context of the implementation of the Con-
vention on Biological Diversity (CBD) are
the extent of protected areas, the extent of
forests and forest types, and invasive spe-
cies (Bubb et al. 2011).

Many biodiversity indicators are targeted
at experts and administrations, both of
which are significant target audiences.
However, there is a large number of other
target audiences that are reached with
other outputs and especially through oth-
er forms of communication. The challenge
is to also reach and involve these target
audiences with suitable biodiversity indi-
cators.

While analyses and communication
should be targeted at the intended users,
the underlying data should comprehen-
sively and consistently capture the overall
biodiversity system. Only then can the

Measuring biodiversity

various indicators derived from these data
be combined and compared. Therefore,
the aim is to have consistent baseline data
on biodiversity available which allow for
the selection of suitable indicators meet-
ing the needs of specific target audiences.

References
biodiversity.ch/index.en.php>Publications



The scientific basis

Principles of good monitoring

Marc Kéry, Swiss Ornithological Institute, CH-6204 Sempach, marc.kery@vogelwarte.ch; Benedikt R. Schmidt, Koordinationsstelle fur
Amphibien- und Reptilienschutz in der Schweiz (karch), CH-2000 Neuchatel, benedikt.schmidt@unine.ch

If monitoring follows certain rules, reli-
able conclusions can be made about the
state of and changes in populations of
the organisms concerned. Careful sample
selection and minimisation of observa-
tional errors are key.

Biodiversity is a very broad term encom-
passing the natural diversity of genes, in-
dividuals, populations, species, habitats
and biocoenoses. In order to measure bio-
diversity one must first decide which of its
aspects can be determined most usefully,
precisely and cost-effectively. The popula-
tion, i.e. the collection of all the organisms
of the same species which live in the same
geographical area, is of key significance. A
population can most directly be described
by its size, also known as abundance, fol-
lowed by its distribution and by the pat-
terns of abundance and distribution over
time (trend). All three of these metrics are
of key importance in biodiversity monitor-
ing (Yoccoz et al. 2001). The principles de-
scribed below are also relevant to species
richness, another metric often used to de-
scribe biodiversity.

Distribution and abundance are often
treated as separate measures even though
distribution is simply a less informative
summary of abundance: a species occurs
at a location if its abundance is greater
than zero. If a species’ abundance in every
location in a given area is known, then the
species’ distribution is also known, but
the reverse is not true. Despite this equiva-
lency it is often useful for practical rea-
sons to treat these two measures separate-
ly, as data collection protocols and meth-
ods of statistical analysis may vary.

The laws of statistics

It is fundamentally important to recognise
that biodiversity metrics such as abun-
dance or distribution should be measured
based on the principles of statistical sam-
pling. This means that a researcher selects
a proportion of the whole (called a sam-
ple), examines and describes it and then,
based on the laws of statistics, draws con-
clusions (i.e. extrapolates or, in statistical
terms, makes an inference) about the

Sample

selection
HNE
[ N |
[ N |
Sample

Inference

Observation process

Inference

Fig. 1. Every assessment of biodiversity corresponds to a two-step sample survey N =Population; C=Count

whole (the “statistical population”) from
which the sample was drawn. This is not
simply a case of “nice to have” or of satis-
fying academic desires; the aim of this
process is solely to ensure that reliable in-
ference can be drawn about biodiversity.

Correcting observational errors

In stark contrast to sampling in other
fields, such as economics or sociology, a
researcher sampling populations of ani-
mals or plants almost always has to deal
with systematic observational errors
which mostly result from individuals or
species remaining undetected. The proba-
bility of detecting species in the field is
therefore usually smaller than 100% (Kéry
2008). Neither distribution nor abundance
can be observed directly and without er-
ror. This trivial insight, familiar to anyone
who spends time watching nature, has far-
reaching implications for the type of sam-
pling employed as well for data analysis.
Whenever a researcher uses counts in the
field in order to determine the absolute
size of a population or the real occurrence
of a species, this systematic observational
error must be taken into account in the
sampling procedure so as to be able to sta-
tistically eliminate it at a later stage.

A numerical example

One has to imagine the measurement of
biodiversity in a given area as a two-step
sampling procedure (Fig. 1). The first step
entails the definition of the statistical pop-
ulation about which inferences are to be
drawn. This could be, for example, the to-

tal population of Great tits in Switzerland.
A sampling unit is defined next (e.g. 1 km?
squares) and a certain number is selected
at random, resulting in an initial spatial
sample. Each square hosts a population N
that can be measured in a second step, e.g.
by determining the number of Great tit
territories (C). This count represents the
second, nested sample. The observability
of Great tits is smaller than 100%, there-
fore C<N. Consequently, statistical mod-
els must be employed to describe the ob-
servation process, so that an undistorted
estimate of the status N in the sampling
square can be derived from measuring C.
In a further step the overall national pop-
ulation of Great tits can thus be projected.
Let us take a simple numerical example
and assume that we have randomly select-
ed 1000 of the roughly 42,000 km? of the
Swiss territory. Let us further assume that
we found a total of 8000 Great tit territo-
ries in these 1000 squares and that on av-
erage 2 out of 10 territories would have
been missed so that the territories’ proba-
bility of detection in the sample C is 0.8,
and that no other significant factors are
associated with the observation process
(e.g. duplicate counts). The Swiss Great tit
population can therefore be projected
to comprise ((8000:1000):0.8) X 42,000 =
420,000 territories. It is also important to
calculate the confidence interval which
indicates the reliability of the estimate.

The sample

The explicit portrayal of measuring popu-
lations and their distribution as a sam-
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Fig. 2: Probabilities of detection for Common wall lizard and Smooth snake (incl. Bayesian
confidence interval). The two species have different probabilities of detection per visit
(approx. 0.7 and 0.2). If an area is visited multiple times, there is a cumulative probability
of 0.95 that the Common wall lizard will normally be detected after three visits, given the
species does occur in the area. A significantly greater number of visits will be needed for
the Smooth snake. The necessary number of visits per site is scarcely affordable; the risk
that the species will not be detected despite being present is high. This makes statistical
methods worthwhile that correctly estimate abundance and distribution.

Smooth Snake. Photo credit: Thomas Ott, Bubendorf

pling process shows that the selection of
both samples must follow certain rules to
allow for conclusions to be drawn based
on the laws of statistics. The most impor-
tant principle to be applied in the first
step is that of random sampling which is
the only way to ensure that a representa-
tive sample is being obtained.

The adequate treatment of the observa-
tion process must also follow certain
rules. There must be a certain degree of
standardisation in measurements, for ex-
ample with respect to spatio-temporal
sampling, the method used, and the condi-
tions under which observations are re-
corded. However, standardised methods
alone are not sufficient to guarantee reli-
able measurements of biodiversity. Experi-
ence has shown that many other influenc-
es can not fully be eliminated (e.g. varia-
tion in the recorders’ levels of experience
or variation in population density) and
that even in highly standardised monitor-
ing programmes the probabilities of detec-
tion are not constant. Normally several
site visits are needed to be able to estimate
the probability of detection. A simplified
example can illustrate this: If one finds a
species known to occur in the area on the
first visit but not on the second it can be
said that the probability of detection is
0.5. Figure 2 shows empirical probabilities
of detection for the Common wall lizard
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and the Smooth snake; the data were col-
lected as part of the field work undertaken
to update the 2005 Red list of reptiles.
Unfortunately most monitoring pro-
grammes show deficits in one or both of
the sampling components described
above. Very good examples of programmes
explicitly taking account of both compo-
nents are Biodiversity Monitoring Switzer-
land BDM (Weber et al. 2004) and the pro-
gramme monitoring common breeding
birds in Switzerland MHB (Kéry & Schmidt
2008). The work undertaken to update the
red list of amphibians similarly observed
the principles described above (see article
on p.16). In all cases a random spatial sam-
ple was or is being surveyed multiple
times per season using methods that allow
for estimates of probabilities of detection
and thus also of total populations and
ranges. If the rules described above are fol-
lowed, a monitoring programme will de-
liver good-quality information; this is also
true for programmes relying on volun-
teers.

Conclusions

The principles of good monitoring are eas-
ily summarised. First one has to consider
which question the monitoring pro-
gramme is intended to answer. In the ex-
ample used above the question was, “How
many Great tits are there in Switzerland?”

Measuring biodiversity

Number of visits

Next one has to decide which of the biodi-
versity metrics are suitable to answer this
question. Abundance and distribution are
metrics of practical relevance in our view.
The following step involves careful sample
selection and a data collection protocol
that allows for unavoidable observational
errors to be minimised, be it in the field or
later in the course of data analysis. If the
sample is taken at random and consider-
ation is given to incomplete observability,
then the monitoring programme will al-
low for reliable inference to be made, re-
sulting in correct decisions being taken in
conservation management.
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Data centres

Networked knowledge

Stefan Eggenberg, Info Flora, c/o Botanischer Garten, CH-3013 Bern, stefan.eggenberg@infoflora.ch; Silvia Stofer, SwissLichens — National Data
and Information Centre for Swiss Lichens, Swiss Federal Institute for Forest, Snow and Landscape Research WSL, CH-8903 Birmensdorf;
Yves Gonseth, Swiss Centre for the Cartography of Fauna (CSCF), CH-2000 Neuchatel

The Swiss national data centres have
come together under the roof of the Info
Species network. Their databases contain
a total of more than 15 million records.
Joint data use agreements guarantee a
targeted and transparent policy on data
use.

Over the past few weeks another several
thousand records have arrived from the
Canton of Zurich. Michael Jutzi of Info
Flora scrolls through the table on his com-
puter screen as he scrutinises the datasets.
“It is quite remarkable”, he says, “just
how many voluntary botanists, experts as
well as laypersons, use the data centres’
new online tools to submit their records!”
It is particularly attractive for those in-
volved in the inventory of the flora of the
Canton of Zurich. They all have an ac-
count with Info Flora and now submit
their records for the squares they monitor
on a monthly basis. On the map they can
not only see their own records but also
those submitted by the other recorders in-
volved in the project. So they can see at all
times how the inventory is coming along
which is not only informative but also mo-
tivates them to continue their participa-
tion and their search for species.

Thomas Wohlgemuth, one of the manag-
ers of the flora inventory, is very satisfied
with the cooperation with the data cen-
tres. It’s a situation of mutual benefit for
both the organisations working with vol-
unteers on the inventory and the data cen-
tres which can read the data straight into
their databases. Within a short period, In-
fo Flora’s dataset grew by 60,000 records
to a total of four million.

Growing need for information

The data centres maintaining data collec-
tions on fauna and on cryptogams (moss-
es, lichens, fungi) have also seen a contin-
uous increase in submissions. All the data
centres together hold a combined 15 mil-
lion species records. This is great news for
data users in conservation management
or research facilities. The tighter the web
of data coverage is woven the more accu-
rate are the conclusions to be drawn on

species richness in a given area. The need
for information on all groups of organ-
isms continues to grow.

Birds, fungi, bats, amphibians, butterflies
— any species occurring in a canton, na-
ture park or a site listed in the federal in-
ventory of habitats of national importance
is of interest to experts in administrations,
research facilities, parks management or
ecological consultancies. Therefore the
data centres have come together in a na-
tional umbrella organisation under the
name of Info Species (www.infospecies.ch;
see Box) to coordinate their efforts and
make better use of synergies. Within the
Info Species network the centres manage
contractual agreements, work on joint
standards and guidelines and combine
their resources with a view to further im-
proving the existing recording tools.

Vital quality assurance

Meanwhile, Michael Jutzi of Info Flora has
compiled a table of the latest records as
part of the Zurich inventory. He will now
once again check all the data for complete-
ness and prepare them for a later plausi-
bility check. The minimum data required
by the data centres for a record include
the name of the taxon found, geographic
coordinates, the recording date, and the
recorder’s name. Moreover, it is important
to know exactly how accurate the coordi-
nates are: Are they GPS recorded coordi-
nates or were they estimated using a map?
What is the recorder’s estimate of the ac-
curacy of the coordinates? Later on, when
it comes to interpreting the data, this in-
formation will play an important role. “A
short description of the location at which
the species was found is also very impor-
tant”, says Jutzi. “This allows us to com-
pare the coordinates with the names of
municipalities or specific localities in or-
der to make sure that the coordinates
were not accidentally mistyped. So as a
first step we check the record’s geoloca-
tion; the second step is a plausibility check
for the taxon.”

These data checks are more important
than ever. It is fantastic to see how new
and attractive recording tools continue to

widen the pool of recorders. At the same
time the data centres are under increasing
pressure to separate false records from
correct ones. This is particularly difficult,
and in some cases impossible, when it
comes to evaluating the accuracy of the
species name if the record concerns a spe-
cies that is difficult to identify correctly,
unless evidence was submitted along with
the record. But even in cases like these
there are options for evaluation because
the probability of a certain species occur-
ring in a given location varies. Both impos-
sible and unlikely records are marked in
the Info Species database. “Records requir-
ing confirmation also automatically in-
clude new records of a species in a region”,
Jutzi explains. “This is where we take a
closer look at who exactly submitted the
record. We then contact the person or re-
quest evidence.”

In the case of numerous species, photo-
graphic evidence is an important tool to
check for correct identification. Nowa-
days, photographs taken with a smart
phone can be submitted to the data cen-
tres via the internet, often directly from
the field together with the record itself. So
the data centres now do not only save the
records themselves in their databases but
increasingly include images along with
these records. At the Swiss Biological Re-
cords Centre (CSCF), for example, the im-
ages submitted are immediately compared
to the species name in the record — a form
of “inspection on receipt”. However, for
many species groups (insects, mosses, li-
chens, fungi) photos are not sufficient for
correct identification. Individual data cen-
tres require additional evidence, such as
sonograms for bats, grasshoppers or cica-
das, microscopic images for mosses and li-
chens, or herbarium specimens for vascu-
lar plants. In the future it is likely that
gene sequences (barcodes) will play a role
for difficult groups.

These difficulties in assessing the accuracy
of species records is one of the many rea-
sons why the data collected are not simply
made available for public download. “It is
important that we can advise customers
and directly point out sources of errors

HOTSPOT 2812013



Info Species is the network of Swiss data and information centres for fauna, flora and cryptogams.

The following centres are part of this network:

CSCF - Info Fauna

Info Flora

(www.infoflora.ch)
Karch

(www.karch.ch)
KOF & CCO
NISM

Schweizerische Vogelwarte

SwissFungi
(www.swissfungi.ch)

SwissLichens
(www.swisslichens.ch)

when they apply for data extracts”, Jutzi
explains. The other data centres take a
similar view. The easier it becomes to up-
load data, the more important are the tar-
geted selection and filtering of data for
further use, as well as aids to their inter-
pretation.

Data protection

Data centres must, moreover, continuous-
ly check for data ownership as only pro-
jects supported by the public sector deliv-
er public data which may be forwarded
without a release agreement. However,
about two thirds of the data held by Info
Species were collected and submitted by
private individuals and some recorders
place great emphasis on data protection
(see Figure). In most cases these data con-
cern highly sensitive species or ongoing
projects (e.g. BDM). “If we did not protect
these data many of the records would not
arrive for years after the fact — possibly too
late for the cantonal conservation authori-
ties”, Jutzi explains.

The cantons are major clients of the data
centres. As the cantons are in charge of
species protection on the ground there is a
regular exchange of data with respect to
the cantonal territory concerned. A sim-
plification of these exchanges is planned
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for 2014. Lukas Wotruba of the WSL re-
search institute is in charge of implement-
ing the relevant changes. He runs the Vir-
tual Data Center (VDC) project with the
support of the FOEN and Info Species.
“Our aim is to integrate the needs of the
cantonal authorities as best as possible so
that they are in a position to download all
the data for all groups of organisms at any
time. We will also give them the option of
accessing targeted partial datasets. They
will be able, within seconds, to check for
endangered species of animals, plants or
fungi recorded in individual inventory ob-
jects. And of course the records also con-
tain a lot of additional information.”

Important source of information

Michael Jutzi works on a request for data
that is internally coordinated by Info Spe-
cies. This involves the compilation of all
data on national priority species and en-
dangered species of animals, plants, moss-
es, lichens and fungi recorded in a planned
nature reserve. The organisations and con-
sultancies involved sent a global request
to Info Species; everything will be dealt
with under a single contract with Info Spe-
cies as the umbrella organisation. Michael
Jutzi is in charge of extracting the data on
vascular plants. The data extract now also

Measuring biodiversity

Proportion of private (red) and public data (green) respec-
tively that are held in the individual data centres and in all
data centres on average (Info Species).

contains — in consultation with the data
owners, as always — the records as part of
the Zurich inventory which had just been
submitted via the internet; these are of
course marked as “not yet checked”.
Thanks to new ways of data acquisition
and increased coordination between data
centres, important information on endan-
gered species can now quickly and simply
be passed on to stakeholders in conserva-
tion and to researchers.
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Global data collections
A web-based wealth of knowledge

Eva Spehn, Swiss Biodiversity Forum, CH-3007 Bern, eva.spehn@scnat.ch

Numerous bodies are engaging in efforts
to store and secure biodiversity data, to
link it up and make it freely accessible.
Only then is the data of use for research
and the conservation of biodiversity;
otherwise the repositories would be
mere data graveyards.

For over 300 years, biologists have collect-
ed animals and plants in the remotest
parts of the world in order to study and
document the diversity of life. This legacy
of dried, mounted, bottled, conserved, fro-
zen or stuffed specimens resides in natu-
ral history museums and the cabinets and
basements of research institutes. To facili-
tate access to the individual objects, many
collections have now been indexed in da-
tabases. Over the Internet these digitized
assets can be collated into huge volumes
of data. Digitalisation is progressing in
Switzerland, too, but only approximately
10 per cent of the estimated 42 million
animal and plant specimens known to ex-
ist are actually available online.

328 million data items

Most biodiversity data are information on
species and their occurrence. These can be
individual records, species lists for a re-
gion, distribution maps from distribution
atlases such as the Atlas of Breeding Birds
published by the Swiss Ornithological In-
stitute, Sempach, or the single-species oc-
currence maps that are the basis for the
red lists compiled by the IUCN (Interna-
tional Union for Conservation of Nature)
and are continuously updated by experts.
The most common data, however, are indi-
vidual records or individual observations.
328 million such records are available on-
line at the Global Biodiversity Information
Facility (GBIF), a portal that brings togeth-
er over 10,000 datasets from 450 different
institutions worldwide. These datasets
vary in size, ranging from over 97 million
bird records from the Avian Knowledge
Network dataset in the USA up to e.g. 25
edible wild herbs found on a GEO biodiver-
sity day in Aachen, Germany. Switzerland
contributes via the GBIF-CH node (at the
University of Neuchatel, led by Yves Gon-

seth) approximately 1.5 million records to
GBIF. Of these records, two-thirds are data
from the Swiss National Data Centers of
the “Info Species” network, for example
from the Swiss Centre for the Cartography
of Fauna (CSCF), while others are speci-
men from museums and private collec-
tions. At the time of its launch, GBIF
mainly featured digitized specimens of
herbarium and zoological museum collec-
tions documenting also many historical
occurrences of species. Since then, a huge
number of species records and observa-
tions have been added: records of marine
organisms supplied by research vessels,
for example, or bird observations entered
via “e-bird” by bird enthusiasts.

In general, species observations can be re-
corded more easily and in greater num-
bers, because this does not involve pre-
serving every individual as specimen. The
downside is that the observation cannot
be verified later. Citizen science projects
like “e-bird” attract a great number of peo-
ple, sharing their observations online.
They represent a huge data source (see ar-
ticle p. 23); but quality control remains a
problem, nevertheless.

Numerous platforms and online portals
Linking up data in global online platforms
allows to compile a global species collec-
tion, the main aim of the “Encyclopedia of
Life” project. Encyclopedia of Life (EoL) is
an important source of information for
anyone interested in biodiversity, as it col-
lates all the information available on a sin-
gle species in one place: its scientific name
and phylogenetic tree, any vernacular syn-
onyms, but also pictures and sounds (e.g.
of bats, birds and whales). Anyone can
contribute and comment on articles, so
that knowledge on each of the 1.3 million
species available at EoL is growing con-
stantly. Another major project is GenBank,
which collects and compares gene se-
quences, and is an essential prerequisite
for many studies on genetic diversity.
Apart from GBIF, EoL and GenBank, a host
of other platforms and online portals pro-
vide global access to biodiversity data (see
Figure).

Often these are national initiatives that
operate at the forefront of development
and are acknowledged as flagship projects,
such as the Atlas of Living Australia. An-
other pioneering project is the “Map of
Life” project, linking up different biodiver-
sity data types such as range maps, indi-
vidual records or species inventories. By
combining these, a much more accurate
picture emerges of where a species actual-
ly occurs.

Data quantity and quality to improve
Major gaps in knowledge still exist. Until
now data collections have been rather a re-
flection of people’s collecting activities
than a documentation of the biodiversity
that really exists. Whereas North Ameri-
can and European bird species are very
well documented, only a small fraction of
the diversity in the Amazon has been re-
corded so far. Numerous organizations, as
well as the GEO BON group (Group on
Earth Observations biodiversity observa-
tion network) aim to improve biodiversity
monitoring worldwide. A special event on
Biodiversity will take place at the next
GEO meeting in Geneva in January 2014
(see Box).

An important objective is, that all record-
ed biodiversity data should be secured and
made freely online accessible to experts
and the public. Only then is it useful for
others. The more complete the available
digital biodiversity data is, the more relia-
ble the results of scientific studies based
upon it will be. Nevertheless, a great deal
of data is still inaccessible and large
amounts of data still get lost, even data
generated by publicly funded projects.
Quality standards are there, but often not
implemented. However, a publication cul-
ture for data equivalent to the conven-
tions for scientific papers is now in the
process of being established.

Rising interest

Biodiversity research based on publicly ac-
cessible databases is growing steadily, as
shown by the number of studies. In the
year 2012, for instance, no less than 230
studies were published which made use of
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GBIF data. These focused on themes
ranging from the impacts of climate
change on biodiversity (e.g. using niche
models to model a species’ future distri-
bution areas), to modelling the distribu-
tion of invasive organisms or patho-
gens, to improving the planning of na-
ture reserves. Many studies are also us-
ing biodiversity data to answer funda-
mental scientific questions from the
disciplines of evolutionary research,
macroecology or biogeography.

An overview of the most important
international data collections can be
found at biodiversity.ch/index.en.php
> Publications > HOTSPOT

A network of biodiversity-related databases with online platforms (e.g. GBIF and OBIS as “nodes”).
Each of the 1,631 dots represents a project (i.e. the collection is incomplete but representative).
In 1,704 cases the data are “shared”, i.e. reused, associated with hyperlinks, or indexed. The size of
the coloured dots represents the number of such hyperlinks

0BIS=0cean Biogeographic Information System; WoRMS=World Register of Marine Species;
AKN=Avian Knowledge Network; COL=Catalogue of Life; EOL=Encyclopedia of Life; BHL=Biodiver-
sity Heritage Library; NCBI=GenBank; TOLWeb=Tree of Life Web.

Source: Trends in Ecology and Evolution, Vol. 27, No. 2, Parr et al. Evolutionary informatics: unifying knowledge
about the diversity of life, pp. 94-103, Copyright (2012). Reproduced by kind permission of Elsevier.
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Global biodiversity indicators

In January 2014 Switzerland will be hosting the
Tenth Plenary Session of GEO, the Group on Earth
Observations. As part of this, a parallel event will
take place on global biodiversity monitoring.
Scientific knowledge and scenarios informing
international biodiversity policies are becoming
increasingly important. Within the framework of
the Convention on Biological Diversity (CBD), the
Strategic Plan for Biodiversity 2011- 2020 includ-
ing the 20 Aichi Biodiversity Targets were adopted
in autumn 2010 in Nagoya, Japan. Progress to-
wards achieving these targets will be assessed
with the help of global indicators.

The individual parties to the Convention have to
report on the progress they have made. This im-
poses major demands on individual countries,
since appropriate national indicators must be
developed.

The reports of individual countries will be supple-
mented with regional or global data sources.
Important partners to help countries reporting to
CBD are institutions that cooperate under the
auspices of the Biodiversity Indicators Partnership
(BIP) and the Biodiversity Observation Network
(GEO-BON): UNEP (GRID and WCMC), IUCN, the
CBD Secretariat and other partners.

The development of various biodiversity param-
eters is of great importance. In future, the Inter-
governmental Platform on Biodiversity and Eco-
system Services (IPBES) will certainly have an im-
portant role to play in addressing these tasks.
The FOEN supports various projects of the CBD
and the World Conservation Monitoring Centre
(WCMC) of the United Nations Environment Pro-
gramme (UNEP) which should help to make use
of globally recorded remote sensing data for local
monitoring purposes. The work will put countries
in a position to improve their own biodiversity
monitoring. These projects will be discussed at
the next CBD meeting and will also be presented
at the Tenth Plenary Session of the Group on
Earth Observations (GEO-X).

Andreas Obrecht, Rio Conventions Section,
Swiss Federal Office for the Environment (FOEN)
andreas.obrecht@bafu.admin.ch



Species diversity in Switzerland

50,000, 70,000 or 500,000?

Edward A. D. Mitchell, Laboratory of Soil Biology, University of Neuchatel, CH-2000 Neuchatel, edward.mitchell@unine.ch;
Jan Pawlowski, Department of Genetics and Evolution, University of Geneva; Enrique Lara, Laboratory of Soil Biology, University of Neuchatel;
Yves Gonseth, Swiss Biological Records Centre (CSCF)

It has been estimated that Switzerland
hosts between 50,000 and 70,000 species
(Baur et al. 2004). But just how reliable is
this estimate? We are of the opinion that
species diversity is greatly underestimat-
ed, as current inventories neglect many
groups of organisms.

In estimating species diversity, the first
challenge concerns the definition of the
biological concept of “species”. The classic
definition is not applicable to the greater
part of the phylogenetic tree of life. Many
micro-organisms are considered to repro-
duce asexually — undoubtedly an incorrect
generalization (Lahr et al. 2011). Their life
cycles are rarely the subject of scientific
research, whether they reproduce sexual-
ly or not. The molecular approach circum-
vents this problem, though it does not pre-
clude errors.

The first step in determining the genetic
diversity of organisms is to select a marker
(entire gene or gene fragment) which is
sufficiently variable to allow for differen-
tiation between species but which, if at all
possible, also occurs in all living organ-
isms. As there is no one ideal marker gene,
different genes are used for different
groups of species. An arbitrary range is de-
fined, termed the molecular taxonomic
unit. Numerous studies have shown that
each morphological species represents a
number of “molecular” species (often as
many as several tenths or hundreds!).
Especially in the case of parasites it is like-
ly that the actual diversity in existence is
hugely underestimated. If each animal
species hosts on average at least two spe-
cific species of parasites or symbionts (uni-
cellular organisms or bacteria), higher ani-
mals (the parasites’ hosts) can not consti-
tute more than one third of the global bio-
diversity.

Parasites are in general less well re-
searched than other species (with the ex-
ception of human parasites as well as
plants and animals of economic signifi-
cance). There is a similar shortfall when it
comes to micro-organisms. It is highly
probable that there are numerous species
that have not been described for Switzer-

Micro-organisms are the poor relations in biodiversity research. Photo credit: Edward A. D. Mitchell

land. This raises the question: Is this num-
ber low (<10%) or quite high (>10%)?
Nineteenth-century naturalists were very
interested in free-living organisms but re-
search progress on these microbes was
very slow. Micro-organisms are clearly the
poor relatives in biodiversity research to-
day. The emergence of the molecular
methods however now offers new re-
search prospects. They allow for investiga-
tions into the diversity, biogeography,
temporal dynamics and ecological role of
these micro-organisms.

But what about viruses? Are they living or-
ganisms? This is a contentious issue as
they lack proper metabolic activity and de-
pend on hosts for reproduction. Should vi-
ruses therefore be included in biodiversity
inventories? If the answer was yes, on
which of the species concepts would their
inclusion be based? These are questions of
both a biological and philosophical na-
ture.

And where should this search for these
new species begin? Soil micro-organisms
have thus far been given particularly little

attention, especially unicellular organ-
isms and the mesofauna; comparatively
more research has been devoted to bacte-
ria, fungi and macro-invertebrates. Tax-
onomists who are specialised on unicellu-
lar organisms and mesofauna are few and
far between.
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SwissBOL: Creating an inventory of
Swiss biodiversity

The Swiss Barcode of Life (SwissBOL,
www.swissbol.ch) project was established
in order to capture more accurately the
diversity of life in Switzerland. It is the
project’s aim to create a complete inven-
tory of all living organisms in Switzerland
in the long term. As a first step, a number
of pilot projects have been established,
covering a broad range of different groups
of organisms — microscopic and macro-
scopic, parasitic, well-known and lesser
known groups.
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Functional aspects of biodiversity
Why investigate — and how?

Marco Moretti, Community Ecology, Swiss Federal Institute for Forest, Snow and Landscape Research WSL, CH-6500 Bellinzona,
marco.moretti@wsl.ch; Matthias Albrecht, Agricultural Landscapes and Biodiversity, Agroscope Reckenholz-Ténikon Research Station ART,
CH-8046 Zirich, matthias.albrecht@agroscope.admin.ch

Which aspects of biodiversity are espe-
cially significant for the functioning of
ecosystems and the provision of ecosys-
tem services, and how do they vary
through time and space? Indicators of
functional diversity have proved suitable
to quantify the consequences of land-use
changes.

Species can exhibit the utmost diversity in
terms of traits that are important for one
or more functions of ecosystems and
which determine their response to envi-
ronmental changes. Trait-based approa-
ches in biodiversity research therefore of-
ten allow more precise predictions of the
functional consequences of global change
upon ecosystem functions and services
than taxonomic approaches (e.g. species
numbers). Since most ecosystem functions
are heavily influenced by biotic interac-
tions, it is important to understand the si-
gnificance of functional diversity across
the different levels of the food web.
Studies show that species communities
with a high functional diversity can provi-
de stable ecosystem services by virtue of
functional redundancy and inter-species
complementarity. Different pollinating in-
sects, for example, exhibit temporally
(over the course of the day or year) or spa-
tially (flower, plant, landscape level) diver-
gent, and to some extent complementary,
patterns of activity — including pollination
— which can have a positive impact on
plant pollination success (Albrecht et al.
2012).

New studies led by the Swiss Federal Insti-
tute for Forest, Snow and Landscape Re-
search WSL have shown that the influence
of grasshoppers on plant biomass, and
hence on the nutrient cycle in the soil, is
dependent not only on the dominant bio-
mechanical characteristics of plant com-
munities but also on their functional di-
versity as regards the quality of food for
this group of herbivores (Ibanez et al.
2013; Moretti et al. 2013).

A European project (www.quessa.eu) is
currently investigating how beneficial or-
ganism and pollinator communities in se-
minatural habitats in agricultural land-
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Only when large enough pollinators like bumblebees (left)
visit yellow archangel flowers, pollen is transferred to the
right parts of their bodies to enable efficient pollination.
Smaller wild bee species with shorter tongues, on the other
hand (right), are often more efficient pollinators of flowers
with short corolla tubes offering more easily accessible
resources. Therefore the body size and tongue length of
visiting organisms as well as the corolla tube width and
the length of flowers can be important functional traits for
the pollination of plants. To test the hypothesis of whether
the pollination service for a diverse plant community is
influenced overall by the functional complementarity of the

scapes are structured by functional vege-
tation traits. The researchers are also inte-
rested in the extent to which the traits of
both groups overlap, and which functio-
nal traits of beneficial organisms and pol-
linators are particularly significant for the
ecosystem services they provide. The aim
is to derive trait-based indicators for biodi-
versity and ecosystem services (see illust-
ration). These offer an as-yet unexploited
potential to integrate functional aspects of
biodiversity into evaluations of the suc-
cess of nature conservation, restoration
and monitoring programmes. Biodiversity
research must clarify which easily measu-
rable functional traits of organism groups
are the most pivotal with regard to their
sensitivity to environmental changes, on
the one hand, and their impacts on ecosys-
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traits “body size” and “tongue length” in the pollinator
community, a “functional divergence” indicator could be
applied. For example, this could be calculated as the sum of
the weighted deviations in the body size of the pollinators
or from the weighted mean body size in the community.

To investigate whether pollinator communities with a high
proportion of large species provide high pollination services,
for example, the average body size weighted according

to the frequency of the flower-visitors could be used as a
trait-based indicator. Photos: Beat Wermelinger, WSL (left);
Matthias Tschumi, Agroscope (right)

tem functions and services, on the other,
and how these traits correlate. Apart from
the mean value of trait-values, their varia-
tion and diversity within the biotic com-
munities (functional diversity) are also im-
portant indicators.
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Red lists

Measuring threat status

Benedikt R. Schmidt, Koordinationsstelle far Amphibien- und Reptilienschutz in der Schweiz (karch), CH-2000 Neuchatel,

benedikt.schmidt@unine.ch

What does it mean if a species is “endan-
gered and red-listed”? Using the example
of the 2005 Red List of Amphibians, this
article aims to demonstrate how a spe-
cies’ threat status is assessed.

The contracting authority of the 2005 Red
List of Amphibians, the Swiss Federal Of-
fice for the Environment FOEN, specified
that the methodology used by the World
Conservation Union (IUCN) should be ap-
plied. The IUCN has defined both red list
categories as well as quantitative criteria
which determine to which of the catego-
ries a species is assigned. An examination
of the IUCN’s methodology showed that
for amphibians native to Switzerland only
the criteria “geographic range” and “de-
clining population” can meaningfully be
applied. As karch — Swiss Amphibian and
Reptile Conservation Programme — main-
tains a distribution database which pro-
vides information on the number of popu-
lations of species of amphibians in Swit-
zerland, and given that changes in the
number of populations may be used to in-
fer a population reduction, the “declining
population” criterion appeared appropri-
ate.

For all pond-dwelling species (except com-
mon species, namely the European com-
mon frog, European toad and Alpine
newt), 25 breeding sites (i.e. populations)
each were selected at random. As each of
the breeding sites often hosts several spe-
cies, the resulting sample sizes were in the
order of 25 to 100 breeding sites per spe-
cies. A total of 300 breeding sites of am-
phibians were sampled, each being visited
four times by specialists. The aim was to
record the amphibian species (still) pre-
sent. Four visits were needed due to the
species’ phenology; these multiple visits
also allowed an estimate of species’ detec-
tion probability. The estimates of detec-
tion probability allowed calculation of the
number of populations overlooked. It was
shown that, thanks to the four visits to
each site, practically no population re-
mained undetected.

The calculations for the “declining popu-
lation” criterion were based on the popu-

The map shows, for the Yellow-bellied toad (Bombina variegata), the results of field work undertaken to update the
red list. Green dots denote past records which were confirmed, while gray dots denote past records which could not be
confirmed. Red dots denote new populations. Copyright: karch and Swisstopo.

lation decline as determined from field
survey data. For example, if a species pre-
viously had 100 populations in the overall
sample and only 50 populations could be
confirmed it was deemed to have suffered
a 50% population decline.

It would also have been possible to record
a population increase. In addition to
breeding sites in which the species had
been recorded in the past, sites were in-
cluded in the sample at which the species
had not been observed in the past, includ-
ing some newly created wetlands. If a spe-
cies was recorded at breeding sites where
it had not previously been present, this
would indicate a population increase.
However, relatively few such populations
were detected and mostly only concerned
common species such as the European
common frog or Alpine newt.

The “effective range” was determined by
first calculating the number of current
populations (number of populations in da-
tabase multiplied by population decline)

and then determining the area inhabited
by each of the populations. For frogs this
area was taken to cover a circle with a ra-
dius of one kilometre while for newts an
0.5 kilometre radius was applied. The
number of current populations multiplied
by their individual range gives the species’
“effective range” in Switzerland.

For a reliable estimate of population de-
cline and range size, and to assign the spe-
cies to IUCN red list categories, it is crucial
that the karch database held good records
of species distribution in Switzerland, that
random sampling of populations in the
field was undertaken, and that the data
were analysed using modern statistical
methods (also see the article on p. 8).
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Agri-environmental indicators

Measuring biodiversity in agricultural landscapes

Gabriela Hofer, Agroscope Reckenholz-Tanikon Research Station ART, CH-8046 Zurich, gabriela.hofer@agroscope.admin.ch

With its ALL-EMA programme, Agroscope
is devising agri-environmental indicators
for Switzerland to measure the develop-
ment of species and habitat diversity in
the agricultural landscape and assess the
achievement of environmental objectives
in the farming sector.

What are the biodiversity trends in the ag-
ricultural landscape? Are the species and
habitats conserved for which farmers
have a special responsibility under the
country’s agriculture-related
mental objectives? Do the ecological com-
pensation areas supported financially by
the Swiss Confederation make the desired
contribution? To answer these questions,
the Swiss Federal Offices for Agriculture
(FOAG) and the Environment (FOEN) com-
missioned Agroscope Reckenholz-Tdnikon
to develop a long-term monitoring pro-
gramme entitled ALL-EMA, which trans-
lates as “Farmland species and habitats”.
ALL-EMA is integrated into the FOAG’s
system of agri-environmental indicators
and is designed to complement the FOEN’s
national monitoring programmes.

ALL-EMA specifically records habitats of
medium frequency to medium rarity. The
sampling method was developed by ex-
perts at the Swiss Federal Institute WSL
and Neuchatel University. In landscape

environ-

Basis
Appr. 500 BDM
survey sites
(1 km?)

ALL-EMA's three-step sampling strategy
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segments of one square kilometre, farm-
land habitat types are recorded in the field
on a 50 metre grid (see Figure). Habitat
types are identified using a vegetation-
based key developed in cooperation with
Hintermann & Weber AG and other ex-
perts. This key allows reproducible identi-
fication of the approx. 90 habitat types
present in Switzerland’s agricultural land-
scapes, and will be made freely available
to other projects. Using the information
on habitat types, vegetation surveys are
conducted in a selection of approx. ten per
cent of the sites sampled. The data ob-
tained allow nuanced statements on the
status and development of a wide range of
so far rarely documented habitat types
and the species they host. They also allow
assessments of the quality of ecological
compensation areas in the agricultural
landscape.

ALL-EMA is embedded into the national
monitoring system (see Figure on p. 21),
utilising important synergies with Biodi-
versity Monitoring Switzerland BDM. The
surveys are carried out in a selection of
the 1 km? landscape segments of BDM In-
dicator Z7, allowing BDM data on butter-
flies and breeding birds to be used to cal-
culate faunistic indicators even though
only botanical surveys are undertaken
within ALL-EMA itself. The BDM pro-

Habitat type
10m?

Step 1 Step 2
Selection of 120 Sampling
landscape segments of the 1 km?

(1 km?) on a 50m grid
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Structures 200m?

gramme will in turn benefit from the ALL-
EMA habitat data, allowing improved in-
terpretation of its own data on plant and
animal species. As the vegetation surveys
conducted under the BDM and ALL-EMA
programmes as well as those monitoring
the effectiveness of habitats of national
importance apply a unified methodology
(p- 18), data can be readily compared.
After two years of methodology develop-
ment, ALL-EMA is now in its pilot phase
with routine work due to commence in
2015. Applications for electronic record-
ing of field data are being programmed to
allow the extensive survey work to be car-
ried out efficiently and verifiably. In 2014
routine operations will be simulated in a
larger-scale field test to check the method-
ology.

ALL-EMA will provide data on 34 indica-
tors for the diversity and quality of spe-
cies, habitats and ecological compensation
areas from valleys to high-altitude sum-
mer pastures and will thus illustrate the
status and development of biodiversity in
the open cultural landscape. These indica-
tors can provide answers to the questions
posed at the outset of this article on the
degree to which agri-environmental meas-
ures have achieved their objectives and on
the status of agricultural biodiversity.

Step 3
Selection of
sites for
vegetation surveys



Monitoring the effectiveness of habitat conservation
Making changes visible

Avriel Bergamini', Christian Ginzler', Benedikt R. Schmidt?, Meinrad Ktchler', Rolf Holderegger'; 'Swiss Federal Institute for Forest, Snow and
Landscape Research WSL, CH-8903 Birmensdorf; ariel.bergamini@wsl.ch; 2Koordinationsstelle fir Amphibien- und Reptilienschutz in der

Schweiz (karch), CH-2000 Neuchatel

Habitats of national importance are an
important tool for biodiversity conserva-
tion in Switzerland. A long-term monitor-
ing project will identify changes in habi-
tats of national importance. Aerial photo-
graph interpretation and field surveys
provide the necessary data.

The habitats of national importance are
pivotal to the Swiss protected area net-
work. They include raised bogs, transition
mires, fens, dry grasslands managed as
meadows and/or pastures, alluvial areas,
and amphibian spawning grounds (Fig. 1).
While such habitats only cover two per
cent of the country’s territory they are vi-
tal to the conservation of many rare and
endangered habitats and species (Lachat et
al. 2010).

However, legal protection does not neces-
sarily ensure the maintenance of ecologi-
cal quality or conservation value.

A programme monitoring the effective-
ness of peatland conservation conducted
between 1995 and 2007 showed that the
quality of peatland habitats continues to
decline despite the protection measures
taken. Peatlands became drier and more
nutrient-rich and scrub encroachment in-
creased (Klaus 2007; Bergamini et al.
2009). However, there have also been posi-
tive developments in peatlands. Drainage
ditches were closed off in many raised
bogs in order to re-wet the peat body
(Staubli 2004). Major investments are also
being made in the restoration of other
habitats of national importance, notably
alluvial floodplains (Goggel 2012).

The FOEN project “Monitoring the Effec-
tiveness of Habitat Conservation in Swit-
zerland”  straddles  the  divergent

forces of insidious habitat quality loss on
the one hand and positive developments
on the other. The primary aim is to ascer-
tain whether the habitats of national im-
portance are developing in keeping with
set conservation objectives and whether
they are being maintained in both size and
quality. The project also provides an early
warning system, detecting adverse devel-
opments as early as possible and allowing
the authorities to be informed and re-
spond in time. As demands upon a moni-
toring system can change, for example
due to new societal or environmental poli-
cy conditions, the system must be highly
flexible in its options for data analysis.
The data should also be compatible for use
across habitats and projects. This is
achieved through methodological harmo-
nisation between different habitat types
within the project as well as between the
project and Biodiversity Monitoring Swit-
zerland BDM and the ALL-EMA system of
agri-environmental indicators (see p. 17
and Figure p. 21). The project’s pilot phase
started in the spring of 2011 and will con-
tinue to the end of 2014. From 2015 the
project will move into routine operation.
The monitoring project has a modular or-
ganisation. The three modules at present
are “Remote sensing”, “Vegetation” and
“Amphibians”. A fourth module is cur-
rently being tested with a view to includ-
ing further faunal groups such as butter-
flies or dragonflies and damselflies. A data
collection cycle will be completed once
every six years for all modules.

Powerful aerial photographs

In the “Remote sensing” module all 6,000
objects in the four habitat inventories are
assessed by aerial photograph interpreta-
tion using digital aerial imagery produced
for the entire country by Swisstopo at six-
year intervals. To interpret objects, a grid
of 50X 50 m cells is placed over each object
and intersected with the object perimeter.
For each grid square, aerial photography
interpreters assess indicators such as the
percentage of tree cover, open ground, or
the presence of buildings or roads. Using
such indicators, comparisons between
two photographs taken at different times
can reveal processes of change such as
scrub encroachment or erosion as well as
the reasons for such changes, e.g. the
abandonment of farmland.

Aerial photograph interpretation started
in summer 2012. The first phase, to con-
clude in 2017, examines changes since the
inventories of habitats of national impor-
tance were first compiled. This will soon
allow statements about the changes that
have occurred. From thereon, aerial im-
agery of the objects will be compared at
six-year intervals. As the “Remote sens-
ing” module covers the entire country, it
reveals trends at national and regional lev-
els as well for individual objects. It is
therefore possible to detect adverse chang-
es in individual objects at an early stage.
This early warning function allows can-
tons to prioritise responses and swiftly
take action to protect such objects.

Extensive field surveys

Vegetation surveys in the field are under-
taken in dry grasslands managed as mead-
ows and pastures, peatlands, and alluvial

Fig. 1: Habitats of national importance: Dry meadow in Valais, alpine alluvial floodplain in the Bernese Oberland, raised bog with Swiss mountain pine in Central Switzerland, amphibian
breeding site in the Reusstal region. Photo credits: Ariel Bergamini
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floodplains. From each of the relevant in-
ventories a weighted random sample was
taken to obtain a representative sample of
all biogeographic regions, vegetation
types, different sizes of objects and differ-
ent altitudes (Tillé & Ecker, in print). Of
the dry grasslands managed as meadows
and/or pastures, 400 objects were selected
in addition to 250 peatland sites and 120
alluvial floodplains. In each of these ob-
jects, between 5 and 40 sampling plots are
selected at random and all species present
in these plots are recorded (including bry-
ophytes in peatlands) and their cover val-
ues estimated. The number of sampling
plots for each object depends on the ob-
ject’s size as well as the diversity and rari-
ty of vegetation types occurring therein.
Each sampling plot is 10 m? in size (i.e. a
circle with a 1.78 m radius). Additionally,
in alluvial floodplains shrubs and trees
are recorded in a 200 m?2 circular plot (7.98
m radius). In the field the centre of the
sampling plot is located using GPS and
then marked as a permanent plot using a
magnetic probe. A total of 6,100 vegeta-
tion plots are being assessed across the
three inventories. In addition, in the dry
grasslands a certain proportion of plots,
which had already been surveyed when
the inventory was established (Eggenberg
et al. 2001) are re-assessed. Similarly, some
of the plots surveyed by the programme
monitoring the effectiveness of peatland
conservation are similarly being re-as-
sessed.

The data obtained from the plots allow a
wide range of analyses. For example, an
analysis of ecological indicator values or
of changes in ecological groups (e.g. ther-
mophilic species or neophytes) can point
to changes in the habitats in question. In
this respect, the focus is on capturing na-
tional and regional trends.

The field work for monitoring the effec-
tiveness of protecting amphibian breeding
sites builds on surveys conducted for the
Red List of Amphibians (Schmidt & Zum-
bach 2005; see p. 16). A total of 238 am-
phibian breeding sites of national impor-
tance are included in the monitoring pro-
ject (198 stationary sites and 40 migration
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Fig. 2: Mean indicator value for nutrients against mean indicator value for moisture for Z9-plots assessed
in the 2nd BDM survey (2006-2010, black dots) and plots of the project monitoring the effectiveness of
habitat conservation from the years 2011 and 2012 assessed in dry meadows and pastures (red dots),
fens (blue) and raised bogs (green). The plots of the new monitoring project clearly supplement the BDM

in the dry, nutrient-poor and wet sectors.

sites, i.e. gravel extraction sites) of which
124 had already been surveyed for the Red
List. In selecting the sites to be surveyed,
attention was paid to ensuring that not
only species-rich lowland sites or those
containing highly endangered species
were included in the set but also sites at
higher altitudes. While the latter rarely
contain notable species at present, this
may well change in the long-term due to
climate change.

Results-based monitoring and BDM

go hand-in-hand

Biodiversity monitoring in Switzerland is
a key component and one of the explicit
strategic aims of the Swiss Biodiversity
Strategy (BAFU 2012). With the BDM pro-
gramme, an important tool for monitor-
ing changes in biodiversity in Switzerland
is already in place (Koordinationsstelle
Biodiversitdts-Monitoring Schweiz 2009).
However, habitats of national importance
are covered by the BDM only by chance, as
the proportion of the territory covered by
these habitats is so small that they tend to

Measuring biodiversity

slip through the BDM grid. The project
monitoring the effectiveness of habitat
conservation therefore supplements the
BDM surveys (Fig. 2). These programmes
are designed as long-term schemes.
Thanks to retrospective aerial photograph
interpretation and the inclusion of exist-
ing data, initial results can be expected
within a few years. The moment of truth
however will come as the monitoring pro-
gramme progresses, i.e. when at least two
full surveys are at hand. This will be in
about 2023.

Further information
www.wsl.ch/biotopschutz/index EN
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Interview

“The quality of the data is absolutely key”

An interview with Sarah Pearson, head of the Species and Habitats Section at the FOEN and in charge of the Swiss Biodiversity Strategy (SBS), and
Jean-Michel Gardaz, head of the Species, Ecosystems, Landscapes Division staff unit and head of the SBS action field “Monitoring biodiversity”.

HOTSPOT: The Biodiversity Monitoring
Switzerland (BDM) programme was em-
barked upon in 2001 with the aspiration
to “describe the biological diversity of
Switzerland”. 12 years on, what has been
accomplished by the BDM?

Jean-Michel Gardaz: Switzerland broke
new ground with the BDM. Using two dif-
ferent monitoring networks, a survey
method was developed which delivers re-
producible, reliable and representative da-
ta for Switzerland in the field of species di-
versity. The data is very much in demand
by researchers. Every year we receive
countless enquiries from universities, not
just in Switzerland but also abroad. Staff
in the BDM coordination office are called
upon regularly to advise other countries —
for instance, Germany, France and South
Africa — on setting up a monitoring sys-
tem. Another great success of the BDM is
the way that its reporting cycle has raised
public and political awareness of the
theme of biodiversity at regular intervals.

What does the BDM data tell us about
the current status of biodiversity?
Gardaz: Changes in common and wide-
spread species can be captured with a high
statistical probability. For instance, in the
sample areas a slight overall increase was
observed in the numbers of vascular plant
species. The first cheers of celebration
were already resounding; but the detailed
analyses showed that this was not a posi-
tive signal. Because mainly common and
trivial species like the dandelion are gain-
ing ground, the BDM is actually document-
ing an insidious homogenisation of biotic
communities in Switzerland — and hence a
decline in biodiversity. Following the in-
troduction of the additional indicator Z12,
“Diversity of Species Communities”, which
can provide evidence of the declining di-
versity of meadows, it was possible to in-
terpret the data correctly.

As part of the Action Plan on the Swiss
Biodiversity Strategy (SBS), the FOEN is
discussing setting up an “integral biodi-
versity monitoring system”. Apparently
the BDM is not satisfying this criterion?

20

Sarah Pearson and Jean-Michel Gardaz. Photo Gregor Klaus

Sarah Pearson: The BDM was designed at
the end of the 1990s. Since then a great
deal has changed. New questions have
emerged and new monitoring networks
such as “ALL-EMA” and “Monitoring the Ef-
fectiveness of Habitat Conservation in
Switzerland” have been started (see Fig-
ure). These can be direct providers of biodi-
versity data and, incidentally, many of
them have drawn on the BDM’s methodo-
logical approaches and considerations. At

the same time, there is an increasing de-
mand to base international, national and
cantonal-level reporting on indicators.
The BDM indicators list must therefore be
completely revised and updated.

Gardaz: The aim is to harmonise the
methods for recording the different kinds
of data and to link up the datasets in order
to arrive at an optimal set of indicators.
Switzerland’s strength in the field of mon-
itoring is its network of different and out-
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Generality

Total area of country

BDM
Biodiversity Monitoring Switzerland

Open cultural landscape

agri-environmental monitoring

ALL-EMA

Habitats of national importance

Endangered species

Classification of key monitoring programmes operated by the Swiss Confederation (some yet being established, see article). Programmes are increasingly specific from left to right. While
the BDM monitors common and widespread species, Red Lists concentrate on endangered species. Source: FOEN

standing monitoring systems! The integral
biodiversity monitoring system will be a
coherent system to which new modules
can be added at any time. How the BDM
needs to be developed as part of this fu-
ture system is something that still needs
to be looked at. The preliminary work is in
full swing, and provided that the Federal
Council approves the Action Plan, the ac-
tual reconfiguration will take place as part
of its implementation.

Who will coordinate this monitoring sys-
tem?

Gardaz: The FOEN will have its hand on
the reins. Of course, each monitoring net-
work will continue to have its own coordi-
nation offices which supervise work in the
field and evaluate and analyse the data.
These offices are based at the respective
institutes and data centres.

In the past the BDM mainly disseminated
positive messages such as “biodiversity
remarkably high” or “a good hatching
year for butterflies” whereas the red lists
pointed out the decline in diversity. This
created some confusion for the public.
Will there also be improvements in com-
munication on the status of biodiversity
in future?

Pearson: The FOEN is responsible for com-
munication, at least for those datasets that
are financed by us. The monitoring system
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will deliver an overall picture of the status
of biodiversity, giving the ability to send
coherent and unanimous messages to poli-
cymakers and society. The quality of the
biological data remains key. And in Swit-
zerland it is very good indeed — we are the
envy of other countries. The analysis of
the data and the interpretation of trends,
on the other hand, can vary; they are a re-
flection of political and societal develop-
ments. It is important to us, therefore,
that the raw data are entered and that the
data analyses are carried out separately
from the interpretation.

The FOEN is building the new monitor-
ing system on top of existing monitoring
networks. Are there any gaps that need
to be filled?

Gardaz: That is all a question of finances.
Of course there are gaps, and with the ex-
isting monitoring networks we will not be
able to come up with answers to every
conceivable question. Biodiversity is much
too complex a phenomenon for that.

And where are the gaps?

Pearson: We have very little data on the
condition of habitats that occur in Swit-
zerland. There is no national overview of
what still exists and its quality. Moreover,
data on the genetic diversity of wild organ-
isms is practically non-existent. Nor do we
have any idea where the evolutionary hot-
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spots are located — in other words, the are-
as of importance for the evolution and
adaptability of species. Much too little is
also known about the distribution of spe-
cies. The question that constantly arises is
whether we are measuring what is actual-
ly relevant for the future development of
biodiversity.

But the red lists contain data on the ef-
fectively colonised area, on the size of
populations and on population changes.
Pearson: But only if they were compiled
according to the IUCN criteria. Not all red
lists are up to that standard as yet. Added
to that, the level of threat has not even
been assessed for many important groups
of organisms.

All the same, it has been done for a quar-
ter of all Switzerland’s known species!
Pearson: We commissioned the IUCN to
evaluate Switzerland’s red lists pro-
gramme. The aim was to find out how
close we are to having the “right” red lists.
Ultimately every red list that exists is an
expression of the great commitment of
species specialists. If there are no species
specialists for a group of organisms, then
nor will there be any red list.

And what was the outcome of this evalu-

ation?
Pearson: Switzerland should include yet
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more groups of species, for example the
soil organisms. Because it is impossible to
assess the threat status of all species, how-
ever, it was suggested that we should com-
pile one red list for a selection of species
from all organism groups rather than
multiple red lists. But these are just ideas
for the time being.

Will there be a third report on the re-
sults of the BDM?

Gardaz: No. The next status report on bio-
diversity will incorporate and synthesise
all available data. By the way, the compre-
hensive Environment Report that appears
in 2015 will no longer be a FOEN publica-
tion but a Federal Council report, and will
have to pass through a consultation of the
federal offices. We are thus eager to see
what its content and tone will be.

Can the next status report also be used
for international reporting?

Pearson: Individual countries are not ex-
pected to submit such an extensive report,
even in the context of the Convention on
Biological Diversity. And indeed most
countries have no datasets to hand what-
soever. That is why the Convention is cur-
rently discussing the development of indi-
cators on which all countries can supply
appropriate data. This is important in or-
der to be able to make serious compari-
sons of different countries’ efforts.
Gardaz: The EU’s European Environment
Agency already has a list of indicators, but
as it only reflects the lowest common de-
nominator of all Member States, it is not
particularly informative. We are neverthe-
less trying to supply data on these indica-
tors so that Switzerland does not always
appear as a grey smudge on the map of Eu-
rope.

Will Switzerland break new ground with
the announced “integral monitoring sys-
tem” and with the BDM?

Pearson: Unfortunately not. With regard
to the indicators we are no longer the
front runners. Norway, for example, al-
ready has a sophisticated monitoring sys-
tem with indicators. All in all, though, in-
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dividual countries are following very dif-
ferent paths for the monitoring of biodi-
versity. The trouble is, nobody really has a
complete picture of what is happening
where.

In England volunteers play a prominent
part in data gathering. In other coun-
tries, too, citizen science projects are
taking on ever-increasing importance.
What does the FOEN think of this kind
of data collection?

Pearson: Now that the general public is in-
volved, the data basis on biodiversity is
constantly improving. Thanks to smart
phones and various apps, the data flow
keeps getting faster and smoother than
ever. The drawback is the quality of the
data. Lack of species expertise is a big
problem too. If the data centres make use
of this data, filters must be built in so as to
keep the error rate under control. Be this
as it may, the data collected in this man-
ner in no way replaces systematic data-
logging by monitoring systems.

Gardaz: Citizen science projects are an im-
portant contribution to raise people’s
awareness of the conservation and promo-
tion of biodiversity. Everyone has the op-
portunity to report on whatever seems im-
portant to him or her. Of course, people
must also take note of the species and
identify them correctly. The Action Plan
therefore includes a number of measures
to promote species knowledge.

Interview: Daniela Pauli and Gregor Klaus

Action Plan on the right track
Broad-based expert input was very much
the hallmark of work on the Action Plan
for the Swiss Biodiversity Strategy in the
first half of the year 2013. Around 650
experts from 250 organisations took part
in two dozen workshops and discussed
proposals and ideas for safeguarding and
promoting biodiversity in Switzerland in
the long term.

The phase of technical input was conclud-
ed at the end of June. The outcome of this
process stands up to scrutiny: the work-
shops gave rise to 320 proposals. Based on
these, the heads of action fields formu-
lated a list of around 180 measures aimed
at making sure that the ten strategic ob-
jectives are achieved.

In some cases there are major variations
among the listed measures with regard to
maturity, concretisation and coordination
with other measures from other action
fields. For that reason the measures are
being assessed and reworked for the Ac-
tion Plan. In spring 2014, the Action Plan is
scheduled for submission to the Swiss
Federal Council, which will then take a
decision on how to proceed from there.

Further information (in German)
www.bafu.admin.ch/ap-biodiversitaet

FOEN newsletter on the Action Plan (in
German) www.bafu.admin.ch > Biodiversi-
tat > Aktionsplan Strategie Biodiversitat
Schweiz > Newsletter
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Citizen Science

Science or public awareness-raising?

Anne-Laure Gourmand and Lisa Garnier, Muséum national d’Histoire naturelle, F-75005 Paris, gourmand@mnhn.fr

Citizen science is a form of research in
which not only researchers but also mem-
bers of the public get involved. In many
cases the data recorded can be used for
research purposes. But sometimes raising
the people’s awareness — of environmen-
tal issues, for example - is also a priority.

Conducting research on biodiversity in
times of climate and landscape change
calls for enormous volumes of data on the
occurrence of animal and plant species. It
is hardly feasible for scientists to register
species across the country’s entire land
area. In any case, there can be certain
places (e.g. private gardens) that are com-
pletely inaccessible. Citizen science, which
is based on getting the population in-
volved in conducting such studies, is po-
tentially the ideal solution for covering a
larger territory. In the same way as with
weather stations, participants report their
own observations of nature.

However, any scientific approach to ecolo-
gy must adhere to a methodological proce-
dure for the collection of data by citizens.
To ensure that the observers’ results can
be compared and used in mathematical
and statistical models, the target species
must be selected with care, a protocol pro-
duced, and allowances made for identifica-
tion errors. The French programme “Vigie
Nature” which is run by the Centre for
Conservation Biology at the Museum of
Natural History, Paris, has been carrying
out such scientific observations since
1989. The programme is facilitated by na-
ture conservation organisations.

No observation without scientific compro-
mise: the selection of species depends
partly on their function as indicator spe-
cies but also upon their public appeal. The
data-gathering protocol must be meticu-
lous and simple but, at the same time, as
comprehensive as possible. It is important
that the observers should enjoy their
work. It should also be borne in mind that
the more competence in natural history is
required, the smaller the number of po-
tential participants gets.

The data supplied by non-specialists can
contain identification errors, however. In
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An observer photographs a pollinator for the “Suivi Photographique des Insectes POLLinisateurs”

programme (www.spipoll.org). Photo: SPIPOLL

2009 the study “Butterfly Flowers” re-
quired participants to send in photos of
butterflies and to identify the animals. On
average, five per cent of identifications
were incorrect. This is acceptable for sci-
entific evaluation of the data; in any case
the rate of errors falls rapidly as the par-
ticipants grow in practice and training.
The error-rate noted is no problem if it re-
mains that low and constant and if the da-
ta is used for spatial or temporal compari-
sons. On the other hand, it is too high if
the intended use of the data is to produce
precise distribution maps.

Taking part in a participatory scientific
programme is not without its conse-
quences for the observers themselves.
Many participants start with very little
knowledge of natural history. Then, with
burgeoning pride in their work, they be-
gin to pay more attention to the species
that they are observing daily. They find
themselves in an upward spiral: the more
they observe, the more attentive they be-
come, the more they learn and the more
frequently they talk about it to their fami-
lies and friends.

In order to arrive at this point, the observ-
ers must be convinced that the project is
right and important and that they are in-

Measuring biodiversity

dispensable to it. But they must also feel a
bond with the other observers and with
the researchers. This kind of networking
arises particularly through the work of fa-
cilitators and through day-to-day work
with local conservation groups. The great-
est difficulty of citizen science is to keep
the observers involved over a longer time-
frame. But this specific factor is critical,
because in the recording of biodiversity,
the informativeness of the data depends
crucially on the length of the observation
period.

Further information
http:/lvigienature.mnhn.fr
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Credit points for diversity on farmland

Farmers measure biodiversity

Markus Jenny’, Sibylle Stdckli?, Simon Birrer!, Lukas Pfiffner?; ' Swiss Ornithological Institute, CH-6204 Sempach, markus.jenny@bluewin.ch,
2Research Institute of Organic Agriculture FiBL, CH-5070 Frick

To measure species diversity on an agri-
cultural holding directly would require
great effort. Therefore, a project was set
out to develop an evaluation system that
assigns specific credit points to a variety
of habitat characteristics and manage-
ment options. This provides a proxy for
all efforts undertaken on a farm to main-
tain and enhance biodiversity.

The Swiss Ornithological Institute and Fi-
BL are currently developing new instru-
ments to encourage farmers to engage in
promoting biodiversity on their land. Our
project entitled “Scoring with biodiversity
— farmers enrich nature” started off by de-
veloping a credit point system which eval-
uates the efforts made by farmers to pro-
mote biodiversity. The system is based on
both scientific knowledge and practical
experience. It evaluates the quantity, eco-
logical quality, structural diversity and
spatial distribution of ecological compen-
sation areas as well as the application of
arable and grassland options (e.g. no her-
bicide application, staggered mowing etc.)
and conservation of genetic diversity (her-
itage breeds) (Jenny et al. 2013).

A richly illustrated handbook helps farm-
ers to correctly complete the forms for the
credit point system (Jenny et al. 2011). It
also explains the significance of the indi-
vidual measures in accessible language.
The system is designed in such a way that
participants only need to enter their data.
For each of the 32 measures the credit
points are then calculated automatically.
The overall point score is an indication of
the overall contribution made by a farm
holding; the system thus also allows for
self-assessment. At the same time, possi-
ble further ecological improvements are
outlined. For example, experts defined
minimum targets for each of the meas-
ures. If a holding’s score is well below the
target value, action may be warranted.
The experience has shown that farmers
are open to enhancement measures and
that farm conservation advisory services
play a key role in this respect (Chévillat et
al. 2012). However, it is a prerequisite that
farmers are made familiar with the eco-
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Lukas Pfiffner, agro-ecologist at FiBL, explains the results of
the “Scoring with biodiversity” project to farmers. Photo
credit: Markus Jenny

logical requirements of individual indica-
tor species (plants or animals) on their
holding. A supplementary tool was devel-
opped that helps farmers in identifying
indicator species potentially present on
their land. Again the farmer only needs to
enter some key farm data (location, exist-
ing habitats) in order to generate a list of
indicator species. In addition, simple in-
formation cards were produced for 115 in-
dicator species (Graf et al. 2010). These se-
lected species are widespread in Switzer-
land and, taken together, represent all the
farmland habitats and habitat elements of
conservation importance. Using these
cards, farmers can easily and on their
own, access information on the biology,
distribution and ecological needs of the in-
dicator species characteristic of their land.
A study on 133 farms assessed how far the
credit point system actually reflects the di-
versity of representative groups of organ-
isms (birds, butterflies, grasshoppers, vas-
cular plants) at the individual farm level.
19 biodiversity indicators were defined for
this assessment, e.g. the richness of plant
species. The evaluation has shown that,
for example, an increase of the point score
from 10 to 20 goes hand in hand with an

average increase of plant species diversity
by 30% (see Figure). The credit points are
therefore a suitable measure of a farmer’s
effort for biodiversity conservation and
enhancement. Other detailed assessments
are underway and will contribute to fur-
ther improvements in evaluating individu-
al measures. It is encouraging to see that
instruments and measures for the assess-
ment of farmers’ contributions to biodi-
versity conservation and enhancement as
part of the agriculture section of the Swiss
Biodiversity Action Plan have enjoyed
widespread acceptance and that they have
been shown to hold great potential as sup-
plementary agri-policy measures.

References
biodiversity.ch/index.en.php>Publications

Further Information
http:/lwww.vogelwarte.ch/scoring-with-
biodiversity-farmers-enrich-nature.html
www.fibl.org > Themen > Biodiversitit >
Mit Vielfalt punkten (in German)
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Correlation between point score and plant species diversity.
If the point score increases from 10 to 20, an average
increase of plant species diversity by 30% can be expected.
Source: FiBL and Swiss Ornithological Institute, Sempach
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Science and Policy

Platform of the Swiss Academy of Sciences

Swiss Biodiversity Forum

We make knowledge about biodiversity

accessible

Daniela Pauli, Swiss Biodiversity Forum, CH-3007 Bern, daniela.pauli@scnat.ch

Since the 1990s biodiversity research has
steadily intensified (see graph). According
to “Web of Science” there were 6,826 sci-
entific publications on the subject in the
year 2012 alone. But while knowledge is
continually deepening and expanding, bio-
diversity keeps declining because the con-
servation of plant and animal species and
of ecosystem services has been sidelined in
the balancing of interests, or because that
knowledge is not accessible to decision-
makers.

The Biodiversity Forum of the Swiss Acad-
emy of Sciences has set itself the objective
of assembling all the available knowledge
about biodiversity relevant to Switzerland,
grouping it thematically and making it ac-
cessible in an appropriate form. To this
end we have developed a set of various in-
struments including HOTSPOT, the Infor-
mation Service Biodiversity Switzerland
(IBS) and the SWIFCOB conference (see
panel).

Now a new instrument for knowledge
transfer has been added: factsheets on dif-
ferent biodiversity themes. In this format
we make scientific findings accessible to
the interested public in a concise form.
The factsheets are addressed to the media,
to the responsible experts, be they admin-
istrators or practitioners, and to decision-
makers in the spheres of policy, business
and society. One of the first factsheets
deals with shrub encroachment of the Al-
pine region by green alder, and was pub-
lished in August 2013. It shows how rap-
idly green alder is spreading in the wake of
land abandonment in the mountains;
what this means for biodiversity, soils, wa-
ter bodies and climate; and how green al-
der can be held in check (see photos). The
next factsheet will be devoted to the im-
portance of pollinators, their declining
numbers, the impacts of this decline, and
possible measures to promote pollinators.
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It will not only talk about honeybees but
also about wild bees and other flower-pol-
linating groups of insects.

Further information
biodiversity.ch/index.en.php>Publications

SWIFCOB 14:

Biodiversity and Economy: Diversity
pays

17 January 2014, UniS, Bern

There are numerous interfaces and de-
pendencies between biodiversity and
economy, as HOTSPOT 23|2011 (biodiver-
sity.ch/index.en.php > Publications > HOT-
SPOT) has shown. Often the various stake-
holders are unaware of these linkages; the
numerous possibilities for cooperation are
therefore only rarely taken advantage of.
But there is a growing will to integrate
biodiversity concerns more effectively into
business activities. Potential exists through-
out the value chain.

With the “Biodiversity and Economy”
conference we want to motivate research-
ers, companies and nature and landscape
conservation stakeholders to increase their
cooperation. Participants learn where in-
terfaces exist between biodiversity and the
economy, and recognise both the opportu-
nities and any potential risks of coopera-
tion. A marketplace serves as a forum for
exchanging knowledge and experience.
The conference is supported by the Federal
Offices FOEN and FOAG.

The programme and registration form for
the conference can be found at biodiver-

sity.ch/index.en.php > Events > SWIFCOB.
Registration deadline: mid-December

Top: Green alder is spreading rapidly throughout the Alpine
region — with negative impacts on biodiversity. Photo:
Erika Hiltbrunner

Bottom: Engadine sheep can control green alder encroach-
ment by chewing their branches. Photo: Tobias Zehnder
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The number of scientific publications on the theme of
biodiversity is rising constantly. Source: Web of Science,
topic= biodiversity
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Swiss national database

Storing, managing and publishing data

Agnés Bourqui and Christoph Kohler, Swiss Commission for the Conservation of Cultivated Plants (CPC), agnes.bourqui@cpc-skek.ch

Work on the conservation of plant ge-
netic resources in Switzerland for food
and agriculture has delivered a flood of
information. The data need to be stored,
managed and made accessible so that
they can be used by the various organisa-
tions and projects that help with the con-
servation and sustainable use of plant
genetic resources. The national database
fulfils these requirements. It provides a
comprehensive overview of the diversity
of crop plants in Switzerland and is also
publicly accessible.

The genetic resources of crop plants repre-
sent a natural resource base for food secu-
rity and are ecologically and culturally sig-
nificant. A high level of genetic diversity
enhances capacity to respond to pests and
diseases and to the impacts of climate
change. Furthermore, the conservation of
genetic resources is indispensable to
breeding programmes, as it makes availa-
ble desirable characteristics such as
drought tolerance. The benefit of genetic
diversity is also seen on our plates, be-
cause the diversity of forms and flavours
imparts pleasurable variety to our diet.

Preserving the diversity of varieties

The diversity of species is in a constant
state of flux. In the past, many traditional
varieties were suppressed by a few more
productive plant varieties. The World
Food Summit Plan of Action launched by
the United Nations Food and Agriculture
Organization (FAO) in June 1996 was im-
plemented in Switzerland through the
National Plan of Action for the Conserva-
tion and Sustainable Use of Plant Genetic
Resources for Food and Agriculture (NAP-
PGRFA). The goal of the National Plan of
Action is the conservation of varietal di-
versity in crop plant species. Moreover, it
complements agricultural policy objec-
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tives in the field of biodiversity and agri-
culture.

Positive lists and accessions

The first step for conservation of plant ge-
netic resources for food and agriculture is
to carry out an inventory of the species
and varieties that occur in Switzerland. At
present this inventory phase is no longer
being driven forward actively; neverthe-
less the discovery of a new variety is far
from unusual. The plant genetic material
that remains to be identified is maintained
in a collection of introductions. Having
been identified and analysed according to
the PGRFA-specific conservation criteria,
the varieties selected for conservation are
added to “positive lists”. These lists also
contain information on the status of con-
servation efforts or the number of existing
accessions for a particular variety. Acces-
sion is the term that is used for a variety
linked to the site where it was collected.
Thus, each of the seed samples of a cereal
variety taken from different fields in a
particular region is an accession in its own
right. It is an important term because a
cultivated variety is conserved specifically
as an accession and not as a variety.

Long-term conservation

As soon as the positive lists have been
compiled, a start is made at storing the va-
rieties in primary and duplicate collec-
tions using appropriate conservation
methods. Accessions can be conserved —
depending on the characteristics of the
species or variety — in a gene bank, in field
collections, in vitro, in protected condi-
tions (tunnel, greenhouse) or in situ. Pota-
toes, for instance, are cloned in vitro and
conserved in protected conditions, where-
as fruit trees are conserved in the field.
Species that reproduce by means of seeds
(cereals, vegetables or certain medicinal

plants) are conserved in seed form in a
seed bank. This conservation method at
low temperature (-20 °C) and low humidi-
ty (7.5 to 5 per cent) permits storage for a
long duration (20 to 50 years). In the case
of “crop wild relatives” (CWRs), i.e. wild
plants that are related to crop plants, con-
servation methods must be found for the
ecotypes in their natural setting (in situ).
This method of conservation makes it pos-
sible for the conserved ecotypes to adapt
simultaneously to changes in the habitat’s
environmental conditions. Among the
CWRs, for example, the wild relatives of
forage plants are of particular value in the
Swiss context. Another criterion, as part
of conservation measures, is to safeguard
the quality of the genetic material.

When is the protection

of a variety guaranteed?

It is essential to stipulate the number of
plants or seeds that an accession must
contain and the minimum number of ac-
cessions per variety, if the conservation of
the variety is to be guaranteed in the long
term. There are standard quantities for
every group of crops, which have been
laid down according to the characteristics
of the variety (Table 1). Given these values,
it is also possible to calculate the quantity
of material to be conserved.

From Table 1 it is clear that the number of
accessions to be conserved is higher for
vegetative conservation (clones) than for
generative conservation (seeds). For exam-
ple, to guarantee the vegetative conserva-
tion of a grapevine variety, the primary
collection and the duplicate collection
must contain at least five identical acces-
sions. These figures are adjusted further
as a function of the given variety’s fre-
quency in Switzerland; for rare varieties
the standard quantity of accessions is in-
creased.
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Table 1: Standard quantities to ensure long-term conservation

Table 2: Number of species and varieties on positive lists

Crop Number Number of plants Crop Species Varieties Accessions
of accessions per accession :
- Grapevines 4 141 3767
per variety -
Berries 6 205 1154
Grapevines min. 5 ! Potatoes 1 38 118
Raspberries, blackberries, Vegetables 12 482 506
strawberries 1 3 to 10 plants depending on species Fruit trees 13 3063 10 937
Redcurrants / Cereals 4 1498 2482
blackcurrants 3 1 Maize 1 311 364
Potatoes 1 Tubers (10-100) Aromatic and medicinal plants 25 9 37
Vegetables 1 Seeds, quantity depending on species Forage legumes 2 119 119
Fruit trees min. 2 ! Forage grasses 7 195 195
Cereals 1 Seeds, quantity depending on species Total 75 6 146 19 679
Maize 1 3,000 grains
Aromatic and
medicinal plants 1 Seeds, quantity depending on species
Forage legumes 1 Seeds, quantity depending on species
Forage grasses 1 Seeds, quantity depending on species

*equal amounts in a primary and duplicate collection

National database

The conservation of plant genetic re-
sources, of varieties and accessions, gener-
ates a large volume of quantitative and
qualitative data, creating the necessity for
a data administration tool. In the Swiss
National Database (NDB) data on the acces-
sions collected by conservation organisa-
tions are centrally stored, administered
and published. Founded in 2002, the data-
base is financially supported by the Swiss
Federal Office of Agriculture (FOAG) and
managed by the Swiss Commission for the
Conservation of Cultivated Plants (CPC).
Although it is addressed to a broad audi-
ence, it is primarily consulted by experts
from Switzerland and abroad. The organi-
sations implementing the NAP-PGRFA pro-
ject supply the National Database by de-
positing their data in it or by annually up-
dating the existing data. The concept is
simple: every variety is identified by
means of a profile that contains the agro-
nomic, morphological and phenological
characteristics.

The database can also be searched by a va-
riety of criteria, e.g. by the number of ac-
cessions of a variety, the geographical site
where the accession was collected, by the
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disease resistance of a variety or by the
molecular genetics results. Currently
around 40,000 accessions collected in
Switzerland are searchable. Table 2 lists
the data available in the NDB and provides
an overview of the number of species and
varieties on the positive lists. The 6,146 va-
rieties whose conservation is guaranteed
include, for example, 38 potato varieties
which all belong to the same species.
Apart from the number of varieties per
group, which is generally high, for most
crops it is evident that the number of ac-
cessions conserved is sufficient. Overall it
is reasonable to assert that the survival of
these varieties has been safeguarded. The
same is not true of the medicinal and aro-
matic plants, where the number of acces-
sions has been deemed insufficient. This is
explained by the fact that the projects
dealing with medicinal and aromatic
plants are currently still in their recording
and identification phases. The data items
are still being processed and are not yet
available in the National Database. Cau-
tion is therefore advisable when interpret-
ing the results; it must not be forgotten
that the data available on the platform is
in constant development.

Further information
www.bdn.ch and www.cpc-skek.ch

Supported by

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra
Swiss Confederation
Federal Department of Economic Affairs,

Education and Research EAER
Federal Office for Agriculture FOAG
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The biodiversity map

Distribution of flora spotters

Stefan Eggenberg and Philippe Juillerat,

Info Flora, c/o Conservatoire et Jardin botaniques, CH-1292 Chambésy,

stefan.eggenberg@infoflora.ch

Locations of voluntary field botanists in the
biogeographic regions of Switzerland

Info Flora is working on behalf of the FOEN to
update the red list of endangered vascular plants.
To this end, over 300 volunteers (known as flora
spotters) are visiting 8,000 previously recorded
sites of 1,000 plant species distributed all over
Switzerland in order to ascertain the current sta-
tus of the individual populations.

The circles on the map do not mark the sites of
plant species, however, but the home locations
of the flora spotters. The larger the circle, the
more flora spotters live there (smallest circle = 1,
largest circle = 21 flora spotters). The distribution
is extremely heterogeneous: most of the people
involved live in cities like Zurich, Bern, Basel, Lau-
sanne, Geneva and Neuchatel or in Switzerland's
Central Plateau and urban agglomerations. The
majority of the populations and species to be re-
corded, on the other hand, are found in the

Alpine region and in rural areas. This poses a
logistical challenge for the project!

The earliest results of the project give cause for
concern: over one-third of sites on which threa-
tened species had been sighted between 1982
and 2002 are devoid of any today. The higher the
2002 red list assessment of a species’ extinction
risk, the greater the losses that are now being re-
corded.

Photos: swisslichens, WSL (top); Info Flora (bot-
tom)



