ENVASSO Project Volume I: Indicators and Criteria Report
Annex I: Indicator fact sheets

1.17 BI01A Enchytraeid diversity
Key issue:
Decline in biodiversity
DPSIR classification: Impact
Main information: Measuring this indicator will provide information on the species diversity of
enchytraeids. This indicator is to be measured if earthworms are not available in the soils. Together
with other biodiversity indicators and complementary information (e.g. land use, humus form,
climate) it will provide information on the biological state of the soil and on changes in soil
biodiversity.

1.17.1

Example

Microannelids (ind./m²)
200,000

Strongly acid
forest sites
unlimed

175,000

Cognettietalia
Liming
measures at
strongly acid
forest sites

150,000

125,000

Grassland
and forest
sites on
calcareous
parent
material

100,000

75,000

Lumbricetalia

50,000

25,000

Acidified
forest sites
on
calcareous
parent
material

0
1

2

3

4

5

6
7
8
9
Weighted average reaction figure

Figure 1.17.1 Biological condition of soils at permanent soil monitoring sites in North RhineWestphalia - Diagram with two biological indices: the total abundance of enchytraeids and
the weighted average reaction figure of the annelid community
The species are classified with respect to their occurrence along the gradient of soil pH into
indicator value groups figured from 1 (indicator of extreme acidity) to 9 (indicator of basic reaction).
The average reaction figure is the calculated mean of indicator values of all species within a given
community. The weighted average reaction figure is the mean of indicator values multiplied by a
factor 1 to 5 for the abundance class of the species. (Beylich and Graefe, 2002; Beylich et al.,
1995; Graefe, 1997, 1998; Graefe et al., 1998, 2001, 2002; Graefe and Schmelz, 1999; Graefe and
Beylich, 2003, 2006).
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There are two distinct groups corresponding to different soil community types. Lumbricetalia are
dominated by anecic and endogeic earthworms. Cognettietalia are dominated by enchytraeids.
Owing to the absence of soil mixing earthworms soil life in Cognettietalia is largely restricted to the
humus layer. In terms of humus forms Cognettietalia corresponds to Moder/Mor and Lumbricetalia
to Mull. Species diversity is increasing from Mor to Mull. Liming has shifted the species composition
from indicators of strongly acid condition in the direction to indicators of moderately acid condition,
but has not resulted in switching to another community type. High abundances of enchytraeids in
Mor/Moder indicate high biological activity through the eutrophying effect of high nitrogen
deposition.

1.17.1.1 Significance
This indicator will provide information on the diversity of enchytraeids. Together with other
indicators for biodiversity and other information (e.g. land use, soil type, climate) it will provide
information on the decline of biodiversity.

1.17.1.2 Policy context
The importance of soil biodiversity is acknowledged in international treaties (UN-CBD, UNFCCC,
UNCCD), by international organisations (OECD, FAO, UNEP, CGIAR) and by national
governments. The UN treaties are implemented through national policies, strategies and action
programmes, in which the role and protection of (soil) biodiversity is addressed. However, the
scope of attention to this issue in each country depends on awareness by decision makers, human
capacities and knowledge, financial resources and priorities. Soil biodiversity needs to be protected
because of its intrinsic value, and its ecological functions in the soil. Moreover, through support for
appropriate land use systems and management practices, soil biological functions can be
enhanced with multiple benefits in terms of increased productivity, increased efficiency of resource
use and hence reduced costs of external inputs, increased sustainability and reduced erosion and
pollution.
This indicator is measured in the context of the biological classification of soils including soil quality
assessment (Beylich et al., 1995; Jänsch and Rombke, 2003), terrestrial bioindication and longterm monitoring (Graefe and Schmelz, 1999) as well as for the evaluation of the effects of
chemicals on soil animals (Römbke et al., 2002). Right now, most studies are performed in the
context of scientific research but enchytraeids are increasingly used in governmental programs
(e.g. in the Netherlands, Germany or Austria).

1.17.1.3 Scientific background
Enchytraeids are small soil-inhabiting worms (few mm to several cm in length) belonging to the
family Enchytraeidae, order Oligochaeta, class Clitellata, phylum Annelida. In acidic soils (e.g. in
coniferous forests) they can replace earthworms as ecosystem engineers. Their influence on soil
functions like litter decomposition, soil pore structure or nutrient cycling, is well known (Graefe,
1997, 1998, 1999, 2004; Römbke, 1991). Due to their often very high number (and population
biomass) they are also important in many terrestrial food webs (Didden 1993; Graefe and Beylich,
2006).

1.17.1.4 Assessment of results
Enchytraeids are extracted from soils samples with the standardized method ISO 23611-3 (2006)
and identified in the laboratory. The name and number of species are determined. These results
can be used to calculate either diversity indexes or to compare the respective data set with a
reference data set, for example by using multivariate statistics.

1.17.2

Meta data

1.17.2.1 Technical information
i) Data sources: There are several data sets from monitoring systems in Austria (A) (Bauer,
2000, 2003) Germany (D) (Graefe et al., 1998; Barth et al., 2000; Graefe, 2005) and the
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ii)
iii)
iv)
v)
vi)

vii)

viii)

Netherlands (NL) (Rutgers et al., 2005). Other data sets come from transect or field studies.
All the available data can be used to define baseline/threshold values across EU.
Description of data: The raw data usually consist of the names of the species with their
respective numbers. Then this information is converted into diversity indices.
Geographical coverage: D: Schleswig Holstein, Hamburg, Nordrhein-Westfalen, Hessen,
Mecklenburg-Vorpommern (partly), Brandenburg (partly). A: Land Salzburg. NL.
Spatial resolution: A, D and NL monitoring network is stratified according to land use.
Temporal coverage: Enchytraeid sampling at German soil monitoring sites started in 1992,
at Austrian sites in 1996. NL network started biological sampling in 1997.
Methodology and frequency of data collection: In D samples are taken in intervals of 5
(Nordrhein-Westfalen) to 10 years (Hamburg), in Salzburg 3 to 6 years, in NL every 6 years.
In D and A 10 replicates are collected at each sampling occasion. Soil cores are divided in 4
vertical subsamples and extracted by wet funnel method (ISO 23611-3, 2006).
Methodology of indicator calculation: The species are classified with respect to their
occurrence along the gradients of soil pH, soil moisture, and salinity, as well as to their
reproductive strategy, stress tolerance, and their occurrence in the continuum of humus
horizons and humus forms. Multiple species information is aggregated to one value per site
and inventory by calculating average indicator values and life-form ratios.
Availability of baselines and thresholds: Baselines and thresholds according to soil
parameters as pH are published in numerous papers (Healy, 1980, Didden, 1993; Graefe,
1993, 2005; Graefe et al., 2001, 2002, Beylich and Graefe, 2002, Graefe and Beylich, 2003;
Jänsch and Römbke, 2003; Jänsch et al., 2005)..

1.17.2.2 Quality information
i) Strength and weakness: Up to now data for all EU are not available. Nevertheless several
datasets already exist and may be available. The quality of data in these data sets is different
as the sampling was generally performed with different methods. This situation will change
as for new measurements an ISO method is now published.
ii) Data comparability:
Comparability over time: overtime data are comparable if samples are taken at the same
period (e.g. sampling in spring or in autumn). Variations may occur if land use changes or if
climatic conditions before sampling are strongly different from the previous sampling.
Comparability over space: as the repartition of soil organisms depends on soil characteristics
their variability will be considered by the sampling strategy.

1.17.3

Further work required

The following work is required to make the use of this indicator simpler:
Develop new datasets by using an harmonized approach on different locations across EU
integrating different climates, soil types, land uses and agricultural practices.
Datasets from various countries (in particular Germany and the Netherlands) have to be
compiled in order to define threshold values and baselines.
Research is progressing to develop software and/or technical guides allowing an easy
identification step. Furthermore identification of soil species with DNA extracts is also a matter of
research and will maybe produce DNA arrays within 10 years.
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