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Summarized important results of the study

" Soil Biological Quality Classes of Soils"

1 Conclusion

The study aimed to eaborate a concept for the assessment of the soil function "Bagsfor life and
habitat for ... 0il organisms' as defined in the Federal Soil Protection Act (Bundesbodenschutz-
gesetz, BBodSchG) of March 24, 1998. In the sense of the study the terms "soil biological
qudity of soils' and "soil quaity” are used as synonyms. Contrary to other assessment concepts,
which are based on the principa of ecotoxicologica soil testing by testing representative
organismsin the |aboratory, the basic idea of the presented Soil Biologica Site Classfication
(Bodenbiologische Standortklassifikation, BBSK) is the assessment of aste by comparing an
expected s0il biocenosis with the redistic biocenosis of the site. It is assumed that the biotic
communities are substantially determined by abiotic factors (e.g. soil properties, climate, soil
use). Concerning the measuring parameters to be applied, quaitative parameters (e.g. family or
Species spectrum) are preferred to quantitative parameters (abundances), which are frequently
governed by short-term effects, for example climate. The measure for the assessment, therefore,
isbiodiversty. Prerequisite for a routine gpplication of the system isthe cartographica
presentation of the expected community in dependence of the soil biologicaly relevant abictic
factors. Based on these factors, the area of the Federal Republic of Germany can be classfied
into soil biologicaly comparable environmenta compartments (Site types).

The R&D project included severd study units:

l. Definition of dtetypes

Objective: Tabular and cartographica classfication of the area of the Federd Republic of
Germany into Stes types and their subdivison into groups of Smilar ste types. Thisincluded the
following work steps:
Elaboration of basc dependencies between soil parameters and different groups of animas
Definition of the most important soil factors and their classes of values ("Werteklassen™)
following the "Bodenkundliche Kartieranleitung” (4™ edition, AG Boden 1994)
Classfication of the area of the Federal Republic of Germany into Site types, aggregation of
the Ste types primarily following statistical methods.



I Derivation of expected datafor sdected groups of the soil fauna

The data were derived either on the basis of literature data or based on own investigations mostly
performed at Stesin the state of Baden-Wrttemberg.

" Examplary sampling of 15 Stes

Samples were collected in ten forests, four grasdand Sites and an agriculturd field. The de-
termined soil animals were nematodes (examplarily at three sites) earthworms, enchytraeids,
oribatides, isopods, diplopods and chilopods. These animd groups had been found suitable with
respect to various parameters in the scope of the literature study *Soil fauna and environment”
(Bodenfauna und Umwelt; Rombke et d. 1997). In addition, afunctiond parameter (bait lamina
test) was considered in the present study.

A% Comparison of expected values and actua values

On the bass of the determined biotic communities (Species, families) the actud vaues (eg.
indicator species, maturity-, diversity-, species identity- and dominance identity indices) were
defined by means of anima group-specific evauation procedures and, if available, compared
with the expected values.

With respect to a further improvement of the BBSK concept the following conclusions can be

drawn from the obtained results.

1.1 Site characterization

A centrd problem for the application of the dite type system is the precision of spatia data used
for dte characterization. According to the current Sate of the evauations the site types with the
assigned spatid digtributions and areas form a sort of virtua units supporting the users of the
BBSK hy sdecting the investigation sites; they dso give hints and arguments for the inter-
pretation and generaization of obtained data. However, the system is not suitable for areliable
characterization of single Stes at any location of alandscape or map. The second crucia point
are the data characterizing the indicator soils (soils of primary reevance) rdating to soil use.

Indicator soils and the respective soil data are representative soldly for the soil usereferredtoin



the respective legend unit of the soil map 1:1 mio (BUK 1000), and do not apply for other forms
of soil use.

The described weak points of the system are basicly due to the gpplied data base. Concerning the
precision of datathe system probably could be consderably improved if further development of
the digital soil map by the BGR (Bundesangtdt fiir Geowissenschaften und Rohstoffe, Federd
Agency for Geosciences and Mineral Resources) would include soils of secondary relevance
(Begleitbdden) and the respective soil datain addition to the indicator soils. The usefulness of
such an improvement of the BBSK will dso depend on the common parameters of the indicator
soils and the soils of secondary relevance with respect to characteristic pedologica data
(factors). If common characterigtics should mainly refer to a soil systematic classfication
without sufficient smilarity of characteristic top soil data, further development of the BBSK
could be problematic in so far asit could result in a strongly enlarged inventory of secondary
(subordind) legend unitsin form of the soils of secondary relevance and respective data. The
systematic use or classfication of these additiona data might request modifications of the
described strategy.

With respect to problems related to soil use a potentia for improvement would be given if
data with a dlearly defined rdation to soil use were available and if,

in addition, arespectively adapted set of site factors could be defined depending on soil use,

On amedium-term basis the BGR plans the e aboration of more strongly soil use-related data. A
first map referring to forest soils (so-caled "Wald-BUK™"), is currently under development in a
cooperation between the BfH (Bundesangtdt fur Forst- und Holzwirtschaft: Federal Agency for
Forestry and Timber Industry) and the BGR. The gpproach is based on the data of the BZE
(Bodenzugtandserhebung im Wald: investigations on the state of soil conditionsin forests) in
combination with the digital BUK 1000. According to so far available information, the map and
data set seems a auitable tool for the elaboration of a forest- gpecific Ste characterization system.
Future application in the scope of the BBSK concept is therefore possible.

A mgjor advantage of this basic tool would be the clearly use-related structure on the one hand
and the congderation of different forms of raw humus on the other hand. A possible gpproach
could consder the combination of five humus forms (according to L. Beck and E. Belotti (un-
published)) with e.g. three stock types (coniferous, deciduous and mixed forest). The obtained



different Ste types or ste-related humus types will then have to be compared with respect to an
expected smilarity of organisms (biotic communities) occurring in the humus forms of different
regions (highlands, hill countrys, plains, severd subdrates). The procedure will ether result ina
cartographic or spatia assessment or in the description of examplary stes or reference Stes (e.g.
raw humus under spruce a a highland site on a podsol), which can then be used to classify in-
vestigated sites. Before the possibilities resulting from the application of the "Wald-BUK" can be
finally assessed, however, athorough investigetion of the structure of the system and the data
base is needed.

Discussing the results of the Site characterization and their gpplication to the investigated Stesin
the scope of the study shows that practical gpplication and vaidation of the BBSK requires an
assessment of the respective ste by qudified personnel. For each Site assessment it hasto be
criticaly proved whether or not atypica scenario is given. For anumber of situations some of
which are given in the following, the BBSK should not be applied or should be applied only after

athorough investigation of the scenario:

very sony soil

extreme site conditions with respect to the relief (e.g. escarpment) or exposure

preceding extraordinary and intensive impacts on the respective site by a factor other than the
routingly determined five factors (e.g. regular flooding, recent liming or fertilization

measures, windbreak).

Important aspects to be considered for an improvement of the BBSK — from the point of view of
agte characterization — can be described with the following centra questions mostly demanding
an investigation of representative Stes.

Doesthe investigated Site redly correspond to the indicated Site type?

Isaclear classfication of the scenario (factors, Site types) by experts possible?

What is the outcome of a comparison between an "expert judgement” a the investigated site
and the result of a Ste characterization for the respective Site or region?

Isit possible to eaborate a sort of quaity management system despite the wide scope of
discretion?

Wheat can be the basic concept of atraining and "standardization of Stes' for future users of
the system?



In what way can parameters rlevant for a Site characterization be integrated into routine
measuring programmes (e.g. BDF (Bodendauerbeobachtungsfléchen: soil monitoring sites))?

1.2  Biological characterization

A Selection of organisms

Expanded sampling was performed for oribatides, gamasina, enchytraeids, earthworms, isopods,
chilopods and diplopods. At three sites nematodes were sampled additondly. Dueto their fre-
quency and with respect to their habitat and way of lifeit is recommended to include nematodes
and collemboles (representatives of the micro and mesofauna) into further investigations. The
indluson of microorganisms - though soil biologicaly important - is not possible at present,

since the existing methods to determine microbia diverdty are till under development and not
yet avalable for routine application.

B Characterization of the biotic communities of the sall

Sampling of the investigated Stesfirst resulted in comprehengve ligts of organisms, in generd
gpeciesligs. In the scope of data evaluation the available information had to be aggregated or
correlations to standard parameters had to be determined. To be able to compare the soil fauna
determined at the sampled sites with each other or with expected vaues (i.e. a"virtud" Ste
characterigtic soil anima community including the species spectrum and further properties, as
eg. diversty), different gpproaches were applied depending on the investigated group of orga-
nisms. One possibility was the application of statistical procedures to determine indicator values
(gamasing). Another gpproach included the calculation of maturity indices (nematodes, gama-
sna), classfication according to r/K triangle (gamasing), the determination of species and
dominance identity (oribatides), diversity index (gamasing, oribatides) and the direct comparison
of determined and expected data (enchytraeids, earthworms). Further attempts aimed at a com+
parison of expected and actua values by comparing the occurrence of indicator species (gama-
gna, enchytragids, earthworms) and the abundance of the respective anima group with mean
vaues known from literature,

At the present time a decision on which assessment method could be recommended for the
respective sampled animal group is not yet possible. Based on an investigation of soil arthropod
communities Van Straden (1998) comes to the conclusion that out of nine gpproaches discussed
in the literature a combination of an ecophysologica classfication (e.g. according to pH prefer-



encies) and multivariate datisticsis mogt suitable for aclassfication of soil organiams. Ina
comparable procedure expected values were derived for various groups of animas. In a second
step the present study combined the informeation obtained for one species group at one specific
dteto an index. This approach should be criticdly used: While the use of ampleindices (eg.
Sorensen, Renkonen) is suitable for the comparison of two stes (i.e. for comparing expected and
actua vaues) and might aso be gpplicable for amilarity andyses, diverdty indices (representing
vauesfor very high numbers): Shannon-Wiener Index, Mihlenberg, 1993) should be applied
only as an additiona information in the scope of an "expert knowledge': the strong aggregeation

of information makes an assessment more difficult, and the respective index vadue is often mis-
leading and regarded as an assessment vaue. In the scope of future investigetions a unification

of evauation methods for the single anima species should be attempted.

C Use specific compilation of atest battery of animal groupsto be deter mined

In the present study dl anima groups were determined at dl selected Stes (exception: nema-
todes). The investigations made clear thet it is not senseful to recommend the sameinflexible
battery of anima groups for determinations at al investigated Stes, since the occurrence of
single groups of organisms is strongly influenced by soil use (e.g. oribatides are seldomly found
at agriculturaly trested areas, whereas they are one of the most species rich animal groupsin
forests). Therefore, the most important criterium for the sdlection of organismsto be sampled at
an investigated Site should be landuse. Considering this, possible batteries of anima groups can
be divided into three categories: for euedgphic animals (e.g. many enchytragids, earthworms,
collemboles) ahigh corrdation with the abiotic factors of the topsoil, on which our site char-
acterization is based, exigts. Therefore, they are suitable for the three main types of soil use
(forest, grasdand and agricultura land). Hemiedaphic animds (e.g. many collemboles, most
oribatides and gamasina, many myriapodes) need habitats with looser soil structures than usudly
found in the topsoil; accordingly their preferred habitat isthe litter. They are therefore epecidly
suitable for the characterization of forest and, with some redtrictions, for grasdand stes, whereas
their suitability for agriculturd land isrestricted (this especidly applies for oribetides).

Epedaphic animds (most carabides, some myrigpodes, and, in generd, many animds of the
macrofauna) are principally less dependent on the abiotic factors of the topsoil, but preferably
areindicators for climatic, vegetation related factors and frequently biogeographica
relationships.



Based on the present results the following preliminary recommendations can be made:

Soil use

group of organiss forest grasdand agricultura land
nematodes + + +

oribatides + + -

gamesina + + (+)
enchytragids + + +

earthworms + + +

isopods + (+) -

chilopods + (+) -

diplopods + (+) -

+: suitable; (+) restricted suitability; -: not suitable

D Deter mination levels

The daboration of classfication systems as afirst stage requires the determination of animal
groups down to a species or family level (procedure of the present study) to determine respective
interrel ationships between ste factors and living communities with sufficient precison. The
objective of the BBSK concept isto make possible the gpplication by a great number of inditu-
tions and to present resultsin defined periods of time relevant for practical application.

For this purpose, a stepwise approach should be most suitable. First, an orientating analys's
(aggregated information) should be done. In this step the living community is determined & a
reaively high leve (e.g. abundances, feeding types). The determination levd is chosen with
respect to the organism group. Requested knowledge can be acquired quite easily. In case
deviations from expected results are observed at this investigation level, amore detailed in-
vestigation of the Site should follow in a second step (detailed analysis). The requested deter-
mination level will again depend on the determined animd group. Determinations & this leve
require more comprehensive knowledge so that cooperation with specidists may be needed.

Future research work in the field has to focus on the elaboration of respective stepwise systems
in dependence of the anima group. Furthermore, it has to be checked whether or not the
determination of soil organisms can be facilitated (at any level) by the daboration of currently




relevant keys for identification (if possible in an dectronica form), snce mog of the available
keys are out- of-date and, moreover, origindly have not been designed for an application in the
scope of asoil biologica classification concept (e.g. restricted to the genus or family leve).

E Functional parameters

In addition to the determination of biodiversty on the bass of different anima groups the bait
lamina test was gpplied as a further functiona parameter. An advantage of the test isits easy
applicability and the information-yield via the activity of the organisms. However, as the test
results depend on westher conditions (movement of the organismsinto deeper soil layers with
resulting modification of grazing profiles and formation of dormant stages due to unfavorable
weether conditions) this test should be not more than an additionally used structura parameter to
support the interpretation of unexpected vaues with respect to an overdl Site assessment. In case
unexpected vaues are found not only for animal groups, but aso for the bait lamina test, the
impact on the Steis to be weighted higher than in case unexpected vaues are determined for

only one measuring parameter.

F Enlargement of the data base

The establishment of valid biologica qudlity criteria for Ste types requires the availability of a
comprehensgve data base including suitable soil parameters. Therefore, future intensified
cooperation with the resposible persons of BDFs, which aready turned out to be helpful in the
present study, can be animportant basis. As afirst stage of future cooperation, parameters which
are dready applied in the scope of the BDF programmes with respect to the soil fauna or
regarding chemica- physica parameters and climate, including unpublished parameters, should

be listed. In a second step recommendations should be defined indicating which additiona
parameters should be determined to profit from available data for the eaboration of the BBSK.

The investigation mainly focused on the determination of al animas occurring in the samples;
between six and nine samples were tested for each soil depth. Enlargement of the data base
should dso include investigations to clarify whether or not the use of mixed samples or sub-
samples, a procedure which is dready established for microbiologica investigations, is possble
without aloss of information at least for representatives of the mesofauna. This would contribute
to aremarkable reduction of the sample volume to be evaluated and accordingly to a substantia

lowering of cost. Before such a amplification is recommended as a Sandard, however, the



variation of results for the respective area, the mean vaues resulting from the investigation of
individua samples and the results obtained from investigating solely one mixed sample have to

be determined. It has to be guaranteed that the distinction between single Site types or Site groups
isdill possble usng the smplified procedure.

A further aspect to be conddered for an enlargement of the database is that the amount and
quality of availabe data consderably differs for the different types of soil use and for different
regions. So far, soil organisms have been determined mainly in forests, whereas samplingsin
agricultura land and grasdands have been carried out rarely. Contrary to regionsin the south of
Germany, where numerous investigations have been performed, much less data have been
evauated in the eastern states of Germany. Future investigations, therefore, should focus on the
compilaion of amore uniform data base. Furthermore, it has to be noted that results obtained
from only one sampling in most cases are not a sufficient data base for a precise definition of

expected values. For this purpose, several samplings are imperdtive.

G Quality assurance

A prerequisite for the gpplication of the BBSK concept by a great number of investigatorsis a

comprehensive qudity assurance. It has to be guaranteed that the vaidity of al data established
is comparable. This can be achieved by a centra training of the responsible persons and by the
elaboration of comprehengve ingructions of work.

H Impact scenarios

Firg of dl, the "soil biologica Site characterization” ams at the characterization and classfica
tion of gtes by investigating living communities. It is the basis for a data bank combining abiotic
and biotic parameters and progressively including spatialy important Ste types by covering the
whole range of ste factors, including types of soil use, their definition and classification. Con
Sdering these objectives, the BBSK dready fulfills requirements resulting from the practical
implementation of soil protection legidation, i.e. the BBSK data base contributes to a soil
biologica assessment of areas, which is a prerequisite for assessments in the frame of zoning
maps, the definition and indication of nature preserves, decisons on compensatory measures,
efc.
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The classfication of adte can help to identify deviations of or impacts on the Site by comparing
the derived expected vaues with the determined actud data. In afirst step it is checked whether
or not deviations from expected data exist. Then the determined deviation is further investigated
to find out whether the parameters determined characterize a naturd state of the Site - which
would require amodification of the expected vaues - or whether the unexpected result indicates
adeviation of naturd origin, as former adverse impacts (storm event, wind breakage, fire), or of
anthropogenic origin. At the present state of knowledge modifications of expected results are
expected to occur quite frequently.

A dassfication isonly possble when sufficient knowledge is available to decide upon the Sg-
nificance of adevidaion. Therefore, future investigations should not be restricted to samplings at
unaffected Stes, but in addition should include the investigetion of affected Stesin order to
expand the data base and to derive/check expected values. To investigate the problem "Differ-
entiation between affected and unaffected Sites’ only pairs of Sites should be sdected which are
comparable regarding dl soil biologicdly rdevant parameters and which differ from each other

only with respect to exposure.

2. Recommendations
2.1  Pedological and soil biological investigations

Study objective was the improvement of a concept for the assessment of the soil function "Basis
for life and habitat for ... oil organisms' as defined in the Federd Soil Protection Act (Bundes
bodenschutzgesetz, BbodSchG) of March 24, 1998. To achieve this, the concept of the soil
biologicd site classfication (BBSK), which originaly had been eaborated at three forest Stesin
the state of Baden-W(irttemberg, was checked by investigating 15 Stesin different regions of the
Federd Republic of Germany. Already at the stage of proposal submission it was evident for
sponsor and contractors that the elaboration of a data base for the described comprehensive
gpproach (spatialy aswdl as with respect to the concept) requires a considerable enlargement,
and that this cannot be supported by one single authority. Therefore, the objective of the project
can be subdivided — among others — into the following subunits:

Proof of the gpplicability of the BBSK concept (e.g. with respect to types of landuse other
than forest)

Enlargement of the data base regarding the occurrence of soil organisms at specific Stes and,
accordingly, Site types



Recommendations for the methodology of soil ecologica investigations to obtain, on a
medium-term bagis, differentiated data.

A Pedologica characterization

Though the sdlection of the Stes conddered for the investigations was concentrated on Stes for
which a comprehensive pedologica characterization could be expected (e.g. monitoring areaof a
federa state, EU Leve 1 area), in anumber of cases not dl data requested for the soil biologica
Ste characterization were available (e.g. at severa forest Sites data on the C/N ratio in the topsoil
were lacking). Considering the frequently very high number of measured parameters (e.g.
parameters for nutrient supply based on forestry or agricultura requirements) it should not be
problemétic to include the following recommendations for the pedologica characterization of
monitoring areas and others. The respective methodology (especidly according to DIN and 1 SO)
is described in the conception for the establishment of soil monitoring areas (SAG (1993)):

Ste characterization; i.e. obligatory fied data (e.g. " Schlagkarteidaten”);
al indicated data have to be differentiated for the soil layers (litter, topsail);
pH-value (CaCb);
organic carbon content;
tota nitrogen content;
CIN retio derived from the determination of the two substances,
grain Sze composition (soil type);
for the determination of the usable field capacity of the effective vegetated soil depth (the
indicated vaues can partly be estimated following the AG Boden (Work Group Soil (1994)):
- horizon differentiation of the profile
- dengty of layering
- humosty
- annual precipitation

- for forest 9tes humus form.

B Biologica characterization

For abiologica Ste characterization the animal groups listed in the following are principaly
auitable (including the methods used for their determination). Except for the collemboles, the
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suitability of which is esimated on the basis of literature data, all recommendations are based on
experiences gained in the course of this project or in preceding projects. The respective sdlection
of the anima groups to be sampled strongly depends of the use of the Site to be investigated and
of the location (e.g. biogeographical region). Contrary to the recommendations of the SAG
(1993) an inclusion of the microorganisms presently cannot be supported, as quaitative methods
for determining microbid diverdity are lacking. This dso gpplies for functiond methods, though
these might be of rdevance for the interpretation of potentidly determined deviations of expect-
ed vaues. The determination level recommended for the macro and mesofauna is the species
level, whereas for the nematodes only the family level isrecommended at present. Thereisa
need to investigate whether the determination level of the trophic group is sufficient for the

nematodes.

The organisms suitable for the three forms of landuse — at least in Central Europe - are the same
groups which are recommended by the SAG (1993) as obligatory or complementory for the soil
biologica investigation of monitoring areas. Groups occurring in only forests, or partly occur-
ring in grasdands, can be used for further characterization.

Animal group Determination Method

al types of landuse:

earthworms handpicking combined with formain extraction
collemboles core sampling with subsequent dry extraction
nematodes core sampling with subsequent centrifugation
enchytraeids core sampling with subsequent wet extraction

sngle forms of landuse
oribatids core sampling with subsequent dry extraction
isopods, diplopods, chilopods handpicking with manua seerch of specific Stes

The sampling design at the Site to be investigated should be as follows: On an area of two cross-
shaped transects of 20 m length each, atotal of six samples for handpicking (50 * 50 cm) and
nine core samples are taken and transferred to the laboratory for further treatment (depending on
the weather the handpicking can aso be done in the open field). The core samples should be
divided into two subsamples: forest samples should be divided into samples from litter and from
the topsoil (0 — 5 cm); the other samples should comprise 0 — 5 cm and 5 — 10 cm depth of the



topsoil. The samples should be taken in a season when the soil organisms are active under con
Sideration of the respective regiond conditions. In Central Europe these periods are in spring
(approx. march to may) and in autumn (gpprox. september to november). Asrdatively large
aress are needed for sampling, the samples should not be taken in the center of a monitoring

area

2.2 Open questions

In the scope of the present R& D project various problems, which are of relevance for the
improvement of the BBSK concept, could not yet be solved satisfactorily. The remaining
problems (including proposas for afurther proceeding) are summarized in the following
paragraphs.

A Evaduation of the soil biologicd data

Thelarge number of evauation methods presently applied for the different anima groups (e.g.
multivariate statistics, identification of indicator Species, caculation of maturity or diversity
indices and direct comparisons between expected and actud vaues) seems confusing. The
further evaluation of the available data materid cannot am a a unification of the different
approaches "at any price" (each procedure hasits own advantages and disadvantages), but the
objective should be the definition of sdection criteria

B Approach for the anadyss of the soil living community

Due to the unsufficient data basis it has not been possible so far to decide on which identification
or determination leve is mogt efficient for the respective animd group in the scope of the soil
biologicd site characterization . On a medium-term basis it should be investigated whether a
two-step procedure starting with the determination of the living community at ahigh levd (eg.
abundances, feeding types) followed by a detailed andysis at the specieslevel isfeasble. The
determination of soil organiams can be smplified by daborating current determination keys,
since many of the available keys are out of date.

14
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C Use of mixed samples

It has to be checked whether the use of mixed samples, which are dready routindy applied in the

scope of microbilogica investigations, is adso gpplicable for the mesofauna without aloss of
information. Thiswould contribute to a consderable reduction of the sample volume and costs

for tegting.

D Enlargement of the data base (regions, forms of landuse)

So far, sampling concentrated on forest soils. Accordingly, the determination of soil organisms
in agriculturd fidds and grasdand (especidly in northern and eastern Germany) has to be cont
Sderably increased. For the determination of expected values repested sampling isimperdtive.

E Qudity assurance

A prerequigte for the gpplication of the BBSK concept is a comprehensive qudity assurance
comprising the compilation and evaluation of data. This can be achieved by a centrd training of
the involved persons and by eaborating comprehensive ingructions of work (e.g. in andogy to
the taxonomic training workshops organized by the work group Quaity Assurance in the scope
of the "Bund/L ander-Messprogramm Nord- und Ostsee” (Federd/State Measuring Programme
North and Baltic Seq); see UBA (Federa Environmenta Agency) Annua Report 1998, p. 111).
These are then implemented by expertsin soil science or soil biologists/pedologigts.
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