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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document has been developed to address a growing need for the standardization of terrestrial
zoological field methods. Such methods, mainly covering the sampling, extraction and handling of soil
invertebrates, are needed for the following purposes:

biological classification of soils including soil quality assessment (e.g. References [4],
[31], [36]);

terrestrial bioindication and long-term monitoring (e.g. References [4], [30]);

[25], [27],
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evaluation of the effects of chemicals on soil animals (References [18], [26], [28]).

h for these purposes are gained by standardized methods since they can form'the ba
Ching decisions (e.g. whether a given site should be remediated or not). In_fact, the 14

estrial (i.e. soil) habitats have so far been relatively rarely used in compariSon with aqug

binally, the methods described here were developed for taxongmical and ecologic
bstigating the role of enchytraeids in various soil ecosystems. These animals without dd
he most important soil invertebrates in temperate regions (maifdy in acidic soils[Zl). Thej
oil functions like litter decomposition and nutrient cycling is well known[1Z1[23], Due to
V- high numbers, and their population biomass, they are also important in many terre
slel. Some species have unintentionally been distributedby’humans in many soils of the

e itis neither possible nor useful to standardize metheds for all soil organisms, the most
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Soil quality — Sampling of soil invertebrates —

Part 3:
Sampling and extraction of enchytraeids

1
Thi
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Thi

fieldl studies in general is given in ISO 18400-101. These details €an vary according to t

reg

pollutants on enchytraeids in field situations is given in Reference [6].

Met
ISO

Thi

clinpatic or geographical conditions (e.g. in highmiountains).

Wh
soil
ISO
med

The

For

ISO

Scope

bitat for organisms).

ironment is included in the Bibliography.

5 document applies to all terrestrial biotopes in which enchytraeids occur. The sampliEE

onal conditions of the site to be sampled and an overviéw on the determination o

hods for some other soil organism groups such, as-‘earthworms or arthropods are
23611-1,1S0 23611-2,1SO 23611-4 and ISO 23611-5,

5 document is not applicable for very wet or flogded soils and might be difficult to use unde

Normative references

re are no normative references in this document.

Terms and-definitions

the purpeses of this document, the following terms and definitions apply.

31
enc

TSU Unline browsing plattorm: available at Nttps://WWw.1s0.0rg/obp/

[EC Electropedia: available at http://www.electropedia.org/

hytraeid

5 document specifies a method for sampling, handling and extracting enchytraeidsfrom|terrestrial

field soils as a prerequisite for using these animals as bioindicators (e.g. to assess the,qualityf of a soil as

ic information on the ecology of enchytraeids and their use as bioinfdicators in the |terrestrial

design of
climatic/
effects of

given in

r extreme

bn sampling soil invertebrates, it is higlily recommendable to characterize the site (e.g. foncerning
properties, climate and land use). However, such a characterization is not covered by thisjdocument.
10390, ISO 10694, ISO 11272, ISO13274, 1SO 11277,1SO 11461 and ISO 11465 are more suitable for
isuring pH, particle size distribution, C/N ratio, organic carbon content and water-holding capacity.

and\JEC maintain terminological databases for use in standardization at the following addresses:

small soil-inhabiting worm (a few millimetres to several centimetres in length) belonging to the family

Enc

hytraeidae, class Oligochaeta, superclass Clitellata, phylum Annelida

Note 1 to entry: The common name for enchytraeid is potworm/32],

EXAMPLE Species of the genera Enchytraeus, Fridericia or Cognettia.
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4 Principle

Enchytraeids at a certain site are sampled from the soil by using a split soil corer (diameter usually
3 cm to 6 cm) (6.1). After sampling, the soil samples containing the enchytraeids are transported to
the laboratory. Then the enchytraeids are extracted from soil by means of a wet extraction method.
(This approach has been well known for a long timel121(20][24]) After extraction, the enchytraeids
are identified alive and, if required, preserved in such a way that they can be stored in a collection
indefinitely (e.g. for taxonomical purposes).

The determination of the biomass of enchytraeids is also described in this document. The abundance

and bioma

s values can be recalculated to the area of the soil corer or. more rarely, volume parame

ers.

NOTE1 1]
cover thew
Annex B. Th

NOTE2 §

5 Reag:

5.1 Tap\

'he sampling of enchytraeids is often included in much broader monitoring programmes whijch ti
hole soil fauna or parts of it (e.g. the mesofauna). Examples of the use of soil invertebrates@are’give
e design of such programmes is not included in this document (but see e.g. Reference [3]).

ome hints for the taxonomy of enchytraeids are given in the Bibliography.

ents

vater (without toxic properties, e.g. due to copper contaminatian).

5.2 Ethapol, 70 % (volume fraction).

5.3 Beng

alred, 4,5,6,7-Tetrachloro-2',4',5',7'-tetraiodofluorescein formulated as a staining agent.

5.4 Bouin’s fixative, buffered solution of formaldehyde;acetic acid and picric acid.

5.5 Paracarmin, staining agent, prepared as.a(mixture of carmine acid, aluminium chloride

calcium ch
5.6 Cand

acid (C,oH
fraction) C

6 Appa

6.1 Split
variable (d

6.2 Plast

oride solved in ethanol.

da-balm, natural yellowish viscous fluid containing 13 % to 14 % (volume fraction) Canz

nadoesen (C,1Hy,0).

ratus

soil corer (€. "diameter 3 cm to 6 cm; extracted core length 10 cm to 30 cm); length in t

ic bags (e.g. 1-1 freezer bags); general store.

y to
nin

and

1 din

805), 48 % to 50 % (volume\fraction) a- and f-Canadinol acid (C;9H3,0,) and 5 % (volgime

otal

ependingwhether or not a handle is used) and a plastic or wooden impact-absorbing haminer.

6.3 Temperature recorder or a minimum/maximum-thermometer.

6.4 Plastic bowls, diameter approximately 20 cm, height approximately 10 cm; general store.

6.5 Plastic sieves, diameter approximately 15 cm, mesh width approximately 1,0 mm; general store.

6.6 60 W bulbs as a heating device; general store.

6.7 Glassware, for example petri dishes (square format) with a size of 8 cm x 8 cm or small glass
vessels (e.g. 50 ml).
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6.8 Large, sharp knife.
6.9 Refrigerator.

6.10 Dissecting microscope with low magnification (10 times to 40 times).

6.11 Microscope with high magnification (60 times to 400 times) and equipped with an interference

lighting device.

6.12

~ - " 1 = £E61 Y
E—Spring steelr prrcers (tat):

6.13 Transfer tool, pasteur pipette, soft steel forceps or a hooked needle.

7 |Procedure

7.1] Soil sampling

The soil samples to be used for the investigation of the enchytraeid ¢community are taken de
by means of a split soil corer (6.1). The corer is carefully pressed‘into the soil. The depth ¢
the|land use and soil type, but usually varies from 10 cm (e.gcforests) up to 30 cm (e.g. cro
those layers in which the bulk of the enchytraeids are living<lh tare cases, for example if thig
prepent, a plastic or wooden impact-absorbing hammer cahbe used to take the samples. Afte
the|soil corer, its valve is opened and the soil core is carefully taken out by hand. The corsg
intq cylinders (e.g. 3 cm to 4 cm in height) with a.kuife (6.8). These soil cylinders may b
smdll plastic bags (6.2) in a refrigerator (6.9) at approximately 4 °C to 6 °C for a period of pr¢
longer than one week to two weeks (storage sheuld not exceed one month in any casel2]). Th|
is cleaned with water afterwards.

7.2| Extraction of the enchytraeids

In pgrinciple, the extraction of the worms from the soil is caused by their active movement t
water-saturated sample into theWwater-filled bowl (6.4).

The
car
nec
int
of t
the

extraction should commence as soon as possible after the sampling (see 7.1). The bow
fully filled up with tap water (5.1). The samples (i.e. soil cylinders) are put in the sieves
bssary (e.g. in cases©f heavy loam soils), carefully broken apart by hand (see Figure 1). T
he sieve shall be Tompletely submerged and the bottoms of the sieves should not reach
he bowls. To@nsure an extraction efficiency of Enchytraeidae from the samples of more
extraction\of soil should last for 2 d to 7 d and extraction of litter for 0,5 d to 2 d at

(walter temperature). The duration depends mainly on the organic content of the sample. T
be medified according to organizational requirements and the number of individuals i
vever, the worms qulckly d1e if an oxygen def1c1ency occurs. In order to aV01d thls pr

can
Hov

structively
lepends on
b sites), i.e.
k roots are
F removing

is divided
b stored in
ferably not
ke soil corer

hrough the

[s (6.4) are

and are, if
he samples
the bottom
than 90 %,
(12 + 2) °C
hese times
h a sample.
oblem, the
edls 2 d). For

that purpose the sieve w1th the sample should be carefully transferred to a bowl w1th fresh water. An
acceleration of the extraction using a heat source [e.g.a 60 W bulb (6.6)] placed above the sample can be
helpful, but should be carefully used (i.e. slow temperature increase over at least 3 h), since otherwise
— species-specifically — many animals, especially juveniles and fragmentation stages, remain in the
soil (see Annex A).

NOTE1 In order to reduce the amount of debris at the bottom of the extraction bowls, a fine wiping cloth
(mesh size 1 mm) can be put in the sieve before the soil sample is put in.

At the end of the extraction procedure, the sieves are removed. The requirements for the disposal of the
soil are given in the appropriate national regulations. The water is slowly and carefully decanted from
the bowl. The finest fraction of soil at the bottom of the bowls should not be disturbed (see Figure 2). A
small amount of water (up to a height of 5 mm to 10 mm) shall remain in the bowls. Subsequently, the

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=cfad43e6a1138823529573bf4bfa2a16

IS0 23611-3:2019(E)

finest fraction of soil is suspended in the overlying water, placed in a petri dish (6.7) and briefly stored
until soil particles have settled and the water becomes clear. Since the whitish worms are heavier than
water, but are rarely able to hide themselves in the narrow soil layer, they can easily be collected out
of the petri dish under a dissecting microscope (6.10). For this transfer, a soft steel forceps, a Pasteur
pipette or a hooked needle (6.13) can be used, but in any case, damaging of the worms shall be avoided.
The most convenient way of counting the total number is to divide the surface of the petri dish into
parallel rows which are checked one after another. Due to their white colour, the worms are clearly
visible against the usually brownish soil particles. The animals are transferred to small plastic or glass
vessels (e.g. 20 ml).

The numb

cooled, usually only up to 40 to 50 samples can be processed at one time. These limitations, can be
overcome by carrying out the procedure in a cool room, for example a cellar.

NOTE 2 In rare cases, the enchytraeids can be confused with Diptera larvae (which very often poskess
brownish of black head capsules) or nematodes (non-peristaltic movement; usually smaller-and faster moying
than oligochaetes). Additionally, fungal hyphae or fine root material can be mistaken for enchytraeids, since fhey
can possess|the same length and colour. However, they always lack the segmentation of-qligbchaete worms.

B\
K\
Figure 1 — Extractiombowl with soil sample

W\ .|

-

Figure 2 — Sediment layer (including enchytraeids)

. . . g Laps
7.3 Mic OSCOPICTUCIITIHICATION

The microscopic identification should be done as soon as possible, because the animals die in water
after some days, even if stored in a refrigerator (6.9). A soft steel forceps, a Pasteur pipette or a hooked
needle (6.13) can be used carefully to transfer the animals with a drop of water to a slide. If the worms
are moving too fast on the slide, they can be anaesthetised with CO, (e.g. by using a drop of mineral
water with gas, but it should be used with care, otherwise the worms are killed).

NOTE Identification of the enchytraeids is difficult. Therefore, in many cases only the number of animals
is determined. Otherwise, keys for European enchytraeid species(29] and for species of the genus Fridericial32],
as well as other publications, are available. A compromise can be the use of a site-specific key, since usually
only three to 25 species occur at any given site (in this case, often worms fixed in ethanol can be identified to
the species level). An overview of the information (e.g. parameters, drawings) needed for the identification of a
certain species is given in Reference [11].

4 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=cfad43e6a1138823529573bf4bfa2a16

IS0 23611-3:2019(E)

In the case of high individual numbers (>100) a sample partitioning can be carried out. Partitioning
shall guarantee that all species (wWhether big or small) are parted to a known degree. Therefore, this

pro

7.4

cess shall be described in detail.

Preservation of Enchytraeidae

Enchytraeidae can be preserved for further investigations (e.g. species descriptions) in 70 % (volume
fraction) ethanol (5.2)[23l. However, the preservation is accompanied by a loss of visible morphological
details. Animals difficult to identify or those selected as reference specimen may also be identified
aftera flxmg in Bouin (5 4) respectlve colourlng in Paracarmin (5.5) and stormg in Canada-balm (5.6)

(wh
wit

7.5

Ext
par
(eg
(5.3
Hov
Add
nun

7.6

For
det
mas
des

Thd
ind

lLll Cdll UC lCldLlVCl_y CldUUl dLC) FUl DPCLICD luCllLlllLdLlUll, LllC usc Ul d llllLl U5L0pc LU ll
h differential interference contrast (DIC) is strongly recommended.

Validity of the extraction process

Faction efficiency can be checked by fixing soil samples with ethanol (96.%), which a
hllel to other field samples. The soil is spread in a thin layer on the boftom of a flat pl4

Bellaplast) 16 cm x 11 cm) and then the ethanol is added. Afterwards, some drops of
) are applied to the ethanol. After one day, the bright-red colouredworms can easily I
vever, this procedure is only necessary when using samples from anunknown site for the
itionally, this check shall be done with six to eight replicates(since the variability of e
\bers can be quite high.

Determination of biomass

an estimation of the ecological role (e.g. in the seil’'food-web) of enchytraeids at a certa
brmination of their biomass is necessary. Since\direct weighing is difficult due to the low
s of most species, potential corruption. from changing gut content and, in partic
ccation, the biomass may also be indirectly estimated by the following methods:

creation of specific species calibration curves to the ratio of length and mass[[2] then me
of the length of the animals in a sample;

automatic calculation of the mass by computer-assisted measuring of the length:
of embedded individualsiand following computation with the largely constant
enchytraeids[23].

Data assessment

following mieasurement end points may be used for the bio-classification of a soil, ind
cation or-bio=monitoring (e.g. anthropogenic stress-like chemicals or land-use changes):

abundance (number of individuals per area);

1) equipped

e taken in
istic vessel
Bengalred
e counted.
p first time.
nchytraeid

in site, the
individual
hlar, quick

asurement

mass-ratio
density of

luding bio-

bidmass (fresh or dry mass of the population per area);

number of species or other taxonomically or ecologically defined groups;
dominance ratio (in percentage of the population);

age structure of the population (e.g. adult/juvenile ratio), either all species together or
species;

distribution in the soil (e.g. the vertical distribution within the soil core);

morphological, physiological or biochemical alterations in individuals (e.g. open wounds

individual

).

1) Bellaplast is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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Usually, the total number of worms is counted and expressed as individuals per sample. This number is
then multiplied by a factor determined by the diameter of the soil corer (6.1) in order to get the number
of worms per square meter. Additionally, the age structure (juveniles and adults differentiated by the
presence of a clitellum) and the vertical distribution can be determined with the help of the dissecting
microscope (6.10) (i.e. no species determination is done). For the determination of all other end points,
a detailed microscopic examination is necessary, since then the species have to be identified.

9 Testreport

The test report shall contain a summary of the results obtained along with the methods and variables
used durinjg the study. It shall provide the following information:

a) areference to this document, i.e. ISO 23611-3;

b) afull description of the study design and procedures;

c) charagterization of the test site (especially soil properties);
d) sampling method;

e) description of the sampling conditions, including date and duration of ‘sampling in the field pnd
climatjc parameters like air temperature;

f) numbdr of worms caught;

g) detaild of fixation and preservation of the biological materialj

h) recachlated values to 1 m?2 or another standard size, if-iecessary;

i) all information, including all measured raw datagand all problems which might have occurfed,
developed during the study;

j)  discuspion of the results.

6 © IS0 2019 - All rights reserved
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Annex A
(informative)

Quick extraction of enchytraeids

In specific cases, the extraction method described in 7.2 may not be optimal. This is, for example, true

for amnlac vwhich hava haoon talean 11 Arganic wich canifaorane foract cndle 19 marticy]age n northern
SR preS—wWiH e ve—oeeh—axe e gahe-H e o erous1ore s =—So55—Ppaaectat—t

tenperate regions like Scandinavia. In these soils (including the litter layer), often fragménting species
like| Cognettia sphagnetorum are highly dominantlIZl. During the proposed extraction periofl of several
dayp, asexual species could fragment or die. Thus, the number of individuals could change considerably.

For|this reason, a modified extraction method as already described by Referenge {21] can b¢ used. The
performance of the method is summarized as follows.

Thg sampling is done by using a soil corer (6.1) in accordance with 7.1.

The extraction should commence as soon as possible after the samplittg. Each extraction upit consists
of g plastic funnel (diameter of about 10 cm to 12 cm) fixed in athole (e.g. a wooden boaind). A sieve
(mgsh-size 1 mm) with a slightly smaller diameter than the fufinel is put into it. The sanjple placed
on the sieve should be completely covered by water. The bottom of the funnel is closed by a screw clip
on 4 piece of rubber tubing. The lower end of this tube ends in a small vessel (e.g. 20 ml) irf which the
enchytraeids are collected. Heat is supplied from a 60 W-bulb (6.6) enclosed in a light metal cylinder
(e.g} 11 cm diameter and 18 cm height). The bottom‘f this cylinder is about 10 cm to 14 cm above
the|funnel. The heating, preferably of several extraction units in parallel, is controlled by means of a
varjable resistance. During the extraction process, the heat is increased gradually, so that the water
surface reaches a temperature of approximately 45 °C after 150 min to 250 min, when ejtraction is
conjplete. Then the worms are run out from the bottom of the funnel into the small vessel f¢r counting
and)identification.

Aft¢rwards, the enchytraeids are handled in accordance with 7.3.

An gxample of an apparatus is.given in Figure A.1.

© IS0 2019 - All rights reserved 7
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Figure A.1 — Schematic overview of the method (from Reference [12])
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Annex B
(informative)

Examples of the use of soil invertebrates in soil monitor

ing

programmes (including presentation of their results)

B.]I General

In d
invg
infd

In 1
Eur
par
tha
ope
(4],

dev|
wel]
soil

rder to improve the performance and, in particular, the presentation and intéerpreta
brtebrate monitoring studies, some examples are given in this annex. It should be not
rmation provided here is to be understood as an example of how monitoringdata could |

ecent years essential contributions to a biological soil assessment ‘have been made
ppean countries. Often, a 'battery-approach’ using several invertebrate groups as well a
hmeters for the assessment of soil quality has been proposed[1e). There is also a general
monitoring results should be assessed using previously definedteference values (also cal

Fion of soil
bd that the
he used.

in several
5 microbial
agreement
led normal

rating ranges (NORs), which are defined for individual spe€ies (and thus ultimately cofnmunities)

n order to operationalize the assessment of biodiversityysite-specific reference systemg
eloped. In the Netherlands, farms located on different'soil types and different land-use
e sampled (e.g. Reference [30]). In Germany, sites were classified into habitat typesl24
and site parameters. In each case, species richness;and total abundance were determin

of t

hese site groups (partly also a list of species expected to occur or to be absent was eq

Significant deviations from these reference valué&s are considered to be an indication of a
habjitat function of the soil (e.g. References [27}\and [28]).

NOTE

While this information aims to be applicable globally for all terrestrial sites that are inha

have been
intensities
, based on
ed for each
tablished).
1 impacted

bited by soil

invdrtebrates, the existing information referS mostly to Europe. Although theoretical considerations allow the
conglusion that the information provided here is useful for other regions as well, no experience regar
of ehchytraeids in monitoring networks-and the definition of reference values is available from outsi

B.2
Thd

Assessment of the biological quality of soils

first step is to clarify whether the reference values for the same type of habitat (in

ding the use
e Europe.

dicated by

simifilar soil properties*and climatic conditions) are comparable in different studies made in different

Eur
diff]
mu
a fe
gro
rep

pbpean countrjes, but belonging to the same biogeographic region. However, such infc

rmation is

jcult to compare and assess. The same is true when it comes to the use of diversity inglices, since

th information is lost when all the information gained from a monitoring study is put

nto one or

w values: Therefore, a graphical way of visualizing the information from many differenft organism

ips‘and/or end points (the Amoeba) has been proposed in the Netherlands (see Figur
Fesents the distance between the actual measured value for a certain measurement end

e B.1)I5). It

point (e.g.

enc

hytraeid abundance) and a previously defined reference value. In this example, the measured values
were determined at a conventional farm site. The optimal area is defined in the outer circle [based on
data from a reference site; here a non-conventional (organic) farm] and is set at 100 %. An intermediary
quality is given by the medium circle (75 % of the optimum) and a low quality is displayed by the inner
circle in the middle (50 % of the optimum)[2l. In this example, enchytraeid biomass and the number of
species of the genus Fridericia are sensitive indicators, while total enchytraeid abundance and number
of taxa are less reactive (No. 11 to No. 14 in Figure B.1). However, this deviation cannot directly be
transformed into a science-based decision. For example, 'Is half the number of nematodes of equal
importance as half the amount of enchytraeids?". Such questions have to be answered on a case-by-case
basis, usually referring to a specific protection goall13l,
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Key
Microorganisms N <
1  heterofrophic bacteria (72 %) 13 undance of Enchytraeids (71 %)
2 colony{forming units (85 %) 2 number of taxa Enchytraeids (63 %)
g
3 nitrificption cap (96 %) \ONematods
4  biomags bacteria (31 %) C\)jr 15 trophic index nematodes (95 %)
5 leucingincorporation (92 %) N 16 number of taxa nematodes (72 %)
O
6  thymidjine incorporation (90 %) . 17 abundance of nematodes (61 %)
Earthworms O® 18 matury index (81 %)
7  epigeiqworms (60 % 19 diverse functional group (78 %)
p1g
8  endogdic worms (70 % : 20 diverse plant-feeding nematodes (63 %)
8
9  biomags of earthworms 21 diverse omnivorous nematodes (25 %)
10 abunddnce earthwor %) 22 diverse hyphal-feeding nematodes (70 %)
Enchytraeigls 23 diverse carnivorous nematodes (20 %)
11 numbef of Frid species (33 % 24 diverse bacterial-feeding nematodes (86 %)
P
12 biomag

S og{ ytraeids (44 %)

NOTE 1

ll-results of the reference site (an organic farm) have been scaled as 100 % (the outer circle) (The

grey and black areas represent 75 % and 50 % of the reference. The monitoring results of the conventional farms
are represented in the individual bars, different for each end pointl2l.

Figure B.1 — Presentation of the monitoring results of Dutch farms in an Amoeba figure

10

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=cfad43e6a1138823529573bf4bfa2a16

IS0 23611-3:2019(E)

Bibliography

ABRAHAMSEN G., Studies on body-volume, body-surface area, density and live weight of
Enchytraeidae (Oligochaeta). Pedobiologia (Jena). 1973a, 13 pp. 6-15

ABRAHAMSEN G., Biomass and body-surface area of populations of Enchytraeidae and
Lumbricidae (Oligochaeta) in Norwegian coniferous forest soils. Pedobiologia (Jena). 1973b, 13
pp. 28-39

ANDERSON J.M., INGRAM J.S.1,, Tropical Soil Biology and Fertility: A Handbook of Methods. C A B
International, Wallingford, UK, 1993

BEYLICH A., GRAEFE U, Investigations of annelids at soil monitoring sites inNorthers Germany:
reference ranges and time-series data. Soil Organisms. 2009, 81 pp. 175-196

BREURE A.M., RUTGERS M., BLOEM ]., BRUSSAARD L., DIDDEN W, (JAGERS OP AKKERHUIS G.,
MULDER Ch., SCHOUTEN A.]., VAN WIJNEN H.]., 2003): Ecologische kwaliteit van de bodem. RIVM
report 607604005 (32 pp)

DIDDEN W.A.M., FRUND H.L., GRAEFE U., Enchytraeids. In: Fauna in soil ecosystems | Recycling
processes, nutrient fluxes and agricultural production, (BENCKISER G., ed.). M. Dekkdr, Inc, New
York, USA, 1997, pp. 135-72

DIDDEN W, Ecology of terrestrial Enchytraeidae, Pedobiologia (Jena). 1993, 37 pp. 29

DIDDEN W.A.M., ROMBKE ]., Enchytraeids\@s indicator organisms for chemical stress in
terrestrial ecosystems. Ecotoxicol. Environ,Saf. 2001, 50 pp. 25-43

DIDDEN W.A.M., The effect of prolonged storage times on extraction results. Newsletter on
Enchytraeidae. 2003, 8 pp. 69-75

Dozsa-FARkAS K., List of Enchyttaeid Synonyma. Newsletter on Enchytraeidae. 1992a, 3 pp. 16-46

Dozsa-FARkAS K., List of Parameters useful for the Identification of Enchytraeids. Ngwsletter on
Enchytraeidae. 1992b, 3pp. 49-50

DUNGER W., FIEDLER/H ], In: Methoden der Bodenbiologie 2. (VERLAG G.F., ed.). Jenf, 1997

EFSA PPR Panel{Panel on Plant Protection Products and their Residues (PPR)) (2017){, Scientific
Opinion addressing the state of the science on risk assessment of plant protection products for
in-soil organisms. EFSA Journal 15 (2) 4690, 225p

GRAEFE' U, Eine einfache Methode der Extraktion von Enchytraeiden aus Bodenproben. In:
Wotkshop zu Methoden der Mesofaunaerfassung, (KOEHLER H., ed.). Bremen, Germalny, 1984

GRAEFE U., ROMBKE ]., Newsletter on Enchytraeidae No. 1.

Checklist of new taxa 1960 - 1985.

DeWdlIll DOJ

GRAEFE U, ScHMELZ R., Indicator values, strategy types and life forms of terrestrial
Enchytraeidae and other microannelids. Newsletter on Enchytraeidae. 1999, 6 pp. 59-68

GRIFFITHS B.S., ROMBKE ., SCHMELZ R., SCHEFFCZYK A., FABER ]., BLOEM ]. et al., Selecting cost
effective and policy-relevant biological indicators for European monitoring of soil biodiversity
and ecosystem function (EcoFINDERS). Ecol. Indic. 2016, 69 pp. 213-223

LAAKSO ]., SETALA H., Sensitivity of primary production to changes in the architecture of
belowground food webs. Oikos. 1999, 87 pp. 57-64

MoSER T., KOOLHAAS ]., vAN GESTEL C.A.M., RODRIGUES ]., JONES S.E., ROMBKE ]., Ring-Testing
and Field-Validation of a Terrestrial Model Ecosystem (TME) - An Instrument for Testing

© IS0 2019 - All rights reserved 11


https://standardsiso.com/api/?name=cfad43e6a1138823529573bf4bfa2a16

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Principle
	5 Reagents
	6 Apparatus
	7 Procedure
	7.1 Soil sampling
	7.2 Extraction of the enchytraeids
	7.3 Microscopic identification
	7.4 Preservation of Enchytraeidae
	7.5 Validity of the extraction process
	7.6 Determination of biomass
	8 Data assessment
	9 Test report
	Annex A (informative)  Quick extraction of enchytraeids
	Annex B (informative)  Examples of the use of soil invertebrates in soil monitoring programmes (including presentation of their results)
	Bibliography

