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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
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This part of ISO 23611 has been drawn up since there is 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:
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biological classification of soils including solil quality assessment (e.g. References [21], [25],12
terrestrial bioindication and long-term monitoring (e.g. References [13], [26]);
evaluation of the effects of chemicals on soil animals (References [15], [22]).

h for these purposes are gained by standardized methods since they can form the basis for
sions (e.g. whether a given site should be remediated or not). In fact,..the lack of such s
hods is one of the most important reasons why biological classification-eoncepts in terrestr
tats have so far been relatively rarely used in comparison to aquaticsites.

inally, the methods described here were developed for taxonomical and ecological studies, i
fole of enchytraeids in various soil ecosystems. These animals.without doubt belong to the mo
invertebrates in temperate regions (mainly in acidic soils.[3}). Their influence on soil functio
bmposition and nutrient cycling is well-known [14]. [19]. Dug)to their number which is often very
- population biomass), they are also important in many terrestrial food-webs [4l. Some sp
tentionally been distributed by man in many soils of the world.

e it is neither possible nor useful to standardize methods for all soil organisms, the mos
5 have been selected. [Microbiological parameters are already covered by existing 1SO
ISO 10381-6 [29], ISO 14240-1 [37] and ISO© 14240-2 [38])].
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Soil quality — Sampling of soil invertebrates —

Part 3:
Sampling and soil extraction of enchytraeids
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1 |Scope

Thig part of ISO 23611 specifies a method for sampling, handling and extracting-enchytraeids fro
field soils as a prerequisite for using these animals as bioindicators (e.g. to assess the quality of
habjtat for organisms).

Basjc information on the ecology of enchytraeids and their use as bioindicators in the terrestrial
are jncluded in the Bibliography.

Thig part of ISO 23611 applies to all terrestrial biotopes in which/enchytraeids occur. The samplir]
field studies in general is specified in ISO 10381-1. These details can vary according to the clim
conglitions of the site to be sampled and an overview on’'the determination of effects of p
enchytraeids in field situations is given in Reference [6].

Methods for some other soil organism groups such as earthworms or micro-arthropods are
1ISO[23611-1 and ISO 23611-2.

Thig part of ISO 23611 is not applicable for, semi-terrestrial (i.e. living in or close to the pure watg
might be difficult to use under extreme climatic or geographical conditions (e.g. in high mountains).
When sampling soil invertebrates, it is highly recommendable to characterize the site (e.g. concer
and| land use). However, such fa\characterization is not covered by this part of ISO 23611.
ISO[10694, 1SO 11272, 1SO 41274, 1SO 11277, ISO 11461 and ISO 11465 are more suitable fo
pH, |particle size distribution, €/N ratio, organic carbon content and water holding capacity.

2 |Terms and definitions

Forlthe purposes of this document, the following terms and definitions apply.

21

enchytraeids
smal—seilHrhabiting—werms—{(a—few—millimetres—to—severalcentimetres—inlength)y-belenging—t
Enchytraeidae, order Oligochaeta (class Clitellata, phylum Annelida)

EXAMPLE Species of the genera Enchytraeus, Fridericia or Cognettia.

3 Principle

the family

Enchytraeids at a certain site are sampled from the soil by using a split corer (diameter usually 3 cm to 6 cm).
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 time [111. [17]. [20] ) 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).

© 1SO 2007 — All rights reserved
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The determination of the biomass of enchytraeids is also described in this part of ISO 23611. The abundance
and biomass values can be recalculated to the area of the soil corer or, more rarely, volume parameters.

NOTE 1 The sampling of enchytraeids is often included in much broader monitoring programmes which try to cover the
whole soil fauna or parts of it (e.g. the mesofauna). The design of such programmes is not included in this part of
ISO 23611 (but see e.g. Reference [3]).

NOTE 2  Some hints for the taxonomy of enchytraeids are given in Annex A.

4 Reagents

41 Tap ‘lvater (without toxic properties, e.g. due to copper contamination).

4.2 Ethapol, 70 % (volume fraction).

4.3 Bendalred, 4,5,6,7-Tetrachloro-2',4',5',7'-tetraiodofluorescein formulated as a staining.agent.
4.4 Bouip’s fixative, buffered solution of formaldehyde, acetic acid and picric acid-

4.5 Paragarmin, staining agent, prepared as a mixture of carmine acid, alyminium chloride and calgium
chloride solyed in ethanol.

4.6 Candda-balm, natural yellowish viscous fluid containing 13 % to"14/% (volume fraction) Canadin pcid

(CogH3g0,5), 48 % to 50 % (volume fraction) o- and p-Canadinol acid\(C4gH390,) and 5 % (volume fraction)
Canadoesep (C51HygO0).

5 Apparatus

5.1 Split|soil corer (e.g. diameter 3 cm to 6 cm;(extracted core length 10 cm to 30 cm); length in fotal
variable (dgpending whether or not a handle is used),

5.2 Plasfic bags (e.g. 1-l freezer bags); general store.

5.3 Temperature recorder or a minimum/maximum-thermometer.

5.4 Plastic bowls, diameter approximately 20 cm, height approximately 10 cm; general store.
5.5 Plastic sieves, diametér,approximately 15 cm, mesh width approximately 0,5 mm; general store.
5.6 60-W bulbs as a.heating device; general store.

5.7 Glassware,<e:g. petri dishes (square format) with a size of 8 cm x 8 cm or small glass vessels
(e.g. 50 ml)

5.8 Sharp;targeknife:

5.9 Refrigerator.

5.10 Dissecting microscope with low magnification (10 to 40 times).
5.11 Microscope with high magnification (60 to 400 times).

5.12 Spring steel pincers (flat).

5.13 Eppendorf pipette, a soft steel forceps or a hooked needle.

2 © 1SO 2007 — All rights reserved
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6 Procedure

6.1 Soil sampling

The soil samples to be used for the investigation of the enchytraeid community are taken destructively by
means of a soil corer (5.1). The corer is carefully pressed into the soil. The depth depends on the soil type, but
usually varies between 10 cm (e.g. forests) and up to 30 cm (e.g. crop sites), i.e. those layers in which the
bulk of the enchytraeids are living. In rare cases, e.qg. if thick roots are present, a plastic or wooden hammer
can be used to take the samples. After removing the soil corer, its valve is opened and the soil core is

carefully taken out by hand. The core is divided into cylinders (e.g. 3 cm to 4 cm height) with a

for a period of preferably not longer than one to two weeks (storage should not exceed oné
s [7]). The soil corer is cleaned with water afterwards.

6.2| Extraction of the enchytraeids

In g
satu

rinciple, the extraction of the worms from the soil is caused by their active’movement in
rated sample.

The
carg
san
carg

extraction should commence as soon as possible after the sampling (see 6.1). The bow
fully filled up with tap water (4.1) until the empty sieves (5.5) arecompletely covered by the
ples (i.e. soil cylinders) are put in the sieves, and are, if necessary (e.g. in cases of heavy
fully broken apart by hand (see Figure 1). The bottom of thé.sieves should not reach the bg
bowls. To ensure an extraction efficiency of Enchytraeidae from the samples of more than
extrpction of soil should last for 4 d to 7 d and of litter for 0,5'd*to 2 d at (12 + 2) °C (water tempe
durItion depends mainly on the organic content of the sample. These times can be modified 4
organizational requirements and the number of individuals'in a sample. However, the worms quig
oxygen deficiency occurs (in order to avoid this problem the water can be changed after 24 h ¢
acceleration of the extraction using a heat source({e.g. a 60-W bulb (5.6)] placed above the san
helgful, but should be carefully used (i.e. slow:increase over at least 3 h), since otherwise

spetifically — many animals, especially juveniles and fragmentation stages, remain in the soil (se€

NOT
be p

E1 In order to reduce the amount,ef\debris at the bottom of the extraction bowls, a fine wiping cloth
ut in the mesh before the soil sample is-put in 23],

At the end of the extraction procedure, the sieves are removed, the soil is discarded and dispose
to Igcal waste regulations. The water is slowly and carefully decanted from the bowl. The finest frg
at the bottom of the bowlsshould not be disturbed (see Figure 2). A small amount of water (up tg
5 mm to 10 mm) shall kcemain in the bowls. Subsequently, the finest fraction of soil is suspe
oveflying water, placéd,in a petri dish (5.7) and briefly stored until soil particles have settled an|
becpmes clear. Since the whitish worms are heavier than water, but are rarely able to hide thems
narfow soil layer,¥hey can easily be collected out of the petri dish under a dissecting microscope
this[transfer, a'soft steel forceps, an Eppendorf pipette or a hooked needle (5.13) can be used, but
damaging efthe worms shall be avoided. The most convenient way of counting the total number
the purfaceof the petri dish in parallel rows which are checked one after another. Due to their whitg
worfns-are clearly visible against the usually brownish soil particles. The animals are transferr

knife (5.8).
tely 4 °C to
onth in any

the water-

s (5.4) are
water. The
oam soils),
ttom of the
90 %, the
rature). The
ccording to
kly die if an
r 48 h). An
hple can be
— species-
Annex B).

0,5 mm) can

d according
ction of soil
a height of
nded in the
d the water
elves in the
(5.10). For
in any case
is to divide
b colour, the
ed to small

| H ] Il L 20, [AN
plastcorgrass-vessers(e-g—zu1m):

The number of samples which can be extracted simultaneously is theoretically unlimited. However, due to the
size of the water bowls, space limitations can occur. Since they (i.e. at least the water) shall be 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, e.g. in a cellar.

NOTE 2 In rare cases, the enchytraeids can be confused with diptera larvae (which very often possess brownish or
black head capsules) or nematodes (usually smaller and faster moving than oligochaetes). Additionally, fungal hyphae or
fine root material can be mistaken for enchytraeids, since they can possess the same length and colour. However, they
always lack the segmentation of oligochaete worms.
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Figure

6.3 Micr

1 — Extraction bowl with soil sample Figure 2 — Sediment'layer
(including enchytraeids)

bscopic identification

The microsopic identification should be done as soon as possible, because the animals die in water after

some days,

even if stored in a refrigerator (5.9). A soft steel forceps, ancEppendorf pipette or a hooked negdle

(5.13) can he used carefully to transfer the animals with a drop of water. to a slide. If the worms are moving too

fast on the

should be used with care, otherwise the worms are killed).

NOTE |
determined.

slide, they can be anaesthetised with CO, (e.g. by using’a drop of mineral water with gas, Hut it

Hentification of the enchytraeids is difficult. Therefgre, in many cases just the number of animals is
Otherwise the key of Reference[16] is used as well as later publications (compilation in

References [B], [12], [24] and, in particular, Reference [23]).. A*compromise can be the use of a site-specific key gince

usually only
species leve
species is gi

6.4 Pres

Enchytraeig
ethanol (4.2
difficult to i
respective (

3 to 25 species occur at any given site (in this‘case, often worms fixed in ethanol can be identified tg the
)- An overview over the information (parameters, drawings, etc.) needed for the identification of a cdrtain
en in Reference [9].

ervation of Enchytraeidae

ae can be preserved for further investigations (e.g. species descriptions) in 70 % (volume fraction)
). However, the presérvation is accompanied by a loss of visible morphological details. Animals
entify or those selected as reference specimen may also be identified after a fixing in Bouin (4.4)
olouring in Paracarmin (4.5) and storing in Canada-balm (4.6) (which can be relatively elaborate).

For the spgcies identification of fixed specimen, the use of an interference microscope (5.11) is strongly

recommend

6.5 Valic

ed.

ity of.the extraction process

Extraction

fficiencv-can-be checked-bv fixing-soil-samples-with-ethanol (96 %) -which-are taken-in-paralle| to
J J J Ll \ 77 Lad

other field samples. The soil is spread in a thin layer on the bottom of a flat plastic vessel (e.g. Bellaplast):

16 cm x 11

cm) and then the ethanol is added. Afterwards, some drops of Bengalred (4.3) is applied to the

ethanol. After one day, the brightly red coloured worms can easily be counted. However, this procedure is only
necessary when using samples from an unknown site for the first time. Additionally, this check shall be done
with six to eight replicates since the variability of enchytraeid numbers can be quite high.

1) Bellaplast is an example of a suitable product available commercially. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by ISO of this product.
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For an estimation of the ecological role (e.g. in the soil food-web) of enchytraeids at a certain site, the
determination of their biomass is necessary. Since direct weighting is difficult due to the low individual mass of
most species, the potential corruption by changing gut content and especially the quick desiccation, 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 measurment of

the length of the animals in a sample;

automatic calculation of the mass by computer-assisted measuring of the length-mass-ratio o

f embedded

The]
orb

Usu
mul
per
clite
(i.e.
exa

8

The]
duri

individuals and following computation with the largely constant density of enchytraeids [1€l.

Data assessment

following measurement endpoints may be used for the bio-classification of a-s0il, including b
o-monitoring (e.g. anthropogenic stress like chemicals or land use changes):

abundance (number of individuals per area or volume);

biomass (fresh or dry mass of the population per area or volume);
number of species or other taxonomically or ecologically defifed groups;
dominance ratio (in percentage of the population);

age structure of the population (e.g. adult/juvenile\ratio), either all species together or individua
distribution in the soil (e.g. the vertical distribution within the soil core);

morphological, physiological or biochemical alterations in individuals (e.g. open wounds).
ally, the total number of worms is counted and expressed as individuals per sample. This nun
iplied by a factor determined.by the diameter of the soil corer (5.1) in order to get the numb
square meter. Additionally, the age structure (juveniles and adults differentiated by the pre
llum) and the vertical distribution can be determined with the help of the dissecting micros

no species determination is done). For the determination of all other endpoints, a detailed
mination is necessary,/since then the species have to be identified.

Test report

test Feport shall contain a summary of the results obtained along with the methods and var
hg-the study. It shall provide the following information:

o-indication

| species;

hber is then
er of worms
sence of a
cope (5.10)
microscopic

ables used

a)
b)
c)
d)

e)

f)

a reference to this part of ISO 23611, i.e. ISO 23611-3;
a full description of the study design and procedures;
characterization of the test site (especially soil properties);

sampling method;

description of the sampling conditions, including date and duration of sampling in the field and climatic

parameters like air temperature;

number of worms caught;
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g) details of fixation and preservation of the biological material;
h) recalculated values to 1 m2 or another standard size, if necessary;

i) all information, including all measured raw data and all problems which might have occurred, developed
during the study;

j)  discussion of the results.

6 © 1SO 2007 — All rights reserved
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Annex A
(informative)

Species identification in enchytraeids

ABRAHAMSEN, G., 1969: Enchytraeus norvegicus sp.nov.: A new species of Enchyraeidae (Oligochaeta) from
Norway. Nytt magasin zoologi, 17, pp. 161-164
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SA-FARKAS, K., 1992a: List of Enchytraeid Synonyma. Newsletter on Enchytraeidae, 3, pp.-16-4

SA-FARKAS, K., 1992b: List of Parameters useful for the ldentification of Enchytraeids. Ng
hytraeidae, 3, pp. 49-50

EFE, U., 1989: Systematische Untersuchungen an der Gattung Achaeta (Enchytraeidae G
chreibung von vier neuen Arten. Mitteilungen Hamburger Zoologischernt |Museums und |
127-131

SEN, C.O. and CHRISTENSEN, B., 1959: The Enchytraeidae, critical‘revision and taxonomy g
Cies. Natura Jutlandica, 8-9, pp. 1-160

SEN, C.O. and CHRISTENSEN, B., 1961: The Enchytraeidae;{critical revision and taxonomy g
Cies. Supplement 1. Natura Jutlandica, 10, pp. 1-23

SEN, C.O. and CHRISTENSEN, B., 1963: The Enchyiraeidae, critical revision and taxonomy g
Cies. Supplement 2. Natura Jutlandica, 10, pp. 1-19

A, E., 1994: Enchytraeidae (Oligochaeta) ~of Western Anatolia: Taxonomy and faunistic
ogico, 61, pp. 241-260

A, E., 1995: Italian Enchytraeidae (Oligochaeta). I. Boll. Zool., 62, pp. 183-231

Criptions of four new species and notes on the genus Fridericia. J. Nat. Hist., 33, pp. 29-64

A, E., HEALY, B. and( ERSEUS, C., 1998: Biogeography and taxonomy of terrestrial En
jochaeta) in Northern™ Sweden, with comparative remarks on the genus Henlea. Zool.
155-169

MELZ, R.M.+2003: Taxonomy of Fridericia (Enchytraeidae, Oligochaeta). Critical revision of g
phological and biochemical methods. Abh. Naturwiss. Ver. Hamburg NF, 38, 415 pp., 73 figure

16

wsletter on

litellata). 2.
hstituts, 86,

f European

f European

f European

5. Bolletino

A, E. and HEALY, B., 1999: A\ taxonomic study of some Swedish Enchytraeidae (Oligochaeta), with

chytraeidae
Anz., 237,

pecies with
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Annex B
(informative)

Quick extraction of enchytraeids

In specific cases, the extraction method described in 6.2 may not be optimal. This is, for example, true for
samples which have been taken in organic-rich coniferous forest soils, in particular in Northern temperate

regions lik
sphagnetor
species coy

For this reason, a modified extraction method as already described by Reference [17] can be used.
b of the method is summarized as follows.

performanc;

The sampli

The extracjon should commence as soon as possible after the sampling. Each.gxtraction unit consists

plastic fun

0,5 mm) with a slightly smaller diameter than the funnel is put into it. The sample placed on the sieve sh

be complet
The lower ¢
supplied frg
bottom of th
units in paf
increased d
250 min, w
small vessqg

Afterwards,

An examplg

Um are highly dominant [1l. [51. During the proposed extraction period of several days, 4se

o PUH H 1 4l +l L | H 4l Lt 1 ) £4 £ 4 H Ll Yol
Loidiildiriavida. 11T UITCoT oUlS \III\;IUUIIIH UIrc 1l IGyUI}, UTLCT1 IIGHIIICIILIIIH OMCUITO 1INT uuyu

Id fragment or die. Thus, the number of individuals could change considerably.

g is done by using a soil corer (5.1) in accordance with 6.1.

| (diameter of about 10 cm to 12 cm) fixed in a hole (e.g. a wooden board). A sieve (mesh-

ly covered by water. The bottom of the funnel is closed by a sCrew clip on a piece of rubber tu
nd of this tube ends in a small vessel (e.g. 20 ml) in which the enchytraeids are collected. He
m a 60-W bulb (5.6) enclosed in a light metal cylinder (e.g#1 cm diameter and 18 cm height).
is cylinder is about 10 cm to 12 cm above the funnel. The heating, preferably of several extrad
allel, is controlled by means of a variable resistanee?’During the extraction process, the he
radually, so that the water surface reaches a temperature of approximately 45 °C after 150 m
nen extraction is complete. Then, the worms are run out from the bottom of the funnel into
| for counting and identification.

the enchytraeids are handled in accordance with 6.3.

of an apparatus is given in Figure\B.1.

ettia
xual

The
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Size
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at is
The
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At is
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Figure B.1 — Schematic overview of the method
(from Referenee [10])
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