INTERNATIONAL ISO
STANDARD 23611-1

First edition
2006-02-01

Soil quality — Sampling of soil
invertebrates —
Part 1:

Hand-sorting and formalin extraction
of earthworms

Qualité du sol — Prélevement des invertébrés du sol —

Partie 1: Tri manuelét extraction au formol des vers de terre|

e — Reference number
= — ISO 23611-1:2006(E)

© ISO 2006


https://standardsiso.com/api/?name=ab0318946159e1fd1bff4f7fb091177d

ISO 23611-1:2006(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2006

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2006 — All rights reserved


https://standardsiso.com/api/?name=ab0318946159e1fd1bff4f7fb091177d

ISO 23611-1:2006(E)

Contents Page
o] =NV o iv
e Yo 11 T o) P \'
1 — Scope e ———— 1
2 Terms and definitioNs..........oo il F b e 1
3 o T e o L s F, 2
4 [T Vo 1= 1 S FA, 2
5 Y o] 0T 1 -1 U . - S S 2
6 7o =T o T - N S 3
6.1 Sampling of the earthworms ... e 3
6.2 L L= Y 1 ' o T e S 5
6.3 Determination of BiOmMass.......c.oooiiii T e 5
7 (D F= 1 B T =X=1= 4T o N SRR S 5
8 StUAY rEePOIt......ceei e S s ane e 6
Annex A (informative) Other methods for sampling.........50% b 7
Annex B (informative) Species determination in perégrine earthworms ........ccccceeecccicrreerrnincccsdbeceeeennnnnes 8
Annex C (informative) The modified TSBF Method\...........coo e sssse e e hass e e e ee e e 9
(=1 0] [Te e T = o] 172 S FA 10
© ISO 2006 — All rights reserved iii


https://standardsiso.com/api/?name=ab0318946159e1fd1bff4f7fb091177d

ISO 23611

-1:2006(E)

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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Hand-sorting and formalin extraction of earthworms

Sampling and extraction of micro-arthropods (Collembola and Acarina)
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This part of ISO 23611 has been drawn up since there is a growing need for the standardisation of terrestrial
zoological field methods. Such methods, mainly covering the sampling, extraction and handling of soil
invertebrates, are necessary for the following purposes:
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brtant in many terrestrial food-webs.
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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 bio-classification and bio-assessment in terrest

role of earthworms in various soil ecosystems. These animals are without doubt the most in

b been selected.

biological classification of Soils Including Soil quality asSessment (2 1 1201 194t
terrestrial bioindication and long-term monitoring [°l: [12], [28];

evaluation of the effects of chemicals on soil animals (ISO 11268-3).

tats has so far relatively rarely been used in comparison to aquatic sites.
inally, the methods described here were developed for taxonomical and ecological studies, i
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Soil quality — Sampling of soil invertebrates —

Part 1:
Hand-sorting and formalin extraction of earthworms

1 |Scope

Thig part of ISO 23611 specifies a method for sampling and handling earthworms from field| soils as a
prefequisite for using these animals as bioindicators (e.g. to assess the quality of a soil as g habitat for
organisms).

Basjc information on the ecology of earthworms and their use as bioindicators in the terrestrial environment
can|be found in the references listed in the bibliography.

Thig part of ISO 23611 applies to all terrestrial biotopes in whieh earthworms occur. The samplirlg design of
field studies in general is specified in 1ISO 10381-1 (see:also Reference [38]) and guidance on the
detgrmination of effects of pollutants on earthworms in field situations is given in ISO 11268-3. These details
can|vary according to the national requirements or the climatic/regional conditions of the site to pe sampled
(seg also Annex C).

Thig part of ISO 23611 is not applicable for semi-téfrestrial soils and it can be difficult to use undler extreme
climatic or geographical conditions (e.g. in high mountains). Methods for some other soil organ|sm groups,
such as collembolans, are covered in other parts of ISO 23611.

Thig part of 1SO 23611 does not cover the pedological characterization of the site which is highly
recommendable when sampling soil invertebrates. ISO 10390, ISO 10694, ISO 11272, ISO 11274} ISO 11277,
ISO[11461 and ISO 11465 are more suitable for measuring pH, particle size distribution, C/N r3tio, organic
carhon content and water-holding capacity.

2 [Terms and definitions

For the purposes/ofthis document, the following terms and definitions apply.

21

earthworm

medadrile ‘'soil-inhabiting earthworms (length of adult individuals: few centimetres to more than 1 m) pelonging to
the prder Oligochaeta (class Clitellata, phylum Annelida)

EXAMPLE Species of the families Lumbricidae (Holarctic), Glossoscolecidae (Latin America), Eudrilidae (Africa) or
Megascolecidae [Asia, North America (Pacific Coast)].

2.2

peregrine species

eart

NOTE 1

hworms occurring in many regions world-wide today, usually introduced by man

Well-known examples of peregrine species are several lumbricid species like Aporrectodea caliginosa

(originally coming from Eurasia, but now living also in the Americas and Australia) or the pan-tropical species Pontoscolex
corethrurus (probably coming from Northern Brazil and/or the Guyanas).

NOTE 2

See Reference [15].

© I1SO 2006 — All rights reserved
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2.3
clitellum

ring or saddle of epidermal thickening only in mature worms which is near the anterior and eventually forms

the cocoon

3 Princ

iple

Earthworms at a certain site are sampled from the soil by using a combination of two different methods:

— hand's.}lt;lls GII;IIIG:O fIUIII [=} uci'taill dalrca (UB. 0,25 IIIQ) Ul VU:UIIIC (CB 50 CITr A GC CITT ZC blll),

— extractlon of worms from the soil by applying formalin.

Both methods are well-known for a long time [91120]. After extraction, the earthworms are fixedjyand transpdrted
to the laborptory. There they are preserved in a way that they can be stored in a collection indefinitely (e.d. for
taxonomica] purposes). In addition, the determination of the biomass of earthworms is described. Finglly,
abundance|and biomass values can be recalculated to area (usually 1 m2) or, more rarély, volume paramgters.
NOTE 1 Alternative methods can be useful under special circumstances (e.g. electrical‘extraction or the use of mustard
as a chemical expellent), but cannot be recommended as a general procedure (see Annex A). In addition, the use of ¢ther
extraction chiemicals than formalin seems to have no advantages concerning extraction &fficiency [111: [33],

NOTE 2  The sampling of earthworms is often included in much broader monitoring programs, trying to cover the whole
soil fauna orparts of it (e.g. the macrofauna). The design of such programs is\net included in this part of ISO 23611 []
NOTE3  $ome hints for the taxonomy of peregrine (occurringsinimany regions world-wide) earthworms, mpinly
belonging to [the family Lumbricidae, are given in Annex B.

4 Reagents

4.1 Formalin [formaldehyde solution 4 % (velume fraction)].

4.2 Formalin [formaldehyde solution 37\% (volume fraction)].

4.3 Ethapol, 70 % (volume fractioh),

5 Apparatus

Use standard laboratery’equipment and the following.

5.1 Plasfic vessels, capacities 250 ml and 500 ml, for storing the worms.

5.2 Plasti S

5.3 Forceps.

5.4 Piece of thick plastic sheeting, 1 m? to 2 m2.

5.5 Spade or shovel.

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

5.7 Balance, able to weigh from 0,01 g to 200 g.

5.8 Water-can, preferably 20 I, with water (20 | per sampling plot).

2 © I1SO 2006 — All rights reserved
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5.11
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Watering can.
Pencil, notebook, water resistant marker, labels that go in the vessel.
Thermometer, e.g. for measuring air temperature.

Drying cabinet, for soil moisture determination.

Procedure

-1:2006(E)

6.1

6.1.

Sampling of the earthworms

1 General

Sampling of earthworms is done by a combination of two different methods: chand-sorting a

extr]
revi

pction. Based on several comparative studies, this combination is clearly-recommended in
bws on earthworm ecology (e.g. References [7], [8], [15]).

Sa

pling should be done at times of the year where the animals are.hot forced by the en

conglitions (i.e. low soil moisture and/or high temperatures) into diapause' (i.e. are not reacting to
temperate regions, such unfavourable sampling times are winter and, in particular, midsummer

Ea
indi
to tH
dee
at §
sort
trop)

NOT
well

In the case collected earthworms. are to be used for further analysis or testing, e.g. for
surements or for use in bioassays, storage or incubation of the worms in a small portion of g
pling site is recommended. I the case of formalin extraction, rinsing the worms in tap wate

mes
san]
befq

6.1.

Dus
suff]
How
anth
han
1/8

hworms sampled from the same plot, but sampled under the‘\two different methods, should
idual plastic vessels. After the end of the sampling process, the excavated and examined soi

b-burrowing animals are occurring at a given site, formalin extraction is not necessary. On the

ng is not useful 221, A very similar method, known as modified TSBF method, is particularly
cal regions (see Annex C).

E
known, worms can also be determined aliye30l: see also Annex B.

re incubation in soil.

2 Hand-sorting

to the individual size of the worms, a large plot shall be identified. A square of 50 cm x 50
cient in the Holarctic where most adult earthworms have approximately a length between 1 cm
ever, at\places with a low density of earthworms [e.g. soils with low pH (<4,5) or

d, at.sites with a high earthworm density (e.g. many meadows in temperate regions), a sm

e original sampling plot. In some cases, it is appropriate 0 use only one of the two methods; ¢

ites where giant earthworms are living (parts of South America, South East Asia and Austr

ropogenically used like crop sites], larger plots (i.e. 1 m2) are recommended (ISO 11268-3). C

MZ2i5 sufficient [24]. Even smaller sample sizes (e.g. 1/16 m?; [36]) can lead to very low, and th

hd formalin
the various

vironmental
ormalin). In
beriods [15].
be stored in
is returned
.g. when no
other hand,
alia), hand-
suitable for

Usually the earthworms are determined-after preservation, but if the species spectrum of a sampling site is

biomarker
oil from the
r is needed

cm is often
and 20 cm.
which are
n the other
aller plot of
us variable,

individual worm numbers per sample, which in turn leads to an increase in sample numbers (i.e. 16 replicates).

In any case, the soil is removed by means of a spade or shovel (5.5) up to a depth of 20 cm from this plot
(20 cm are suitable for many temperate sites, but the depth also depends on the site properties). The
excavated soil is spread out on a piece of plastic (5.4); this can be done in the field but, especially in periods
of bad weather, the whole procedure can also be performed in the laboratory or greenhouse. Afterwards, the
soil is searched cautiously for earthworms. Big earthworms are collected by hand using plastic hand gloves
(5.2) and small ones by using forceps (5.3). To avoid autotomy and further damage of the worms, the animals
should only be touched at the anterior part of the body. If worms are cut by the spade used to dig out the soil,
both parts are collected in order to measure the correct biomass, whereas only front parts are counted when
determining the number of individuals.
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NOTE 1 With a naked eye, the front end of adult worms can be identified by the position of the clitellum: it is always
located closer to the head than to the tail.

The collected earthworms should immediately be fixed in 70 % ethanol (4.3) using the 250 ml or 500 ml plastic
vessels (5.1) for at least half an hour, but not longer than 24 h. The vessels shall be labelled and observations
(e.g. whether worms have been in a quiescence stage) should be recorded in the notebook (5.10).

An immediate fixation in 4% formalin (volume fraction) (4.1) is possible, but not recommended due to the fact
that the handling of this compound should be minimised as much as possible (in particular under field
conditions).

NOTE 2 : 1 UI\‘I.‘UI tU aVUId IIIUIPhU:Uy;\.’a: uhalluco (Uy dart ;IIVUIG;UII \Jf tILIU FIUOtUIII;UIII) dUU tU ;IIIIIIUd;GtU f;l\atl\ n In
ethanol, the Individual worms can be put briefly (about one minute) into warm tap water. The earthworms relax in the Water,
and after thaf they can be transferred to ethanol.

6.1.3 Formalin extraction

During the |hand-sorting, the same plot from which the top soil has been removed dsCused for formalin
extraction. A sufficient amount of water shall be transported (20 | per sampling plot) beforehand to the plots
using large|water-cans (5.8). The formalin solution (about 0,5 % volume fraction) is prepared by diluting 26 ml
of 37 % formalin (volume fraction) (4.2) in approximately 5 | water using a wateringZan (5.9). Diluting 25 ml of
37 % formdlin in 5| water produces a solution of about 0,2 %. The diluted formalin solution is carefully |and
evenly applied into the plot from which the top soil has been removed for hand-sorting. This step shall be
repeated until 20 | of formalin-solution are added; the amount of formalin{Selution can be adapted depengding
on the soil [properties. During the application, the plot shall be observed in order to collect all earthwdrms
appearing gn the soil surface of the sampling plot. The sampling is finished 30 min after the application of the
last waterinp can.

Large eartworms should be collected by hand using plastic gloves (5.2) and small earthworms by forgeps
(5.3). The repellent formalin produces rapid earthworm emergence of the soil; worms should only be collegted
when the Idrgest (preferably whole) portion of the body becomes visible, otherwise damage or retraction hack
into the soil occurs. To avoid autotomy and damage_afithe worms, the animals should only be touched af the
anterior paft of the body, usually in front of the clitellum. The collected earthworms should immediately be
fixed in 70 %o ethanol (volume fraction) (4.3) using.the 250 ml or 500 ml plastic vessels (5.1) for at least 30[min
but not longer than 24 h. The vessels shall be labelled and any observations should be recorded in| the
notebook (§.10).

At sites where giant earthworms are-occurring (South America, South East Asia, and Australia), and where
hand-sorting is not appropriate to_get-them, formalin should be applied on an area of 4 m2. Before doind so,
herbs and litter shall be removed from the soil surface. In all other respects, the sampling process is the sgme.

It is not negessary to perform the formalin extraction if no vertical burrowers (especially Lumbricus terrestris or
Aporrectodg¢a longa) arediving at a given site (e.g. in very acid soils). The occurrence of these large wornjs is
indicated by surface casts and collected litter at their burrow openings (diameter approximately 0,5 cm) which
are easily detectable before excavation of the soil used for hand-sorting. Therefore, any decision abouf the
use of formalin shall be taken on a case-by-case basis.

NOTE 1 he_use of formalin at low concentrations, as proposed here, does not cause problems for other| soil
organisms like arthropods and does not have long-term negative effects on microbial parameters l'/]. The compound is
microbiologically degraded within some days to several weeks. It can delay the development of certain plant species by
the same order of magnitude ["1.

NOTE 2 In soils with high clay content, the digging of the sampling pit can close tightly many earthworm burrows at the
bottom of the pit, thus preventing the infiltration of formalin and/or the emergence of deep burrowing worms. In such
conditions, the smeared burrow openings can be opened before the formalin application (e.g. using a knife).

WARNING — Appropriate precautions (i.e. gloves) shall be taken when dealing with formalin to avoid
danger from inhalation or skin exposure. According to the “Material Safety Data Sheet” for
Formaldehyde 37 % solution as published by producing companies, the compound is a skin sensitizer
and is considered to be carcinogen (humans: limited evidence; animals: sufficient evidence). It is
legally notified in industrialised countries for scientific use.

4 © I1SO 2006 — All rights reserved
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Preservation

Two methods are possible:

a)

b)

after fixation, the animals can be kept in 4 % formalin (volume fraction) (4.1) for four days at m

-1:2006(E)

inimum, but

preferably one or two weeks. Afterwards, the worms can be stored for an unlimited period in 70 % ethanol

(volume fraction) (4.3);

an alternative method is to fix the worms immediately after collection in a mixture of 70 % etha

nol (volume

fraction) (4.3) and 4 % formalin (volume fraction) (4.1) in a ratio of 98 % to 2 %. This preservation liquid is

replaced by fresh preservation liquid on the day after sampling at the latest.

Pre
very

In t

formalin is recommended [371.

6.3

Det
5m
(5.7
mix
be ¢
the

fixation. This is approximately the same mass as the mass of the gut content. Therefore, no com

nec
0,15
and
smg

NOT
accq

7

The)
bion

bervation in pure ethanol should be avoided since the outer surface of the worms sométimg
soft, so that important features are not visible any more.

ne case that earthworm tissue shall be preserved for biochemical or genetical studies, pre

Determination of biomass

brmination of biomass is performed using the preserved material. Fhe animals are washed

n, quickly dried on a piece of paper and subsequently the mass is"determined using a suita
. Afterwards the worms are stored again in 70 % ethanol (volame fraction) (4.3) or in the etha
ure. Due to the change of mass during preservation and the‘soil content in the gut, the measur
orrected by using factors published in the literature to detétmine the biomass of the animals. A
literature (e.g. References [7] and [15]), worms seem 0 lose about 10 % to 20 % of their

bssary. Afterwards, the measured fresh mass can be converted to dry mass by multiplying by
[191. However, this factor has been determined:on the basis of mineral dwellers from grassla

site-specifically, it can vary considerably depending on the land-use form (e.g. in litter dy
ller than in mineral dwellers).
E If the earthworms have been identified alive, they can be directly weighed (either individually
rding to species and age stage).

Data assessment

following measurement endpoints may be used for the bioclassification of a sail, including bioi
nonitoring (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 earthworms per area or volume);

number of species or other taxonomically or ecologically defined groups;

bs becomes

servation in

n water for
ble balance
nol/formalin
ements can
ccording to
hass during
bensation is
a factor of
nd sites [19]
vellers, it is

DOr in groups,

ndication or

dominance ratio (in percentage of the population);
age structure of the population (e.g. the adult/juvenile ratio);

morphological alterations in individuals.

Firstly, the number of worms is counted and expressed as individuals per sample (separately for hand-sorting
and formalin samples). Secondly, both values are added in order to determine the total abundance of
earthworms. This number is then multiplied by a factor in order to achieve the number of worms per square
meter [the factor is four in the case 0,25 m?2 is used (usually 50 cm x 50 cm samples)]. Additionally, the age
structure (juveniles and adults are differentiated by the presence of a clitellum) can be determined with the
help of the dissecting microscope (5.6).
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8 Study report

The study report shall include the following information:

a)
b)
c)
d)

e)

f)

a reference to this part of ISO 23611, i.e. ISO 23611-1;

a full description of the study design and procedures;

characterization of the study site (especially soil properties);

sampli

g method:

descrig

parameters like air temperature;

numbe
details
if apprd
values

all info
during

discusy

of fixation and preservation of the biological material;
priate, biomass of caught worms;

recalculated to 1 m2 or another standard size, if necessary;

bll phases of the study;

ion of the results.

I of worms caught, distinguishing between methods (hand-sorting, formalin extragtion);

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

mation, including all measured raw data and all problems which might have occurred, develgped
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Other methods for sampling

Electrical extraction method

1:2006(E)

Thig
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labg
pric
the

adv
recq
che

A.2

Gur

The advantages of this method are: no use of potentially toxic chemicals, no need.of wa
rious and faster than other methods. The disadvantages of the method include the heavine
e of the equipment. More importantly, the success rate of this method seems te'depend quite
actual soil conditions (especially moisture). Various methodical comparisons did not

antages of electrical compared with chemical methods (e.g. Reference [33]). Therefore, it ¢
mmended when several closely-related plots are investigated, e.g.-when assessing the ¢
mical, or in protected areas where hand-sorting is not allowed.

Extraction with mustard

n "] proposed to replace potentially toxic substanéés’ like formalin by mustard flour fo

pur|
60

expgllents. Studies comparing different methods gave variable results which are difficult to
Reference [14], but, in general, they show a lowet“extraction efficiency of the mustard method G

for

of t
How
alte
com
terr

oses. Mustard was selected since it also causes_an’avoidance reaction by earthworms. F
of mustard flour are mixed in 10 | of water, whichrare applied to a certain surface area ju

A

g

alin, e.g. Reference [33]. An interesting approach is the use of allyl isothiocyanate, which is a
he sharp taste in mustard, since the variability caused by different mustard formulations is r
ever, the available data do not allow(decisions to be reached on whether or not this methog
native to the use of formalin. As in the case of other behavioural methods, mustard extractio
bined with hand-sorting since_otherwise the population density of earthworms (in particula
bstris) may be underestimated-[181.

lemann [30] developed the Octet method as an alternative to hand-sorting and formalin extraetjon, using a
of 8 electrodes (diameter: 52 cm) to generate an electrical field by which the worms are driven out of the

r and less
5s and high
strongly on
show clear
an only be
pffects of a

I extraction
br example,
5t like other
ssess, e.g.
ompared to
component
bduced [39],
can be an
n should be
Lumbricus
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Annex B
(informative)

Species determination in peregrine earthworms

Identification of lumbricid earthworms sampled in most parts of Europe, as well as the eastern parts of
Canada and the United States of America, follows the keys prepared in References [4], [10] or [27].
Reference ; ; ; i j ; jcids.
An excelleft introduction in earthworm species determination is given in Reference [16]. Up to pow| no
comprehensive keys on earthworms from other parts of the world are available; they are lacking espécially for
tropical fanpilies like Glossoscolecidae (Latin America), Eudrilidae (Africa) or Megascolecidae [Asia, North
America (Ppcific Coast)]. However, a very detailed description of the peregrine earthworms of the world|has
been compjled, covering 101 species (36 megascolecids, 34 lumbricids and 31 species from other familles);
see Reference [3].

All important, partly internal, partly external, features can easily be seen by means of a dissecting microscppe.
Technically| the determination process can be facilitated by using small glass~tubes in which the liying
earthworm [s put [31]. Due to its inability to move, the external properties are easily detectable.

8 © I1SO 2006 — All rights reserved
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The modified TSBF Method

-1:2006(E)

The main features of the method proposed in this part of ISO 23611 are similar to the one known as the
“modified TSBF Method” (Tropical Soil Biology and Fertility; [1]); i.e. both are based on a combination of hand-

sor
whd
tem

a)

b)

c)

Usu
takd
whi

P L 4 ' L1 Llo £ o tla o o ol 2 lo, <l H 4lo
Ily daimtd 1urtriaittT TAUdUUUlT. TTUWCVTT, UIT ouupc Ul uirio 1 uiuu 1o yruauct, UUVUIIIIH Ui osdrl
perate regions. It is performed in three steps.

When litter is present, it is collected and put into resistant and hermetic plastic bags to avoid
fauna. During this process, visible fauna can also be picked up manually and stored in plastic

Soil blocks (monoliths) of 25 cm x 25 cm x 15 cm size are put into plastic|bags and transp
laboratory where they are hand-sorted.

expel all “active” fauna remaining in the soil.

ally, three plots per sample area (e.g. a specific land use) ate used. In each plot, 8 to 10 soi
n, each separated by a distance of at least 7 m. The sampling of these blocks is performed i
th are divided in parallel fragments if the whole plot is too-small for one large transect.

pling of the

le macrofauna. Originally developed for tropical regions, the modified TSBF method is alse gpplicable in

loss of litter
essels.

brted to the

In the remaining pit, formalin solution (0,2 % volume fraction) is sprayed at 10 min intervalg in order to

blocks are
n transects,
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