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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 procedpres—tsed—to—develop—th CHeRt—at ose—intendedforitsfurthermaintenanee are
described i1} the ISO/IEC Directives, Part 1. In particular the different approval criteria needed \for the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2, www.iso.org/directives.

Attention is|drawn to the possibility that some of the elements of this document may\be the subj¢ct of
patent rightk. ISO shall not be held responsible for identifying any or all such patent rights. Details gf any
patent rightjs identified during the development of the document will be in the Introduction and/pr on
the ISO list ¢f patent declarations received, www.iso.org/patents.

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to conformity
assessment)as well as information about ISO’s adherence to the W.FO principles in the Technical Barjriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 14ZWater quality, Subcommittee SC 5, Bioldgical
methods.

This second|edition cancels and replaces the first edition (ISO 16665:2005), which has been technically
revised.
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Introduction

Analysis of macrofaunal communities in soft-bottom sediments is an integral part of marine
environmental assessment. The faunal composition, in terms of both the species present and their
relative abundance, reflects integrated environmental conditions in the survey area over a period of
time. The composition and structure of soft-bottom macrofaunal communities therefore can be used to
characterize environmental conditions and estimate the extent of environmental impact.

Characterization of environmental conditions is usually based on quantitative methods, in this case by
relatlng the numbers of spec1es and 1nd1V1duals captured toa known area of sea floor For accurate data
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INTERNATIONAL STANDARD ISO 16665:2014(E)

Water quality — Guidelines for quantitative sampling and
sample processing of marine soft-bottom macrofauna

WARNING — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the employer or user to establish appropriate safety and health
practices and to ensure compliance with any national regulatory conditions.

IMPQRTANT — It is absolutely essential that tests conducted in accordance with;this document
be carried out by suitably trained staff.

1 $cope

This[nternational Standard provides guidelines on the quantitative collectign and processing of subtidal
soft-bottom macrofaunal samples in marine waters.

This|International Standard encompasses:

a) development of the sampling programme;
b) fequirements for sampling equipment;

c¢) ¢ampling and sample treatment in the field;
d) gorting and species identification;

e) gtorage of collected and processed material.

This|International Standard does not specifically address the following, although some elements may
be applicable:

— Dbioassay sub-sampling;
Ieep water (>750 m) or effshore sampling;
— in situ faunal studi€s)e.g. recolonization assays;
— 1on-benthic organisms caught in the sampling device;

— ¢stuarine’sampling;

— intertidal sampling;

— sampling by dredge and sledge;

— self-contained underwater breathing apparatus (SCUBA) sampling;
— statistical design.

Accuracy of position fixing is determined by the geographical area, equipment used and survey objective.

2 Terms and definitions

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

© ISO 2014 - All rights reserved 1
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2.1 Ecological or biological concepts

211
benthic

dwelling at the bottom of an aquatic environment

2.1.2
benthic ma

crofauna

bottom-dwelling animals retained on a mesh screen of 0,5 mm or 1 mm aperture size

2.1.3

a2tar baody

receiving w
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recipient w
water body
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surveys desc

[SOURCE: IS
replaced by
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2.1.4

soft bottom
areas of sea
maer], also i
material, b

2.1.5

TECT oty

ater body
Wwhich receives an input of material of either natural or anthropogenic origin

fry: The term often appears in the context of organic enrichment by, for example, effluent
hste water outlets or industrial processed water. The macrofaunal part of receiving water
Fibe the state of organic enrichment in a given area.

0 5667-19:2004,3 definition 3.4, modified — in the Note to entry, “contamination” has
“organic enrichment”, and it is further specified that the terms apply to the macrof3
ving water body surveys]

floor consisting of loose deposited particles including clay, mud, sand and gravel, shell
cluding mixed substrata with gravels, small stenées and pebbles scattered on a bed of
excluding cobbles

soft-bottom fauna

animals livi

2.1.6
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portion of th
and then for

2.2 Surve

g on, or completely or partially buriéd in, soft-bottom sediments

e shore which is either totally immersed or only uncovered by the receding tide infrequ
very short period (i.e. below the littoral zone)

'ys and samples

baseline survey

environme
survey with
area, which

ntal impact assessment
emphasis on characterization and description of biotic and abiotic conditions in the sy

from
body

been
junal

5 and
finer

ently

rvey

provides the basis for future monitoring and/or follow-up surveys

[SOURCE: ISO 5667-19:2004,3 definition 3.2, modified — “classification” changed to “characterization”;
“biotic and abiotic” added]

2.2.2

reference station
one or more sampling stations chosen to represent environmental conditions in a given area, i.e. free
from direct anthropogenic influences
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2.2.3
reference collection
collection of identified specimens, used for reference purposes

Note 1 to entry: Institute reference collections are usually verified by an appropriate and approved taxonomic
specialist. In addition, individual identifiers may keep a personal collection and/or some surveys require contract-
or area-specific reference collections.

2.2.4
replicate samples

series of samples taken in the same time frame, at the same sampling station, in the same manner for
statistical va]ir‘]ify and comparison

[SOURCE: ISO 5667-19:2004,3 definition 3.6, modified — “simultaneously” has been chang¢d to “in the
same time frame”; “for statistical validity and comparison” added]

Note [l to entry: Replicate samples can include sets of sub-samples taken from a larger;sample.

2.2.9
sampling station
precise location where samples are collected

Note|l to entry: A sampling station is defined by its geographical position (latitude, longitude), its depth (relative
to chprt datum and normalized to mean low water as given in tidetables) and any other invariant or physical
cond{tions. The station is delineated using the given level of precision. In cases of doubt, when revisiting sampling
statigns, emphasis should be placed on landmarks and water depth.

2.2.6
sub-sample
ideallly representative portion removed from a sample, taken for separate analysis

[SOURCE: 1SO 5667-19:2004,3 definition 3.7~modified — “ideally” and “taken for separdte analysis”
added]

3 $trategies and objectives for soft-bottom faunal surveys

3.1 | Sampling programme and plan

The flesign of the sampling programme depends on the detailed aims of the survey and the required
powér of the data. The programme should be developed with regard to local topographical and
hydrpgraphic conditions in the survey area, information on local contamination sources, angl knowledge
from| previous surveys, if any. The number of sampling stations, their positions and numbers of replicate
samples to betaken at each sampling station should be established prior to the initiation of the survey.
The design“of*the programme has a strong influence on the options for data treatment arld statistical
analyses. Brior considerations about data treatment and reporting should therefore be mpde. Quality
assuratice (QA) procedures should be incorporated at this stage.

For guidance and considerations of sampling and statistical design, see Reference [13].
3.2 Positioning of sampling stations

3.2.1 General

Sampling stations should be located to satisfy predefined requirements, bearing in mind the objectives
of the study and the likely scale of natural variability in the biota.

Sampling stations should, for monitoring purposes (except for biodiversity studies — see the following),
preferably be positioned in areas of homogenous sandy or muddy bottom sediments. Certain bottom
types where it is difficult to obtain good quality samples, e.g. in sediments containing large amounts of
stones, hard gravel, twigs and similar objects, should be avoided. However, it may be possible for a diver
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to sample pockets of sediment in such areas. Alternatively, supplementary semiquantitative techniques
may be used, e.g. underwater photography, video, remotely operated vehicle (ROV) or benthic dredging.
Consult EN 16260[6] for guidance on visual seabed surveys.

In special cases, where habitats within the sampling area vary strongly, different sampling techniques
may be combined, but generally the same gear should be used for all sampling in one survey.

For biodiversity studies, various bottom types should be included, as appropriate to the aims of the
programme.

Sampling stations can be positioned according to one, or combinations of, the following strategies:

station

hetwork, see 3.2.2;
randomlly, see 3.2.3;

stratifiqd, see 3.2.4;
transect, see 3.2.5;

single-spot sampling, see 3.2.6.

3.2.2 Statjon network

e for

Sampling s

overview su}r

source disc
can be mad

ations are arranged in a regular grid-like pattern. This arrangement is appropriat
veys and for mapping of distribution of factors of interest, e.g. zone of influence around
arges. The survey area should be one of topographic homogeneity, but some adjust

boint

ents
e according to local conditions, e.g. in fjords and(oastal waters with smaller variatigLs in

depth.

3.2.3 Random or scattered sampling

In special cijrcumstances, sampling stations may- be positioned randomly or scattered. An example of
this is when no previous knowledge of the area is available as a guide to appropriate stratificatigqn, or
when an unbiased value for a whole area is désired.

3.2.4 Stratified sampling
The
vary
pbund
ence
rs or

Sampling st
subdivision
across the 4
patterns of
mapping, of
appropriate

ations are arranged-within locally homogeneous subdivisions of the survey area
b (strata) may be-delineated according to depth, sediment types or other factors that
urvey area. Stratification is appropriate in cases where habitat variability can conf]
interest. Within-strata stations may be placed in a network, e.g. for zone-of-infly
randomizgd for description of “average” characteristics of the strata. Echo-sounde
ground-diScrimination tools should be used.

3.2.5 Trapsect sampling

Sampling stations are arranged along linear transects. One approach is to place stations along a known
or anticipated gradient of a factor of interest in a sub-area of minimum habitat variability. Such sampling
is, for example, applicable to trace effects of point-source discharges by establishing the transect in the
main current direction from the source. Another rather different approach is to place stations across
possible habitat gradients when it is not feasible or appropriate to work in strata.

3.2.6 Single-spot (station) sampling

This applies when a small number of stations are placed according to individual assessment. In fjordic or
sill-influenced systems, where eutrophication or chemical contamination is suspected or investigated,
sampling stations may be positioned in the deepest parts of the survey area (depressions, basins), where
the earliest signs of disturbance are often seen.
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However, no formal statistical comparison among areas is possible based on single stations. This is
regarded as an undesirable design, only to be used either when it is just the station in itself that is
interesting or when the limitation of available resources makes it impossible to sample several stations.

3.3 Reference stations

For surveys carried out in disturbed areas or those believed to be impacted in some way, one or more
reference stations should be chosen beyond the affected area. The reference stations should, as far as
possible, be representative of conditions unaffected by effluent sources and allow assessment of natural
temporal and spatial variations in the soft-bottom faunal communities. Reference stations should be

used in surveys where special circumstances demand direct comparison of the fauna with that beyond
the disturbed or affected area, or where knowledge of the extent of natural variation is reguired.
Reference stations should be located in conditions as similar as possible to those at the'regular sampling

statipns, i.e. similar depth and sediment type. Multiple reference stations are particularly important in
hetefogeneous areas.

Statiptical considerations and the required precision of results dictate the number of refergnce stations
and gample replicates required.

NOTH Some surveys demand a higher number of sample replicates at-reference stations than pt “ordinary”
statigns.

3.4 | Types of survey

3.4.1 General

Surveys may be divided into three main categorigsy(see Table 1) according to the objectivey.

Table 1 — Overview'of main categories of survey type

N Precision of
Sprvey type Objectives User group Fesults
To give a generahoverview of bottom
and faunal gonditions. Regulatory authorities and
. . . consultancies.
Pilot|survey To proyide-a simple rapid assess- Low
ment-or.to give basic information for  |Research use as precursor to
designing more detailed sampling larger programme
programmes
To characterize conditions in a given
area. ) o
] ] ) ] Mainly regulatory authorities ] ]

: To map or identify the impact of point- |3nd consultancies Medium to high,
Baseline stirvey . : . . .
or edvironmental | SOUrce discharges (spatial extent and ) depending on indi-
: intensity). Research use for mapping, vidual require-
Impactassessment ; losiceati

.. . SULLUOSOSIVIT UL TULUILIUIIIZAUIULL, ments
To compare faunal composition with |41 gradient studies
specified assessment criteria or simply
with other representative areas
Mainly regulatory authorities
To describe changes in benthic fauna  |and consultancies. Medium to high,
Temporal trend over time, either for detecting change |Research use for environmen- | depending on indi-
monitoring in biodiversity or as applied to environ- 5] and biodiversity changes |vidual require-
mental conditions over time (also applied to ments
climate monitoring)

Precision of results refers to the expected accuracy of the data obtained, i.e. how representative the
samples are of the environmental conditions. Precision of results is less in heterogeneous relative
to homogeneous sediments or water depth across a sampling area. Therefore, to achieve the same
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precision, heterogeneous sediments require higher numbers of sampling stations and/or replicate
samples relative to homogeneous sediments. In addition, precision varies depending on whether the
samples are processed quantitatively or semiquantitatively. The required precision and therefore the
sampling and processing intensity is determined by the individual aims of the survey.

Note that the different survey types may supplement each other. For example:

— a pilot survey may provide information needed to design a sampling programme for a baseline
survey or environmental impact assessment;

— any of the surveys when repeated in the same manner and at the same time of year may provide
tempor'ﬂ trend data

3.4.2 Pilof survey

This is an inftial assessment of faunal conditions in the bottom sediments in an area wheré-the souice of
the impact is not known or where there are no existing data from the area. The suryeyallows a c¢arse
assessment pf conditions and can provide the basis for development of a sampling prégramme for applied
surveys, e.g| baseline or environmental impact assessment surveys as well as lorig-term surveillanfe by
temporal tr¢nd monitoring. The requirements for equipment, sampling methedology, and repeatability
are usually relatively simple, see Table 2.

Table 2 — Strategy and design for pilot surveys

Usually grab or box corer, preferably supplemented by use of a benthic dredge. If
Sampling deyices appropriate, also other semiquantitative techniques may be used (such as underwater
photography, ROV, video or acoustic ground'discrimination tools).

Strategy for pampling

: May be one or a combination of strategjes outlined in 4.2
stations

Minimum requirements depend 0h purpose of survey. If carried out to identify best]
sampling stations for future programme, a minimum of semiquantitative assessmept of
Minimum refjuire- benthic fauna should be doneat all stations (at least presence and relative abundange
ments for falnal of the major animal taxa), preferably also identification of large, abundant or otheryise
assessment prominent organisms.

If pilot survey required to make firm statements about environmental disturbance,
quantitative sampling is recommended.

Additional.samples from priority stations (as assessed by visual observations or
Optional sampling physico-ehemical data obtained during sampling or other documented or anecdota
information) may be retained for later quantitative processing.

Field documgntation Field log of sampling conditions and sediment description (see 4.1.)

required
Reference sthtion Should also be sampled, unless previous data exist to assess the status of reference
requirements areas.

Pilot surveyScan have another important use, namely to help design the size and calculate statistical
power for future monitoring programmes. For this purpose, the pilot study should resemble the planned
monitoring programme as much as possible in terms of the spatial and temporal arrangement of samples.

A pilot survey generally requires relatively few samples. For applied purposes, the sampling area is
chosen in accumulation areas rather than where net erosion takes place. Sampling stations may be
positioned at random or in a grid. If the objective is to assess the faunal assemblages across an area at
large, samples should be taken in both deep and shallow water. The sampling area should cover as much
of the survey area as possible.

In addition to quantitative faunal sampling, dredging should be carried out to collect the rare, large
and more mobile taxa not adequately sampled by remote quantitative methods. Especially in regions
with varying sea floor topography and open to wind and currents, an ROV or sledge-mounted video
reconnaissance is recommended to determine the extent of sediment and faunal patchiness (can occur
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in areas of both coarse and fine sediments). If appropriate, acoustic ground discrimination techniques
may also be used to provide additional information.

Strategy and design for pilot surveys are summarized in Table 2.

3.4.3 Baseline survey or environmental impact assessment

This is a survey widely carried out for applied research or commercial surveys, generally either where
a known source of impact exists or before effluent discharge is established. Such surveys may also be
carried out for biodiversity research or where an area needs to be characterized biologically. The aim
is to document faunal conditions and/or map the spatial extent of biological impact. Such surveys can

be c4
meth

Whe
and
quary

Strat
Tabld

b 3.

rried out using relatively simple methodology, but usually there are specified requiren
odology and procedures to be used.

Fe external reference or survey data exist, these should be used to help plan the survey
fo assess overall impact, where appropriate. See also 4.4 for comments omysupplemlentary non-
titative sampling.

egy and design for baseline surveys or environmental impact assessment are sun

'able 3 — Strategy and design for baseline surveys or environmental impact ass¢

hents for the

programme

imarized in

ssment

Samj

bling devices

Usually grab or box corer, preferably suppleéiented by a benthic dredge. If 1ppropriate,

also other semiquantitative techniques.may be used (such as underwater p
ROV, video or acoustic ground discrimihation tools).

otography,

stati

Stratlegy for sampling

bns

Sampling stations positioned according to aims of survey

Grid or transect sampling; stations positioned in relation to known dischar
applicable. Stratified random‘sampling may also be applied according to th¢
of expected distribution of impacts. Likely impact distribution can be deter
assessing the degree.of impact in relation to local hydrography and bottom

If intended to detect-diffuse effluent or to monitor environmental change, o
may be placed in‘the deepest part of the survey area (where impacted cond
first appear)tln some cases, a follow-up survey can be carried out using few
replicategorsampling stations than the initial thorough environmental des

If the samiples are used for legislative purpose, the required precision of res
statistical power) should be determined, and the number of replicate sampl
adjusted as appropriate. If necessary, the number of replicate samples to be
analyses can be determined by calculating taxon-area curves

be points if
knowledge
mined by
topography.

he station
tions often
er sample
cription.

ults (or
es taken
used for the

Mini
ment

mum requires
s for faunal

Usually three or more, replicates are processed quantitatively, depending o
cal requirements. Faunal assessment may focus on individual taxa, groups ¢
community-based assessment. For impact assessment, larger-scale effluent

h statisti-
ftaxa or
5 demand a

assegsment more extensive station network and statistical power than small-scale efflyents

OptipfEsampling Contlngtincky repllcatesArrllay b_eccollec.teg from priority stations (assessed as|for pilot
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Reference station(s) should be established in cases where environmental impacts are

expected. In areas of strong impact gradients, one reference station may be

Where there is much natural variation in conditions (heterogeneous bottom) and/or

only low to moderate impacts, two or more reference stations are recomme
end-points of transects are demonstrated outside the zone of impact, these
reference stations. Where standards of “pass/fail” have already been establ
area, reference stations may not be required.

To assess possible overall impact in the area studied, external reference data across a

wider area are recommended (can encompass new or existing data)

sufficient.

nded. If the
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3.4.4 Temporal trend monitoring

Thisisasurvey ofthe benthosinresponse to temporal changes in the chemical and/or physical conditions
in the sediments to document either contamination or natural variation over time. The surveys should
be carried out using standardized methodology according to an established programme. Sediments that
are physically disturbed by human activities (e.g. trawling) are generally not suitable for retrospective
trend monitoring purposes.

Strategy and design for temporal trend monitoring surveys are summarized in Table 4.

Table 4 — Strategy and design for temporal trend monitoring surveys

Usually grab or box corer, supplemented if appropriate by semiquantitative.assess-
Sampling deyices ment techniques (such as benthic dredging, remote underwater photogrdphy, ROV,
video or acoustic ground discrimination tools)

Sampling stations positioned according to aims of survey, but positions fixed afpd
resampled at regular intervals. A high level of documentation an@dyeplicability |s

Strategy for pampling required.

stations
Statistical power is assessed as for baseline survey or envirorimental impact

assessment

Minimum refjuirements

As for baseline survey or environmental impact asséssment
for faunal aspessment

Optional sampling As for baseline survey or environmental impactassessment

Field documentation

required Field log of sampling conditions and sediment description (see 4.1)

Reference stption require- | Reference station(s) appropriate only if monitoring effluent impact (in which cgse
ments strategy as for zone of impact mapping)

Seasonal sainpling can have an important influence«n the results of temporal trend monitoring. Sugveys
should always be carried out during the same season to ensure continuity. The minimum is one sampling
per survey year, but two or more samplings-during the same year are advantageous. For monitpring
surveys, sammpling during known recruitment’periods (e.g. summer) generally is avoided, except where
there is an gxpress interest in recruitment and productivity.

The timing ¢f sampling varies geographically. In certain areas, winter sampling is not possible due fo ice
cover, sub-zpro temperatures or (Other unfavourable conditions (e.g. the Arctic and Baltic Sea). In these
cases, spring and/or autumn sampling are the only alternatives.

3.5 Change in sampling programme and intercalibration

The issue of reproducibility should be given due concern. If changes or modifications are to be made
in a running sampling programme, care should be taken to ensure comparability of old and new [data.
In particulaf, if the sampling gear in a long-term monitoring programme is to be changed, approgriate
validation d ' ' ' ' hen
comparisons between studies carried out with different techniques are to be made.

4 Sampling

4.1 Documentation and field log

A field log should be kept for recording information pertaining to the sampling, sampling stations and
the individual samples.

A minimum of the following information concerning sampling and the sampling stations should be
recorded in the field log:

— people involved in sampling or sample processing in the field;
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unique survey, project or contract code;

geographical co-ordinates for each sampling station and datum used (also for each replicate sample

if required, e.g. in case of boat drift during sampling, see 4.2.2);

track-plot of stations sampled, if required by the relevant protocols;

water depth (in metres) and tidal state, especially coastal or shallow waters, at each sampling

station and for each replicate sample;

sampling programme for each sampling station (number of replicate samples, sampling of

background parameters, etc.);

ate and time for each sample and/or sampling station;
gampling equipment used, mass and bite area;
gieve mesh aperture sizes and number of replicates collected;

ther comments such as rejected samples, delays and other problentsyexperienced, td
the causes.

following additional information should be recorded for future retrospective assess

¢stimated wind strength and direction;
¢stimate of wave height or assessment of state of sea (e.g. Beaufort scale).

following information should be recorded for\edach sample replicate before and afte

gediment volume or bite depth measured by means of, for example, a calibrated ro
markers on the inside of the sampling device;

yisual sediment descriptiofyfsand, silt and/or clay, giving relative proportions of ead
gediments);

description of the sediment profile and thickness of surface layer, if visible;
¢olour, surface,atid’down the sediment profile; see Table 5;

gmell, e.g. presence and severity of H3S; see Table 5.

gether with

ment of any

" sieving, as

1 or volume

h for mixed

linain groups of large, easily visible animals present;

anthropogenic debris, rubbish, sanitary products, plastics;

other particular characteristics, e.g. presence of oil, drilling mud, fish food pellets, stones, dead

shells, terrestrial material, fruit pips or seeds as sewage indicator;

number of sample containers used for each replicate, after sieving and fixing.

The sample may be photographed, if desired.
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4.2 Sampling and sample processing in the field

4.2.1 Sampling requirements

Sampling may be carried out from a wide range of survey vessels, from fully equipped research or
supply vessels to small inshore workboats and inflatable crafts, depending on the requirements of the
survey. The use of small boats may be an advantage in shallow inshore areas or around aquaculture
installations. The choice of sampling equipment should be scaled appropriately and used within the
operational safety limits of the individual vessel.

Allsurveyvesselsshould comply withlocal sea-goingsafety regulationsand carryallrequired certificates

and equipm
recording, aj
and adequaf
required:

winch d
unhamy

wire or
rigged 4

echo-so

satellitq
referen
a minin]

sufficie

nt. Trained crews or scientists with experience in sampling techniques, position fixi
d necessary seamanship should man the vessel. The survey vessel should be appropri
ely equipped for bottom sampling, with sufficient deck space. The following equipmg¢

r haulier with boom or crane of sufficient height and correct lifting spégification to 3
ered retrieval of the sampling device on deck;

rope of the appropriate dimensions depending on equipment type.and safety requirem
0 a meter wheel or marked with depth markers;

under;
navigation global positioning device: differential \global positioning system (D
um requirement of radar in conjunction with admiralty charts is recommended;

\t sea water hoses with adjustable pressures-to supply each stage in the sample colle

and sanpple processing — sprinkler devices may also be beneficial.

4.2.2 Defining the position of sampling stations

The positior
by other op
procedure.

of the sampling stations should‘be defined unambiguously, such that they can be relo
erators. The system used for, plotting should be stated explicitly in any report or

Positions should be defined using\geographic co-ordinates, e.g. latitude and longitude to at least

decimal poi
50; world gg
if so desired
plotting dun

DGPS with 1}
should be a
used. Samp

hts with reference®e the appropriate system for graticules (such as European datum|
odetic system: WS-84), and also using the universal transverse Mercator (UTM) syj§
. Accuracy of-sampling station positions should be defined by the aims of the survey. T|
ing longer sampling stations may be advantageous.

nonitorshould be used in all sea areas if possible. If the DGPS signal is not available, accy
sessed and a minimum of global positioning system (GPS) without differential rec
ing,stations should also be defined using the direction and distance from landmar

g or
ately
ent is

[low

ents,

LPS);

fe system universal transverse Mercator (UTM 32 or'33) — if no GPS signal can be obtajined,

ction

rated
iwork

two
- ED-
tem,
rack-

[racy
piver
KS or

fixed points

of Teferernce, imaddition to geograpiicat co-ordimates, if theaccuracy of the GPS post

is low or in question.

ions

When revisiting sampling stations poorly defined in terms of geographical co-ordinates, the normalized
water depth, known landmarks as well as sediment features should be used as the main criteria for
relocating the sampling station. DGPS should then be used to relocate for future reference.

A minimum accuracy of 50 m and #20 m in open waters and estuarine areas, respectively, should be
attained. A greater accuracy is desirable and achievable if survey aims dictate.

Water depths should be given to the nearest metre, relating to chart datum and normalized to mean low
water according to tide tables.
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4.2.3 Choice of sampling equipment

Remote sampling is most commonly carried out using a grab or corer. The various sampling areas of
different equipment should be taken into account when selecting gear. Sampling devices should be
constructed of appropriate rust-free material.

Grabs are widely used for routine sampling purposes, and operate best in sandy sediments, as well as
fine mud with an admixture of gravel and stones. An appropriate type of corer should be used in cases
where a completely undisturbed sediment surface is required, e.g. for sediment-water interface studies
or in cases where the infauna lives deeper than the penetration depth of a grab to ensure that organisms
inhabiting sediment layers deeper than 20 cm are adequately sampled. Corers are also useful where
info : : R : :

Grabg should be equipped with inspection ports covered with metal gauze or sieve(plate] (0,5 mm or
1,0 pm aperture size depending on sieving size), extending over a minimum 40 %,of the top surface, to
redufe the bow-wave effect. If for practicable reasons the mesh size is fixed, then this shofld be to the
smallest size used in the survey designs, e.g. 0,5 mm. Similarly, corers should petopen at top{and bottom
during descent. The apparatus should close completely during hauling, e.g~by rubber flaps on top of
inspection ports and a “lip“ around the jaws, in the case of a grab, such that the sample m4terial is not

wash

The |
accol
in co
to sd
natid
inter
distg

A gr
long-
its u
use (

Grab
if thq
encld

ed out, and so that the supernatant water is kept stationary relativéto the sediment s

biting depth of grabs can vary with sedimentary conditions,/Masses can be added to a
‘ding to the sedimentary conditions (e.g. 25 kg to 40 kg in iud or muddy sands and 70
hrser sediments, dependent on initial grab mass). Similafly, most corers can be weightg
mpling conditions. This is usually carried out beforexcommencing the sampling. If
nal accreditation schemes, the precise sampling area of the grab should be verifie
vals, particularly after prolonged use or sampling-in hard packed or silty sediments
rt the bite action.

b type with a benthos fauna sampling area,of 0,1 m2 should be used in the majority of
term investigation has been carried out Uising a different sampling area, it is permissible
te. However, for large-scale integratién, it is highly recommended that new faunal in
;1 m2.

s and corers with smaller samplevolumesare usedin certaintypes of surveys,and arerej
p faunal density is high andthomogeneously distributed. In special cases, such as if
sed waters, or where avessel with the appropriate heavy rigging for benthic samplin

cannjpt be used, smaller hand-operated grabs and coring devices may be used. Small grabs s

mini
for
requ

A bri
inre

4.2.4

mum sampling area-of 0,02 m2 and top flaps to prevent loss of or disturbance to sedime|
ost background(parameters). On the other hand, coarse sediments or sampling in dee
re the use of-a\larger type of grab or box-corer.

fef overview of grabs and box-corers is given in Annex A. Further guidelines on choice g
ation te-sampling conditions and requirements are given in References [11][13].

Sampling procedure

hrface.

Hjust weight
kg to 100 kg
d according
required by
1 at regular
which may

surveys. If a
e to continue
vestigations

bresentative
| shallow or
> equipment
hould have a
nt (essential
b water may

f equipment

The apparatus should be lowered vertically towards the sea floor, at an even rate, at a speed that
avoids triggering the mechanism. Care should be taken to keep the survey vessel in position and the
wire vertical during lowering. Between approximately 5 m and 10 m above the sea floor, the lowering
speed should be reduced to a maximum of 0,2 m/s in order to reduce further the bow-wave and water
turbulence in front of the apparatus. Contact with the sea floor is observed by the slack on the wire,
after which the apparatus is gently raised for approximately the first 5 m. Then the apparatus should
have closed, left the bottom and can be raised with maximum safe speed. Appropriate equipment for
receiving and processing the samples should be ready on deck. The samples should be inspected for
approval via the top opening flaps immediately upon retrieval on deck. Sediment characteristics and
background information should be recorded before sieving.

Any sampling for background sediment descriptors is carried out at this point. The rest of the sample is
then discarded. Only complete samples should be kept for faunal analysis. If a splitting of the samples is
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necessary, e.g. into vertical sedimentary layers for vertical faunal distribution analyses, this shall be done
before sieving. The sample can be transferred to a barrel to await sieving, but sieving should commence
as soon as possible. When air temperature is less than 12 °C, sieving can, if necessary, be postponed
for up to 8 h to 10 h. It is recommended that sampling on shallow stations (<70 m) be conducted during
daytime, because some benthic organisms have semipelagic activity during the night.

The apparatus should be rinsed thoroughly between each sample. In areas where there is a risk of
transfer of infectious agents, e.g. near aquaculture sites, the apparatus should be disinfected before
moving to a new area, e.g. between cage groups. Disinfections should be carried out in accordance with
the appropriate regulations. If sampling is for bioassays and/or sediment chemistry in conjunction with
benthic faunal sampling, the appropriate guidelines should be followed for cleaning the sampling device.

4.2.5 Guixllelines for approval or rejection of samples

Samples fro
from a largg
10 1 with sed
sediment sy
of sediment
by corer shd
the apparat
surface shoy
together wit

m different sampling apparatus require different rejection criteria. To be approved, a sa
grab should contain the upper layer of sediment, and a volume of at least.511 with sa
liment mud. Alternatively, bite depth may be measured, 5 cm for sand and¢?¢m for mud
rface should be undisturbed. Samples from a smaller grab should centain the upper
and an appropriate volume or bite depth (depending on the grah-size). Samples collg
uld include the sediment surface and be at least 7 cm to 10 cm in [efigth. Samples for y
1s has not closed properly and the draining supernatant watef has damaged the sedi
11d be discarded, as should those where the bite is obviouslyufieven. Any samples disca
h the cause, should be noted in the field log.

mple
hd or
. The
layer
pcted
rhich
ment
rded,

If sediment
should be rdg

characteristics make it impossible to collect approvedrsamples, the best available sar
tained, and the circumstances noted in the field log:

hples

4.2.6 Sieving of samples in the field

Approved sgmples should be sieved using sea water tojremove the fine sedimentary material. The sample

I can

is emptied g
be washed
mesh size v
size should
estuarine sf
the 1 mm a

n to a washing table, hopper, autosieyer or other container, where the sample materig

put gradually into the sieves as a!stispension. National and individual requirement

hry. For most routine environmental monitoring surveys, a mesh screen of 1 mm ape

udies, sieves of 0,5 mm andil mm aperture sizes can be used in series. In the latter
nd the 0,5 mm fractiong should be processed separately for comparability, e.g. with

surveys using only 1 mm sieves.This separation procedure is best carried out in the field, becaus

and fixed m
laboratory,
recorded in

aterials behave differently during sieving. If there is any fractionating of samples i
t should be done-using a consistent procedure. The sieve aperture size(s) used shou
the field log. Sieves should be quality controlled, each carrying a calibration certificat

be used as the finest sieve, but-in particular cases, e.g. studies of juvenile recruitme

s for
rture
nt or
case,
bther
b live
n the
Id be
e and

conform to fecognizediguality standards.

Samples thdt contain Targe amounts of coarse material can, if appropriate, be passed through a pieve
stack, usually withaperture sizes of 5 mm and 1 mm. During sieving, the sieves should be placed in a
water bath déep enough to cover the mesh screen and “puddled” to remove remaining fine matgrial,
unless usingan autosiever. T he Use of a water bath greatly reduces damage to the organisms caused by

direct hosing on to the sieve mesh.

The samples should be washed and sieved with sea water. Polychaetes, amphipods, and oligochaetes in
particular are very fragile. During sieving, the sieve may be agitated gently, and in the event of blocking,
the mesh screen can be rinsed gently from the underside. Sieving is complete as soon as the fine material
is washed out of the sample. Long sieving times should be avoided because small animals may actively
pass through the sieve and there is greater risk of damaging the fauna. Appropriate characteristics
should be noted in the field log.

If the sediments contain a large component of firm glacio-marine clay, processing should be divided into
two phases. Firstly, the soft upper layer of sediment that is rich in animal life should be sieved and the
sieve residue carefully transferred into a separate sample container. Thereafter, the more compact clay
should be given a firmer treatment during washing. If necessary, the clay may be broken up manually, in
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search of burrowing organisms. Should it take an unreasonably long time to dissolve the clay, clay lumps
that appear not to contain animals may be put into separate sample containers and fixed for subsequent
washing in the laboratory.

If the sample contains animals that produce slime (e.g. Chaetopterus, Cerianthus, Myxine) or large, heavy
molluscs and echinoids (Arctica, Brissopsis), these should be placed in separate plastic bags or jars and
fixed (see 4.3) before being placed in the container along with the rest of the sample. Large stones, shells,
stick, etc. which can cause damage to the sample material during transport, should be kept in separate
containers or discarded if devoid of encrusting fauna. If the sample is not processed immediately, obvious
predators should be separated from the rest of the sample.

Aftereomplett Stevig va re-edg re-steveand carefully
flushed into appropriate sample containers, e.g. plastic jars or small plastic buckets, egqiipped with
watertight lids/delete. It is recommended that this be carried out over a mesh screen ot'sievg, as a safety
meagure in case of accidental spillage.

VYV

The

(fielg
wate)
shou

Frag
to pr
faun
prac

If any
colle

4.3

sample containers should be indelibly marked with the unique sample\dnformatio

name or project code, station number or code, replicate number and date). An additic
rproof paper containing the same information should be added intefnally. The sievin
|[d be washed clean between each sample to ensure that material is nabtransferred betw

le animals may be carefully washed or picked out of the sample’during sieving, using
event damage. Large objects, such as stones or empty shells, should be discarded if
h or shell borers are present or stored separately to prevéat grinding during transfer ar

y sample material is lost during processing, the entire sample should be discarded and a
cted.

Sample fixation

Sample fixation is the act of stopping thelife functions of the organism tissues. Fixative §

not s
etha

uited for long-term storage. Preservation is accomplished by the transfer of the fixed g
nol, wherein they can be stored almost indefinitely.

h externally
nal label on
b equipment
ben samples.

soft forceps
no attached
d storage. If

icable, the use of spoons and other hard tools in the transfer of material should be avojided.

new sample

olutions are
rganisms to

Samples should be fixed as soon‘as possible after sieving using diluted formalin. If specimens are not

requ
be fy
form|

red for long-term stordge, fixation in ethanol should be considered. Ethanol-fixed sp
rther used for analySis-of genetic material. There is no fixed rule for the appropriat
alin to apply to “balk” samples, because this depends on the type of sample, relative

and forms of animalsi-sediments and organic debris in the sample.

NOTH
comn
Howse
meth
cayc

1  Formaldehyde (CH20) is an organic compound which is available in liquid form. H
nercially sold aqueous saturated solution of formaldehyde at ~40 % volume fraction or ~37 % 1
ver, the-precise contents may vary slightly between producers. A small amount of stabi

btain a volume fraction of 10 % to 12 % methanol.

pcimens can
e amount of
proportions

ormalin is a
nass fraction.
izer, such as

hnol; isusually added to limit oxidation and polymerization. A typical commercial-grade fornpalin solution

NOTE 2

Due to the health risks associated with formalin, a number of alternative compounds are available or

under development. Use of formalin alternatives should be considered, if appropriate to requirements (sample
quality, cost-benefit etc.).

For small sample volumes, where there are no particularly large animals or a dominance of tube-dwellers
and most of the sediment has passed through the sieve, a 10 % volume fraction formalin sea water
solution should be appropriate. Where the sample contains organic debris, tube-dwelling polychaetes,
particularly large animals or a lot of residual sediment, especially in compact clay sediments, the
formalin volume fraction should be increased to around 20 %. Extreme cases may even require 30 %
volume fraction.

Buffer should be added to neutralize acidity, e.g. a 2 g/1 solution of sodium tetraborate (NazB407-10H70;
common name borax). The pH of the formalin solution should not be below 7. Because the pH level
decreases over time, additional buffer should be added as required to samples kept in storage prior to
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sorting. This should be determined by periodic checks on pH levels in the stored samples. More buffer
should be added if the pH drops below 7.

There should be approximately the same amount of solution or more than solid material in the sample
container. Large shells may, if deemed necessary, be opened or slightly perforated to allow the fixative
to penetrate to the animal tissues. The sample container should be gently inverted to mix in the fixative,
which should remain in the sample for at least 2 h. The samples should be protected from frost during

all stages of

storage and transport.

The samples may be stained as required. Staining increases sorting efficiency, but too much stain can
reduce the value of the material for taxonomic and analytical purposes by masking certain features or

causing visy
Typical rosg
Bengal pow
colour inten|

Alternativel
formalin an

and safety procedures.

NOTE3 In
specimens). H
Live sample
environment|
specimens).

4.4 Back{

Background

stations, angl physical and chemical properties of the water masses in the survey area.

An understd
of any set pij

The backgr
Table 5 lists

[y, stain can be applied in the laboratory, where the sample should be washed to re

Cl} dio\,unuf\ut dul ills biuuuu}cu llli\.l UDLUIJ)’ vvUl1 }\- ThC ICLUllllllClldCd otaiu ;D I'UoT B
Bengal concentrations in formalin range from 0,1 mg/ml to 0,4 mg/ml], i.e. 1 g to.4’g
ler to 10 | formalin, although this is highly dependent on the nature of the sampleand|
sity preferences (see previous).

d then immersed in stain for 20 min. Handle rose Bengal according to~appropriate h

certain circumstances, it is possible or desirable to process the samples before fixation
xamplesinclude where specimens are to be examined for taxonomic purposes and/or photogra
processing can also be carried out where the use of chemicalsfis undesirable, e.g. in prot
5 or in cases of allergy. See Annex B for comments on proc€ssing samples prior to fixation|

pround environmental descriptors

environmental descriptors can provide information on the sediments at the sam

nding of these is essential for correct interpretation of the faunal data or as required ag
ogramme.

pund parameters selected should reflect the most influential environmental condit
some of the main descriptorsiused in benthic surveys.

ngal.
rose
user

move
calth

(live

phed.

ected
(live

pling

part

ions.
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Table 5 — Main environmental descriptors, methods and information value

Matrix

Environmental
descriptora

Method

Information value

Data quality

General description
of bottom sediments

List the dominant sediment
types (clay, sand, pebbles,
boulders etc.). For mixed
sediments, estimate the relative
abundance of each type

General characterization

Qualitative

Assess the sediment colour
and smell. Black sediments or
patches of sediment indicate
anoxic conditions. Depth of

General characterization

Qualitative

Sedinjent: field
measfirements

Assessment of sedi-
ment oxidation state

anoxic layer and intensity of
e.g. methane/H20 smell can be
scaled

Standardized colour
classification according to Mun-
sell® soil color charts (Reference

[12])

General characterization

Se

ni-quantitative

Redox — electronically:

Measure of sediment pxygenation; often
carried out along a, depth profile in the

iz?lndardlzed against reference sediment to asses&r@dox potential dis- Qupntitative
continuity (RPD) depth
Interstitial dissolved oxygen Measure dfSediment oxygenation Qupntitative

(DO) — gas-sensitive probes

a  Hrocedures should be carried out in accordance with relevant International Standard guidelines, where §hese exist.
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Table 5 (continued)

Matrix

Environmental
descriptora

Method

Information value

Data quality

Sediment granu-

) . determining faunal community composi- | Method used shall
lometry (fractions medium sand (250 um to . . . ; .
o tion and relationship to organic or trace |be quoted in any
expressedas % dry [500 um), L .
lllEI.ﬂl/ CUITLAIIIIaImtc CUITICTITL, LlltS

Dry sieving, laser granulometry
or coultercounter, according to
Wentworth grade classification,
References [8][14]

Silt or clay (<63 pm),

very fine sand (63 um to

125 um),

fine sand (125 pm to 250 pm),

Indicates sediment homogeneity or
heterogeneity and sorting. Important in

Quantitative

Sediment: laboj
tory measure-
ments

mass)

coarse sand (500 pm to 1 mm),
very coarse sand (1 mm to

2 mm),

gravel (2 mm to 64 mm)

and pebbles (>64 mm). Addition-
ally, assessment of the <16 um
sediment fraction is recom-
mended in estuarine areas

Gives useful indication of bottom current
conditions.

TCPOTG, as 1e

canvary.

Total organic carbon
(TOC) of the sedi-
ment

Use of element analyser on dried
sediment, excluding particles
>2 mm

Gives an indication of food availability
to benthic fauna. Note that not-all TOC is
bio-available. Can also indicate degree of
organic enrichment. Should preferably
be normalized for sediment particle size
composition

Quantitativd

Total organic matter
(Cand N)

Loss on ignition (Lol). Sediments
dried in muffle furnace

Simple surrogaté for TOC indicating
degree of organic enrichment

Quantitativeg

In coastal areas also
total nitrogen (TN)
and total phosphorus
(TP) if applicable

Use of element analyser on dried
sediment, excluding particles
>2 mm

TOC: TNoratio indicates extent of ter-
restufalinput. TN and TP useful in areas
atrisk of eutrophication

Quantitativd

Sediment water
content or equivalent
dry substance

Calculated from mass loss aftek
drying

Indicates degree of compactness of the
sediment. Particularly useful where this
is altered by anthropogenic impact

Quantitativd

Interstitial water
salinity (in estuar-
ies)

Draining or squeezing

Assists in explaining species distribu-
tion in areas of high surface run-off

Quantitativeg

Total sulfide

Titratioh against iodine

Particularly useful around aquaculture
installations. Relates to degree of reduc-
tion in sediments due to organic deposi-
tion and deoxygenation

Quantitativeg

Trace metal or. other
known contaminants

Flame AAS

Useful in describing anthropogenic
impacts around discharges

Quantitativeg

Aquatic: field
measurements

Salinity
Temperatuge
pH

DO

Meter analyses calibrated
against known standards.

Refractometer if lower accuracy
and precision is needed or
acceptable

May be recorded from the bottom water
or through a depth profile. These should
be carried out as close as possible to the
end of the stagnation period, normally in
late summer or autumn (see [SO 5813[4]
and ISO 5814[5])

Quantitativeg

a  Procedur

bs,should be carried out in accordance with relevant International Standard guidelines, where these exit.

When using a grab or box-corer, the sediment sample for background environmental descriptors should
be taken out through the inspection ports on the top of the sampling device. The surface of the sediment
should be undisturbed. The sediment samples should be put into plastic jars or bags and frozen at =20 °C

for storage.

If a high level of precision is required for the sediment analyses or if sectioning of the sediment profile
is to be carried out, a coring device should be used in preference to a grab, because the latter can distort
the sediment. However, most well-designed grabs, appropriately weighted, provide an adequate sample
for the analyses used to support faunal data.

Samples to be analysed in either the field or laboratory for environmental descriptors should not be
taken from the faunal samples but from separate or additional replicate samples. This avoids loss of
material from the faunal sample. However, in heterogeneous areas, intersample variation should be
borne in mind, and it may be advantageous to take several replicates for environmental descriptors

16
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as well as for faunal analyses. In addition, the faunal biomass can be measured in the laboratory (see
Annex C).

Descriptors appropriate to the aims of the survey should be agreed during the design of the survey
strategy, i.e. they are not all necessary in every case. Field descriptors are very useful, and such data
should be recorded in the field log: these should include qualitative sediment descriptions. It may be
appropriate to use video surveillance to assist in this process.

It is, however, customary to carry out quantitative laboratory measurements of at least sediment
granulometry and a measure of carbon or organic content. In aquaculture surveys it is usual, in addition,
to measure total sulflde redox trace metals (Cu and Zn) and often pH. Separate samples may also be

. : s—e-g : : : is useful in

areas where gradlents oflmpact are suspected

Samjples for element analyses in the laboratory should be determined from the surface O[cm to 1 cm
layer| of sediment. If sediment mixing by bioturbation is an issue, element analyses.thay be cdrried out on
vertlﬁ:ally sectioned sub-samples, usually at 1 cm intervals down to 5 cm. Granulometric anaflyses should
usually be carried out on the 0 cm to 5 cm layer, especially in areas where\the top layer s extremely
flocculent and not representative of the sediments as a whole, but may @lso be vertically[sectioned if
apprppriate to the survey aims.

N

5 $ample processing in the laboratory

5.1 | Sorting

A sor
but ¢

ting log should be compiled, either as a continuation of the sample log used in the field g
ompatible document. Any general notes on the.sample, e.g. its general appearance or an

r a separate
y anomalies

in fi
Addi

The f

kation, may be recorded here, together with the name of the sorter for traceabilif]

ormalin solution should be rinsedfrom the sample in the laboratory in a ventilated sin

Fional useful information includes the time taken for sorting and, if deemed excessivg,
for this.

y purposes.
the reason

k or under a

in the field.
e stored for
red in their

fumse
Prov|
mor€
entin

extractor, using a mesh screen with aperture size the same or smaller than that used
ided biomass measurements\are not going to be carried out, samples which should 4

than one to two month§ before sorting may, to advantage, be washed and transfe
ety to ethanol, particularly if the material is for taxonomic investigation.

auna should
ial or faunal
| isrecorded

The
be e
dens
in th

sample material shotld be sorted under suitable magnification. As a general rule, all f]
tracted from thevesidue, but in cases where there is a large volume of sample mater
ties, it may be aeceptable to sub-sample, see Annex D. The method of sub-sampling useq
e sample log:
All fauna should be sorted into the main taxonomic groups, which are placed in separate $ample vials
each|with ‘an identification label. Large forms, such as large shells, starfish and sea urchins, should be
keptjinseparate vials or jars. Tubes should not be removed from polychaete worms at this stiage because
of the risk of specimen damage and also because these are informative for identification, see Annex C
for issues with biomass measurements. Animals attached to stones and organisms that could easily be
confused with abiotic material such as Foraminifera, should also be kept in separate vials. The sorted
material should be placed in alcohol of volume fraction 75 % to 80 % (ethanol is preferable, but industrial
methylated spirits may be used if the specimens are not for long-term storage). If wet mass analyses are
to be carried out, this should be done before transfer to ethanol, to avoid osmotic mass loss. For long-
term storage, glycerol may to advantage be added to the alcohol (at a volume fraction of 10 % to 20 %)
to protect specimens from drying out.

A consistent sample- and vial-labelling system assuring sample integrity and traceability is required.
Sample information should be written or pre-printed on the label using alcohol-proof black ink or soft
lead pencil as appropriate on waterproof paper. With pre-printed labels, particular care should be paid
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to the choice of ink type and printing process to ensure durability. The following information should be

recorded on

replicat

the labels:

field name or project code;

sampling station number;

e number;

date of sampling;

animal group;

initials
5.2 Samp

The volume
macrofauna
wood fibres
Unless othe
limits stated

6 Taxon

6.1 Level

The fauna s
the survey.

NOTE T4
identification
constraints (
identification

The nomen
an agreed r
European re
(WoRMS, R¢
is not listed
any additior]
then the ney

Unless othe
identified td

bf sorter.

le residue

and composition of the sample residue, i.e. the material remaining after extyaction of be
should be recorded in the sorting log (e.g. fruit pips or seeds, mineral sand, shell rem
slag). These notes may in future help to interpret any anomalies_ in' faunal compos
rwise specified, the residue is retained until completion of control sorting and up t
| within any quality procedures and/or national guidance.

determination and quantification

of identification and taxon lists

hould be identified to the lowest taxonomic level possible or that appropriate to the a

xonomic level used is not always a direct measure of accuracy. In some cases, species

is not appropriate or possible due.to taxonomic confusion, lack of specialist competence,
hccording to the aims and required precision of the survey) or lack of intact specimens. In such
to a taxonomic level higher than spécies becomes the most appropriate solution.

flature used should be in accordance with recent editions of general faunal workg
pgularly updated literature checklist or relevant catalogues of benthic fauna, such a
gister of marine speciés (ERMS, Reference [10]), and/or World register of marine sp
ference [8]). References to useful faunal lists are given in the bibliography. Where a ]
in such a cataleglié, the reference to the original description should be given together
al identification'literature used. Where a taxon has changed its name since list publicg
v reference\should be cited.

rwise._specified in the survey programme outline, the following animal groups m4
a Higher taxonomic level for routine monitoring purposes:

nthic
ains,
tion.
b the

m of

level
time
cases

and
s the
ecies
axon
with
tion,

y be

Platyhe

Nemato

minthes,

Nemertea;

da including the larger macrobenthic forms;

literature exists, in which case identification to genus is appropriate;

harpact

18

icoid copepods;

Chironomidae and insects in general;

Hemichordata.

Oligochaeta unless important to the survey aims (see Note 2 below), and where good identification
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In certain coastal sea areas, where oligochaetes, insects and chironomids are essential in status
assessment (e.g. the northern Baltic), it is recommended that the taxonomic identification of the
aforementioned groups should be done to the lowest feasible level.

6.2 Quantification

For fragmented specimens, body parts that can be identified unequivocally, such as the head in
annelids or the mouthparts of brittle stars, should be counted. Unless otherwise specified in the survey
programme outline, the following animal groups are not quantified, but their presence should be noted:

— Foraminifera;

— INematoda;

— (irripedia;

— ¢olonial Porifera, Cnidaria and Bryozoa;
— planktonic organisms.

Taxajrepresented by a particularly large number of individuals may be sub=sampled before qupntification,
see Annex D. If a taxon is represented by a large number of juvenile ifidividuals, i.e. newly sefttled larvae,
the aldult and juvenile specimens should be recorded separately-

Identgification of encrusting organisms on stones should be:carried out in a manner appropriate to the
survey aims. Where very high numbers occur, e.g. Filograna or newly settled barnacles, these may be
sub-sampled.

Particular in-house guidance is required to define the size limits or stage of maturity usegd to make a
practical definition of juveniles in the relevant.@rea. For example, suitable size-controlled objects or
images attached to the bottom of a Petri dish-may be used to help identifiers quantify juveniles and
adults in a rapid and standardized manner.

Meagurements of shell size in molluses-or measurements of length-width in other taxa maly be carried
out if appropriate to the survey aims.

6.3 | Reference collection

At least one specimen, but preferably as many as practical, of each identified taxon should e placed in
separate vials in the reference collection. Nomenclature should follow standard taxon lists, fe.g. national
lists,|ERMS (Reference’|10]), and/or WoRMS (Reference [8]).

The ¢ollection should contain at least the following information:

a) gpeciesname;

b) hame of identifier and supervisor, if appropriate;

c) sampling location or station code;

d) date of collection;

e) verification date, if any, and name of verifier;

f) any nomenclatural changes when these differ from the standard taxon list;

g) depth and sediment type if possible; this is time-saving for future reference to the specimens.

The collection should be updated continually during the course of surveys carried out, and be easily
available for users. Particular attention should be paid to sealing of the vials. For particularly important
specimens, the “double-vial“ practice carried out by museums is recommended. The reference collection
also serves as part of quality control procedures (see 7.9).
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6.4 Biomass

Biomass measurements give additional information and may be carried out as required. Wet mass
analyses are preferable for routine and monitoring surveys. Analysis of dry mass and ash-free dry mass
may be carried out in certain circumstances, but is not generally recommended for faunal studies as the
material is destroyed in the process. Annex C gives further information on wet mass analyses.

6.5 Datareporting

The taxon lists should reflect the complete faunal content of the samples. Pelagic organisms, colonial
forms and groups which, due to small size, are not quantitatively represented in the samples (e.g.
Nematoda) should be marked as such in the taxon lists.

The data shquld be recorded as a taxon by individuals by station matrix in electronic spreadsheet format
or a relational database.

The following information and analyses are carried out as a minimum for scientific neperting.

a) Completelistoftaxaalong with numbers of individuals within each taxon, spécified to unit sampling
area. If {dentifications are based on damaged or incomplete specimens, this’shall be stated. If fnean
abundances are used, the standard deviation or standard error shall be-given.

b) Numbey of taxa and number of individuals in each sample and at each sampling station.
c) Biomas$ as appropriate to the individual survey aims.

d) Derived statistics of faunal diversity as appropriate to thedndividual survey aims.

e) Referenfce to national and/or international habitat or.biotope classification schemes.

f) Informdtion on any sub-sampling and the volume-used.

6.6 Storage and archiving

For long-term storage, the biological material should be kept in alcohol of volume fraction 75 % to $0 %,
with glycerql at a volume fraction of 10<9%:.to 20 % added, if appropriate. Further guidance on longterm
storage is given in ISO 5667-3.[1]

Processed material should be stored in facilities suitable for long-term storage. The storage area should
be fireproof and preferably lockable. The material should be easily accessible for periodic checks and
refilling of dreservative.

In principlef all materiakis retained for as long as is practicable. However, certain quality procedures
specify a fiked storage time. For particularly valuable material, an agreement should be made for
permanent storage of the material, e.g. at an appropriate natural history museum.

All documentation for stored material should be properly archived and retained for at least as lopg as
the samples are stored.

Data should be stored in an appropriate system with backup, at the appropriate level of access (ranging
from delivery of data to public national or international data repositories or databases, or kept
confidential to client or owner). With emerging needs for understanding large-scale, long-term trends
in benthic macrofauna as part of studies on climate-change and multiple pressures, possibilities for
retrieval of both historical and new data sets is of increasing importance. Synergy between consultancy,
monitoring and research is advantageous.
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7 Quality assurance and quality control

7.1 General

QA and quality control (QC) measures should be incorporated during all stages of benthic sampling
and sample processing programmes. These principles ensure that all data produced are of a specified
quality, and that all parts of the work are carried out in a standardized and intercomparable manner.

All procedures should be clearly described and carried out openly, such that all of the activities of the
laboratory can be audited internally and externally at any time.

It is Pparticularly important that adequate resources be allocated for these purposes when ¢o-operative
studles involving several institutes are to be conducted or when the data are to be centrally archived.

Alaboratory meeting the requirements of ISO/IEC 17025[16] can be accredited by ana€cred{tation body.
Further recommendations on QA practices are given in Reference [13].

QA of QC schemes for soft sediment macrofauna surveys should encompass,the following:
— Jparticipation in interlaboratory comparisons where available;

— {raining on a regular basis and training records;

— fraceability of work and samples;

— gtandardized practices;

— g4tandardization and calibration of sampling and sample-processing equipment;

— in-house and external audit on a regular basis;
:'iterature updates;

— Treference collections.

NOTH The overall aim is to ensure quality, traceability, and full documentation of samples a)jd equipment

from|beginning to end, from sanipling, sample transport, off-loading from survey vessel, placement within and
retrigval from a sample store to sample processing, reporting, and final archiving.

7.2 | Auditing

Labgratories should'participate in internal or external audits and where available ring tests.

Extefnal audits) can take a variety of forms. A full or partial audit on a random selection ¢f processed
samples, incltiding sample residue, by an appointed person outside the laboratory is recomimended. The
frequenty ‘and level of detail should be determined as appropriate, but is often dictated|by national
requjrements. Agreed standards can be applied and a pass or fail tag applied to the data.

Training is required for internal audits, but these can then be completed by appointed scientific staff
within the organization.

7.3 Equipment calibration and operating safety

The technical quality of the equipment used should be verified at appropriate intervals. The most
important of these are:

— operational safety should comply with health and safety requirements/regulations;
— accuracy of depth and position fixing equipment;

— grab bite area;
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— sieve mesh apertures (most sieves have manufacturer certification);
— microscope maintenance, including periodic recalibration of eyepiece graticules, if used.

Any other laboratory equipment should also be included in a regular checking system.

7.4 Training

Itis necessary for all participating staff to be given the appropriate training and that a minimum level of
competence be achieved and documented. This includes all parts of the process, from sample collection,

processing and documentation.

Staff should|participate in appropriate workshops and courses when possible.

7.5 Checklists, sample log and anomaly reporting

To ensure shmple traceability, a system of checklists for samples should be developed, with a means
of noting the progress of the sample through the various stages from sampling to'data reporting} The
worker associated with each stage in the process should be noted. These combined/ checklists and notes

therefore form a detailed sample log.

This should ensure that, at any time, the whereabouts and status of,the sample or its indivjidual

componentq are documented and readily available for internal use as-well as for external audits.

A reporting| system for anomalies found or operational errors, should also be developed. Imme
action should be taken to reduce the risk of re-occurrence.

NOTE Sych checklists and reports are usually required as part of laboratory accreditation procedures

7.6 Quality of sample sorting

An appropriate portion of the processed samples; randomly selected, should be subjected to QC

diate

The

person who|carries out the original analyses'should always be different from the one who carries out

the QC. Targets can be set for each part of the-process or as an overall target.

The appropriate proportion of samplesywhich should be quality controlled depends on various fa
including thle required precision of fesults for the survey in question and the documented expert
the sorting personnel. National gtidelines, where available, should be followed.

An examplg of national guidelines is the UK NMBAQC scheme (Reference [15]). These state t

ctors
se of

nat a

recommended minimum,of three samples (randomly selected) if more than 100 samples are procgssed

should be syibjected toQC on the process of sorting (as well as quantification and identification).
that other cpuntries®t)laboratories may operate to more rigorous QC practices for sorting, e.g. co
sorting of 1) % or more of samples, depending on the survey type.

7.7 Quality-of taxon identification

Note
introl

In practice, there are the following principles of QA and QC which shall be carefully observed.

— The identifications should be scientifically correct and follow up-to-date taxonomic knowledge and

22

faunal nomenclature.

The taxonomic level of identification should be appropriate to the specimens in the sample.
Specimens which are grouped to a higher taxonomic level due to inability to identify them (e.g.
damaged or particularly time-consuming taxa) should be distinguished from those which are
recognized as belonging to a discrete taxon (e.g. species), but which remains unnamed either due to
lack of literature or knowledge or because it may be new to science.
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— The identification practices carried out should be consistent at least within a single survey (or
within a set of surveys where spatial and/or temporal trends are analysed), and in particular where

several identifiers are involved in processing a batch of samples.

Each identifier should have a proven level of relevant taxonomic competence. Where available,
identifiers should participate in national or international ring tests and other efforts towards taxonomic
standardization (see, for example, Reference [15]).

NOTE

It is useful for the laboratory to send a selection of identified specimens to an auditor if available,

or willing expert or external colleague, for checking. In regions where a formal taxonomic auditing scheme is
established, the auditor selects the taxa required for checking. If appropriate, entire vials of identified material
can bereprocessed by an internal or external auditorto check accuracy of taxon identification and g

For

1antification.

n-house standardization among a team of identifiers, and/or among individuals

respective taxon lists should be checked against each other to ensure consistency in:

7.8
The

laxonomic level used, especially for difficult or time-consuming taxa;

faxonomic conventions followed;

Iistinctions between juveniles and adults;

uantification accuracy.

Identification literature

latest taxonomic literature should be used. Name changes and literature used shall be

list of literature used for taxonomic identification of the'different faunal groups should be
each|institute. The list should be updated at regulanintervals and should reflect recent ady
taxopomic literature.

7.9

Itis

Inter

Reference and collection

lecommended that a reference cagllection be kept of all taxa identified by the institute o

taxonomic experts, e.g. museum-personnel, should be asked to check specimens that are
determine.

Any

dentifier who is not\formally associated with the institute or laboratory concerned,

not Have access to the-reference collection while working, should make a separate referenc
In ceftain circumstanees, a separate reference collection may be required for individual su

urveys, the

recorded. A
compiled by
ances in the

" laboratory.

laboratory validation of the reference collection is recommended. Wherever possilple, relevant

difficult to

br who does
e collection.
rveys.
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A.1 General

Annex A
(informative)

Sampling devices

Because of the continual development and refinement of sampling devices, this annex is not iq‘?énded
to be compiehensive. A wealth of information on the construction and utility of the varieusitypes of

sampling devices can be found online. GJ .

A.2 Grabs

A.2.1 General

S
O'\QD
N

O
The recomnpended types of grab are the van Veen grab, the Day grab ant@/the Smith-McIntyre grah (see
Figure A.1).[The Hamon grab is also widely used in gravelly depo?g he top of the grab shou|d be

equipped wiith inspection ports, covered with fine mesh netting

re aperture the same or snjaller

than sieve gore dimensions) and/or an overlying rubber, metakep plastic flap. The flap is hinged and
flexible and pttached so as to allow flow-through of water whilethe grab is being lowered to the boftom,
and so that Jt closes while the grab is being raised, to preveﬁs\the surface sediment from being wgshed
out of the grab or disturbed (important for background$ediment samples). The mass of the grjab is

adjusted by jassembling additional masses as required&\

a) van Veen grab; image b) Day grab; image source: KC c¢) Smith-McIntyre grab; image
source: Akvaplan-niva, Denmark, reproduced with permis- source: Geo Seabed Instruments
reproduced with permission sion AS, reproduced with permission
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Figure A.1 — Examples of commonly used grabs
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A.2.2 Hamon grab

This is a frame-mounted grab with alever-driven scoop action, widely used in gravelly sediments around
the United Kingdom and English Channel (Figure A.2). The sampling area is about 0,25 m2 and the grab
can be weighted according to sediment consistency.

Figure A.2 — Example of a Hamon grab; image source: VLIQ%anders Marine Institute),|reproduced
with permissi(@
b

A.2.3 Ponar grab )

The Ponar grab sampler consists of two oppow’s% semi-circular jaws that are normally he|d open by a
trigger mechanism (Figure A.3). The sampleryis lowered to the bottom where contact with the bottom
sets pff the trigger and a strong spring snaps he jaws shut, trapping a sample of the bottom inside. A fine
coppler screen covers the top of the jaw«g@b that the trapped material does not wash out as|the sampler
is refrieved. C)

Figure A.3 — Example of a Ponar grab; image source: Rickly Hydrological Company, USA,
reproduced with permission
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A.3 Corers

A.3.1 General

Typical coring devices are the box-corer (large sample volume), HAPS and Craib single corers or various
multiple corers based on the Craib principle, such as the OSILY series (small sample volumes).

A.3.2 Box-corers

Box-corersare describedin Reference [11]. Lightbox-corers are the mostappropriate forroutine sampling
purposes, but in general these have limited utility in sandy sediments. In special circumstances, larger
box-corers With a sampling area of up to 0,25 m2 [such as the Kastengreifer] may be used (Figure|A.4).
These devi%s may be appropriate for sampling in deep water (>750 m). Use of these larg ﬁkpling
devices requires a large vessel with strong rigging and the sampling generally is time-consﬂ’&n

g.

\14

Figure A.4 — Example of a&g-éorer of the Kastengreifer type, here as used onboard th¢
research} vessel Polar Ster the Alfred Wegener Institute, Germany; image source: Marihe
Geosc'@~> Data System, USA, reproduced with permission

QO

A.3.3 Craib COI‘CI@ multiple corers

The Craib care@rises a metal frame and a single cylindrical core that is pushed gently intp the
sediment by s of masses and a 51mple hydraullc mechamsm [Flgure A. 5 a)] The top of the core is
open during de 3 3
with a rubber bung and the core ralsed drawmg the sample out by suctlon Once the bottom of the core
tube emerges from the sediment, another rubber bung swings into place so that the core tube is sealed
atboth ends. Multiple-tube corers have been developed using the same principle [OSIL range of multiple
corers; Figure A.5 b) and c)]. Various models are available with between 4 and 12 tubes, with a choice

1) The OSIL multiple corer is the trade name of a product supplied by OSIL. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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