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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.
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Introduction

Interstitial biota in marine sediments refers to the benthic life forms inhabited or deposited in the
interstitial spaces between sediment particles, including marine microorganisms, benthic virus,
microbenthos and meiobenthos. They cover the six “kingdoms” of life in the three-domain taxonomic
system: Archaea, Bacteria, Fungi, Protista, Plantae and Animalia. Interstitial biota in marine sediments
are so small that cannot be obtained and analysed by conventional methods for marine biological survey;
they are numerous and complex; they have diverse functions, remarkable ecological significances and
rich gene resources; they are ubiquitous and make up the basic components of the life system in marine
sediments. Sediment interstitial biotas are the most abundant and complex life groups in the estuaries,

interftidal zones, shelf shallow seas and deep sead. I'hey play Key roles 1n the regulation of aterial and

energy flows in benthic ecosystems.

In sgabed areas, a number of large international research programs have been-carried
the dcean drilling program (ODP) and the international ocean discovery program’ (I0DP)

put, such as
. Interstitial

biotd in marine sediments surveys have been key to solve scientific problems-in relevant fields, such

as mprine biodiversity, oil and gas resource exploration, marine carbon cycle; global chan

pe, monsoon

rainfall, ice melting, ocean acidification and deep-sea biological resources. But so far the lack of an

Interjnational Standard leads different countries to use different regulations and technol

bgies on the

invegtigations, resulting in barriers to comparing research results iminternational cooperation.

This|document provides relevant technical approaches for the)investigation of sedimen
biotq in seabed areas. Its purpose is to reflect the recent devélopments of modern marine
technology to facilitate international cooperation. It is,applicable to investigations and
of marine sediment biodiversity in seabed areas, favouring the development and u

F interstitial
science and
evaluations
tilization of

marine biological resources, the comprehensive enyironmental exploration, ecological gnvironment
assegsment, protection and management, etc. The specifications in this document incorporate technical

advapces and technological key points reflectinglcurrent state-of-the-art and international

practice.

© IS0 2021 - All rights reserved

ix


https://standardsiso.com/api/?name=c6b5fc936694498aa26f8ef42a441fb6



https://standardsiso.com/api/?name=c6b5fc936694498aa26f8ef42a441fb6

INTERNATIONAL STANDARD

ISO 23040:2021(E)

Marine environment impact assessment (MEIA) —
Specification for marine sediments in seabed areas —
Survey of interstitial biota

1 Scope

This
inter
inveq
spor
micr

This

sediments of coastal zones, shallow seas, or deep-sea waters.

2 Normative references

Ther

3
Fort
ISO 3
— 1
— 1

3.1

mar
subs
rock
rock
volcd

3.2
sedil
one

document provides requirements and recommendations for conducting marine
stitial biota in marine sediments. It includes the specification of technical aneth
tigation of marine sediments, foraminifera, ostracoda, radiolaria, diatoms, coccoliths,

balgae, benthic protozoa and metazoan meiobenthos.

document is applicable to marine surveys in diverse benthic habitatsat ahy seabed, sug

e are no normative references in this document.

[erms and definitions
he purposes of this document, the following@&erms and definitions apply.
nd IEC maintain terminology databases.for use in standardization at the following add

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at https://www.electropedia.org/

ne sediment

Fances under the action of crustal surface geology, where the original products such a
5, metamorphic roeks and pre-existing sedimentary rocks (3.2) of the parent rocks (i.
5, metamorphicocks and sedimentary rocks) are transported, settled or precipitated
nic and cosmie phenomena as loose unconsolidated deposits on the sea floor

mentary rock
f the three ma]or types of rocks that make up the llthosphere (the other two are mag

surveys of
ods for the
edimentary

bpollen, benthic viruses, benthic microbes (including bacteria, archaea‘and fungi), benthic

h as benthic

Iresses:

5 weathered
£. magmatic
by biogenic,

matic rocks

l(or any pre-

formed rock), blogenlc materlals Volcanlc material, cosmic material and other orlglnal material, and
sedimentation after the formation of rock diagenesis

3.3

interstitial biota
benthic life forms that inhabit or are deposited in the interstices between sediment particles

Note 1 to entry: It includes marine microorganisms (3.6), benthic viruses, microbenthos (3.4), and meiobenthic
organisms. In terms of individual sizes, interstitial biota in marine sediments (3.1) cover femto-level with a size
of less than 0,2 um, pico-level (0,2 um to 2 pm), nano-level (2 um to 20 pm) and micro- and meio-level benthic
organisms of more than 20 pm.

©ISO
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3.4

microbenthos

unicellular prokaryotic and eukaryotic microbes living on the surface, and within the interstices, of
sediments, which can be trapped by 0,2 pm membrane filtration

Note 1 to entry: Mainly benthic bacteria, benthic microalgae and benthic protozoa (3.5). See Figure A.1 for
examples of major groups. In terms of sizes of individuals, the microbenthos covers the pico-level of less than
2 pm, the nano-level (2 pm to 20 pm) and the micro-level of more than 20 pm.

3.5
benthic protozoa

unicellular memmww
environments

Note 1 to entfy: It includes heterotrophic flagellates, ciliates, amoebae, etc.

3.6
marine migroorganism
microeukaryotes and metazoans included in sedimentary investigations and marine'geological surpeys,
including exitant and fossil species of various groups

Note 1 to eptry: It includes foraminifera, ostracoda, radiolaria, diatoms, calgareous fossils, sporoppllen,
pteropoda, ichthyoliths, etc.

3.7
benthic mi¢robe
unicellular dnd small acellular organism with simple structure-and a variety of physiological typeg that
inhabits sedimentary environments

Note 1 to entty: It includes bacteria, archaea and fungi.

3.8
metazoan meiobenthos
metazoan njeiofauna

small metazoa and larvae of large metazoansliving in sedimentary environments that can pass through
a 500 um aperture mesh but are retained.on a 42 pum to 31 um aperture mesh

Note 1 to enfry: The main groups include-nematodes, copepods, tardigrades, ostracods, gastrotrichs, prigpulid
worms, bivalyes, arthropods, acarina, polychaetes, kinorhyncha, rotifers, etc. Several major groups are shojvn in

Figure A.2.

4 General

4.1 Technical design

Surveys of |interstitial biota in sediments should be designed in terms of survey-related ifems,
including surveysection, statiom, object, detaih, mrethod; date; frequercy, device, persomequatity; ship,
equipment, expected results and survey plan. The establishment of the investigation plan shall refer to
the requirements of the related survey plan.

4.2 Basic recommendations for the surveys

4.2.1 Survey object

The survey object can include marine sediments, foraminifera, ostracoda, radiolaria, sedimentary
diatoms, coccoliths, sporopollen, benthic viruses, benthic microbes, benthic microalgae, benthic
protozoa, and metazoan meiobenthos. Specific objects may be adjusted or designed according to the
survey plan.

2 © IS0 2021 - All rights reserved
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4.2.2 Auxiliary parameters

Aucxiliary observation objects can be added, if necessary, to the survey. These can be designed on the
basis of the survey plan.

4.2.3 Recommendations for the sampling equipment
The sampling equipment should follow the recommendations of related clauses in this document.

The common equipment for sediment sampling includes box-corers, multicorers, grab samplers, gravity
samplers or drills. Deep-sea sampling equipment can also include remotely-operated vehicles (ROV)
and yramed subrmmersibtes- The mmaimdisadvantage of grabsampting s thatitis ot possibig to preserve
the seafloor surface sediments, and it rarely preserves depositional sequences.

4.2.4 Auxiliary equipment on board ship
The quxiliary equipment on board ship includes the following:

a) yvinch systems: a winch system is required for the operation of genéral multicorers o1 box-corers;
3 winch system for armoured cable is required for the operation of television (TV) multicorers and
TV box-corers;

b) large A frames: the lifting height should be 4,5 m or more,
4.2.3 Sampling method and scope of application

4.2.3.1 Sediment sampling

Sediment sampling can be used to survey marine sediments for foraminifera, ostracodd, radiolaria,
sedirﬁentary diatoms, coccoliths, sporopollen, benthic viruses, benthic microbes, benthic|microalgae,
benthic protozoa, and metazoan meiobenthos. Sampling should follow the recommendaftions of the
related clauses in this document.

4.2.3.2 Trawl sampling

Trawling can be used for auxiliaty sampling of planktonic foraminifera, ostracoda, radiolarja, protozoa,
etc.

4.2.5.3 Water sampling

Watgr sampling-can be used to survey planktonic foraminifera, living radiolaria, etc. Sapnpling shall
satisfy the requirements of related clauses in this document.

4.3 | Sampling

4.3.1 Sediment sampling

Sediments should be collected by the specified sampler. Staff should strictly abide by the operating
procedures and pay attention to the condition of the sampler. Surface samples or core samples shall
be collected, treated and stratified according to the requirements of the survey. Sediment sampling
procedures in offshore and coastal areas should follow the recommendations in ISO 5667-19:2004, 5.1.
Stratigraphic equipment for processing surface samples is shown in Figures B.1 and B.2. In abnormal
situations, replicate samples should be collected.

4.3.2 Trawl sampling

Sampling nets can be used in trawl sampling. The speed of net deployment and net withdrawal should
be strictly controlled, and the time of net arrival at the target should be determined accurately. The

©1S0 2021 - All rights reserved 3
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condition of the net should be noted, and effective measures should be adopted if the situation is
abnormal. The net should be washed, and the samples collected carefully, especially biological samples
that can stick to the net and pipe.

4.3.3 Water sampling

Water can be collected using a water sampler. Before deployment, check that the cover is open and the
faucet is closed. Deploy the water sampler to the target area and maintain its position for a precise
time. Water sampling and sample treatments shall satisfy the requirements of related clauses in this

document.

4.3.4 Rec

All survey d
sample reco

Take additid
4.4 Samp

4.4.1 San

Treat the sa

4.4.2 San

Measureme

4.4.3 San

Samples carj

prds

bjects should be recorded according to the related clauses in this document. Examp
ird tables are shown in Annex C (Tables C.1, C.2, C.3).

nal photos and videos in the case of abnormal phenomena or new discovebies.
le analysis

Iple treatment

mples according to the related clauses in this document.

Iple measurement

ht items should be determined according to theirelated clauses in this document.

Iple treatment and storage

be stratified, fixed and dyed on-sit€ according to the related clauses in this document|

es of

Preserve samples after analysis, measuremeiit and identification, either complete or partial, according
to the applidation and academic value. Samples storage should comply with the survey plan.

4.4.4 Sample identification and enumeration

Identify the[organisms to the species level wherever possible, and enumerate according to the re]ated
requirements in this docusiienit. Observe and analyse the samples by microscopy, and record in a table
similar to Tables D.1, D.2,/B.3, D.4.

4.4.5 Sample data-analysis

Data to be pualysed are mainly related to community structure, abundance, relative abundande, or

: — 4 FRLU LI B - - 1 + Dt 1 - £ + -l h - | 1
dominant g1 oupS O TITTET STl OTO U TIT TITAT TITE SEUTIIETITS. DUdtd dITdly SIS CAIT TEITT (U tIe Terdateu crauses
in this document.

Analyse data with statistical software. Annex E provides methods of calculation of the community

parameters.

Table E.1 shows biomass conversion factors.
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Basic recommendations of data organization

4.5.1 Organization of data

4.5.1.1 Quantification and statistics

Quantify and analyse the results of identification and enumeration using the formulas and formatting
given in this document.

4.5.1.2 Fill in forms

Fill i)
4.5.1

Draw

4.5.1

A voj
scien

4.5.2

Data
in th

4.6

4.6.1

Orig
wate

1 the forms according to related provisions of this document.

.3 Draw charts

 charts to show data according to the requirements of this document.

.4 Voyage report

Fage report, including related requests according to the surveyyplan, should be comp|leted by the

tist responsible to the object after the survey.

Data archiving, acceptance and achievements appraisal

archiving, acceptance and appraisal of achievemefits should be carried out with relaf
s document.

Survey results

Original records

nal records made during the survey, including those of sediment, sedimentary rock, org
r samples, field descriptions,loecation records, etc. shall be retained. This is first-hand

and includes the primary results of the survey.

4.6.2

Draw

4.6.3
The i

Maps or drawings

' maps or figures-on a prescribed scale based on data analysis and calculation.

Investigation report

nvestigation report should include the following.

a)

ed requests

anisms, and
information

(indoor and outdoor).

, work time

b) Survey and data consolidation, including working methods, station design, quality of original data,
methods of data consolidation, accuracy of results.

c) Results, including sediment types, suspension concentration, structure, abundance and distribution
of main biota.

d) Data analysis, including method and its basis, distribution characteristics and comprehensive
analysis of every element.

e) Conclusions, including suggestions for further work.
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4.7 Data archiving

The following data should be archived:

a) survey contract or survey plan;

b) reports, technical design, program report and statements of approval;
c) executable plan and sampling stations;

d) original record of the survey, experiments undertaken and analysis;

e) report Jnd expianation of The Tesults;

f) tables, figures (including base map), photographs with explanatory legends;
g) voyage report and objects summary report;

h) investigation report and acceptance of the results;

i) tables of objects members and reconciliation of budget.

Related reqliests concerning data archiving, file quality and acceptance ofthe results can refer tp the
related clauges in this document.

4.8 Program and quality control

The institution executing the objects can provide the quality prospectus, including quotations of
specificatiops and articles, summary of survey plan, quality target, organization and responsibillities
of the execuftion institution and assurance measures of guality prospectus. Quality control can refer to
the related ¢lauses in this document.

Measures for ensuring quality control include the following.

a) Establish a quality control system: Incaddition to accepting supervision from administrafions
and technical supervision agency, a process of self-checking or quality control can be adopted.
Formuljte the quality control systems. Define the duty of quality control and programs of qyality
supervision and examination. Exécuite provisions of quality control strictly.

b) Execute quality control: There shall be clear quality requirements in the survey plan. Anplyse
specific|quality of articlessand data. Instruments, equipment, tools and materials can conform tjo the
quality standards. Take Specific field records for samples and data obtained at sea. Check original
sampleg and data after the survey. Analysis and identification of samples, data consolidption
and coynts can be’based on facts. Archiving of documents, data and results shall fulfil these
requirements.

c) Full partticipation in quality control: Staff participating in the survey can have relevant professfonal
skills. Ifisthe duty of all staff to maintain quality control requirements.

5 Survey of the sediment

5.1 Principle

Analyses of sediment characteristics, including sediment classification, physicochemical
characterization and granulometry, to obtain information on the substrate environment for surveying
the interstitial biota.
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General provisions

The general provisions include the following:

a)
b)

c)

qualitative and/or quantitative analyses should be selected based on the survey plan;

the samples shall not be mixed or contaminated;

biological components.

5.3

Colloct: ACOlY

the characteristics surveyed should primarily be the grain size, the type of sediment and its

Seafl
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o an-andne ruation nfthna canmanlac
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oor surface sediments, columnar cores, or undisturbed drill cores can be ceolle
iption of the samples should be made, and certain physicochemical factors of.the san

e survey plan.

ill core samples can be collected from various strata at different-depths. Each colle
e sealed in a polyethylene bag and related information including sampling site, sampl
ion coordinates should be marked on the bag. Parameters including pH, Eh, temperatu
2* ratios should be measured at the sampling site. For the/measurement of other phys
hcteristics, the samples should be stored in a refrigerator@at a temperature of -20 °C and
e laboratory for analysis.

Measurement of environmental factors

nvironmental factors measured include suspénded particulate matters, moisture contg
hic carbon content (%), chlorophyll-a (Chla) and pheophytin-a (Ph a) content, pH, Eh, {
the ratio of Fe3* to Fe?*. The items for.measurement can increase or decrease acco
by plan.

Measurement of the age of the sediments

er the requirements of the'survey, the sediments of columnar or drilling cores shall be
ods appropriate to each;sample.

ediments from columnar cores and the top of drilling cores, 219Pb or 137Cs dating shall b
cordance witlmthe requirements of the survey plan; for drilling cores, 14C datiy
hlated luminescence (OSL) dating, and palaeomagnetic chronology can be selectivel
nding onthe survey plan.

5.6

sediments

Measurement of the contents of heavy metals, organic pollutants and oils

rted. A site
ples should

easured on site. The samples can be then sealed for refrigeration- or cryo-preservatior, depending

h measuring the physicochemical characteristics and grain sizes, surface sediments afpd columnar

cted sample
ng time and
re and Fe3+-
icochemical
transported

nt (%), total
emperature
rding to the

Hated by the

e conducted
\g, optically
y conducted

in the

The survey for heavy metals (Hg, Cu, Pb, Cd, Cr, Zn and As), organic pollutants (arsenite, cyanide,
organic-chlorine pesticide and volatile phenol) and oils shall be carried out with related provisions in
this document. The specific analyses conducted for each sample can be selected on the basis of the
specific conditions of the sea bed.

5.7

Measurement of the grain size of the sediments

The grain size of the sediments should be measured.
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5.8 Analysis of the mineral compositions in the sediments

In accordance with the recommendations of the survey, the contents of detrital and clay minerals in the
sediments can be selectively measured.

5.9 C(lassification of the substrate type in offshore sediments

According to the requirements of the survey, the sediments should be classified and named using the
ternary diagram classification methods proposed by References [15], [22] and [52].

a) On the basis of the Shepard’s ternary diagram, the sediments are classified into nine types: clay,
sandy cfay, silty clay, clay sand, clay silIt, sand, silty sand, sandy siIt, and silt. The classificatjon is
based op the analysis of the grain size of sediments.

b) Using Holk’s detrital-sediment classification method, the sediments are classified into gravel-
bearing and gravel-free types. Specifically, through a ternary diagram classificatien, the gravel-
bearing| sediments are divided into 14 types: gravel, sandy gravel, argillaceous sandy gfavel,
argillacgous gravel, gravelly sand, gravelly argillaceous sand, gravelly silty mud, gravel-bearing
sand, gravel-bearing argillaceous sand, gravel-bearing mud, sand, argillaceous sand, sandy mud,
and mugl.

c) Using the ternary diagram method, gravel-free sediments are dividéd into the following ten types:
sand, silty sand, argillaceous sand, clay sand, sandy silt, sandy mud, sandy clay, silt, mud, and dlay.

d) In additiion to the above classifications, the percentages of gravel, sand, silt and clay components in
the sediments are determined based on the results of grain-siZe analysis.

5.10 Classffication of the deep-sea sediments

Deep-sea selddiments should be classified and named using the ternary diagram classification mgthod
for deep-sed sediments (see Reference [15]).

5.11 Survey of the biological components in the sediments

5.11.1 Summary of the methods

This study cpn include the identification and analysis of foraminifera, ostracoda, radiolaria, sporopgpllen,
and calcarepus nanofossils (sueh as coccoliths). The identification of these fossils can be carriegl out
regarding the identification @f)palaeontology in sediments.

The prepardtion, identification and analysis of the other sedimentary biodetritus, such as ichthyoliths,
fish otolithls, stoneworts, corals, bryozoans and pteropods, can be performed regarding the
identificatign of sedimientary palaeontology.

5.11.2 Technical recommendations

The technical recommendations include the following:
a) qualitative and/or quantitative analyses should be selected based on the survey plan;
b) the samples shall not be mixed or contaminated;

c) the abundance of a single species should be denoted as the number per gram of dry sample, or the
number per 50 g of dry sample or the number per 10 cm?;

d) the primary factors to be surveyed are the compositions, abundances and dominant species of
major biological components.
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5.11.3 Collection and preservation of the samples

According to the requirements for the different objects, seafloor sediments, columnar or undisturbed
drilling cores can be selectively collected, sealed on site, and refrigerated or frozen for preservation.

5.12 Organization of data

The organization of data from the surveyed sediments should follow the specific recommendations of

this document.

6 Surveyof foramimifera

6.1 | Principle

Based on the collection, preparation, preservation, identification and analysis® of living specimens

and tests of the foraminifera, the distribution and preservation of foraminiféera in the sediments are

invegtigated to reflect the hydrological and environmental changes in the-area.

6.2 | General provisions

The general provisions include the following.

a) Design the sampling method and the sampling process:according to the survey plan. for sea floor
gurface sediments, collect from the top 0 cm to 2 cmMayer; for deeper sediments, collect at 2 cm
intervals from core samples, or at different interyals according to the survey plan.

b) Determine the sampling volume according to-the survey plan. Generally, use 20 g to J0 g samples

or continental shelf and shallow water depths, and 2 g to 10 g samples for the slope| and deeper
ater depths, because the abundances offoraminifera differ according to depth.

c) Ensure that the samples are not mixed-or contaminated. Record the station and samplefinformation

d) Observe the foraminifera specimens (>0,150 mm) under a microscope. Generally, fidentify the
lanktonic foraminifera and.the dominant species of benthic foraminifera to specigs level, and

identify the others can belto genus level or as ecological categories. Record the abrasign, breakage
nd dissolution of foraminifera specimens.

e) (Countall the specinténs if the number of specimens is less than 300. Divide the samples|by the riffle
r diagonal sample method if the sample volume is too great and identify at least 300 :Ioraminifera
or each subsample. About 300 planktonic foraminifera specimens and 150 benthic foraminifera
pecimens are recommended for microscopic examination.

f) Recordthe relative abundance of each species, showing its percentage (%), or record|its absolute
bundance as individuals in per gram dried sample (individuals/g), or record its apundance as

individuals in per square centimetre dried sample (individuals/cm?) for surface sedimgnt sample.

6.3 Collection and preservation of the samples

6.3.1 Sampling and sample processing

Based on different marine sediment types, divide the sampling and processing methods into two types,
as follows.

a)

Offshore and shoal water type: these sediments are composed mainly of terrigenous clast that
have fast deposition rates and low foraminifera content. For obtaining foraminifera specimens, the
sediment is placed in a beaker and soaked in clean water. Sodium hexametaphosphate is added

for dispersing the sediment particles. After heating and disaggregation, the organ

ic matter is

dissolved by adding a moderate amount of hydrogen peroxide. The sample is then washed using

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=c6b5fc936694498aa26f8ef42a441fb6

ISO 23040

:2021(E)

a 0,063 mm sieve. Clean foraminifera specimens are separated from coarse particles by flotation
in tetrachloromethane. Foraminifera tests are suspended by stirring and collected by passing
through a 0,063 mm filter paper.

b)

Slope and deeper sea type: these sediments have less terrigenous clast, obvious fine sediment

particles, relative slow deposition rates, and a higher foraminifera content. The sediment is placed
in a beaker and soaked in distilled water or tap water for dispersing the sediment particles. After
this process, the remnant is washed through a 0,063 mm sieve and oven-dried for specimen
preparation.

6.3.2 Collection and preservation of the sedimentary tests

Collect the f}
the survey 3
Bengal to di
the survey 1

praminifera tests using a sediment sampler (box-corer, multicorer, gravity sampler)et
hip. The samples can be preserved by cold storage or treated in the field (dyed with
stinguish living specimens from empty tests) then seal and preserve at 4 °C araccordi
lan.

6.3.3 Col

ection and preservation of living foraminifera

For surveying living foraminifera, collect the surface sediment sample (usually*0’'cm to 2 cm of sedi

from seaflo
For distingy
within 48 h

For molecul
and stored fi

6.4 Tools
The tools an

a) majore

refriger
b) other tg
glass r
samplin
c) reagent
Bengal,
6.5 Proce
6.5.1 Nur

1, but can be 0 cm to 15 cm according to the survey plan) and treat with ethanol in the
ishing living foraminifera from empty tests, stain the sample with Rose Bengal sol
then process and analyse.

ar identification of living foraminifera, the samples‘shall be refrigerated or cryopresg
or further processing and analysis in the laboratoxy;

and reagents
d reagents include the following:

quipment: quantitative layering sathpler, thermostatic drier box, stereomicroscope, r¢
ator;

d, filter paper, beaker-bottle, brush, writing brush, riffle sampler, glass plate, b
g needle, specimen slice;-Specimen box;

5: sodium hexanietdphosphate, ethanol, hydrogen peroxide, tetrachloromethane,
sodium salt (Cs3H4Cl,4I,Na,05), distilled water.

rssing and‘analysis of the samples

hbering and weighing the crystallizing dish or beaker

r.) on
Rose
ng to

ment
field.
1ition

rved

befer,

ols: mesh sieve (0,063 mny-0;150 mm), crystallizing dish (50 ml, 100 ml), straw, fulnnel,

lade,

Rose

The procedure Tor numbering and weighing the crystallizing dish includes the following steps:

e crystallizing dish;
crystallizing dish at 60 °C in an oven;

and weigh the crystallizing dish (accurate to 0,01 g);

a) cleanth
b) drythe
c) number
d)

(Table F.1).
10

record the mass of the crystallizing dish and the corresponding sample number on the record sheet
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6.5.2 Drying and weighing the sediment sample

The procedure for drying and weighing the sediment sample includes:

a) putthe original sediment sample into the pre-weighed crystallizing dish and number it;

b)

record the wet mass of the sample;

c) drythe sample at 60 °C in an oven, then weigh and determine the dry mass.

6.5.3

Sample soaking

The procedure for sample soaking includes:

a) add distilled water or tap water to the beaker containing the sediment sample@nd so
ays in order to disperse the sediment particles and foraminifera tests;

b) for sediment with high organic content, soak the sample with 3 % hydrogen peroxide

ash with clean water (for offshore sediments, add a small amount of sodium hexame

o make the sample more loose. This step is not suitable for deep-sea sediments
oraminifera).

6.5.4 Washing and drying

The procedure for washing and drying includes:

a) {fransfer the sample into a 0,063 mm sieve and waslyrepeatedly with running water;

b) {ransfer the washed sample to a numbered crystallizing dish;

c) dry the crystallizing dish in an oven at 60 <C;

d) record the mass of the coarse fraction.of the dried sample.

6.5.§ Suspension and concentration

The procedure for suspension@nd concentration includes:

a) number the beaker a¢cording to the sample number;

b) guspend with tetrachloromethane;

c) pour the sediment residue into a crystallizing dish dry and number the dish;

d) Iag andlabkl the sediment residue after microscopic examination.

6.5.4 ~ Bottling and sealing

hk for 1 or 2

for 2 h then
faphosphate
r for living

The procedure for bottling and sealing includes:

a)

sieve the weighed and dried samples through 0,150 mm and 0,063 mm meshes respectively;

b) bottle and label the two samples and mark the sample layer and size fraction.

6.5.7 Specimen preparation and analysis

Apply the following procedure:

a) examine the specimens (>0,150 mm) by light microscopy;

b)

select 150 to 300 tests at random for specimen preparation;
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7

7.1 Pringiple

carry out the classification and biocoenosis statistics (species number, abundance, diversity and
group ratio, etc.) according to the survey plan;

for offshore sediment samples, carry out the classification and statistics of 0,063 mm specimens
selectively according to the survey plan;

fill in the tables for the identification and statistics of foraminifera (tables are designed according
to the survey plan).

Survey of ostracoda

Based on tﬂ:e collection, preparation, preservation, identification and analysis of living Ispecimens

and tests, t
hydrological and environmental changes in the area.

7.2 Genefal provisions

The general|provisions include the following.

a)

b)

f)

7.3 Collection and preservation of the samples

7.3.1 Sampling and sample processing

e distribution and preservation of ostracods in sediments are investigated:to refledt the

Design the sampling method and the sampling process according'to the survey plan. For sea [floor
surface|sediments, collect from the top 0 cm to 2 cm layer; for ‘deeper sediments, collect at 2 cm
intervals from core samples, or at different intervals accordingto the survey plan.

Determ|ne the sampling volume according to the survey plan. Generally, use 20 g to 50 g samiples
for continental shelf and shallow water depths, and 2,gto 10 g samples for the slope and dgeper
water depths, because the abundances of ostracods@iffer according to depth.

Ensure fhat the samples are not mixed or contathinated. Record the station and sample informgtion.

Identify] ostracods with a stereomicroscope;where possible to species level but otherwise to genus
level. Reécord any abrasion, breakage or dissolution of ostracod specimens.

For statfistical analyses of biocoenasis, identify all the specimens if the number present is less|than
100. If the volume is large, divide the samples by the riffle or diagonal sample method and id¢gntify
atleast[100 specimens for eaech subsample.

Record [the relative abupdarice of each species, showing its percentage (%), or record its absplute
abundance as individtials per gram dried sample (individuals/g), or record its abundange as
individyals per squdve-Centimetre dried sample (individuals/cm?) for surface sediment samplg.

Based on different marine sediment types, divide the sampling and processing methods into two types,
as follows.

a)

12

Offshore and shoal water type: these sediments are composed mainly of terrigenous clast that have
fast deposition rates and low ostracod content. For obtaining ostracod specimens, the sediment is
placed in a beaker and soaked in clean water. Sodium hexametaphosphate is added for dispersing
the ostracods and the sediment particles. After heating and disaggregation, the organic matter is
dissolved by adding a moderate amount of hydrogen peroxide. The sample is then washed using
a 0,063 mm sieve. Clean ostracod specimens are separated from coarse particles by flotation in
tetrachloromethane. Ostracods are suspended by stirring and collected by passing through a
0,063 mm filter paper.
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Slope and deeper sea type: these sediments have less terrigenous clast, obvious fine sediment

particles, relative slow deposition rates, and a higher ostracod content. The sedime

nt is placed

in a beaker and soaked in distilled water or tap water for dispersing the ostracods and sediment

particles. After this process, the remnant is washed through a 0,063 mm sieve and ov
specimen preparation.

7.3.2 Collection and preservation of dead ostracod tests

en-dried for

Collect dead ostracod tests by sediment sampler (box-corer, multicorer, gravity sampler, etc.) on the
survey ship.

The

distipguish living specimens from empty tests) then sealed and preserved (4 °C) accon
survey plan.

7.3.3 Collection and preservation of living ostracods

For gurveying living ostracods, collect the surface sediment samples (usually’0 cm to 2 cm
from| seafloor, but can be 0 cm to 10 cm according to the survey plam)-and treat with et
field{ For distinguishing living ostracods from empty tests, stain the samples with Rose Ber
withfn 48 h then process and analyse.

7.4
The

a)

b)

7.5

7.5.1 Numbering-and weighing the crystallizing dish or beaker

Apply the following procedure:

a)
b)
‘)
d)

samples can be preserved by cold storage or treated In the field (dyed with RoS

Tools and reagents
tools and reagents include the following:

major equipment: quantitative layering sampler;\thermostatic drier box, stereomicros
fefrigerator;

ther tools: mesh sieve (0,063 mm, 0,150 mm), crystallizing dish (50 ml, 100 ml), st
glass rod, filter paper, beaker, bottle,“brush, writing brush, riffle sampler, glass
gampling needle, specimen slice, sp€cimen box;

feagents: sodium hexametaphosphate, ethanol, hydrogen peroxide, tetrachlorome
Bengal sodium salt (C,,H,CllyNa,0:), distilled water.

Processing and analysis of the samples

¢lean the‘crystallizing dish;

e Bengal to
'ding to the

of sediment
hanol in the
1gal solution

cope, reefer,

raw, funnel,
blate, blade,

thane, Rose

(llry the crystallizing dish in an oven at 60 °C;

number and weigh the crystallizing dish (accurate to 0,01 g);

record the mass of the crystallizing dish and the corresponding sample number on the record sheet

(Table F.1).

7.5.2 Drying and weighing

Apply the following procedure:

a)
b)

c)

place the original sediment sample into the weighed crystallizing dish and number it;
record the wet mass of the sample;

dry the sample at 60 °C in an oven, then weigh and calculate the dry mass.
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7.5.3 Sample soaking

Apply the following procedure:

a) add distilled water or tap water to the beaker containing the sediment sample and soak for 1 or 2
days in order to disperse the sediment particles and ostracods;

b) soak the sample with 3 % hydrogen peroxide for 2 h then wash with clean water if samples
contented high organic matter;

c) for offshore sediments, add a small amount of sodium hexametaphosphate to make the samples
more loose. This step is not suitable for deep-sea sediments or for living ostracods.

7.5.4 Wasghing and drying

Apply the following procedure:
a) transfer

b) transfe

c) drythe

d) record {

7.5.5 Sus

Apply the following procedure:

a) number

b) suspend with tetrachloromethane;

c) pour the sediment residue into a crystallizing dish and number it;

d) bagthelsediment residue and record the sampling information during microscopic examinatign.
7.5.6 Bottling and sealing

Apply the following procedure;

the sample into a 0,063 mm sieve and wash repeatedly with running water;
the washed sample to a crystallizing dish and number it;
crystallizing dishes at 60 °C in an oven;

he mass of the coarse fraction of the dried samples.

pension and concentration

the beaker according to the sample number;

a) pour the weighed anddried sample through 0,150 mm and 0,063 mm meshes respectively;

b) bottle and label th&tiwo subsamples with information of sample layer and size fraction.

7.5.7 Micfoscopic examination and enumeration

Apply the following pracedure:

a) examine the specimens by microscopy (>0,150 mm);

b) select 100 to 200 ostracods for specimen preparation, or select all if there are <100;

c) carry out the identification, classification and biocoenosis statistics (species number, abundance,
diversity, etc.) according to the survey plan;

d) for offshore sediments, carry out the identification, classification and statistics of the 0,063 mm
fraction selectively according to the survey plan;

e) fill in the tables (designed according to the survey plan) for the identification and statistics of
ostracods.
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Survey of radiolaria

8.1 Principle

Survey of the preservation status, abundance and community structure of planktonic radiolarians
deposited in the sediment of related sea area.

8.2

General provisions

The general provisions include the following.

a) Design the sampling method and the sampling process according to the survey plam. |
urface sediments, collect from the top 0 cm to 2 cm layer; for deeper sediments, |eol
intervals from core samples, or at different intervals according to the survey plan.

b) Determine the sampling volume according to the survey plan. Generally, use5'g to 10 g
¢ontinental shelf and shallow water depths, and 1 g to 2 g or 5 g samples-for the slopd
yater depths.

c) Identification of radiolarian specimens is carried out using.“diascoptic lightiy

iomicroscope. In general, identify to species level for the 60 dominant or common s
g§pecimens can be enumerated only for statistical analysis,-Bat if the survey plan reqy
diversity data, identify all specimens to species level.

d) For biocoenosis statistics, all samples should be counted if the total number of shells
300. If the number of shells is large, sample can be divided by a sampler or a diagonal s

e) (Calculate the relative abundance of each speties and record its percentage (%) of
dbsolute abundance as individuals in per gram dried sample (individuals/g).

8.3 | Collection and preservation of the samples

8.3.1 Sample processing

Base(d on the sediment type, samples should be processed in one of the two following ways

a) $helf and shoal water, type: these sediments are composed mainly of terrigenoy

rganisms with calcareous shells; they have a fast deposition rate and the radiolai
is low. For obtaifihg radiolarian specimens, sediment is soaked in a beaker with
etrasodium pyrophosphate is added for dispersing the particles. After heating and dis
rganic matter and calcareous fractions are eliminated and dissolved by adding moder
fhydrogen‘peroxide and hydrochloric acid. The sample is then washed over a 0,063 n
ven-dried. In order to separate the clean radiolarian specimens from coarse particles
etrdchloromethane while stirring is carried out. Radiolarian shells in suspension are
boulting cloth of 0,063 mm mesh or a filter paper.

For sea floor
lect at 2 cm

samples for
and deeper

g under a
ecies, other
ires species

is less than
hmpler.

record the

s clast and
rian content
rlean water.
hggregation,
hte amounts
m sieve and
flotation in
poured onto

b) Slope and deeper sea type: these sediments have less terrigenous clast, fine sediment particles,

relatively slow deposition rates, and a higher radiolarian content. The sediment is

soaked in a

beaker with clean water. Tetrasodium pyrophosphate is added for dispersing the particles. Based

on the content of calcareous particles, superadd moderate amounts of hydrogen p

eroxide and

hydrochloric acid in order to dissolve organic matter and calcareous fractions. Continue until
the reactions stop. The remnant is washed through a 0,063 mm sieve and oven-dried. The dried
material may be directly used for making radiolarian specimen slides for species identification and

enumeration.
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8.3.2 Collection and conservation of deposited empty shells

Empty radiolarian shells deposited on the surface of the sediment are collected from the top 0 cm to
2 cm layer using a box-corer, multicorer or gravity sampler. The sample is stored in a plastic bag, plastic
box or glass bottle either at 4 °C or at ambient temperature.

8.4 Tools and reagents
The tools and reagents include the following.

a) Equipment: thermostatic drier box, ultrasonic oscillator, heating plate, beaker, straw, mesh sieve,
filter popeT; Tweezers, giass siide, coversiip and giass rod.

b) Reagents: tetrasodium pyrophosphate, hydrogen peroxide, hydrochloric acid, tetrachlorométhane,
ethyl al¢ohol, neutral balsam, xylene (used for dilution or clearing remnant balsam).

8.5 Proce¢ssing and analysis of the samples

8.5.1 Sanjple pretreatment
Apply the following procedure.

a) Weigh the dried sample (1 gto 2 gor 5 g), place into a 300 ml beaker, add 200 ml] of clean watef and
0,5 gto[l g of tetrasodium pyrophosphate, soak about 10 h.

b) After dispersion of the sediment in water, add a moderate, amount of H,0, (a volume fractipn of
30 %, apalytical pure), place in a water bath at 80 °C, seak for several minutes until the reaction
finisheg. Monitor and adjust the temperature to aveid loss of radiolarian specimens by foam
overfloy.

c) Add anjoderate amount of analytical pure a volume fraction of 36 % HCl according to the content of
calcaregus materials and leave for about 1011in or until the reaction stops.

d) Add clean water and allow to stand for.about 5 min. Pour off the supernatant. Repeat this process 2
to 3 timles in order to eliminate redundant HCl and H,0, and reduce the acidity of the water.

e) Place tHe beaker in an ultrasofiig oscillator for 1 min to 2 min in order to remove clay from the
surfacelof the radiolarian shells:

f) Wash specimens over a 0;063 mm mesh copper sieve. Adjust water flow to avoid loss of specimens
by overflowing.

g) Transfef specimensinto a small beaker and allow to dry.

8.5.2 Preparation of microscope slide specimens

The preparatiomof ricroscope stide specimerns inctudes the foltowing steps:

a) Preparation of dry samples: take all (or a proportion of) specimens of every sample and place in
the centre of a glass microscope slide. Add several drops of alcohol to disperse specimens and use a
needle to spread the samples evenly over an area similar to that of a cover glass (24 mm x 50 mm).
Allow the alcohol to volatilize, or place onto a hot plate to accelerate drying. When completely dry,
add 3 to 5 drops of neutral balsam and apply a cover glass with light pressure causing the balsam to
spread slowly over the whole area. Number the slide.

b) Preparation of specimens in water: Using a small pipette, mix the sample, place a drop onto a glass
microscope slide, and spread evenly over an area similar to that of a cover glass. Place onto a hot
plate for drying. Continue as above.
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c) The temperature of the hot plate or thermostatic drier box should be maintained at about 60 °C to
80 °C.

d) Allow the slide to dry naturally, or place in a thermostatic drier box (60 °C to 80 °C, being careful to
avoid bubbling). Remove surplus balsam from the slide by using xylene after balsam consolidation
and hardening.

e) Label the slide.

9 Survey of sedimentary diatom

9.1 | Principle

Based on the collection, identification and analysis of community composition of.diatom phells in the

sediment, the distribution and preservation of diatoms are investigated to reflect the Hydrological,

climgtic and environmental information in the area.

9.2 | General provisions

The general provisions include the following.

a) Design the sampling method and the sampling process actording to the survey plan. ffor sea floor
gurface sediments, collect from the top 0 cm to 2 cm layer; for deeper sediments, collect at 2 cm
intervals from core samples, or at different intervals@according to the survey plan.

b) Kor wet samples, take about 5 g to 10 g, for dry samples take about 1 gto 5 g.

) iatom identification is carried out using transmitted light microscope. Each sample|is observed
y random row number. It is suggested to,identify the species or variant, otherwis¢ identify to
enus level. For incomplete diatom frustules, if more than half of the central diatom is fomplete, or

if the longitudinal furrow side of feathery diatoms is complete, the specimen should be identified.
Pominant or common species canbe selected for identification with other specimeng only being
enumerated, however, if the survey plan requires details of species diversity, all spdcies in each
gample should be identified.

d) [or statistical analyses,(atteast 300 specimens per gram of dry sample or per squarg centimetre
ghould be identified foryevery sample. If there are fewer than 300 diatom specimens in the sample,
41l should be identified. The relative abundance of each species should be recorded.

9.3 | Collection’and preservation of the samples

9.3.1 Sampling and treatment

According to differences in diatom content in different types of seabed sediments, sample collection

and preéeessingare-dividedinto-two-typesrasfolows:

a) Continental shelf and shallow water type: these sediments are composed mainly of terrigenous

b)

© IS0 2021 - All rights reserved

clast and organisms with calcareous shells; they have a fast deposition rates and the diatom content
is relatively low. Dispersion of diatom specimens is by soaking the samples in distilled water.
Appropriate amounts of hydrogen peroxide and hydrochloric acid are added in order to remove
calcareous particles and organic matter. Allow to stand until the reaction stops. Add zinc bromide
or other heavy liquids with a specific gravity of about 2,4 in order to separate the diatoms from
other particles by flotation. Stir to keep the diatoms in suspension. These can be used directly for
making specimen sheets.

Slope and deep-sea type: these sediments have less terrigenous detritus, fine sediment particles,
relatively slow deposition rates, and a higher diatom content. Diatoms are dispersed by soaking
in distilled water. Based on the calcium content, appropriate amounts of hydrogen peroxide and
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hydrochloric acid are added in order to remove organic matter and calcium particles. Allow to
stand until the reaction stops. This material can be directly applied to the preparation of specimen

slices.

9.3.2 Collection and preservation of sedimentary remains

Surface sediments: scrape sediments from the top 0 cm to 2 cm of newly collected samples using a
plastic knife or spoon. Place about 5 g of fresh sediment into a polyethylene bag and seal, label with site

numbers an

d layer positions and store in a sample box in the shade until for further processing.

Core sediments: collect about 5 g fresh sample, or 1 g dry sample, from each layer. Place the sample

into a polye
shade until

9.4 Tools

The tools an

Fhylene bag, seal, [abel with site number and layer position and Store in a sample box 1
further processing.

and reagents

d reagents include the following.

a) Equipment: long-handled spoon, balance, glass beaker, centrifuge, electric’heating plate,
slides, glass, glass rod, tube, cylinder, tweezers, ventilation cabinet.

b) Reagents: hydrogen peroxide, hydrochloric acid, alcohol, distilled/water, neutral gum, so
pyroph@sphate, and zinc bromide.

9.5 Proce¢ssing and analysis of the samples

9.5.1 Sample pretreatment

9.5.1.1 C¢ntrifuge method

The centrify

a) Place al
times th

the read

ge method includes the following steps.

out 2 g of wet sediment ample.into a 5 ml tube with a long-handled spoon. Add about {
e volume of 10 % HCI to that'ef the sample in order to remove calcium. Allow to stand
tion stops, i.e. until no bubbled form. Note that the duration of this reaction depends o

h the

bven,

dium

hree
until
nh the

in a

(see

calcium| content in the sediment.,
b) Centrifuge at 2 500 r/minfep 5 min. Remove residual HCl and wash 3 times with distilled watgr.
c¢) To remgve organic matter, add about 3 ml to 4 ml volume fraction of 30 % H,0,, and placg
constarft temperature water bath at 60 °C for 1 h to 2 h, i.e. until no bubbles form.
d) Centrifyge at 2.500 r/min for 5 min. Remove residual H,0, and wash 3 times with distilled water.
NOTE If|timesallows, the sediment can be separated from the supernatant by static precipitatior
9.5.1.2).
9.5.1.2 Static precipitation method

The static precipitation method includes the following steps.

a)

acid. When the reaction stops, distribute the mixture evenly and place for 12 h to 24 h.

b)

the supernatant. Repeat 3 times.

0)
to 2 h.

18

Place about 1 g to 2 g of sample into a beaker. Add a volume fraction of 10 % to 15 % hydrochloric

Remove the residual hydrochloric acid. Add distilled water and place for at least 24 h and pour off

Add a volume fraction of 30 % H,0, and place in a constant temperature water bath at 60 °C for 1 h
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d) Wash 3 times with distilled water.

If the sample is dry, it is advisable to take about 1 g to 5 g dry sample, put it into 300 ml beaker, add
200 ml of distilled water and 0,5 g to 1 g of sodium pyrophosphate and allow to stand for about 10 h.
After the sediment has dispersed, continue as above.

9.5.2 Preparation of microscope slide specimens

The procedure for the preparation of microscope slide specimens includes the following.

a)

Immerse coverslips in a volume fraction of 10 % to 20 % HCI solution for at least 24 h, and then

: - 1 1 1 4 Al ol R | £
INTMeTrse T arcoITor tO Tenove 1IGI, DCIUIT USC.

q

b)

I
I

9.6

Ident

$pread diatom suspension evenly on coverslip with a glass rod and allow to dry. Add1

}

eutral resin onto the glass slide. Place the coated coverslip gently onto the resin|drop,
ubbles.

lide can be dried naturally or in an oven (45 °C to 55 °C, temperature should not be ta
o avoid bubbling) for 48 h.

Label the slide and store it in a sample box.

Prepare replicate slides for each sample for identification anddanalysis.

Organization of data

ification of diatoms is made by observing under a miicroscope at 1 000x magnification. H

can be carried out at 400x magnification. At least 300 diatom frustules (not including re

and
to th
recol

Data
analy

10 3

huxospore) per sample should be identified;The relative abundance (%) of each spe
e total number of diatom frustules (i.e. 1ot including resting spores and auxosporsg
‘ded for each sample.

processing should meet the relevant provisions of this document. For the calculation of]
sis, refer to Annex E.

burvey of coccoliths

10.1 Principle

The
and
ocea

bbjectives of jnvestigating coccoliths in sediments are: to meet the need of chrono
fo date geological age of sediments by analysis and identification of coccoliths; to €
hographical/palaeoceanographical significance through analysis of characteristics

asseimblages;~to infer sedimentary environments (including sediment sources) or diagene

analy

rsis@nd evaluation of coccolith preservation status.

r 2 drops of
avoiding air

o high so as

numeration
sting spores
cies relative
) should be

biocoenosis

btratigraphy
xplore their
of coccolith
5is based on

10.2 General provisions

The general provisions include the following.

a)

with another sample, re-using disposable tools for sampling.

b)

Sampling quality: the sample shall not be contaminated for example by cross-sampling, mixing

Sampling depth or depth interval: the topmost 0 cm to 2 cm layer of sediment should be collected for

seafloor surface samples; depth intervals between 2 cm to 10 cm, or other intervals in accordance
with the requirements of a survey plan can be selectively collected from box-corer, multicorer or
gravity sampler, for subsurface sediment samples. For undisturbed sediments and well-preserved
sediment sequences, a grab sampler can be used from which vertical tube subcores can be taken.
Sampling can then continue in the same way as by multicorer.

©ISO

2021 - All rights reserved
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d)

f)

10.3 Colleftion and preservation of the samples

Sampling amount: take about 5 g to 10 g of wet sediment for sampling shallow water regions of
continental shelf; take about 1 g to 2 g of wet sediment for sampling continental slope and deep-
water areas. The dry mass of samples should be calculated. It is suggested that the sampling volume
be at least 3 cm3, or the sampling mass more than 5 g, so that the amount of sediment is sufficient
to meet the needs of the clean procedure (which includes removing the outer layer of the sample),
and the needs for multiple slide-making or scanning electron microscopy.

Requirements of identification and classification: identify dominant taxa at species or genus level.

Statistical requirements: all coccoliths within 5 fields of view (at a magnification of 1 000x) on a
microscope slide shall be enumerated. Atleast 300 individuals should be identified and enumerated.

Atl t1nI\L“ 11 £aza L. 111 L d Ll £ £l 200 .o Jda .21 ] 1.
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Charactleristic parameters of fossil community: the parameters include the number of spe¢cies,
dominaht and common species, relative abundance and species diversity.

The comman methods of sediment sampling are mainly carried out by box-Corer, multicorer, |grab
samplers, gijavity piston corer or drilling. After the sampling, the samples can‘béstored in sealed plastic
bags, plastiq boxes, or glass bottle; according to the conditions, the samples-can be stored either af 4 °C

orina sample store room at room temperature.

10.4 Toolg and reagents

The tools and reagents include the following.

a)

b)

d)

10.5 Proce¢ssing and analysis of the samples

Equipment for slide preparation: beaker (commonly+50 ml, 20 ml), wash bottle, electric hepting
plate, glass microscope slides, cover slips, straws;(large and small), glass rods (large and srmall),
ultrasonic cleaner, centrifuge, tweezers, toothpicks, labels, markers, kitchen paper or paper towels,
microsdope slide box.

Reagents and solvents: distilled water, amimonia (preparation of alkaline buffer of pH 9: add & few
drops of ammonia into a bottle filled with 1 1 distilled water, shake the bottle, test pH with pH test
paper), A volume fraction of 10 % hydrochloric acid.

Slide mpunting medium: the mounting medium should have a refractivity lower than or close to
that of [alcite, namely between 1,658 to 1,486; neutral balsam (or Canada balsam), or Norland
optical adhesive (ultravioletlight is needed to dry it), or abienic balsam.

Observation instrumeénts: a polarizing microscope (with magnifications of 200x, 400x%, 1 0p0x).
The use|of contrast-device on the microscope depends on the need. A scanning electron microgcope
or tranymission‘electron microscope can be used depending on the need.

10.5.1 Pre-preparation of the equipment and the samples

As coccoliths are very small, the samples are prone to be contaminated. The following precautions
should always be taken during sample preparation.

a)

b)

20

Clean the test bed: cover the preparation area of the test bed with disposable paper, replace with
new paper after each usage, avoid solution spatters out during preparation.

Use fresh samples: scrape off the outer surface of the sample and subsample the interior sediments.
Avoid touching the samples directly; wear disposable gloves or use disposable paper while
manipulating the samples.
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c) Clean the containers and equipment: use disposable tools (such as toothpicks, paper) where
possible; glass containers and reusable equipment should be washed after each usage, soaked for

10 min in dilute hydrochloric acid (a volume fraction of 10 %), and rinsed.

10.5.2 Method of preparing simple smear slides

The procedure is as follows.

a)
b)

d)

The above second step can be substituted as follows.

b) Put the sample into a beaker filled with distilled, buffered water, mix well and allov
rder to disperse the coccoliths. Place 1 or 2 dtops of the sediment suspension onto a
glass slide.
10.5{3 Pre-concentration of coccolith samples

For 4ediments from shallow seas or\deep-sea gravity flow environments, sorting and cc
metHods are needed. The procedure is as follows.

a)

b)

)

Mark a glass microscope slide.

Scrape small fraction of the clean and fresh raw sediment (about the size of a mung bea

{) OV JOT 21d OC. 1) CU WA O C Sd D O U

mix into a slurry.

glass slide. During the smearing process, large-sized or coarse particles should be ny
¢dge of the glass slide and then discard. Put a cover slip or glass slide onto.a heating p
Jet at 70 °C to 90 °C) and allow to dry.

Place an appropriate amount of mounting medium onto the cover slip or glass slide. P13
4lip onto a glass slide, or apply a cover slip onto the glass slide, arid place onto the heatil
3 glass rod to gently compact the cover slip, squeezing any airbubbles out of the mount
emove from the heating plate and allow to cool. When Nafland optical adhesive is us
glide under an ultraviolet light for at least 5 min to allow the'adhesive to cure.

$oak and disaggregate sediment sample: take about 1 g of sample, place it in a bed
dppropriate amount of-burffer (pH 9), and soak. To disperse particles, either stir, or plac
in an ultrasonic bath-fer 10 s to 15 s.

$ort and separate-coarse fractions: stir the sample solution, allow the solution to settle
10 min, so that-Coarse particles (sand and coarse silt) gradually precipitate onto the b
Ibeaker; pour the supernatant into another beaker and discard the settled coarse debri

$ort,and separate fine clay fractions: cover the beaker containing the supernatant z
gettle for 15 h to 20 h. Pour off the supernatant liquid, which contains mainly clay nj

n) and place

atoothpick to

Fover slip or
oved to the
ate (usually

ce the cover
g plate. Use
ng medium.
bd, place the

v to soak in
cover slip or

ncentration

\ker, add an
e the beaker

for 5 min to
bttom of the

b.

nd allow to
inerals; stir

thesettled residue in the bottom of the heaker _and take a few drnpc to make a smeai

slide. If the

sample contains abundant clay fraction, repeat this step 2 to 3 times. Centrifugation

can also be

used in this step, however, a pre-experiment should be conducted in order to determine suitable

speed and time of centrifugation.

10.6 Organization of data

Data analysis and record documentation should meet the relevant provisions of this document. The
procedure includes the following.

a)

Identification and classification of coccolith species: observe and identify the coccol

iths, mainly

using polarized light microscopy at a magnification of 1 000x. Generally, coccolith fossils should be
identified to species or genus level, for a very small species, identification should be made using a

scanning electron microscope at a magnification of at least 10 000x.
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b)

d)

11 Survey of sporopollen

11.1 Pringiple

Evaluation of coccolith preservation status: provide a qualitative and quantitative estimate of the
preservation status of coccoliths, e.g. if they have been damaged by chemical etching, physical
breakage, or by secondary crystallization/recrystallization (Table G.1). Relative coccolith
abundance in sediments is the proportion of coccoliths relative to the sediment clastic components
and is expressed as a percentage (Table G.2). It is determined by referring to sediment particle
abundance charts[>%l. The evaluation should be made based on observations of at least 10 fields of
view at a magnification of 1 000x. Observation of at least 100 fields of view is needed if sediments
contain very few coccoliths.

Enumeration of coccoliths. There are two minimum requirements; at least 300 coccoliths shall be
observed and counted for each sample; and at least more than 5 fields of view (at a magnification of
1 000x)[Tandomly located on the slide should be observed. Very commonly, the sediment sarhples
analysed contain abundant coccoliths, and the number of coccoliths within one field of view)is'more
than 10. In this case, a subdivision of one field of view into 4 parts can be made by usingthe cfross-
hairs in|the eyepiece, and coccoliths within 1/4 field of view can be counted. In this-CaSe, at|least
5 fields|of view shall be observed. If a sediment sample contains very few coccoliths, at least 100
fields of view shall be observed.

Analysip of coccolith assemblage abundance: for basic marine geological survey objects,|it is
recomnjended to estimate the relative abundance of coccoliths.

There are several semi-quantitative estimation methods. For exaniple, the method suggested by
Referenice [5], it is to obtain the number of coccoliths per area on‘a sample slide, with the purpose
of analysing some selected coccolith species that have significance for ecology or geoldgical
age diagnosis. There are also several absolute quantitativeymethods of analysis to obtain the
number] of coccoliths per mass in the sample. For example, the random settling method that was
suggested by Reference [7] and by Reference [55], the:§pray method suggested by Referende [8]
and the| microbeads method suggested by ReferenceJ47]. These methods are commonly applied
in palagoceanographic studies, however, they needmore time for sample preparation than simple
smear slides. These methods can be applied if necessary in the marine survey objects.

The outer cpat (exine) of pollen andspore is mainly composed of tough, resistant organic compotinds,
namely sporopollenin (C;,H;403){ and chitin, which protect the sporopollen from desiccationf and
oxidation. The sporopollen assémblage in sediments reflects the community characteristics of the
original vegetation and provides information on the temperature and humidity of terrestrial haljitats
around sedimentary basins. The methods employed for investigating sporopollen in sediments inglude
sample collg¢ction, sample processing by both physical and chemical treatments in order to extract
the sporopdllen by-xemoving organic materials, carbonate and siliceous minerals, the identifichtion
and enumerationyof sporopollen and data analysis. Based on the sporopollen data, it is possible to

reconstruct|pdstclimate change in the terrestrial habitats surrounding sedimentary basins.

11.2 General provisions

The general provisions include the following.

a)

b)

22

All samples should be collected and processed without contamination; only filtered or distilled
water can be used; laboratory windows should be kept closed when the pollen filtration system is
in operation; there should be no other sporopollen source in the laboratory. Detailed information of
the field site and samples shall be recorded.

Samples should be collected from the upper 2 cm layer of the sea surface sediments, and at 2 cm
intervals for the core sediments, or as required by the investigation program.
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The procedure for collection and preservation of samples include the following steps.

a)

b)

11.4

The tools and reagents include the following.

a)

b)

11.5

11.5

The procedure for sample disaggregation includes the following.

a)

b)
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The investigation should include the identification of the sporopollen components and their
quantity, and the total sporopollen concentration.

The nomenclature of sporopollen should follow modern classification systems for extant plants.
All sporopollen should be identified to genus level (or family level if genus identification is not
possible).

At least five slides should be observed to enumerate the sporopollen when the sporopollen is low in
quantity (less than 100 grains). Otherwise, a minimum of 200 grains (spores not included) should
be counted and a total of 100 grains for non-pine pollen is suggested.

Collection and preservation of the samples

$amples of surface or core sediments can be collected, packed and sealed in plastic bag
ghowing the site location, water depth, core number and depth, and sample number.

laken in laboratory if the surface sediments and cores are whole packed and stored in
r frozen.

The volume of the sediments for sporopollen investigation is 10 ml or 10 g to 20 g,
lithology. A large sample volume is usually needed when thesite location is far from

5 with labels
All samples

ghould be kept in a refrigerator or a cool room between 2 °C and 5 °C| or’ frozen. Samples can be

refrigerator

ased on the
the shore or

tthe samples are made up of coarser components.

Tools and reagents

Equipment: balance, polytetrafluoroethylene (PTFE) or polypropylene beaker, glass beaker,
funnel, ultrasonicator (40 kHz), standard sieve (7 um and 180 pum), centrifuge, hot plate, water
Ibath, microscope slides, cover slips (05150 mm or thinner), watch glasses (®=20 cm), pipe, wooden
gpatulas, stainless steel or polytetrafluoroethylene (PTFE) spatulas and rods, glass [rods, stereo
icroscope.

eagents: Lycopodium tahlets, glycerine, phenol, gelatine, Canada balsam or nail polish, sodium
yrophosphate (Na,P,0 5 %), potassium hydroxide or sodium hydroxide (KOH or NaOH, 10 %),
ydrochloric acid (HCI,)10 %), hydrofluoric acid (HF, 40 % or conc.), glacial acetic acid |(CH;COOH),
ixture of acetolysisianhydride [(CH;CO0),0] and sulphuric acid (H,SO,, conc.) (9: 1 in yolume).

Processing-and analysis of the samples

1 Sample disaggregation

Record the site location, water depth, core number and depth, registered the sample number and
water depth. Label the beaker.

Place the sediment (10 ml, or 10 g dry sample) and one tablet of Lycopodium into the beaker. Record
the mass or volume of the sample.

Add a volume fraction of 5 % sodium pyrophosphate (two times the volume of the sediment sample).
Place in a water bath at 100 °C for 30 min, stirring with a rod. The sediment particles are dispersed
to maximize the reactive surface area. If the sediments are quite loose, this step can be skipped.
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11.5.2 Alkali-soluble digestion

Add a volume fraction of 10 % potassium hydroxide (two times the volume of the sample). Place in a
water bath at 100 °C for 10 min, stirring with a rod. This process dissolves humic materials.

11.5.3 Sieving

Add distilled water and suspend the sediments. Wash through a stainless-steel wire sieve (180 um)
into another labelled beaker. The sieving step removes large clasts and organic debris, which makes
the reaction in subsequent treatments more efficient when digesting extraneous material. Transfer the
suspension by passing through the sieve (180 pm) into a centrifuge tube and centrifuge for 5 min at
3 000 r/min[ Decant the supernatant.

11.5.4 Carbonate digestion

Transfer thg sediment to a beaker. Add 10 % hydrochloric acid (three times the volume-of'the sediment
sample, or in excess until all obvious reaction ceases). Place at room temperature for 30 min, stirril?lg
with a rod. H‘fthe carbonate content is high, the acid can be added very slowly and-monitored for
effervescenge to prevent sample loss. Transfer into centrifuge tubes and centrifuge for 5 min at
3 000 r/min} Decant the supernatant. Wash with distilled water and centrifuge for 3 min at 3 000 §/
min. Decant|the supernatant.

NOTE The addition of hydrochloric acid is necessary to remove carbonate before HF digestion, otherwise
the carbonatg reacts with HF to form the insoluble precipitate (CaF,).

11.5.5 Silicate digestion
The procedure for silicate digestion includes the followingisteps.

a) Transfef the matrix to a polytetrafluoroethylene (PTFE) or polypropylene beaker. Add a volume
fraction of 40 % hydrofluoric acid (or up to 70 % conc., two times the volume of the sediment
sample). Cover the beaker or seal with a plastic cloth. Place in a fume hood at room temperatute for
2 days ghaking occasionally. In case théreare large amount of silt and sand, HF treatment cdn be
prolonged or repeated until these are completely removed. Digestion can be monitored by rulpbing
the resifdue of the reaction againstthe beaker wall with a spatula or rod. If silts and sands ar¢ still
present| a distinct gritty texture-can be felt.

b) Unseal [the beaker and add_distilled water. Transfer to a polytetrafluoroethylene (PTF
polypropylene centrifuge‘tube, centrifuge for 5 min at 3 000 r/min. Decant the supernatant.
with diptilled water and”centrifuge for 3 min at 3 000 r/min. Decant the supernatant. R¢peat
washing procedure:

c) Add a volume_fraction of 10 % hydrochloric acid (one or two times the volume of the sedi
sample) stirring with a rod. Place at room temperature for 30 min or until the solution furns

3 min at 3 000 r/min. Decant the supernatant Wash two or three times or untll neutral after the
litmus test.

11.5.6 Ultrasonic cleaning and sieving

Clean ultrasonically for 30 s. Wash through a stainless-steel wire sieve (7 pm). Collect and transfer the
fraction larger than 7 pm into glass centrifuge tubes. Centrifuge for 5 min at 3 000 r/min. Decant the
supernatant.
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11.5.7 Acetolysis

This process removes cellulose. The texture of the sporopollen will be clearer under the microscope
after the acetolysis. This step is optional. The procedure includes the following.

a)

b)

11.5

Fort
phen

NOTH

4

Decant the supernatant. This treatment is to dehydrate the sporopollen sample befor

Add a 1/2 tube of glacial acetic acid, stir the mixture, and centrifuge for 5 min at 3 000 r/min.

e acetolysis.

Otherwise, the reagents used in acetolysis, i.e. acetolysis anhydride and concentrated sulphuric

acid, will react vigorously with the water.

rarnf‘n”y with a2 rod. Incubate in a water bath at 100 °C for R min to 5 min. Remaove

Add a 1/2 tube of a solution of acetolysis anhydride and concentrated sulphuric acid (9:1). Stir

nd cool the

¢entrifuge tubes. Centrifuge for 5 min at 3 000 r/min with pairing samples or glacia
Pecant the supernatant. The H,SO, acts as a catalyst for the acetolysis reactiony i
¢ellulose is esterified to form cellulose triacetate. This product is soluble in acetic a
feaction product in the acetolysis). If the cellulose content in the sampleis high,
freatment.

\dd glacial acetic acid, stir and centrifuge for 5 min at 3 000 r/min. Pecant the supern
vith distilled water. Allow to stand for 5 min before centrifuging.fop3 min at 3 000 r,
vashing procedure.

\
\

8 Storage of processed sample

emporary storage, add a little distilled water. For indefinite storage, add glycerine (wit
ol, two times the volume of the pellet).

If time permits, the centrifuge stages in.the above steps can be substituted by

sedimentation in the fume hood for 4 h or longer.

11.5
Thre

plan
a)

Disp
tip o

extr

b)

Melt
spor

give
sedi

9 Mounting sporopollen specimens

e to five monitor or permanent shides shall be mounted based on the requirements o
Engrave and label slides and add-relevant information to the worksheet.

Monitor slide preparation

bnse a drop of glycerine“and water (4: 1 in volume) solution onto the centre of the
[ the prepared sporopollen sample and mix evenly. Apply a cover slip and press gent

¢mely thin layer of miixture.

Permanent slide preparation

bpollenisample, and mix while heating on a hot plate to degas. Apply a cover slip and pr
an-‘extremely thin layer of mixture. Invert the slide so that as much as possible of the

a smalkpiece of glycerine jelly and place in the centre of the slide. Add a tip of t}

acetic acid.
h which the
rid (another
repeat this

atant. Wash
min. Repeat

h1%to2%

the natural

f the survey

slide. Add a
y to give an

e prepared
bss gently to
sporopollen

ifies. Seal the

slides with Canada balsam or nail polish. Use as little glycerine jelly as possible in order to minimize

amo

unt of sporopollen suspended in the jelly.

11.5.10Glycerine jelly preparation

Add 7 g of gelatine, 19 g of distilled water, 30 g of glycerine and 1 g of phenol into a beaker. Melt and stir
gently. Keep heating until no obvious effervescence. Filter through glass wool in a funnel. The liquid
mixture becomes solid glycerine jelly after cooling. Glycerine jelly should be kept in the dark.

11.5.11Precautions

Be especially careful during the HF treatment. HF is particularly dangerous if inhaled or if it comes
into contact with skin or mucus membranes. Only use stainless steel, polytetrafluoroethylene (PTFE)
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or polypropylene ware in this step. The acetolysis solution can be explosive when it comes in contact
with water. Be familiar with the property of the chemicals and the specification for experimental
procedures, such as using protective clothing, gloves and an eye shield. Note the location of the first aid
kit, the shower, the eye-wash station and the burn blanket, and know how to use them. All procedures
shall be carried out in a fume hood.

11.6 Organization of data

Data of the sporopollen investigation in sediments shall conform to the requirements in this document.
The sporopollen concentrations can be calculated using the exotic Lycopodium tablet technique and be

expressed in numbers of grains per gram dry mass of sediment (N/g), or per millilitre of the sediment

(N/ml). The|relative abundances of individual sporopollen taxa can be estimated on their group. totals

(arboreal and herbaceous pollen) and expressed as percentages of the total.

12 Survey of benthic viruses

12.1 Pringiple

Sediment spmples are frozen directly without fixation or fixed with 0,02 pm-filtered seawater

containing 4 % formalin or 2 % glutaraldehyde (for fluorescence microscopy) or 0,5 % glutaraldghyde

(for flow cytometry). Benthic viruses are enumerated by epifluorescence microscopy (or |flow

cytometry) [after extraction, centrifugation, dilution, filtration, staining and slides preparation| (see

flow diagras in Figure H.1).

12.2 Genefal provisions

The general|provisions include the following:

a) seawatdr and MilliQ®Y) water should be filtered-with 0,02 pm membrane after sterilization;

b) reagents and solutions should be filtered with 0,2 pm membrane;

¢) individyal abundance should be presented as individuals per gram of sediment dry mass;

d) biomasg should be presented as-micrograms of carbon per 10 square centimetre or microgrgm of
carbon per cubic centimetre;

e) investigation elements should include determining the abundance (or biomass) of viruses.

12.3 Collertion and preservation of the samples

12.3.1 Samples forepifluorescence microscopy

Samples for|epifluorescence microscopy include the following.

a) Fixed samples: three replicate samples each of 0,5 ml are collected from the top 1 cm layer of
undisturbed sediment core and transferred into 5 ml storage tubes. To each replicate, add 3 ml of
2 % formalin (or glutaraldehyde) made using 0,02 pm-filtered seawater. Shake gently and place in
the dark at 4 °C for 15 min to 30 min. Samples are then quick-frozen in liquid nitrogen and stored at
-80 °C.

b) Non-fixed samples: three replicate samples each of 0,5 ml are collected from the top 0,5 cm or 1 cm
layer of undisturbed sediment core and transferred into 5 ml storage tubes. To each replicate, add
3 ml of 0,02 um-filtered sterile seawater. Samples are then quick-frozen in liquid nitrogen, and then

stored at -80 °C.

1) MilliQ® water is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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Samples for stratification analysis: sediment cores are sliced into layers at of 2 cm thickness or
according to the experimental design. Each layer of sediment is homogenized and three replicate
samples (0,5 ml) of each are collected in triplicate and preserved as described above for fixed and

non-fixed samples.

Samples with or without fixation should be analysed immediately after sampling, or prepared as dye-
stained slides immediately and stored at -20 °C, or snap frozen in liquid nitrogen and stored at -80 °C,
until analysed.

12.3.2 Samples for flow cytometry

Undifturbed sediments of U,5 mI are collected from the top I cm in triplicate and tran
5 ml| storage tubes. To each replicate, add 3 ml of 0,02 pm-filtered 0,5 % glutaraldehy
paraformaldehyde) made using by 0,02 pm-filtered seawater. Shake well and placesin-the
for 1p min to 30 min. Samples are then snap-frozen in liquid nitrogen and stored at-80 °C.

12.3{3 Samples for environmental measurements and molecular diversity of viruses

sferred into
rde (or 1 %
dark at 4 °C

Sediment samples are collected from the top or sliced layers using 2,9“cm diameter cut-off sterile

syrirjges. Samples are placed into sterile ziplock bags and stored at -80*°C.
12.4 Tools and reagents

12.4{1 Equipment and reagents for epifluorescence microscopy

The ¢quipment and reagents for epifluorescence microscopy include the following:

a)

b)
‘)

d)
e)
f)

g)

h)

Yacuum filtration unit, refrigerator, ultra-low temperature freezer, liquid nitroge
¢entrifuge, ultrasonic processor, vortexers;epifluorescence microscope;

,02 um-filtered sterile seawater containing 2 % formalin or 2 % glutaraldehyde (C;Hg

,02 pm-filtered paraformaldehyde ((CH,0),), the volume fraction of which is 37 % to 4
t-20 °G;

,02 um-filtered sterile MilliQ® water;
,02 um-filtered sterile/seawater;

%5 mmol/l tetrasodium pyrophosphate stock solution made up in 0,02 pum-filtered ste|
yvater, stored’indark at 4 °C;

$YBR® Green 12 or SYBR® Gold?) manufacturer’s stock solution (deoxyribonucleic

fluoreseent stain), which can be aliquoted in small volumes and stored in dark at -20 °(;

n container,

0,);
10 %, stored

rile MilliQ®

hcid specific

)

antifade solution:

phosphate buffered saline (PBS) glycerol stock solution:

prepare a solution of 50 % PBS (0,05 mol/I Na,HPO,, 0,85 % NaCl (mass/vol), pH 7,5) and 50 %

glycerol, which can be aliquoted in small volumes and stored in the dark at -20 °C;

10 % (mass/vol) p-phenylenediamine stock solution, which can be aliquoted in small volumes and

stored in the dark at -20 °C;

0,02 pm-filtered ethanol;

2) SYBR® Green I and SYBR Gold® are examples of suitable products available commercially. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO of these
products.
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j)

fluorescence free immersion oil.

12.4.2 Equipment and reagents for flow cytometry

The equipment and reagents for flow cytometry include the following:

a)
b)

12.4.3 Equipment and tools Tor molecular diversity of viruses

The equipmpent and tools for molecular diversity of viruses include the following:

a)

b)

12.5 Proce¢ssing and analysis of samples

12.5.1 Enumeration of viruses by epifluorescence microscopy

The procedure includes the following steps.

a)
b)

f)

28

sheath fluid: 0,02 pm-filtered sterile in situ seawater or MilliQ® water;

internal standard: 1 002 pm yellow-green fluorescent beads (Polysciences Ref 71825), density
108/cm3 in 0,02 um-filtered sterile seawater.

equipment: polymerase chain reaction system, water-bath heater, ultracentrifuge,| gel
electrophoresis imaging system, benchtop, horizontal rotators, constant temperature incubator,
vortex mixer, ultrasonic oscillometer;

tools and disposables: micropipettor (ranges 0,2 pl to 2 pl, 2 pl to 20 pl, 201l to 200 pl, 200|ul to
1 000 ul), 1,5 ml centrifuge tubes, polymerase chain reaction (PCR) tubes, 1 000 ul pipette]|tips,
200 pl pipette tips, 10 ul pipette tips, Petri dishes.

Thaw the -80 °C stored samples at ambient temperature (25 °C) and place on ice until processgd.

Surfactynt processing: shake the sample and'transfer into a 10 ml centrifuge tube. Rinse the stgrage
tube with 1,5 ml of 0,02 pm-filtered sterite MilliQ® water and transfer the liquid into the centrjfuge
tube. Add 500 pl of tetrasodium pyrophosphate stock solution (5 mmol/] final concentration] into
the sediment slurry, shake and incubate in the dark at ambient temperature for 15 min.

Sonicat]on processing: shake tHe samples and sonicate in an ice bath for 3 x 1 min (100 W, 40 kHz).
During ntervals between sohication, shake manually for 30 s to avoid overheating.

Centrifygation: add 0,024un-filtered sterile seawater into the centrifuge tube to give a total volume
of 10 m]. Shake well and’centrifuge at 800 g for 1 min.

Setup the filtration‘apparatus: the funnel should be soaked in 10 % HCI overnight before use, rinsed
with 0,02 pm-fiftéred sterile MilliQ® water and autoclaved. Wash the funnel with 0,02 pum-filtered
sterile MilliQ® water on the day of the experiment and dry the funnel with lint-free paper (the
funnel §hould be cleaned between samples in the same way; the support membrane does notneed
to be removedJ. Place a 0,45 {m or U,8 [ pore, 25 mm diameter, membrane onto the centre of
the filter holder as a support membrane (the membrane can be reused until it is broken). Wet the
support membrane with 0,02 um-filtered sterile MilliQ® water and place a 0,02 um pore, 25 mm
diameter Anodisc filter on top, and assemble the filter tower. No bubbles should be present between
the two membranes.

Preparation of the stain: take out and dilute the SYBR® Green I (or SYBR® Gold) stock stain
solution 20-fold with 0,02 pm-filtered sterile MilliQ® water (for example, add 50 ul of stock
solution into 950 pl MilliQ® water). Stains should always be handled in low light and placed on
ice before use. The rest of the stock solution should be stored in the dark at -20 °C immediately.
Repeatedly thawing and freezing adversely affects the stain, so it is necessary to control the stock
volume according to the experimental need.
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Preparation of the antifade solution (0,1 % p-phenylenediamine solution): thaw the
p-phenylenediamine stock solution before use. Add 10 pl into 990 pl glycerol/PBS stock solution
and mix adequately. The working solution should be kept in low light and placed on ice. The rest
of the stock solution should be frozen again immediately and should be discarded after freezing
and thawing three times. If the p-phenylenediamine stock solution or the antifade solution has a
brownish tint it should not be used.

Add the sample: determine the dilution multiple based on sediment type, and filter the
corresponding volume of the 10 ml supernatant containing viral particles. 100 ul can be filtered if
the dilution multiple is 100-fold, and 20 pl can be filtrated if the dilution multiple is 500-fold, and so
on. Samples of sandy sediment can be diluted for 100 to 500 fold; samples of silty sediment can be

1Tuted for 0 old. ml to Z ml of 0,02 pm-i1ltered sterile seawater 1n
efore adding the sample. Gently mix the liquid with the pipette tip to distribute the vii
venly on the membrane. The tip should not touch the membrane.

o the funnel
us particles

iltration: draw the sample through the filter membrane under the pressure:of less than 250 mm

g VAC. Remove the filter funnel.

rying the filter: gently rub the reverse side (not the sample side)) of the filter w
aper. Place the filter membrane on the lint-free paper in the darkto air-dry completg
embrane is dry when no translucent areas remain and there is 1fo liquid on the surfacg
ot to touch the sample side of the membrane filter.

$taining: place a 20 pl droplet of SYBR® Green I working.solution onto the Petri dish a
light. Place the filter membrane, reverse side down, onto the droplet and allow to stai
o 20 min in the dark. Rinse the reverse side of the filtéer membrane with 500 pl of 0,02
gterile MilliQ® water to remove excess stain. Repeat the filter-drying procedure descy
-
Preparation of the slide: place a 10 ul droplétof antifade working solution onto the mid

microscope slide and lay the filter membbane on top (sample side up). Add 20 pl of ant
¢overslip and fully cover the filter membrane. No bubbles should be present on or ung

he best option.

numeration: virus particles*are distinctly shaped ‘pinpricks’ and fluoresce bright
lue excitation using an gil=€mersion objective. Randomly select 10 to 50 fields of view
ast 400 virus particles-for each filter.

lank controls should be prepared every time on a different day of the measurement, n
ne virus particleshould be present in each field of view.

alculate thé€ virus abundance in the sample using Formula (1):
_ Ng3S-D-F,

ith lint-free
ly (the filter
). Be careful

nd avoid the
n for 15 min
um-filtered
ibed in step

lle of a glass
ifade onto a
ler the filter

embrane. The slide can be stored.at-20 °C for weeks or months, although counting immediately is

rreen under
hnd count at

o more than

)

Se-M

where

N is the abundance of virus particles in the sample, expressed in individuals per

mass of sediment;
is the average number of virus particles counted in each field view;
is the filtration area, expressed in square millimetres (mm?2);

is the dilution fold of the sample;
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is the correction factor (computed by repeating the extraction 3 times and adding up all counts
of the slides to give the total virus abundance. The correction factor is the ratio of the total
abundance to the count of the first extraction);

S;  isthe area of the filed of view, expressed in square millimetres (mm?);
M isthe mass of dried 0,5 ml sediment, expressed in grams.
p) Record the results of the analysis on the lab record (refer to the Table D.1).

q) The virus biomass can be estimated by using the factor of 0,2 fg/particles.

12.5.2 Profedure for flow cytometry

The procedure includes the following steps:

a) Preparg the sheath fluid and turn on the apparatus. The sheath fluid filter inside the appafatus
cannot pe used if filtered seawater is used as the sheath fluid, otherwise tHe sheath fluid filter
should lpe changed.

b) Carry ofit for the self-correction procedure for the apparatus. Check the'sensitivity and accurdcy of
the apppratus according to the method provided by the instrumentmanufacturer (in general, the
CV valug should be less than 2,0) and ensure the apparatus is in ggod*condition.

¢) Thaw the sample quickly in a 37 °C water bath. Add 10 mm3 pfibead solution and 1 cm3 of sample
into a lgbelled flow cytometry sample tube and mix well with'the vortex mixer.

d) Setthe parameters of each fluorescent channel of the apparatus: set the threshold value on the red
fluoresgent channel to make it suitable for the determiihation of the virus particles in the coll¢cted
area, reford the parameters and collect the log signal.

e) Selectand calibrate the flow rate: set the flow rdte in the range 10 cm3/min to 30 cm3/min anfd the
collectipn speed in the range 50 to100 particles per second.

f) Data co]lection: input the sample and-begin collecting data after at least 15 s of stability. Exitract
the datq using list mode. The quantity of virus particles collected should be greater than 10]000.
Record fhe setup parameters of thelapparatus during sample analysis.

g) Measurg the speed of the sample flow: measure the volume of the sample before and aftef the
sample finputting, recordthe duration of sample inputting, and calculate the speed of the sample
flow.

h) Record the resultsiefthe analysis on the lab record (refer to Table D.2).

12.5.3 Estimation of the molecular diversity of viruses

12.5.3.1 0 I ViCW ufthc lucthud

The study on the molecular diversity of viruses in sediments is different from that of cellular organisms,
in that the viruses should be isolated and purified before DNA (deoxyribonucleic acid) extraction; as
there is no universal marker gene for viruses, the total viral DNA should be fragmented randomly;
construct the corresponding library and sequence it. After obtaining the sequence information, it is
compared with the existing viral genome to determine the group it belongs to.

12.5.3.2 Preparation for the isolation of viruses
The procedure includes the following steps:
a) the experiment glassware should be soaked in 10 % HCI overnight, fully cleaned with distilled

water and subsequently sterilized in an autoclave by high pressure steam (120 °C for 20 min);
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sterilize the centrifuge tube, pipette tips and plastic material with high pressure steam (120 °C for
20 min);

filter the distilled water and seawater through a 0,22 pm pore membrane, and sterilize in an
autoclave with high pressure steam (120 °C for 20 min), then filter the sterilized water through a
0,02 pm pore membrane;

prepare the reagents using the distilled water treated with above treatment, and filter the reagents
through 0,22 pm pore membranes.

12.5.3.3 Isolation of viruses

The procedure for isolation of viruses includes the following steps:

a)

b)
‘)

d)
e)
f)

g)
h)

i)

j)

12.5|3.4 Extraction of:viral DNA

The procedure for €xtraction of viral DNA includes the following steps:

a)
b)
c)
d)
e)
f)
g)

h)

thaw the -80 °C preserved sample at room temperature (25 °C) and place a 0,5 mlsubspmple into a
¢entrifuge tube;

¢entrifuge at 8 000 g for 10 min, and collect the supernatant;

wltrasonic treatment: add 1 ml of filtered seawater into the remaining sediments shgke well and
gonicated the mixture in water bath by for 1 min (100 W, 47 kHz);

¢entrifugation: centrifuge at 8 000 g for 1 min and collect thésSupernatant;
fepeat ) to d) five times;

gollect all the supernatants and filter through a, 100 pm pore membrane to remoye the large
particles;

¢ollect the flow-through and centrifuge at 8 800 g for 10 min;
¢ollect the supernatant and filter throughya 0,22 um pore membrane to remove bacterip;

¢ollect the flow-through, centrifuge @sing caesium chloride and concentrate to a volume of 1,35 ml
1o 1,5 ml;

the concentrate contains most of the virus particles, which can be used for subsgquent DNA
e¢xtraction.

place 0,5 mlof virus concentrate particles into a sterile 1,5 ml tube;

ddd 1gunl of DNA extraction buffer and 10 pl of 10 mg/ml proteinase K;

inegbate at 37 °C in a water bath for 1 h and shake using a vortex mixer every 3 min;

add 150 pl of 10 % sodium dodecyl sulphate (SDS);
incubate at 65 °C in a water bath for 2 h with gentle reverse blending every 15 min to 20 min;
centrifuge at 6 000 g for 10 min at room temperature and collect the supernatant;

add 450 ul of DNA extraction buffer and 50 ul of 20 % SDS into the residue. Shake 10 s using a
vortex mixer and incubate at 65 °C for 10 min in water bath;

centrifuge at 6 000 g for 10 min at room temperature and collect the supernatant. Divide all the
supernatant (containing the supernatant from step f) into two 1,5 ml tubes;

add 10 pg/ml of RNase according to the volume of the supernatant (1 ml supernatant add 1 pl of
RNase) and incubate at 37 °C in a water bath for at least 30 min;
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j) add an equal volume of chloroform-isoamyl alcohol (24:1 volume fraction), mix and centrifuge at
12 000 r/min at 4 °C for 10 min;

k) collect the supernatant and add 0,6 volume of precooled isopropanol and place at room temperature
for 1 h;

1) centrifuge at 16 000 g at 4 °C for 20 min and discard the supernatant;

m) add 70 % ethanol, mix and centrifuge at 16 000 g at 4 °C for 10 min, and then discard the
supernatant;

n) repeatstep m), and invert the tube on a lint-free paper to remove the ethanol;

0) add50 lILl of sterile deionized water and store at -20 °C for the subsequent analysis.

12.5.3.5 Lipker-amplified shotgun library
The procedure includes the following steps:
a) randomlly shear the obtained viral DNA;

b) carry :]lt end-repairing of the DNA fragments;

c) ligate the dsDNA linkers;

d) randomfly amplify the fragments using high-fidelity DNA polymierase;
e) ligate the resulting fragments into the pSMART vector;

f) electroporate into MC12 cells;

g) cloningjand culture;

h) sequenge.

12.5.3.6 Data analysis

Data analysis includes the following:

a) remove|low-quality sequences;

b) annotate the sequences@against the NCBI database;

c) construct phylogenétic trees to reveal taxonomic affiliations.

13 Survey of benthic microbes

13.1 Principle

The survey can include bacteria, archaea and fungi from the sediments. Genomic DNA is extracted
directly from oceanic sediments. The benthic microbial diversity and community structure are
determined using molecular biological techniques such as polymerase chain reaction (PCR), clone
library, and high-throughput sequencing. The abundance of benthic microbes are determined by
fluorescence microscopy and real-time PCR.

13.2 General provisions
The general provisions include the following:

a) sediment samples should be collected with minimal disturbance;
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b)

d)

e)

f)
The

the sediments can be designed according to the survey plan requirements.
13.3 Collection and preservation of the samples

13.3{1 Sampling stations and sample collection

The

a)
b)

13.3|2 On-site sample process

13.3}2.1 On-site processing of sediment samples collected by a box-corer

The procedure includes the following-steps:

a)

)

13.3}2.2 On-siteprocess of sediments collected by a multi-corer

The procedure’includes the following steps:

a)

IS0 23040:2021(E)

the assessments include diversity and abundance of benthic microbes;
sampling tools shall be sterilized or treated with 70 % ethanol prior to use;

Eppendorf tubes, pipette tips and solutions for laboratory analysis shall be sterilized
down before use. Reagents shall be filtered through sterile 0,22 pm pore membranes if
be autoclaved;

and cooled
they cannot

microbial abundances measured by fluorescence microscopy are expressed in particles/ml or

particles/g (dry mass);

microbial abundances measured by real time-PCR are expressed in copies/g (wet mass

echnical requirements shall be designed according to the survey plan. A fluid-velum

sampling stations and sample collection include the following.

The sampling stations can be aligned with other studies.

The depth intervals can be adjusted in order to meét the needs of the survey plan.

femove any disturbed portipiis of sediment from the surface sediment samples;

Insert a sterilized samplingtube no less than 2 cm from the side of the box-corer;

gurvey plan. Remove1 cm from the surface and keep the middle portion.

femove surface water from the sampling tube;

e metric for

$urface sediments across the study area can be collected for profiling of marine benthfic microbes.
To document vertical distribution patterns, a sedimeht core can be sectioned at interyals of 2 cm.

ush the sample out-of the sampling tube and section at intervals according to the peeds of the

b) push the sample out of the sampling tube and section according to the needs of the survey plan.

Remove 1 cm from the surface and keep the middle portion.

13.3.2.3 On-site process of sediments collected by pushcore

Follow the working procedure of 13.3.2.2.

13.3.3 Sample storage

The procedure for sample storage includes the following steps:

a)

store the samples at -20 °C or -80 °C for microbial diversity analysis and real-time PCR;
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b)

For fluorescence microscopy, dilute a 1 ml (or 1 cm3) aliquot of the sediment sample with
0,22 um-filtered seawater to give a total volume of 10 ml. Add 0,2 ml of glutaraldehyde to a final
concentration of a volume fraction of 2 %. Flash freeze in liquid nitrogen and store at -20 °C or
-80 °C. Prepare three replicates for each sample.

13.4 Tools and reagents

13.4.1 Equipment

The equipment includes the following:

a)

b)

13.4.2 Reagents

13.4.2.1 Re¢agents for molecular diversity and real-time PCR

The reagents for molecular diversity and real-time PCR in€lude the following.

a)

b)

f)

g)

h)

34

instrunjents: water bath, analytical balance, stirring plate, ice maker, laminar flow hood, ngrtex,
ultracentrifuge, bench-top centrifuge, PCR thermo cycler, real-time PCR instrument, gel imaging
system,|electrophoresis systems, orbital shaker, incubator, ultraviolet (UV) spectrométer, vaguum
filtration, sonicator, fluorescence microscope, refrigerator, ultra-low temperature frgezer,
autoclaye, pH meter;

laborat¢ry consumables: pipettes (0,2 pul to 2 ul, 1 pl to 10 pl, 2 pl to 20 pl, 18,utto 100 pl, 20{ul to
200 pl, ond 200 pl to 1 000 pl), inoculation loop, culture tubes, Petri dishés, PCR tubes, centrjfuge
tubes (1,5 ml, 50 ml), forceps, tooth picks, glass plates, coverslips, mortar, anodisc filters (0,22(um),
filters (0,22 pm, 0,45 um, and 0,8 pm), and pipette tips (10 pl, 200 ul,and 1 000 pl).

DNA exftraction reagents: liquid nitrogen, DNA extraction buffer, proteinase K (10 mg/ml), lysozyme
(50 mgfml), 10 % SDS, DNA gel extraction kits, chloroform/isoamyl alcohol (24: 1), isopropanol,
ethanolf double-distilled water.

PCR redgents: 2x PCR buffer (with DNA'polymerase), PCR primers, double-distilled water, agarose,
PCR prqduct purification kits, DNA gel extraction kits, ethidium bromide (EB).

DNA ligation and transformation-reagents: DNA ligase, cloning vectors, ligation buffer, dopble-
distilled water.

Clone |culture reagents™ Luria-Bertani (LB) medium, ampicillin, isopropyl [D-1-
thiogaldctopyranosid€ )(IPTG), X-Gal (5-bromo-4-chloro-3-indolyl [(-D-galactopyranoside),
competent cells.

Real-time PCR.reagents: 2x SYBR® Green PCR mix (with DNA polymerase), PCR primers, dopble-
distilled watérragarose, plasmid extraction kit, restriction endonuclease.

DNA extraetion buffer: weigh and dissolve 37,3 g of Na,EDTA-2H,0, 17,8 g of Na,HPO,-2H,0, 15,6 g
of NaH,P0,-2H,0, 87,8 g of NaCl, and 10 g of hexadecyl trimethyl ammonium bromide (CTAB) in
700 ml water. Add 100 mmol/1 of tris-HCI buffer (100 mm, pH 8,0). Adjust pH to 8,0. QS to 1 1 with
double-distilled water.

NOTE QS, "quantify sufficient", means adding enough solvent to bring to the total volume.

LB broth (1 1): dissolve 10 g of NaCl, 10 g of peptone and 5 g of yeast extract in 1 1 water. Adjust pH to
7,0. Autoclave at 121 °C for 20 min. For LB agar medium, add 1,5 % agar.

50x tris-acetate-ethylene diamine tetraacetic acid (TAE) buffer stock: add 242 g of tris and 37,2 g
Na,EDTA-2H,0 to 800 ml of double-distilled water. Mix well to dissolve. Add 57,1 ml of acetic acid
and mix well. QS with double-distilled water to 1 I. Store the stock buffer at room temperature.
Dilute to 1x TAE with double-distilled water before use.
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DNA markers: A-Hind III marker, D2000 DNA marker, 100 bp DNA marker.

13.4.2.2 Reagents for fluorescence microscopy

The reagents for fluorescence microscopy include the following.

a)

b)

d)

)

g)

Phosphate buffered saline (PBS): 0,27 g KH,PO,, 1,42 g Na,HPO,, 8 g NaCl and 0,2 g KCl. Add 800 ml
of double-distilled water, mix well. Adjust pH to 7,4 with hydrochloric acid. QS to 1 I with double-

distilled water.

4’,6-diamidino-2-phenylindole (DAPI): prepare a DAPI solution to final concentration 1 pg/ml to

5 pg/’lul.
$YBR® Green I (DNA specific dye) stain stock; store at -20 °C in dark.

Mounting solution: 2,4 g polyvinylalcohol 4-88 is added to 6 g glycerol and.yigorou
foom temperature for 30 min. Add 6 ml of double-distilled water and stir for'2 h. Add
golution and mix for 2 h at 50 °C until completely dissolved and the solutioh is clear. Fi
3 0,22 um pore sterilized membrane. Store aliquots of 200 pl to 1 000l at -20 °C.

Antioxidant: freshly prepare 1 mol/] ascorbic acid solution in PBS.

$taining solution: dilute SYRB Green I stock solution with mounting solution (1:100)

3t 4 °C. The staining solution can be kept at 4 °C for several weeks.

Dther reagents: methanol, glutaraldehyde, fluorescence microscopic immersion oil, nai

13.4{2.3 PCR primers

The PCR primers include the following.

a)

27F:

PCR primers for bacterial 16S ribosomal RNA (16 rRNA):
5-GAGTTTGATCCTGGCTCAG-3’

338K: 5-ACTCCTACGGGAGGCAGCAG-3’

341H: 5-CCTACGGGAGGCAGCAG-3’

515K 5-GTGCCAGCMGEEGCGG-3’

518 R: 5-ATTACGGCGGCTGCTGG-3’

806HK: 5-GGAETACYVGGGTATCTAAT-3’

907H: 54ACCGTCAATTCMTTTRAGTTT-3’

5ly mixed at
14 ml of PBS
[ter through

and add the

gntioxidant solution to a final concentration of 1 %. Adjust)pH to 7,4 at room temperature and store

[l polish.

1492R—S5=-GGTTACCTTGTTACGACTT-3"

b)

PCR primers for archaeal 16S rRNA:

Arch16F: 5-CTGGTTGATCCTGCCAG-3’

Arch21F: 5-TTCCGGTTGATCCYGCCGGA-3’

Arch109F: 5-ACKGCTCAGTAACACGT-3’

Arch349F: 5-CCCTACGGGGTGCASCAG-3’

Arch519F: 5-CAGCCGCCGCGGTAA-3’

Arch344R: 5-TTCGCGCCTGSTGCRCCCCG-3’
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Arch806R: 5-GGACTACVSGGGTATCTAAT-3’

Arch915R: 5-GTGCTCCCCCGCCAATTCCT-3’

Arch958R: 5-YCCGGCGTTGAMTCCAATT-3’

c) PCR primers for fungal internal transcribed spacer (ITS), 18S rRNA and 28S rRNA:
ITS1: 5~"TCCGTAGGTGAACCTGCGG-3’

ITS2: 5-GCTGCGTTCTTCATCGATGC-3’

ITS3: 5-GCATCEATCAAGAACGEAGE-3
ITS4: 5-CGTTACTRRGGCAATCCCTGTTG-3’
1380F: 5-G(CTCCCTCGCGCCATCAG-3’
1510R: 5-GCCTTGCCAGCCCGCTCAGC-3’
NL1F: 5-ATATCAATAAGCGGAGGAAAAG-3’
LS2R: 5-ATTCCCAAACAACTCGACTC-3’

d) PCR primers for positive check:

M13F: 5-TGAAAACGACGGCCAGT-3’

M13R: 5-CAGGAAACAGCTATGACC-3’

NOTE Sde 13.5.1.2.1,13.5.1.4.3 and 13.5.2.2.2 for targetingiamplification area from the above PCR primers.

13.5 Proce¢ssing and analysis of the samples
13.5.1 Assessment of molecular diversities.of benthic microbes

13.5.1.1 Extraction of genomic DNA from sediments
The procedyre for the extraction of'genomic DNA from sediments includes the following.

a) Weigh § g (wet mass) sediment sample and grind in liquid nitrogen. Add 13,5 ml of DNA extra
buffer and vortex to mix-well. Freeze at -80 °C for 3 h. Mix in 65 °C water bath for 10 min to 15
Repeat freeze-and-thaw'3 times.

b) Add 50| ul of prfoteinase K (10 mg/ml) and 2,5 ml lysozyme (50 mg/ml). Shake at 37 °d
200 r/nfin for.30"min.

ction
min.

and

c) Add 3 nlf 10 % SDS to the mixture and mix well. Warm in 65 °C water bath for 2 h (invert g

ently

every 10min to 20 min).

d) Centrifuge at 6 000 g for 15 min. Transfer the supernatant to a new centrifuge tube.

f)

g)
h)

36

To the pellet, add 4,5 ml of DNA extraction buffer and 1 ml of 10 % SDS. Mix well and place in water
bath at 65 °C for 1 h. Mix every 10 min to 20 min. Centrifuge at 6 000 g for 15 min and retain the
supernatant.

Combine the supernatants and add an equal volume of chloroform/isoamyl alcohol. Mix well.
Centrifuge at 4 °C, 16 000 g for 20 min.

Transfer the supernatant to a new centrifuge tube. Repeat step f).

Transfer the supernatant to a new centrifuge tube and add 0,6 volume isopropyl alcohol. Mix
gently, and precipitate at room temperature for 2 h. Centrifuge at room temperature at 16 000 g
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for 15 min. Discard the supernatant. Wash the pellet twice with cold 75 % ethanol. Centrifuge at
16 000 g for 5 min. Air dry. Add 100 ul of double-distilled water to dissolve the pellet. Store in
-20 °C freezer.

i) Run the total DNA from the sediment on 1 % agarose gel electrophoresis with A-Hind Il marker as
the standard. Check the EB stained agarose gel, and take an image with gel imaging system. The
main DNA band can be cut out from the 1,5 % agarose gel and recovered by the kit.

NOTE Other than this method, sediments DNA can also be extracted using commercial Kits.

13.5.1.2 PCR amplification

13.5{1.2.1 PCR primers

The PCR primers are shown in Table 1.

Table 1 — PCR primers for benthic microbes

Targeting organism Targeting region PCR primers
Bacteria 16S rRNA 27F/1492R
Archaea 16S rRNA Arch2TF/Arch958R Arch109H/
Arch958R
Fungi ITS ITS1/1TS4
NOTH PCR primers can be selected depending on the needs of the survey plan.

13.5{1.2.2 PCRreaction system

It indludes (total volume 50 pl) the following;

a) 2x PCRreaction buffer (with DNA polymerase), 25 pl;

b) jprimers 10 um, 1 pl of each forward and reverse primer;
c) DNA template 2 pl;

d) 4dd double-distilled water to 50 pl.

13.5{1.2.3 PCRreaction cycles

13.5{1.2.3.1 Réaction cycles for bacteria

The procedure includes:

a) ;pre—denaturation: 95 °C 4 min;

b) denaturation: 95 °C 1 min;

c) annealing: 59 °C 1 min;

d) extension: 72 °C 2 min;

e) repeatstep b) to d) for 35 cycles;
f) extension: 72 °C 7 min;

g) endat4°C.
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13.5.1.2.3.2 Reaction cycles for archaea

The procedure includes:

a) pre-denaturation: 95 °C 4 min;

b) denaturation: 95 °C 1 min;

c) annealing: 60 °C 1 min;

d) extension: 72 °C 1 min;

e) repeat{

tep by todjfor35cycles;

f) extension: 72 °C 7 min;

g) endat4

13.5.1.2.3.3
The procedt
a) pre-den
b) denatur
c) anneali
d) extensi

e) repeat{

°C.

Reaction cycles for fungi
ire includes:
aturation: 95 °C 4 min;
ation: 95 °C 1 min;
hg: 55 °C 1 min;

n: 72 °C 1,5 min;

tep b) to d) for 35 cycles;

f) extension: 72 °C 7 min;

g) endat4

13.5.1.2.4

Apply a neg
products w
the standarj
each sampld
library.

13.5.1.3 Cl

13.5.1.3.1

°C.

Detection of PCR products

pative control using sterilized deionized water for all the PCR reactions. Analyse
th 1 % agarose gel electrophoresis with a D2000 DNA marker or 100 bp DNA mark
ds. Check for negatiye/positive and the size of the amplified DNA. Replicate 3 timg
. Upon confirmatign, mix the PCR products from the 3 replicates for constructing the

pne library

PCR
er as
s for
Clone

Purification of the PCR products

Purify positive PCR products using a purification kit or DNA gel recovery Kkit.

13.5.1.3.2 Ligation reaction system

The ligation

reaction system includes the following:

a) DNA ligase;

b) cloning vector;

c) ligation

buffer;

d) purified PCR product;
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e) sterilized double-distilled water.

13.5.1.3.3 Ligation
The procedure for ligation includes:
a) place the ligation product at 16 °C overnight;

b) the ligation product can be transformed to competent cells or store at 4 °C.

13.5.1.3.4 Transformation

The procedure for transformation includes:
a) thaw competent cells on ice;

b) 4dd about 3 pl to 4 pl of ligation mixture to competent cells;

c) lace the mixture on ice-water for 30 min;

d) lheatstockat42 °C for 90 s;

e) jplace the mixture on ice for 2 min without mixing;

f) add 700 pl of LB medium;

g) incubate in water bath at 37 °C for 20 min;

h) ]i]:cubate at 37 °C for 40 min while shaking at 135.r/min;

i) gpread 100 ul to 200 pl of cell suspension onté’a LB plate containing anti-ampicillin, IPT|G and X-Gal;

i) Iwubate the plate at 37 °C for 12 h to 16.h;
1

k) ace the plate at 4 °C for several hours prior to staining to display the colonies.

13.5]1.3.5 Positive clone detection and sequencing

13.5/1.3.5.1 Positive clone check
The procedure for pasitive clone check includes:
a) Use vector comunon primers of M13F/M13R;

b) rtandomly~pick white colonies from the plate and check by PCR for positive clones;

13.5{1:3.5.2 Colony PCR reaction mixture

The procedure for colony PCR reaction mixture include (total volume 25 pl):
a) 2x PCRreaction buffer (with DNA polymerase), 12,5 pl;

b) forward and reverse primers (10 pmol/1), 1 ul of each;

c) DNA template: 1 ul;

d) add double-distilled water to 25 pl.

13.5.1.3.5.3 Colony PCR reaction cycle
Apply 13.5.1.2.3.
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13.5.1.3.5.4 Detection and sequencing of Colony PCR products

The procedure includes the following steps:

a)
b)

overnight;

c)

13.5.1.3.6

in each library, pick about 50 to 300 positive clones for sequencing, send for sequencing.

Clone lihrary data nnnlycic

check the PCR product on 1 % agarose gel electrophoresis to verify the insert length is correct;

inoculate the correct colony to 1 ml of LB medium containing 150 pug/ml ampicillin. Shake at 37 °C

The procedt

a) Check {1

sequen
b)
c)

Removd

Classifyj
Calculaf

d) Search

(NCBI)
the mic

e) Align tH

Neighbd
13.5.1.4 Hi

13.5.1.4.1
Follow 13.5|

13.5.1.4.2

13.5.1.4.2.1

DNA samplg
optical deng
be stored in

13.5.1.4.2.2

ire for clone library data analysis includes:

equencing results using BioEdit software. Remove vector portion to obtain-the t
es with DNA star software.

chimeras in Check-Chimera utility (Ribosomal Database Project).

operational taxonomic units (OTUs) and plot rarefaction curves<in Mothur and PH
e abundance, diversity, distribution and coverage of each clonedibrary.

the representative OTU sequences in the National Centef for Biotechnology Inform
Blast (www.ncbi.nlm.nih.gov/BLAST) to obtain the closéest reference sequences. Deter
robial species composition and ratios between the species in the sample.

e sequences in Clustal X. Phylogenetic trees are-constructed in software MEGA usin
r-Joining method.

gh-throughput sequencing
PDNA extraction
1.1 to extract the sediment genomic DNA.

DNA quality check

Requirements of DNA quality

s should be atleast 50 ng/ul and their total amount more than 3 pug. The sample can ha
ity (OD) 260/280 ratio between 1,8 to 2,0 without DNA degradation. The DNA sampl
liquid nitrogen.

Check method

hrget

YLIP.

htion
mine

o the

ve an
P can

The DNA qu

ality can be determined using the following two approaches:

a) DNA purity and integrity can be analysed by agarose gel electrophoresis;

b) DNA purity (OD260/280) and concentration can be analysed by micro-spectrometry.

13.5.1.4.3 PCR primers

The PCR pri
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mers are shown in Table 2.
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13.5{1.4.4 Data treatment and analysis

The procedure for data treatment and analysis includes:

a)
b)

)

13.5{2 Benthic microbial abundance

13.5{2.1 Cell counting by fluorescence-niicroscopy

The procedure includes the following'steps.

a)
b)

A

d)

f)

IS0 23040:2021(E)

Table 2 — Primers for high-throughput sequencing

Targeting organisms Target region PCR primer
Bacteria 16S rRNA: V4 515F/806R
16S rRNA: V3 338F/518R
16S rRNA: V3 and V4 341F/806R
16S rRNA: V4 and V5 515F/907R
Archaea 16S rRNA: V4 Arch519F/Arch806R
16S rRNA: V3 and V4 Arch349F/Arch806R
65 rRNAV4and V5 Areh 519 ArchHt5R
Fungi ITS: ITS1 ITS1/1TS2
ITS: ITS2 ITS3/1TS4
18SrRNA: V4 1380F/1510R

¢lassify OTUs according to sequence similarities;

¢ompare to the current database to determine microbial species composition and the rdtio between
gpecies in the sample;

inOt rarefaction curves for different samples; caleulate the abundance and diversity of benthic
icrobes in different samples.

lace the frozen sample (storage at -20 °C / -80 °C) on ice after thawing at room temperature.

acuum filtration assembly: assemble the filter with the holder. Fill the holder with 0,22 um of
terilized distilled water and vacuum-filter. Repeat 2 or 3 times. When using on the same day, rinse
he filter before €ach sample without removing the backing filter. Take off the filter lholder. Place
n Anodisc filter)(0,22 um pore size, 25 mm diameter) on top of a backing filter (0,45 or 0,8 pm
ore size, 25 mm diameter). The backing filter can be used for multiple samples on the same day.
lace thedilter holder back.

ampléetreatment: to 10 ml fixed sediment sample, add 0,22 pm of sterile filtered methanol to give
final concentration of 10 %. Sonicate 15 min in 35 °C water bath.

Sample filtration: centrifuge the sonicated samples at 190 g for 1 min. Dilute 1 ml of supernatant
with PBS to 100 ml. Add 1 ml of diluted supernatant to the filter. Gently filter the samples under
negative pressure of 15 kPa to 20 kPa until the membrane is completely dry. Add 1 ml of PBS to
wash the membrane and filter. Repeat 3 times.

Staining: remove the Anodisc filter with forceps under negative pressure. Mount the filter
membrane on a glass slide and apply a coverslip (18 mm x 18 mm) with a 6 pl drop of staining
solution. There should be no air bubbles on top or below the filter membrane. Seal the slide with nail
polish. Although slides can be kept at -20 °C for 1 month, it is recommended counting immediately.

Cell counting: observe the slides under fluorescence microscope using oil immersion. Bacterial cells
can show bright green colour using the blue filter. Randomly count the cells from 10 to 20 fields. No
less than 200 cells should be counted for each sample.
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g) Ablank control should be checked at the same time. No more than 1 cell should be observed in each
field.

h) Use Formula (2) to calculate the total cell counts in the sample:

_Ny-S-D @)

Ng  isthe cell count in the sample (particles/ml);

N,  is|the average cell count in the microscopic field (particles);
is|the sample dilution factor;
S is|the filter area (mm?2);

St is|the area of the field of view (mm?2);

% is|the filtered sample volume (ml).
13.5.2.2 Real-time PCR method

13.5.2.2.1 Extraction of sediment genomic DNA

Follow 13.5/1.1.

13.5.2.2.2 Real-time PCR primers

The real-time PCR primers are shown in Table 3,

Table 3 —Real-time PCR primers

Fargeting organism Target region PCR primer
Bacteria 16S rRNA 338F/518R
Archaea 16S rRNA Arch16F/Arch344R
) ITS ITS1/1TS2
Fungi
28STRNA NL1F/LS2R

13.5.2.2.3 Preparation of standard plasmid for real-time PCR

The procedure4nc¢ludes the following steps.

a) Sedimertgenomic DNA s amptified using Teat-timme PCR primers to build bactertal amdarchaea
16S rRNA clone libraries and fungal ITS or 28S rDNA clone libraries. Construct the clone library
according to 13.5.1.3.

b) Select and sequence a positive clone from each clone library to determine the base pairs of the
target gene. Inoculate this clone into 1 ml of LB liquid medium with 150 pg/ml ampicillin. Shake at
37 °C overnight. Extract the standard plasmid with plasmid extraction Kkit.

c) Linearize the standard plasmid with a restriction enzyme that cuts outside the intended PCR
target.

d) Determine the concentration of the linearized plasmid containing the target gene by
spectrophotometry.
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e) Determine the copy number per microlitre of the plasmid based on molar concentration using

Formula (3):

€=6,02x10%x(Cyx107° / M)

where

)

C is the plasmid copy number per microlitre (copies/ul);

Co, isthe plasmid concentration (ng/ul);

(3)

M is the formula mass of the standard plasmid containing the target gene (plasuiid

pairs x 660).

[arry out a serial dilution of 10-folds in sterilized double distilled water ‘to ‘prepa
plasmid from 102 to 10° copies per microlitre.

13.5(2.2.4 Real-time PCR reaction mixture

The real-time PCR reaction mixture includes the following (total volume 25 ul):

a)
b)
‘)
d)

2x SYBR® Green PCR Mix (containing DNA polymerase), 12;5ul;
forward and reverse primers (10 pmol/1), 1 pl of each;

DNA template, 1 pl;

3dd double-distilled water to 25 pl.

13.5({2.2.5 Real-time PCR reaction cycle

13.5}2.2.5.1 Real-time PCR reactioncyele for bacteria

The procedure includes the following steps:

a)
b)
‘)
d)
e)
)

re-denaturation: 95 °C for-10 min;
Ienaturation: 95 °Cfor 20 s;
gnnealing: 53 °C20 s;

extension: 72°C 20 s;

fepeat steps b) to d) for 40 cycles;

size in base

re standard

¢ollect the fluorescence signal at 85 °C for 10 min.

13.5.2.2.5.2 Real-time PCR reaction cycle for archaea

The procedure includes the following steps:

a)
b)
‘)
d)
e)

pre-denaturation: 95 °C 10 min;
denaturation: 95 °C 20 s;
annealing: 61 °C 20 s;
extension: 72 °C 20 s;

repeat steps b) to d) for 40 cycles;
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f) collect the fluorescence signal at 85 °C for 10 min.

13.5.2.2.5.3 Real-time PCR reaction cycle for fungi
The procedure includes the following steps:

a) pre-denaturation: 95 °C 10 min;

b) denaturation: 95 °C 20 s;

c) annealing: 55°C 20 s;

d) extensipn: 72 °C 20 s;
e) repeat qteps b) to d) for 40 cycles;

f) collect the fluorescence signal at 85 °C for 10 min.

13.5.2.2.6 Real-time PCR and data analysis
The procedure includes the following steps.
a) Perforn areal-time PCR reaction with standard plasmid and examifie the sample at the same fime.

b) Determjne the baseline of the real-time PCR reaction. Usually,.this refers to the signal level dyiring
the init]al cycles of PCR, usually cycles 3 to 15, in which there'is little change in the fluoresgence
signal.

c) Set the[threshold at the exponential phase of the real-time PCR reaction. Usually, real-timel PCR
instrument software automatically sets the threshold at 10 times the standard deviation df the
fluoresdence value of the baseline.

d) Determjne the threshold cycle (C,) of standard plasmid and the examined samples. C, is the gycle
number|at which the fluorescence signal ef.the reaction crosses the threshold.

e) Thelogpfeach known copy number in the dilution series of the standard plasmid (X-axis) is plptted
againstthe C, value for that concenfration (Y-axis) to generate a standard curve.

f) The C, values of the examined sathple are compared to the standard curve to determine their{copy
number} The abundance ofthe'benthic microbes in the sediments is expressed in copies/g (of wet
mass).

14 Survey of benthi¢ microalgae

14.1 Prindiple

The ObjECtS of Ulua}itativc iuvcatigatiuu are ulaiu}y et ualgac, atrd—miet ualsal L,_yata, tmthe—surface
sediment with full body, bright pigments, and detectable pigment content. The objects also can include
microalgal cells and cyst that can reproduce normally. The sea areas of the quantitative survey are
limited to the shallow waters and areas with a shallow euphotic layer. (See Figures 1.1 for experimental
facilities. For key technical processes, see Figure ].1.)

14.2 General provisions
The general provisions include the following.

a) Determine the technical requirements for qualitative or quantitative investigations according to
the needs of the survey plan.
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The benthic microalgae investigated can include the main groups of living diatoms and
dinoflagellates, coccoliths, and the cysts of dinoflagellates. The parameters measured can include
composition of species, habitat density and chlorophyll content and toxins.

The habitat density of benthic microalgae is expressed in cell abundance per area or unit mass, i.e.
in cells/cm? or in cells/g of dry mass (my4) of sediment, respectively. Data for cysts are expressed in
cysts/10 cm? or in cysts/g of dry mass of sediment. Chlorophyll a is expressed in pg/dm? or in pg/g
of dry mass of sediment. Toxins are expressed in ng/g of wet mass sediment.

14.3 Collection and preservation of the samples

14.3

The
a)

1 Sampling design

q

ampling design includes the following.

Dualitative sampling: these samples are for determining taxonomic composition, spec
gpecies diversity, etc. of microalgae in the ocean sediments. There is no need for
mmeasurement of surface area, just part of the surface sediment in the-samipler is neede

b) Quantitative sampling: this should be a sample of undisturbed surface sediment. The
arker is the surface of the sediment with a certain depth of oterlying water. The san
e closed tight without spilling.

) etermining the number of samples: at least two parallel samples should be proces
eterminant.

14.3{2 Sampling methods

The $sampling points and sampling tools can beisélected according to the needs of the survy

sampling method should follow the recommendations in ISO 5667-12:2017, 4.5. The sampl

include the following.

a)

b)

© IS0 2021 - All rights reserved

Intertidal zone sampling is in theé selected tidal area. Stations for vertical sampling ar
rder to give arepresentative,cross-section of the intertidal zone (high, middle and low 1
tation, 2 to 4 core samples are collected using sampling tubes and sampling depth is s
o the needs of the survey.plan. For muddy sediments, the sample tube is inserted v
he mud and the core,sample depth is recommended to be 6 cm to 8 cm, which is divid
0 2 cm, 2 cm to 4cmyand >4 cm sections. For sandy sediments, the recommended

depth is 10 cm to20:¢m, which is divided into 0 cm to 4 cm, 4 cm to 8 cm, >8 cm sectiorn
gediments, the(top of the sampling tube needs to be tapped with a rubber hammer

desired depth/of sampling. Before the sampling tube is pulled out, the rubber plug can|
into the top'of the tube. Once the sample tube is removed, the bottom end is sealed, an

1
1
1

recollected.

es richness,
an accurate
.

indisturbed
hpler should

bed for each

ey plan. The
ng methods

b selected in
ide). Ateach
et according
rtically into
ed into 0 cm
core sample
s. For sandy
fo reach the
be inserted
1 the rubber

plug is<removed in order to inspect the surface. If disturbance is found, the sample should be

bottom sapler can be ic glass tube. The length of the

idg) from the
core sample is

8 cm to 12 cm. The sampling location should be at least 2 cm from the edge of the sampler, and 2 to
4 core samples are randomly collected.

Collection of sediment capture samples. A sediment capture device is mainly used for studying
dinoflagellates cyst formation and sedimentation. Dormant cysts have specific mandatory
dormancy period ranging from a few hours to a few months (mostly two weeks to six months).
It is recommended that sediment capture samples be collected every 2 weeks, but the sampling
frequency can be increased during red tides in order to accurately reflect the relationship between
the growth and decline of red tide organisms and the formation of cysts. Some large sediment
capture devices are configured with multiple sample collection bottles. These sampling bottles are
arranged in a circle on the bottom of the sampler that can be rotated. The program control interval
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(5 days to 1 month) collects the sample sediment into a sampling bottle, and then it is tightly closed
and then rotated allowing another sample collection bottle to be deployed.

d) Ensure the sample identification, sample collection site and appearance of the sample (including
type, odour, whether there is biological material on the surface, etc) are accurately recorded.

14.3.3 Sample preservation and fixation

The procedure for sample preservation and fixation includes the following.

a) For intertidal zone and offshore surveys, samples can be stored into an insulated box or a

refriger

b) Forinve
8 °C) wi

c¢) Long-te

concenty
fixative

14.4 Tools
The tools an

a) major d
fluoresq

b) other tq
plates,
black pq

c) solvent;
d) fixative

e) stains:
chloridg

f) otherrg
14.5 Procg

14.5.1 San

R | dnne il h - Faa | |
AdLTU CUIILAITICT U LT SHITP Ut PTOCLTSS5TU.

stigations of viable microalgae and cysts, samples can be stored at low temperature(4
thout light and be processed within one month.

'm preserved deposits samples are often fixed in neutral formalin (5.@to 10 %
ration). Formalin is adjusted to final concentration of 2 % to 3 % for sifited samples. (
5 can include polyformaldehyde and glutaraldehyde.

and reagents
d reagents include the following:

quipment: vacuum filter, vortex mixer, ultrasonic ptocessor, fluorescence micros
ence inverted microscope, fluorometer;

counting chamber, counter, glass fibber filters' (GF/F), 0,22 pm common filters, 0,2]
lycarbonate filters;

: filtered seawater, sterile seawater, distilled water;
5: neutral buffered formalin, panaformaldehyde, glutaraldehyde;

DAPI (4, 6-diamidino-2-phenylindole), acridine orange, pyrophosphoric acid-so
(PPi-NaCl) 0,01 mol/], fldorescein diacetate-propidium iodide (FDA-PI), trypan blue ¢

agents: alcohol, cedaft oil, glycerine, Dulbecco's phosphate buffered saline (DPBS).
bssing and analysis of the samples

Iple processing

°Cto

final
ther

Cope,

ols: blunt-ended forceps, pipettes, tubes, silicone tube, dissecting needle, tissue cullture

) um

dium

14.5.1.1 Inrerception of the samples

Core sediment samples are divided and processed according to the requirements of the survey plan.
Generally, living microalgae and dinoflagellate cysts are distributed on the surface of the sediment.
0 cm to 2 cm subsamples of the sediment cores are used to investigate the formation of the cyst only.
For investigation of historical cyst deposition, 2 cm to 5 cm depth subsamples are used.

14.5.1.2 Elutriation and separation of the samples

The procedure for elutriation and separation of the samples include the following.

a) The unfixed qualitative samples shall be diluted with sterile filtered seawater. Large pieces of
gravel and debris can be separated from the sediment using a 0,5 mm sieve and discarded. Filtered
samples can be separated using pipettes after being mixed evenly and then be used for the analysis
and culture.
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b) Fixed quantitative samples can be diluted and elutriated with distilled water or sterile filtered
seawater. Large pieces of gravel and debris are discarded following sieving (0,5 mm). Then the
filtered samples can be separated quantitatively with the pipette after being mixed evenly. The
filtered diluted samples are incubated with PPi-NaCl (final concentration 1 mmol/I) for 15 min to
30 min at room temperature in the dark.

c) Dilution and elutriation of samples: distilled water is added to a volume of 10 ml and mixed
homogeneously with vortex mixer. A 5 ml sample is transported from the column to another sample
bottle; repeat this step eight times, and retain the supernatants. Homogenize the supernatants
(total 40 ml). The dilution ratio is calculated by taking 2 ml to 4 ml subsample and staining.

v/ v, v

d) re-ehttrtationo cdiffers T8 —mieroatgae—Theyeanbe ered-atd riated using
3 set of sieves because of their larger size. Samples are divided into two subsamples| one for the
determination of the wet mass and moisture content, and one for cyst analysis. Theywet mass of the
flirst subsample is determined. The subsample is then dried at 70 °C for at least 24 h uptil its mass
is constant. The moisture content is then calculated. The other subsample is filtered us|ng sieves or
processed according to palynology after wet mass determination. The palynology treafment refers

o the relevant content of this document.

e) $ediment samples are placed into a breaker with a little filtered)seawater and trg¢ated in the
wltrasound bath for 30 s. The samples are poured into each sieve\from the large to small pore size.
$amples from each sieve are collected and rinsed. Sieved sediments can be mixed with filtered
geawater, then centrifuged at 2 000 r/min for 10 min to sepapdate the cysts from other material. The
gubsamples are placed into sample bottles, fixed in 2 %.to{3 % buffered formalin, andllnlnade uptoa
¢onstant volume using filtered seawater.

14.5{1.3 Ultrasonication

Deep-frozen preserved sediment samples are taken into the centrifuge tube, and then dispersed in the
ultrasonic processor. Arenous and silted samples are treated for 180 s with amplitude 1009, 50 W and
6 mm miniature transducer, disrupting per45 s and cooling for 1 min; argillaceous sample§ are treated
for 6D s with amplitude 109, 100 W and 3 mm miniature transducer, disrupting per 30 s angl cooling for
1 mip.

14.5{1.4 Fluorescence staining

The subsamples are stained for 10 min to 15 min using DAPI (final concentration 1 pg/mlfto 5 pg/ml)
or adridine (final concentration 10 pg/ml) under low temperature in the dark. Generally, the staining
operftion is carried qeut\at 4 °C.

The solution of FDAPI can be prepared in advance as follows. Acetone solution with a cqncentration
of 5 mg/ml fluerescein diacetate (FDA) preserved at 4 °C. The FDA is added to the subsample to a final
concentration of 100 ug/ml. A DPBS buffer solution with a concentration of 400 pg/ml is preserved at
4 °C.|The final concentration is 60 pug/ml when staining at room temperature without light for 3 min.

14.5.1.5 Filtration and collection of the sampies

After mixing thoroughly, the stained sample is filtered through a 0,22 um black polycarbonate filter
membrane. The sample bottles are rinsed several times with PPi-NaCl. The stained material is removed
from the solution by filtration.

14.5.1.6 Mounting

The black filter is placed onto a clean glass slide using blunt-ended forceps and observed immediately
with a fluorescence microscope. Otherwise, it should be kept by mounting temporarily using the
cedar oil or a glycerol:distilled water (1:1) solution. It can be kept temporarily for one month under
cryopreservation without light, after which time it can be observed by fluorescence microscopy.
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14.5.2 Sample analysis

14.5.2.1 Microscopic observation and analysis

The procedure for microscopic observation and analysis includes the following.

a)

b)

14.5.2.2 Enumeration

The procedt

a)

b)

Fluorescence microscopy.

Observation and enumeration are carried out at magnifications of 400x to 1 000x. Heterotrophic
and autotrophic micro-algae are counted by UV light and blue light respectively.

Differen

microbg
excitati
Mixotrd
(dorma

cells can be distinguished with FDA-PI staining. Under blue light (maximum wavelength of 495

living c{
Optical

Cysts c:
the sedi
under a

The det

— Tak
the

— Eny
of ]
imp

— The
dist

Count t
average

counted.

Use a 0,
less tha

...................

nthos. After DAPI staining, heterotrophic microorganisms show a blue colour undg
bn, whereas autotrophic microorganisms show a red colour when viewed with(blue
phic microbes give signals under both wavelengths. Bacteria show red (living) or d
nt or dead) colour under blue light excitation after acridine orange staining. hiving and

lls are stained bright green by FDA; dead cells are stained red by PI.

inverted microscope.

h inverted microscope at a magnification of 400x to 600%.

hiled procedure is as follows.

sample cleanliness) and place it in a counting.chamber.

urities from around the target. ObsetVe the cyst shape from multiple sides.

inguishable, especially when'the samples are collected by sediment traps.

ire for enumeration-includes the following steps.

he microorganisms on the filter by observing 20 to 30 fields randomly, and calculat
number. Ifithe cell density is low, the entire filter membrane can be observed and all

5 ml or 1,0 ml counting chamber for enumerating cysts. If the number of cysts obsery
h100, observations can be repeated until at least 100 cysts are counted per sample.

14.5.3 Abundance and biomass calculation

14.5.3.1 Abundance calculation of benthic microalgae

r UV
ight.
reen
dead
nm),

in be counted under an optical microscope. Since the cysts afe mixed with impurities in

ment, a dissecting needle can be used to remove the impurities. Cyst analysis is performed

e a certain amount of the treated sediment sample*(typically 0,5 ml or 1,0 ml, depending on

merate the cysts under an inverted microscope. First, find the target cysts ata magnificption
00x, and then magnify to 200x to 600%:to observe. Use a dissection needle to remov¢ any

type and amount of cysts.aré recorded. The living and germinated cysts cap be

e the
cells

ed is

The abundance of microalgae and cysts in the sediment is calculated according to the number
of microalgae in each field of view, the ratio of the area of the field of view to the area of the filter
membrane, the dilution factor of the sample, and the initial volume of the sample.

14.5.3.2 Carbon biomass calculation

Calculation is according to the microalgae volume data, with reference to the conversion coefficient of
each group (Table E.1).
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14.5.3.3 Abundance calculation of cysts

Considering the difference of sedimentation rate and moisture content in different sea areas, the cyst
abundance is expressed in cyst density per dry mass of sediment. The cyst density in the sediment is
expressed in number of cysts per cubic centimetre or per gram of wet mass of sediment.

Cyst abundance is calculated using Formula (4):

_ NxV/Q

“W/(1-R) ®

where

is the abundance of cysts (cysts/g of dry mass);

is the number of cysts observed under microscope;

is the volume of sediment sample after treatment (ml);

is the volume for microscopic counting (ml);

is the wet mass of sediment used for treatment analysis (&);

is the moisture content of the sediment.

14.5{3.4 Formation rate of cysts

For fhe samples collected by the sediment trap, the-variety and number of cysts in the| sample are
obtajned by microscopic analysis to calculate, the formation rate of cysts. The rate is gxpressed in
number of cysts formed per square centimetre.[0r square metre) per day.

The rate is calculated using Formula (5):

NV xV3

_Vz XQXTXS )

N
=3

where

A is the formatien Tate of cysts [in cysts/(m2-d)];
N is the numper of cysts observed under microscope;
V;  istheVolume of sample from sediment trap (ml);

V, « i&the volume of sample for analysis (ml);

i
}

h
T
o
P
L
g
)
by
P
©
-
th
P

Q is the volume for microscopic counting (ml);
T is time (d);

S is the capture area (m2).
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14.5.4 Cyst culture and identification

14.5.4.1 Isolation of cysts

The procedure for isolation of cysts includes the following.

a) Place one drop of washed sediment onto a glass slide. Find the live cysts (apparent bright of
pigment) of the desired species. A small needle can be used to clean the background around the
cysts. A capillary is used to collect individual cysts.

b) The proximal end of the capillary is connected to a long silicone tube (40 cm to 60 cm) to control
suction[Theoperator cam hotd-thesiticome tube i the mouthand use the capittary tosuckup the
cyst. Thle target cyst is immediately transferred to another glass slide with culture medium, R¢peat
the cystiisolation procedure until only the desired cyst remains on the slide.

c) Transfef the cyst to a multiple well tissue culture plate. Incubate in an illuminated inculjator.
Observe¢ the germination of the cysts and identify the species of the cysts byivegetative cell
identifi¢ation. The general culture medium is f/2 without silicium or SWII (for’ culture mefium
prepardtion see Tables K.1 and K.2).

14.5.4.2 Cyst germination and identification
Inoculate ome cyst into each well of a multi-well plate and seal platé.with a cover or film to pr¢vent
evaporation| Culture temperature is between 10 °C to 30 °C (depending on species). Generally, incubpation
conditions gre 20 °C with approximately 100 pE illumination andy12 h light/dark cycle. Based on the
mandatory festing period, begin to observe cyst germination and the growth of vegetative cells op the
second day pr second week after inoculation. When cells have proliferated sufficiently, vegetative|cells
can be cultyred in a 12-well culture plate, a small test tube or an erlenmeyer flask. Additionallyj it is
necessary t¢ observe the morphological feature of the empty cyst and the shape and the location df the
archeopyle in order to identify and classify the cyst,

14.5.4.3 Cyst identification

It is difficulq to identify dinoflagellate cysts based on cyst morphology. It can thus be necessary to gtudy

the lifecycleland ecology of the vegetative cells cultivated following excystment.

14.5.5 Flugrescence determination of demagnesium chlorophyll and chlorophyll a

The procedure includes the following steps.

a) Thaw the frozen sediment at room temperature. Cut the sample into sections at 2 cm intervals or
according to theneeds of the survey plan. Weigh 2 g of each layer of sample, place in a numhered
scintillgtion viabhand record the wet mass of each subsample. If the diameter of the sample vjial is
small, the chlgrophyll-a content of unit area can be used.

b) The dry-wassand-wate r3h
and freeze-drying for 24 h.

c) Add 10 ml of 90 % acetone mix well and allow to stand for 2 h at 4 °C.

d) Treatin ultrasonic processor (4 °C, 80 Hz) for 30 min and allow to stand for 2 h.

e) Centrifuge at 4 000 r/min, for 20 min.

f) Filter the supernatant through a 0,45 pm pore organic membrane.

g) After the sample reaches room temperature, examine using a fluorimeter.

h) All the processes above should be carried out in the dark.

i)  For the calculation of chlorophyll a, refer to EN 16161:2012, Clause 7.
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14.5.6 Algal toxins determination

14.5.6.1 Technical considerations

Many benthic dinoflagellates contain toxins, and the content of toxins in the dinoflagellate cysts is
higher. Technical considerations include the following:

a)

b)

14.5(6.2 Sample collection

Coll¢ct the sediment samples qualitatively or quantitatively according to the needs of the
Only[surface sediments are collected.

14.5({6.3 Sample treatment

The

a)
b)

c)

d)

14.5}6.4 Determining the type.of algal toxin

The
lima

dinoflagellate cysts such’as Alexandrium spp. contain paralytic shellfish poison (PSP).

15

15.1 Principle

Due

based on the results of the pre-experimental analyses of the species identification and the
enumeration of cells, the decision is made whether or not to investigate the algal toxins in the

sediment;

if therammberof toxicatgatcettortyststsabove-t0°cettsirsampte; the toximscamrbe mvestigated.

procedure for sample treatment includes the following.
Weigh 50 g sediment, add filtered sea water and mix well.
Ultrasonic oscillation for 15 min to 30 min.

Use a sieve to wash the sample (mesh-sizes of acseries of sieves, see 15.3.1). Wash t
on the upper sieve carefully with filtered seawater using a wash bottle in order to W
ddsorbed cysts. Transfer the mixture that passes through a 20 pm sieve into a watch g}

Turn the watch glass to use centrifugal force for separating the cysts and algae cell
grains. Transfer the cysts and cells into.a centrifuge tube with a pipette. The cysts and {
he tube are the sample for toxin extraction.

benthic toxic dinofldgellates are mainly Prorocentrum and Gambierdiscus. P
contains diarrhetic( shellfish poison (DSP). Gambierdiscus spp. contain ciguatera

$urvey of benthic protozoa

survey plan.

he sediment
rash out the
ass.

5 from sand
ilgae cells in

rorocentrum
Planktonic

to/the different densities of organisms and sediment particles, microbenthos

(e.g. small-

density protozoa) and meiobenthos can be separated from sediment particles by silica sol density
centrifugation: micro- and meiobenthos float in the silica sols whereas sediment particles sink to the
bottom of the centrifuge tube. The target organisms are harvested and enumerated using either a
standard or an inverted light microscope. If possible, the analysis combines the quantitative protargol

stain and molecular diversity (Figures ].2, ].3, .4, ].5).

15.2 General provisions

The

a)
b)

general provisions include the following:
sampling sediments are undisturbed;

the survey contents should include the composition, abundance and dominant species;
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abundances are expressed in individuals/10 cm? or in individuals/cm3;

d) biomass is expressed in pg C/10 cm? or in pg C/cm3.

15.3 Collection and preservation of the samples

15.3.1 Sampling equipment

Sampling inshore areas can be carried out alongside marine geology and/or marine benthos surveys.
Sediment samples are collected in the intertidal area by coring using tubes; in the inshore area by using

a box-corer;

and in the deep sea bv using a 0,25 m?2 large box-corer. If possible, sediment samples ¢

n be

taken by my

The inner di
samples are|
sampling tu
needs of the

15.3.2 Sed

Intertidal a
representat
diving in su

Inshore sea
or directly
corner edge

Deep-sea ar
tubes.

15.3.3 Sed

The sedimg
requiremen

The sedime
sediment lay
by multicorg

The surfacq

environmerftal factors.\Subsamples for the analysis of sediment grain size are immediately stor

4 °C. Corres
of organic nj

Iticorer.

ameter of sampling tubes can be 2,2 cm, 2,6 cm, 3,4 cm, 3,6 cm or 4 cm. Deep-sea-sedi
directly taken from the multicore or from a giant box-corer using the sampling tubes|
bes are as described in the survey of metazoan meiobenthos or designed-aecording t
survey plan.

iment core collection

Feas: two to four undisturbed core samples are randomly collected at each station|
ve section (high, middle, and low tide zones). If possible, samnples can be collected by
btidal areas according to survey plan requirements.

areas: two or three sediment cores are randomly taken from undisturbed box core san
'rom Multicore according to the sediment depth,‘at a distance of at least 2 cm fron

eas: samples are directly taken from the multicore or from the box-corer using sam

iment layers

nt layers are selected accerding to the needs of the survey plan and experim
[S.

1t cores are sliced inte,I-¢m to 2 cm layers in the intertidal and inshore area. The dee]
rers are selected aecording to experimental requirements. The sediment samples collg
e are sliced into différent layers by a divider.

layer, and/o¥-"other layers with target organisms, are taken for the measureme

ponding'subsamples for the measurement of sediment water content and the concentr
atterjorganic nitrogen, chlorophyll a and pheophytin a, are stored at -80 °C or -20 °C.

ment
. The
b the

in a

free-

hples
h the

pling

ental

h-sea
bcted

nt of
ed at
htion

For the ana

ysis of molecule diversity, the surface 1 cm layer is taken and placed into a sterile p

astic

bag and stored at ultralow temperature.

15.3.4 Sample fixation and preservation

Subsamples of sediment from the different layers are fixed with an equal volume of 4 % ice-cold
glutaraldehyde (a volume fraction of 2 % final concentration), immediately mixed, and stored in the
dark at 4 °C.

For the separation and cultivation of living protozoa, the sediment samples are processed on site or
taken back to the laboratory.

For the analysis of molecular diversity, the sediment samples are stored at -80 °C before DNA and RNA
extraction.
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.5 Collection and treatment of living protozoa

.5.1 Separation of living protozoa

The separation of living protozoa includes the following.

a) Cultivation method: cultivate in order to make active protozoa in the sediment reproduce and
inactive ones (such as resting cysts) excyst and reproduce.

b) Serial dilution method: separate benthic protozoan by a series of elutriation processes, and collect
the supernatant for qualitative and quantitative analysis.

c)i:

q

f)

15.3

Pipet

and
non-

cond
certad

by g1

culti

15.3

For

cont]
thein
impd
to oH

light

Prot

]

petting method: collect target organisms with a suitable micropipette under\:
icroscope for qualitative analysis.

Adhesion onto cover slip: place a cover slip on the top of the sediment, allow.protozo{
he cover slip, and collect at different times.

ea-water ice method: place some sea-water ice on the top of a sediment column. All
vater to gently permeate the sediment by passing through absorbefit cotton. Under grg
emperature difference, the interstitial fauna migrate actively out of the sediment and
| culture dish placed under the sediment column.

‘lushing with MgCl, solution: collect benthic protozoa byflushing sediments with filter
MgCl,, which narcotises benthic protozoa.

5.2 Cultivation of fresh samples

te field sample into Petri dish, remove extra' sediment particles under dissecting

hdd a moderate amount of bait feed (rice ‘0t wheat grains, microalgae). Check daily

farget species. It is recommended to.eStablish various cultures under different en
fitions (e.g. different food, temperature.and light intensity, etc.). When the raw culture is
in species can be grown in pure cltiire. Target organism can be adapted to laborator
adually increasing the ratio of filtéred seawater and sediment extract. Those which ar
yate can be directly isolated for treatment.

5.3 Observation and record of fresh samples

the observation Of)ciliates and flagellates in vivo, high-resolution differential
rast microscopy. i recommended in order to observe the arrangement of cilia and
movement. Scanning electronic microscopy is necessary for very small flagellates fq
rtant features for identification. For large testate amoebae and foraminiferans, it is re
serve their shape and movement under a dissecting microscope and then to use hig
micrescopy for detailed structures.

hEols: pipette organisms onto a glass slide and apply a cover slip supported by vaseliy

W dissecting

) to colonise

w the melt-
vity and the
hggregate in

ed seawater

microscope,
and remove
yironmental
established,
y conditions
e difficult to

nterference
flagella and
r observing
commended
h-resolution

1e at its four

corners to avoid squashing the organisms; observe their shape and movement at lTow magnifications
and then move to high magnifications to observe and record detailed taxonomic features including
body colour, size, shape, cell structure (e.g. flagella, cilia, skeleton, extrusomes, holdfast, pigments, food
vacuoles, contractile vacuoles, nuclear apparatus).

For those organisms that are difficult to preserve with fixatives (e.g. some flagellates and amoebae),
it is recommended to cultivate organisms together with sediment in different kinds of culture media.
Organisms can then be observed and enumerated in vivo for qualitative and quantitative investigation.
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15.4 Tools and reagents

15.4.1 Equipment and reagents for silica sol centrifugation

The equipment and reagents for silica sol centrifugation include the following:

a)

b)

c)

device for separating sediment from organisms (vacuum filtration system, Figure 1.1),
ultracentrifuge or supercentrifuge, vortex mixer;

test tubes (50 ml, 100 ml), graduated cylinder, wash bottle, centrifuge tubes (5 ml, 15 ml, 50 ml),

straw;

Percoll

D3) silica sols, or Ludox® HS 403) silica sols, or Ludox™3) silica sols, distilled water-

15.4.2 Equlipment and reagents of quantitative protargol staining

The equipm

a)

b)

equipm
electrof

tools aif
porosit)
flat twe
Petri di
24 mm,

reagent
agar en

staining
water, d

develop
1 g hydi

dehydr4
1), 100

ent and reagents of quantitative protargol staining include the following:

bnt: vacuum filtration system, thermostatic heating panel, thermastat, light micros
lic balance (sensitive quality: 1 mg);

d vessels: staining jars or filter holder[=3], nitrocellulose membranes (diameter: 25
: 1,2 um to 3 um), Eppendof pipette (range: 100 pl to 1 00Qk 1 000 pl to 5 000 pl), piy
ezers for filter membrane, single edge blade, pan paper, filter paper (diameter 25 mm),
ches (diameter 15 cm), 50 ml beakers, glass slides (28unm x 48 mm), cover slips (24 1
24 mm x 32 mm), 2 ml Pasteur pipette;

S:
bedment: 3 % to 4 % agar, 10 % formaldehyde;

: 0,2 % potassium permanganate, 2,5-% oxalic acid, silver proteinate, sheet coppel
istilled water, developer, 0,5 % goldchloride, 2,5 % sodium thiosulfate;

er: 0,5 g sodium sulfite dissolved'in 98 ml distilled water plus 0,1 g sodium carbonatg
oquinone;

Cope,

mm,
ette,
arge

nm x

[, tap

b and

tion and mounting: 30 %,50 %, 70 %, 100 % isopropanol, isopropanol/dimethylbenzene (1:

o dimethylbenzene, Canada balsam or neutral balsam.

15.4.3 Equipment and reagents for molecular analysis

15.4.3.1 Eq

The equipm

a)

b)

juipment

ent includes the following:

ater-

equipm

bt~ pn]ymprncp chain reaction system, universal mutation detection system w

bath, ultracentrifuge, superclean bench, gel imaging system, shaking table, incubator, and vortex
instrument;

disposable consumables: micropipette (range: 0,2 pl to 2 pl, 2 ul to 20 pl, 20 pl to 200 pl, 200 pl to
1000 pl), 1,5 ml tube, PCR tube, pipette tips (1 000 pl, 200 pl, 10 ul), Petri dish.

3) Percoll®, Ludox® HS 40 and Ludox™ silica sols are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO
of these products.
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15.4.3.2 Reagents

The regents include the following:

a) DNA extraction: DNA extraction buffer, proteinase K (10 pg/ml), RNase (10 pg/ml), chloroform,
isoamyl alcohol, isopropanol, 70 % ethanol, double distilled water, 10 % SDS, 20 % SDS;

b) PCR: Polymerase, PCR buffer, deoxyribonucleoside triphosphate (dNTP) mixture, double distilled
water, primers, agarose;

c) Denaturing gradient gel electrophoresis (DGGE): acrylamide, bis-acrylamide, urea, deionized-
formamide, 10 % ammonium persulfate, N,N,N',N'-Tetramethylethylenediamine (TEMED);

d) DDNA ligation: DNA ligase, vector, DNA ligation buffer, double distilled water;

e) (loning: tryptone, yeast extract, agar, sodium chloride, ampicillin (0,1 mg/mh);, X*Gal (5-Bromo-4-
¢hloro-3-indolyl 3-D-galactopyranoside), IPTG (isopropyl 3-D-1-thiogalactopyranoside);

f) $0x electrophoresis buffer: Na,EDTA-2H,0, tris (2-amino-2-(hydroxymethyl)-1, 3-propanediol),
deionized water;

g) DNA stain: dissolve 1,0 g of ethidium bromide in 100 ml deionized water, stir till fully dissolved
adnd transfer to amber glass bottle, store in dark and at room temperature. The final working
¢oncentration is 0,5 pg/ml;

h) Primers for PCR: EuklA: CTGGTTGATCCTGCCAG; Euk516: ACCAGACTTGCCCTCC;
Fuk528F: GCGGTAATTCCAGCTCCAA; Euk706R: AATCCRAGAATTTCACCTCT;
LilF: TGGTAGTGTATTGGACWACCA; CilRA TCTGATCGTCTTTGATCCCTTA} CilRII:
TCTRATCGTCTTTGATCCCCTA; CilRIII; TCTGATTGTCTTTGATCCCCTA; Cer25F:
[ATATGCTTGTCTCAAAGATTAAGCCA; Cerl256R: GCACCACCACCCAYAGAATCAAGAAAGAWC;
For14F: ACGCAMGTGTGAAACTTG; Forl7R: CGGTCACGTTCGTTGCG; GC clamp:
[GCCCGGGGCGCGCCCCGGGCGGGGCGGEGGCACGGGRGAG.

15.5 Processing and analysis of the samples

15.5]1 Silica sol density centrifugation

15.5}1.1 Saltreduction

To avoid gelling of Ludox®, each of the fixed sediment samples should be elutriated to decrgase salinity:.

The procedure ineludes the following steps:

a) add sterilized tap water to give a volume of 300 ml and glutaraldehyde with a final cqncentration
1 %;

b) gettle for 24 h to 48 h in a graduated cylinder with sealing film on the top;

c) siphon off the supernatant and leave a final 40 ml sample;

d) the process can be delayed this stage by transferring the final 40 ml sample into a sample bottle

and storing at 4 °C in the dark.

15.5.1.2 Add silica sol

Place 8 ml of Ludox® solution into a 15-ml conical centrifuge tube. A 50-ml centrifuge tube can be used
for large samples.
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ject sediment sample

Fast inject 2 ml sample into the Ludox® solution. This process helps to dilute the sol to an appropriate
density gradient and separate organisms from fine sediment particles.

15.5.1.4 Preparation of water film

Carefully add about 2 ml of distilled water on the top of the sample-Ludox® mixture. This is to:
(1) prevent gelling of Ludox®; (2) rinse down organisms that adhere to the tube wall; (3) facilitate

pipetting of

extracted organisms.

15.5.1.5 Ce

After the ce
bottom): thd
layer contai

The extract

15.5.1.6 S4

The extract
other micro
identified aj

stained with quantitative protargol stain.

15.5.2 Qud

15.5.2.1 G¢

The extract
filters are ef
enumeratiol

(Figure ].3).

15.5.2.2 Pr

15.5.2.2.1

The concent]

ntrifugation

htrifugation at 4 300 g for 15 min, six density layers are roughly recognizable (frem t
e water column, the extracted organisms and light organic matter, the diluted\:udox@
hing heavy organic debris/dead diatoms, the denser Ludox®, and the sediment pellet.

ed organisms can be harvested by removing the appropriate layer with aPasteur pipet

mple analysis

bd organisms contain benthic protozoa such as flagellates,-Ciliates and foraminiferan
benthos and meiobenthos (e.g. cyanobacteria, diatoms anid\nematodes). The organism|
nd enumerated using a light microscope (Table D.3). If\possible, a filter membrane cg

ntitative protargol stain (QPS)

tneral introduction to the method

bd organisms are pipetted and coneentrated on cellulose nitrate filter. Specimens o
hbedded in agar, stained with pretargol and mounted to create a permanent slide for fu
1 and identification. This methodcan be applied according to the needs of the survey]

ocedure

Concentration gfcells on the filter membrane
ration of cells on filter membrane includes the following.

e samplein a millipore filter holder with a smooth fitted glass base for supporting f
ickingfilter for even dispersion.

pp to
, the

b and
S are
in be

h the
Fther
plan

Iters

a) Place th
and a b
b) Adddis
suction
c)
slowly t
d)

Lilled water or tap water (nprnting for 24 h in the :lir) to the filter Filter slowly hy np‘nl_\,

at <5 mm Hg. Avoid adding the fixed samples directly to the filter.

o the side of the column and apply suction until no fixative or silica sols remain.

off. Suck water from the column until it is empty; otherwise, cells may rupture.

15.5.2.2.2 Agar embedding

The procedure for agar embedding includes the following.

ing a

Add the extracted organisms to the filter holder. Before all the liquid is removed, add tap water

The organisms can be distributed evenly on the filter before the vacuum filtration system turned

a) Warm the glass slides on a heating plate with the temperature in the range of 50 °C to 60 °C; glass
slides should be cleaned and prepared before sample filtering.
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b)

f)

g)

15.5{2.2.3 Hardening of agar

The procedure for hardening of agar includes the following.

a)

b)

15.5}2.2.4 Protargol stain

15.5{2.2.4.1 Bleaching

The procedure for bleaching includes the following.

a)
b)

c)
d)

e)

IS0 23040:2021(E)

Remove the filter membrane from the filtering device with forceps and place on a warm glass slide.
Keep the filter warm and dry during the agar embedding process in order to avoid air bubbles or
cells to become suspended in the agar.

Place a large drop of liquid agar onto the middle of a second warm slide.

The slide is inverted and carefully placed on the filter-bearing slide, so that the whole filter becomes
covered with agar, like a sandwich. The warm agar between the two slides spreads to a thin layer.
No further pressure has to be applied.

The agar/membrane/glass slide sandwich should be kept warm for about 1 min.

Place the sandwich into a dish filled with cold tap water for complete solidificatign| of the agar
15 min).

The upper glass slide and excess agar are carefully removed. The embedded filter mgmbrane can
Ibe peeled off the lower slide. The edges of the filter should be trimmed to make it fit unfler a 24 mm
32 mm coverglass.

Transfer the filter membrane into 10 % formaldehyde fory10’min to 15 min. This hardgns the agar
gdnd makes it heat resistant.

The process can be delayed at this stage by storing;the filter membrane in 30 % isoprjopy! alcohol
for several weeks. Before storage, all formaldehyde shall be removed from the filter membrane by
finsing in tap water three times (3 min to 5 mins each time) and once in distilled water.

Remove the filter membrane from the formaldehyde and rinse in tap water for 10 s.

Transfer the filter membrane into a 0,2 % solution of potassium permanganate for 6 nin to 7 min.
The bleaching time'dépends on the nature of the sample. When the agar is thicker and hjgh amounts
f organic matteydre present, the bleaching time is longer.

Wash in tapwater for 10 s.

Place filters in 2,5 % oxalic acid for 5 min to 6 min.

Wash with tap water for 10 s (3 to 5 times) and distilled water for 10 s (once).

15.5.2.2.4.2 Protargol stain

The procedure for protargol stain includes the following.

a) preparea0,2 % to 0,8 % protargol solution by sprinkling 0,08 g to 0,32 g of silver proteinate powder
on the surface of 40 ml distilled water (not deionized water);

b) when the powder has dissolved (without stirring), add approx. 0,5 g of unoxidized copper;

c) leave the filter membrane in protargol for 40 min to 50 min in a 60 °C incubator.

NOTE The concentration of protargol solution ranges from 0,3 % to 0,5 % because of variations in the

origin, brand or type protargol. The protargol can also be synthesised and the working concentration adjusted
according to different product feature.
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15.5.2.2.4.3 Developing
The procedure for developing includes the following:
a) cool the filter membrane to room temperature for 10 min;

b) develop for 10 s to 30 s in a hydroquinone solution (optimum time of development can be tested
by observing a filter membrane under the dissection microscope: the recommended time is about
15s);

c) after the colour of the filter membrane (and cells) has changed to yellow, the development can be
stopped by transferring into distilled water;

d) wash the filter with tap water once (10 s).

15.5.2.2.4.4 Increase the stain intensity by gold chloride
The procedure includes the following steps:
a) increas¢ the stain intensity by placing the membrane in 0,5 % gold chloride for 2 s to 3 s;

b) place thie filter membrane in a 2,5 % oxalic acid solution for 30 s (optional).

15.5.2.2.4.5 Fixation

The procedyre for fixation includes:

a) wash inJwater for 2 min;

b) place the filter membrane in a 2,5 % sodium thiosulfate solution for 5 min;

c) wash wjth tap water for 3 min (3 to 5 times).
15.5.2.2.5 Dehydration and mounting

15.5.2.2.5.1 Dehydration in isopropylalcohol

The procedyre for dehydration in isepropyl alcohol include:
a) 30 % isppropyl alcohol (5urin to 10 min);

b) 50 % isppropyl alcohek(5 min to 10 min);

c) 70 % isppropyl aleohol (10 min);

d) 100 % ipopropyl alcohol (=5 min);

e) 100 % ikopropylalcohol (>5 min);

f) Isopropyl alcohol/xylene (1:1) 5 min;
g) 100 % xylene (=5 min);
h) 100 % xylene (=5 min).

15.5.2.2.5.2 Mounting in neutral balsam
The procedure for mounting in neutral balsam includes:

a) place a small drop of neutral balsam onto the middle of a glass slide;
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b)

‘)
d)

IS0 23040:2021(E)

place a filter membrane onto the neutral balsam (with organisms on the top); add another drop of

neutral balsam or Canada balsam;

store in a dry ventilated place for 24 h; dry at 60 °C to 80 °C in an incubator for at least three days;

permanent mounting preserves the relative integrity of microbenthic and meiobenthic

communities.

15.5.3 Estimation of molecular diversity

15.5.3.1 Summary of the methods

The

18S rRNA gene is amplified by eukaryotic- and group-specific primers. The PCR

analysed by DGGE, clone library sequencing, and high throughput sequencing to estimate t
of prptozoa.

NOTH The estimation of protozoan diversity based on the 18S rRNA gene sequéncing has beer
appligd to marine environments.

15.5({3.2 DNA extraction

The
a)
b)
c)
d)
e)
f)
g)

h)

procedure for DNA extraction includes the following steps:

place 1 g of sediment into a 1,5 ml tube;

ddd 1,35 ml of DNA extraction buffer and 10 pl of proteinase K (10 pg/ml);

incubate at 37 °C in a water bath for 1 h and shake'using a vortex mixer every 3 min;
add 150 pl of 10 % SDS;

iincubate at 65 °C in a water bath for 2 h)swith gentle inversion every 15 min to 20 min;
¢entrifuge at 6 000 g for 10 min and'collect the supernatant;

add 450 pl of DNA extractiofnbuffer and 50 pl of 20 % SDS, vortex for 10 s and then
65 °C in a water bath for 10 min;

gupernatant from step f) into two 1,5 ml tubes;
add the RNase@and incubate at 37 °C in a water bath for at least 30 min;

3dd an equal volume of chloroform-isoamyl alcohol (24:1, volume fraction), mix and d
12 000 /vin at 4 °C for 10 min;

¢olect the supernatant and add 0,6 volume of isopropanol at room temperature for 1 h

centrifuge at 16 000 g at 4 °C for 20 min;

roducts are
he diversity

successfully

incubate at

¢entrifuge at 6 000 g for-10 min, collect the supernatant; divide all the supernatant (coptaining the

entrifuge at

add 70 % alcohol, mix and centrifuge at 16 000 g for 10 min, and discard the supernatant;

repeat step m);

add 50 pl of sterile deionized water and store at -20 °C.
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15.5.3.3 PCR

15.5.3.3.1 Primers

The protozoan 18S rRNA gene is amplified by the following primers: Euk1A and Euk516, Euk528F and
Euk706R, CilF and CilRI, II, III, Cer25F and Cer1256R, and For14F and For17R. The primers with GC-
clamp are used for DGGE analysis.

15.5.3.3.2 PCR mixture

The procedure for PCR mixture includes:

a) 0,3 umgdl/1 of each primer;
b) 1x PCR puffer;

c) 80 umol/l dNTP mixture;
d) 3 U DNA polymerase;

e) DNA terpplate;

f) deioniz¢d water.

15.5.3.3.3 PCR program for primers Euk1A and Euk516
The procedyre includes the following steps:

a) 94°Cfor130s;

b) 94 °Cfof 30s;

c) 56°Cfor45s;

d) 72°Cfor 130s;

e) repeath)tod) 34 times;
f) 72 °Cfor 10 min;

g) 4°C.

15.5.3.3.4 PCR program for primers Euk528F and Euk706

The procedyre includes the following steps:

a) 94°C for 3'min;

b) 94 °Cfor 30s;

c) 60°Cfor30s;

d) 72 °Cfor 1 min;

e) repeatb)tod) 30 times;
f) 72 °Cfor 5 min;

g) 4°C.
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15.5.3.3.5 PCR program for ciliate-specific primers

The procedure includes the following steps:

a)
b)
c)
d)
e)
f)
g)

95 °C for 5 min;
94 °C for 45 s;

58 °C for 1 min;
72 °C for 1 min;

IS0 23040:2021(E)

repeatbytod)35timeEs;
T2 °C for 10 min;
4 °C.

15.5{3.3.6 PCR program for cercozoa-specific primers

The procedure includes the following steps:

a)
b)
‘)
d)
e)
f)
g)

5 °C for 5 min;
IS °Cfor32s;

70 °C for 36s;

T2 °C for 3,5 min;
fepeat b) to d) 30 times;
T2 °C for 8 min;

4°C.

15.5}3.3.7 PCR program for foraminifera-specific primers

The procedure includes the following steps:

a)
b)
c)
d)
e)
f)
g)
h)
i)
)
k)

94 °C for 1,5 min;
94 °C for 1 ming
50 °C for 1 mrin;
T2 °Cfor45s;

fepeat b) to d) 25 times;

94 °C for 1 min;
50°Cfor 30s;

72 °C for 2 min;

repeat f) to h) 10 times;
72 °C for 5 min;

4 °C.
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15.5.3.3.8 Detection of PCR products

PCR products are analysed on a 1 % agarose gel for detection.

15.5.3.4 DGGE

15.5.3.4.1 Casting denaturing gradient gels

The procedure includes the following steps.

a) Place the sandwich assembly in the alignment slot. Tighten the sandwich clamps.

b) Puta sy
gels.

c) Preparg
(eukary
50 %; p
40 % to

d) Addafi
solution

e) Careful

bench) and gently tapping. Push the gel solution to the end of the tubing.
f) Place thie syringe into the gradient delivery system syringé’holder.

g) Rotate the cam wheel slowly and steadily to deliver the gel solution. It is important to cast th
solution at a steady pace to avoid disturbance between gel solutions within the sandwich.

h) Careful
60 min.

15.5.3.4.2 Adding samples

The procedure for adding samples includes:

a) remove

b) pre-hea

c¢) add PCR products.

15.5.3.4.3

Electrophoresis is run at 80 V for 16 h at 58 °C.

ringe on to the cam wheel system and set the volume indicator to 14,5 for 16 cmx 1

the desired amounts of the high- and low-density gel solutions in two disposable test {

otes to 6 % polyacrylamide gels prepared with denaturing gradient ranging from 20
rokaryotes to 8 % polyacrylamide gels prepared with denaturing gradient ranging
60 %).

nal concentration of a volume fraction of 0,09 % each of ammonjum persulfate and TH
s. Cap and mix by inverting several times.

y remove air bubbles from the syringe by turning it upside‘down (plunger cap toward

y insert the comb to the desired well dépth and straighten. Let the gel polymerize for 3

the comb and put the gel into the electrophoresis instrument;

t the running buffer;

Electrophoresis

6 cm

ubes
% to
from

MED

s the

e gel

bout

15.5.3.4.4 Staining

The procedure for staining includes:

a) remove

one of plates, and place the gel into deionized water;

b) wash the plate with the gel in the deionized water;

c) remove the deionized water, add 250 ml of fixative (10 % ethanol, 0,5 % acetic acid) and fix for

15 min;

d) remove

the fixative and wash in deionized water;

e) add 200 ml of DNA stain and incubate for 30 min;
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f) visualize the gel with a visible light illumination.

15.5.3.4.5 Image analysis

Analysis of the DGGE image is performed by the Quantity-One software.
The procedure includes the following steps:

a) image improvement;

b) lane detection;

) Iand detection;

d)

and and lane matching;
e) ¢oncentration analysis;

f) ¢onversion of DGGE profile into a species matrix, enabling the community‘composition] at different
gtations to be compared.

15.5{3.5 Clone library sequencing

15.5{3.5.1 Ligation mixture

The ligation mixture includes the following:
a) DNA ligase;

b) vector;

c) PCR products;

d) gterilized water.

15.5}3.5.2 Ligation procedure

The ligation procedure includes:

a) place the ligation mixture at 14 °C overnight;
b) ¢entrifuge for 10)3;

c) lace in an.Jce bath for 1 min.

15.5}3.5¢3Transformation procedure

The trafsformationprocedureinchides:

a) prepare Escherichia coli competent cells;

b) add 1 ulto 2 pl of ligation mixture to the competent cells;
c) mix;

d) incubate in an ice bath for 30 min;

e) incubate in a water bath at 42 °C for 30 s to 60 s;

f) transfer into an ice bath for 2 min;

g) add 250 pl of LB;
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h) incubate at 37 °C for 1 h with continuous shaking;
i) add 50 plto 200 pl of LB to the culture medium;
j) incubate at 37 °C for 16 h.

15.5.3.5.4 Detection of positive clone
The procedure for detection of positive clone includes:

a) collect the white colonies of bacteria for the PCR following the program described in 15.5.3.3;

b) PCR prdducts are analysed on a 1 % agarose gel for detection;

c) collect 100 to 500 colonies for sequencing.

15.5.3.5.5 Data analysis

The procedyre for data analysis includes:

a) check fgr chimeras using the Check-Chimera method;

b) cluster DTUs using the software DOTUR;

c) calculatle the alpha diversity index for samples using software DQTUR;

d) construfct Neighbor-Joining (N]) trees to identify taxonomic’affiliations.
15.5.3.6 High throughput DNA sequencing

15.5.3.6.1 Preparation for sequencing

The procedyre for the preparation for sequencingincludes:
a) prepargthe ice box;

b) transfer the PCR products into th€ice box;

c) send th¢ PCR products to a sequencing company.

15.5.3.6.2 Data analysis
The procedure for dataqanalysis includes:

a) cluster the OTHs*according to their sequence similarities;

b) annotatiethe representative sequences of each OTU and estimate the community composition

16 Survey of metazoan meiobenthos

16.1 Principle

Sediment samples pretreated on site are centrifuged through silica sol and the metazoan meiobenthos
floated on the silica gel column. The biological samples are collected in Petri dishes and placed
directly under a stereomicroscope to isolate, identify and enumerate the metazoan individuals.
Permanently sealed specimens and quantitative silver staining are used for high-precision qualitative
and quantitative analysis of major metazoan groups according to the needs of the survey plan (see
Figure A.2). In addition, molecular biology tools are employed to assist in the classification and
determining the diversity of the metazoan meiobenthos.
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16.2 General provisions
The general provisions include the following.

a) Samples are undisturbed sediment from the corer. The sign for undisturbed sediment is that there
is no obvious trace of disturbance on the surface of the sediment. The corer should be tightly closed,
there should be no/little leakage of the overlying water, and the sample should feel cold.

b) Three sediment cores are recommended to be sampled at each station. Two of the three cores can
be used as replicates for the identification and enumeration of the meiobenthos. The other core can
be used for analysing environmental parameters including chlorophyll, total organic carbon and

TTIIreTrrepotrcrere-—orits

c) Ifthe sampler is equipped with imaging equipment, photographs and/or video sequences should be
aken before sampling.

d) Abundance is expressed in number of individuals per 10 cm? (ind/10 cm?);
e) Biomass is expressed in units per gram of dry mass or per 10 cm?2.

f)  The survey should include analyses of the community composition,-dbundance and bigmass of the
ain taxa and dominant species.

16.3 Collection and preservation of the samples

16.3}]1 Sampling in intertidal zones and shallow waters

This|part of the work can be carried out simultaneously with the survey of benthic protozop.
16.3|2 Deep-sea sampling

16.3(2.1 Sampling preparation

The $ampling preparation includes the following:

a) ulticorer: it is recommefided to carry more than 8 sampling cores (inner diameter £9,5 cm and
ngth 260 cm) and to use/a TV multicorer, if possible;

b) lox-corer: area of sediment collected is 500 mm x 500 mm (0,25 m2); it is recommendegd to use TV
ox-corer if possible;

c) 1temotely-opefated vehicles (ROV) and manned submersible: there can be more than| 3 pushcore
gJamplingCores (inner diameter 26,5 cm and length 240 cm).

16.3}2,2°Sampling at sea

16.3.2.2.1 Sampling by using a (TV) multicorer

Take the undisturbed sediment from (TV) multi-corer which can be approximately 15 cm to 45 cm
in length. Three sediment cores can be collected at each station. Two of the three cores can be used
as replicates for analysis of meiobenthos; the other core can be used for analysing environmental
parameters.

16.3.2.2.2 Sampling by using a TV box-corer
The procedure includes the following steps.

a) Overlying water in box-corer can be removed by siphoning onto a sieve with aperture of 0,25 mm in
order to filter out the benthos in suspension.
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aken from front and side view. Features of the surface sediment should be recorded.

Photographic images of the surface of samples, with a scale (ruler) and station information plate,

When subsampling sediment from box-corer, it is recommended that the cores be at least 5 cm

away from the inside edge of the case. Three sediment cores can be collected at each station. Two of
the three cores can be used as replicates for analysis of meiobenthos; the other core can be used for
analysis of environmental parameters.

16.3.2.2.3 Sampling by using a pushcore

Take the sediment from the pushcore. It is recommended that core samples be approximately 15 cm

to 30 cm in
of meiobent
insufficient

16.3.3 Samn

16.3.3.1 Eq

The equipm

a) filtration device and 20 pum membrane filters;

b) sieve: th
c) devices
16.3.3.2 Sl
The procedt
a) Before{
and rec
b) The ovg
the mei
c)
top of t]
down td
betwee
d) The tw

Place thie bottom of the core into the sediment extruder. Put a casing of the same inner diamet

Tength. Two sediment cores can be sampled at each station. One can be used for ana
hos and the other one can be used for analyses of environmental parameters. Ifthg
kample material, take one sediment core for the analysis of meiobenthos.

iple slicing

juipment

ent includes the following:

le sieve mesh-size for on-site filtration of overlying wateris 30 um to 32 pm;

for sediment subsampling: sediment sample extruders, slicing blade, washing bottle,

cing of sediment cores for meiobenthos analysis
ire includes the following steps:

licing the cores, depth (height) of the oVerlying water and sediment in the cores is meag
brded (see Table C.2).

rlying water should be removed by siphoning onto a sieve of mesh-size 32 um to filte
bbenthos;

ne core. Adjust acectirately the lower screw disc of the extruder into position. Push the
the lower screwdisc and extrude the sediment to the required length. Insert slicing b
n the top of the'core and pipe and slice off the sediment sample.

b cores Of)sediment samples used for the analysis of meiobenthos are sliced into

layers, i

necess
The resraining layers of sediment can be bottled individually.

e.0ciitolcm,1cmto2cm,2cmto4 cm, 4 cmto 6 cm (additional layers can be adg
y)<Pack together the overlying water and sediment of layer 0 cm to 1 cm from every

lysis
re is

ured

I out

er on
core
ades

four
led if
core.

16.3.3.3 Slicing of subsamples for analyses of environmental parameters

Use the surface sediment for the analysis of environmental parameters. Alternatively, the sediment
layer 1 cm to 2 cm may also be used according to the demands of the survey plan.

The measured parameters can include sediment particle size, total organic carbon (%), chlorophyll a
(Chl a, ug/g) and pheophytin a (Ph a, ug/g).
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16.3.4 Sample fixation and preservation

16.3.4.1 Quantification and morphological identification of meiobenthos samples

Fix one of the replicates using an equal volume of 10 % formalin prepared with seawater, and fix the
other in 80 % ethanol. Shake immediately and place in the shade.

16.3.4.2 Subsample for molecular diversity analysis of meiobenthos

Fix in Dess-Martin periodinane solution (see Annex K) for the transport, preparation of permanent

slide

.and DNA sequencing.

16.3

Sediment subsamples for particle size analyses can be refrigerated at 4 °C. Subsamples for

orga
-20°

16.3

A def

16.3

Aftel
chec

16.4
The {

a) 9

b) t

c {
d) 1

16.5

16.5

4.3 Subsamples for analyses of environmental parameters

hic carbon, chlorophyll a and pheophytin a should be kept in plastic bags and placed in
C freezer.

5 Labelling

ailed label should be put onto each bottled or bagged samples, respectively (see Table

6 Record

slicing of the samples from each station, fill in a-sample record sheet (see Table C.
k the record sheets and the labels on the samplebottles and bags.

Tools and reagents
ools and reagents include the following:

ieves: 4 nested sieves, with mesh size of 500 pm (offshore samples) or 250 pm (deep-3
n the top, followed by 125 pm, 64 um and 30 pm to 32 um;

abletop centrifuge: maximum speed 6 000 r/min;
tereomicroscope: magnification should be greater than 90x;

eagents: ethanol;Rose Bengal solution, Ludox® HS 40 (or Ludox™), distilled water, et
Processing and analysis of the samples

1 Quantification and taxa analysis

hnalysis of
a

C.1).

B). Carefully

ea samples)

]

16.5.T.T Sample pretreatment

The procedure for the sample pretreatment includes the following steps.

a) Pour the sediment sample onto the top sieve of the 4-layer sieve stack (sieves from top to bottom
in the order 250 um, 125 pm, 64 um and 30 um to 32 um). Rinse gently with filtered tap water to
remove formaldehyde, seawater and most of the sediment.

b) Transfer the samples remaining on each sieve to dying vats containing 0,1 % Rose Bengal solution
and stain for 1 h.

c) Rinse the stained specimens with water until the colour of the rinse water fades.

©ISO
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16.5.1.2 Silica sol centrifugation technique

The procedure includes the following steps.

a) Prepare a solution of Ludox®: dilute Ludox® HS 40 (or Ludox™) with distilled water until the
density reaches 1,19 by hydrometer.

b) Transfer the sediment left on each sieve to a 100 ml centrifuge tube. If the sample volume exceeds
15 ml, it can be divided into two separate centrifuge tubes. Add the Ludox® solution prepared
above until the total volume reaches 60 ml, cap tightly and mix thoroughly by shaking.

c) Stand the centrifuge tube for 5 min to allow the sedimentation of the denser particles.

d) Balance the tubes and centrifuge at 1 800 r/min for 5 min. The centrifugation speed can b€ regched
following a gradual increase over 3 min.

e) Pour the supernatant onto a 32 um sieve (the Ludox® reagent in the tube can be drained).

f) Add sarpe amount of Ludox® solution into the centrifuge tubes. Repeat the above steps 3 tjmes.
Rinse the residues from the wall and cap of the centrifuge tube and sieve thé rinse water.

g) Rinse the sieve thoroughly with filtered tap water to remove the Ludox® solution. Place the fieve
into a dying vat with 1 % Rose Bengal solution and stain for 1 h.After staining, rinse the fieve
with digtilled water until the colour of the rinse water disappears. Count the meiobenthos under a
stereonjicroscope.

16.5.1.3 Sybsampling
The procedure for subsampling includes the following.

a) Iftherelare a large number of meiobenthos (over 500 individuals) in the sediment, subsamplef can
be randpmly taken for identification and counting.

b) Transfef the sample into the sample splitter and add distilled water to a total volume of 2 |dm3.
Close tHe splitter cap and mix. Allow the.solution stand for 1 h. Take 2 or 3 subsamples.

16.5.1.4 Cqunting

Observe, id¢ntify and count the fmeiobenthos under a stereomicroscope (magnification 240x). R¢cord
the number|of individuals of different taxa in Table D.4.

16.5.2 Molecular analysis‘of biodiversity

The templatles for PCR amphflcatlon of the gene ofmterest from nematodes can be obtalned in a variety
of methods.Je e e e : e tiple
genotypes, and should be less prone to cross contamlnatlon The followmg method is recommended in
addition to which the commercial kits for DNA extraction can also be used.

An example of lysis buffer is given in K.13.2. In practice, specialized components can be empirically
added to increase the efficiency of lysis. All samples should be processed in a DNA-free environment
using a dedicated area that is UV-sterilizable. In addition, all solutions can be treated in the same way
and be dispensed in small tubes, which can be discarded after use. The working procedures are as
follows.

a) Put the lysis buffer (see Table K.4 for formulation) 20 ul (for individual nematodes) or 50 pl to
100 pl (for 10 to 100 nematodes) into 0,5 ml PCR cores containing the tissue samples.

b) Store at -70 °C for 15 min or more. The lysate can be stored at -70 °C for several days. Repeated
cycles of freezing and thawing can increase the efficiency of lysis.
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c¢) Thaw the sample at room temperature and add a drop of mineral oil.
d) Digestat 60 °C for more than 1 h to remove protein and membrane material.
e) Inactivate the protease and nuclease by heating to 95 °C for 15 min.

f) Coolto 4 °C.

g) Vortex gently for 2 s to 3 s or pipette samples repeatedly, and then centrifuge at 6 000 r/min.

h) Take 2 ul of the supernatant for PCR amplification. Set up a negative control.

16.5|2.2 PCR amplification

Therge is no universal primer applicable to all nematodes. Therefore, it is recommende
the primers for specific target sites. There are many taxa of nematodes, and” prin
designed according to the preliminary morphological classification results. Three differg
recojmmended for genetic analysis of nematodes: small subunit ribosomal”DNA (SSU
subupnit ribosomal DNA (LSU rDNA), and mitochondrial DNA (e.g. MtCO1).'SSU rDNA se
can be used for species-level identification of certain nematodes. LSUz{P2-D3) can also
nematodes at the level of species. Mitochondrial DNA can be used forintraspecific differ
nematodes.

In experiments, a negative control should be set up. All reagents.can be dispensed in small
and PCR product processing can be performed in the assigned area in order to prevent cor
Pipette tips, reagents, and experimental areas should notdbe contaminated with DNA.

16.5|2.3 Sequencing

Sequencing can be performed using standard niethods. Routine DNA sequencing can be p
a prdfessional sequencing company. The sequencing results can include files of standard ¢
sequencing chromatograms.

16.5(2.4 Preservation of DNA material

Samjples of extracted DNA canrbe stored for subsequent research and optimization of qua
expefrimental methodology. Lysates of individual nematodes can be stored in a cryogenic
FTA paper can also be usedfor long-term preservation of nucleic acid at room temperature

16.4 Organization of data

16.6|1 Precision

The precisjon provisions are as follows:

d to modify
ers can be
ent sites are
DNA), large
Huence data
lifferentiate
entiation of

yolume. PCR
itamination.

erformed by
ata, such as

ity control/
refrigerator.

a) thesprecision of meiohenthos enumeration is expressed as standard error or confi

lence limits

(95 % C.L);

b) statistical test of differences in community structure can be carried out.
16.6.2 Abundance

16.6.2.1 Abundance calculation

Use Formula (6) for the abundance calculation:

D=—r
nr
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D is

T is

r is

:2021(E)

the abundance of individuals, expressed in number per 10 cm?2 (ind/10 cm?);
the average number of individuals among replicates of core samples (ind);

the radius of the sampling core (cm).

16.6.2.2 Spatial distribution of abundance

Calculate the total abundance of main biological taxa at each station and the average abundance of the

surveyed ar

16.6.2.3 V¢

Calculate th|
layer. Comp]

16.6.3 Bio}

as. Complete 1able D.4.

rtical distribution of abundance

e relative abundance (%) of organisms, and the composition of main taxa,din‘each sedi
ete Table D.4.

Mnass

16.6.3.1 Biomass of individual meiobenthos

The biomas
meiobentho
a) Based (
individy
V=L-W
where
V is
L is

is

is

5 can be calculated based on the conversion of volume, which is applicable to main ta|
5.

lal can be calculated according to Formula (7);

2.

the volume of one individuak(mm3);

the body length of individwal (for long-tailed species posterior to conical part; for fili-

form-tailed species, posterior to anus), expressed in millimetres (mm);

the maximum body width (mm);

a conversiondactor.

n the measurements of organisms using camerd’lucida microscopy, the volume of

ment

xa of

any

(7)
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b) Calculate the average volume of individuals according to Formula (8):

— N

V=Y _ViIN (8)
where

vV isthe average volume of individuals (mm3/ind);

,.
i

ratla 1 £l sl 2o 2.2 ] 1L 2
10 UIIU VUIUILIIU Ul LIIT I iiulivivuudal Lllllll J,
N is the number of individuals (ind).

c) (Calculate the individual dry mass by conversion, according to Formula (9):

D, =V-K-D 9)
whertte
D, isthe average dry biomass of individuals (103 pg/ind);

/  is the average volume of individuals (mm3/ind);
K is the average gravity, assumed to be 1,13;

D is the dry-wet ratio, assumed to be 0,25.

16.6}/3.2 Calculation of the meiobenthos biomass

Calcuylate the biomass of meiobenthos aceording to Formula (10):
N —

B=Y " Dy-D; (10)

whefe

B is the total bigmass of meiobenthos (103 pg/10 cm?);

D is the agerage individual body mass of the ith population (103 pg/ind);

w
D.

. isthe'average individual abundance of the ith taxon (ind/10 cm?);

N Is the number of taxa.

CalcuTate the total biomass at each station based on the above Formula (LU].

16.6.4 Complete the report

Complete the report according to the relevant provisions in this document.

16.6.5 Plotting data

Plot data according to the requirements of the survey plan, such as the percentage composition, spatial
distribution and vertical distribution of abundance and biomass of main taxa.
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Annex A
(informative)

Photographs of several groups of communities of interstitial biota

Figure A.1 shows pictures of several representative microbenthos. These are only examples of
photographs.

Key

1,2,3 ciliates 11 cyanobacteria

4 foraminifera 12 bacteria

56 testate amoeba and gymnamoebida 13,14  heterotrophic flagellates
7,8,9 flagellates 15 autotrophic flagellate

10 diatoms 16,17 diatoms

NOTE 1to 11 are after quantitative protargol staining; 12 to 17 are after DAPI staining; bar = 20 pm.

Figure A.1 — Example of representatives of major groups of microbenthos
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Figure A.2 shows pictures of several representative metazoan meiobenthos. These are only examples of
photographs.

Key

1,2, 3 nematod{%\ 17 bivalve
4,5,6,7,8 cop @ and copepod nauplius 18 arthropod
9,10f11 |§r~ades 19 mite
12,13,14 racoda 20,21 polychaetes
15 &?‘ gastrotricha 22,23 kinorhyncha
16 % priapulid worm 24 rotifera
NOTE All pictures are after quantitative protargol staining.

Figure A.2 — Example of representatives of major groups of meiobenthos
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Annex B
(informative)

Several stratified sampling devices for the survey of
interstitial biota

Figure B.1 apd-Hig
survey.
N LT R
:E:H
\\E
2
™ \.\ : ~ -
o M - \‘\\‘
N > N > \\ ~
N G s N ERE s
stratified sampling device
cylindrigal sampling tube
Figure B.1 — Push-type stratified sampling device
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1  (gylindrical sampling tube
2 1jocker-type stratified sampling device

Figure B.2 — Rocker-type quantitative stratified sampling device
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Annex C
(informative)

Tables for sample labelling and sampling record — Examples

See Tables C

.1, C.2, C.3 for examples of sample labels and sampling records for interstitial biota.

Table C.1 — Sample label

Station:__ | Date:_ Time:_ Weather:__
Water depthf___m Longitude:__ Latitude:_ Layer:_
Sample condiition:
Water tempdrature: Air temperature:
Sediment teyture: Sediment colour: Sediment smell:
Column sediment core: Surface layer sediment:
Note:
Table C.2 — Sampling recorditable
Page_ Total pages_ |
Seaarea Vessel Cruise Station_ _
Longitude offthe measured station (E/W)_°_"_" Latitude (N/S)_"_'_" Waterdepth__m Sampling numbgr_ __
Inner diameter of samplingtube____cm Sampling date (UTF€)___ Year_ _Month___ Dayto__ Year_ _Month__ | Day

Touching
the bottom

Retrieving
onto deck

Deploying
into water

Ldg

cal time

(N

Latitude

/S)

Ldg
(E]

ngitude
w)

W
de

hter
pth, m

C4q

length; m

ble

Core number

Length of sediment Note

(cm)

Length of sampling
tube (cm)

Height of overlying
water (cm)

V|IN | |U D W |IN| -
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Table C.2 (continued)

9
10
11
12
13
14
15
1&
17 aN
18 A’
19 ‘\9 R
¢
20 (22}
Note: ,.\( 1;,
Sampling Recording Proofreading \C}J
N
Table C.3 — Sampling records of mg&ognthos
QO Page Total Pages
Sea drea Vessel Cruise . \\>\ Station
Longitude of touching seabed (E/W)__"__'__" LatitudefN/S)__°__'__" Waterdepth___|m
Type of sampler Inner diameter of gnﬁ: ingtube_ cm Typeofsediment|
Sampling time (UTC) Year Month Dex@__Hour___Minute to___Year___Month_ _
Day{__ Hour__ _ Minute
Touching bottom (UTC)____Year_ __ Mont \_'O_Day___Hour___Minute to Year Month
Day|__ Hour__ _ Minute \\C)
Metazoan meipﬁeﬁthos Chloroplast and organjic carbon
Layer Core number: <§C6re number: Core number: Layer Core[number:
f'.() 0 cm~1 cm
0 cmj~1 cm al 1 cm~2 cm
1 cm~2 cm A\%V 2 cm~3 cm
2 cmp~4 cm 0‘0‘ 3 cm~4 cm
4 cmj~6 cm NQ‘V 4 cm~5 cm
6 cm~8cm ] \{ 5 cm~6 cm
8 cm~10'c§9?\ 6 cm~7 cm
10 crp(j/‘}c\m 7 cm~8 cm
12 cir=ttom 8Tmm=9Tm
14 cm~16 cm 9 cm~10 cm
16 cm~18 cm 10 cm~11 cm
18 cm~20 cm 11 cm~12 cm
Note:
Sampling Recording Proofreading
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Annex D
(informative)

Tables of microscopy records — Examples

Tables D.1 and D.2 show examples of tables of benthic viruses and bacteria, for counting and testing

records.

Microscopy

78

tables of microbenthos and meiobenthos are shown in Tables D.3 and D.4.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=c6b5fc936694498aa26f8ef42a441fb6

IS0 23040:2021(E)

<
O,
QV\V JI9peajooad I19p1029Y 1sAjeuy
“C \.V BUEY |
S
0O
Ao
$ 7
¢
2
\®0
O,
75
. \\J
Y,
(a
V)
9
hie
AP
pre1y/saon.aed v w
3/soonagd PIRY saponaed ardiynu QEQ awn yadap | Joquinu | Jaquinu
MIeway sopnIed (4101, | Jo sopdnred ageaaay P13} JO sapdnIed uonn[iqg m:ﬁ::&\%wv::a wes | 19jepy | 9jdwes | uonsod
poyiouw Surjunoyn Jo[duwes o8efop /\OJ diys jo swreN BaIy
a8eq soged [e10]

Adooso.oru 9duddsaaon(j Aq SUrIUNOI :eLId}Ieq pUe SISNIIA JIYIUI(] Jo d[qel, — T'd dqelL

79

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=c6b5fc936694498aa26f8ef42a441fb6

:2021(E)

ISO 23040

JIapeaajoo.uad REYIRGREN 1sA[euy
1juang
S9A} SIAI anfea
el -ppe | -Ippp | eul _— PIOUSOUL
-91deq |SnIIA| 9dAeH ON -9)deq |snaia| o \mEE /€14 14| T14|SS | Sd e
w/S[[92 0T . MU 3u w 194 194
£ £ W aun An dunjoA| awi oun | -Iafeg -winu | -wnu
Aysuap £ S[[992 jJo uor} | -do[dA |1amod A uon Sur Surd oid |yadap| opd uon
—HO_HN——.-QQQ uInjoAa O—QE ToqumuaoYg T L@mf-— MOTH—T19seT WWG.——CNV Lﬂmf-— oy tues -ures§ |.JI9jep\| -uae§ -1s0d
poylaw Sununo) Jordwres o8ehop diys jo sawreN BaIYy B3S
a8eq 98ed [e10],

1919w 0142 MO[J Aq SUIIUNOD :BLIdJOE( PUE SISNIIA IIYIU( JO d[qe]l — Z'd d[qelL

© IS0 2021 - All rights reserved

80


https://standardsiso.com/api/?name=c6b5fc936694498aa26f8ef42a441fb6

Table D.3 — Microscopy table of microbenthos

Surveyor:

Total pages

IS0 23040:2021(E)

Page

Sample position and time (R1):

Sample position and time (R2):

Sample position and time (R3):

Sample volume (R1):

Sample volume (R2):

Sample volume (R3):

Remark:

Remark:

Remark:

(sketch)

Specific name and characteristic Lengthxwidth

pum

Individual number

Remark

sp.1

R1:

R2:

R3:

sp. 2

R1:

R2:

R3: [

R1: %

R2: O

R3: o N

R1: (,U

R2{)

R3:

sp.5

1:

R2:

R3:

sp. 6

R1:

R2:

R3:

sp.7 ¢
N

R1:

R2:

R3:

sp. 8

R1:

R2:

R3:

sp.9

R1:

R2:

R3:

sp.11c~>

R1:

R2:

R3:
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