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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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INTERNATIONAL STANDARD ISO 16778:2015(E)

Water quality — Calanoid copepod early-life stage test with

Acartia tonsa

WARNING — Persons using this document should be familiar with normal laboratory practice.
This International Standard does not purport to address all of the safety problems, if any,

associated with its use. It is the responsibility of the user to establish appropriate
health practices and to ensure compliance with any national regulatory conditions.

safety and

IMPQRTANT — It is absolutely essential that tests conducted in accordance with,thi
be carried out by suitably qualified staff.

1 $cope

This| International Standard specifies an early-life stage test procedure for determin
toxiq effects of a chemical substance, effluent, or water sample on a.¢old-water marine a
water copepod species under semi-static conditions. The biological éndpoints include {
development of the early-life stages. The exposure starts with eggs and is continued until e
juvenile stages.

Copepods occur widely in marine, brackish, and fresh water:écosystems. They represent imj
items$ for the larvae of many fish and larger invertebrates'and are increasingly used as a live
in adquaculture. They feed on phytoplankton and, thusare an ecologically important ene
link between primary producers and higher trophig levels.

2 ormative references

Therge are no normative references cited@n this document.

3 Terms and definitions

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

3.1
EC
effecft concentration

3.2
ECx
calcylatéd‘concentration from which an effect of x % is expected

5 document

hition of the
nd brackish
urvival and
mergence of

bortant prey
food source
rgy-transfer

3.3
larval development ratio

LDR

fraction of animals that have turned into a copepodite stage compared to the total number
nauplii and copepodites within a given period of time (5 d to 6 d)

34

lowest observed effect concentration

LOEC

lowest concentration within the experimental range at which a significant effect is observe

© ISO 2015 - All rights reserved
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no observed effect concentration

NOEC

tested concentration just below the LOEC

[SOURCE: IS
3.6

O/TS 20281:2006, 3.18]

X % confidence intervals
interval of values within which the measured or calculated value is likely to be present with a
probability of x %

3.7

dilution water

water with
sample or u
4 Princi

The test is
chemical su

Hefined properties (e.g. salinity) or natural seawater used for stepwise dilution|ef thg
sed as control
ple

hn early-life stage test, where the organisms are exposed to various concentrationg
bstance, effluent, or water sample, from the egg stage to the juvenile stages. Surviva

developmenft of early-life stages [larval development ratio (LDR)] are~dependent on the investig

parameters

The total test duration is about 5 d to 6 d, which is{sufficient time to investigat

developme

from nauplii to copepodites.

The naupliaf (larval) and copepodite (juvenile) stages are motphologically distinct, and therefors
transition from the last naupliar to the first copepodite stage is easily observed. Larval develop
ratio (LDR) isrecorded after 5 d to 6 d, when about 60 % of:the control animals have reached a copep
stage, and ip expressed as the ratio of copepodites to the total number of surviving early-life s

(nauplii + ¢
should be pj

The outcom|
concentrati

(ECx) (e.g. E
5 Appar

Test vessels
should be m|

pepodites) at the end of the LDR test, Hatching success and mortality of the early s
esented along with the LDR.

e of the test is either the no obsenved effect concentration and the lowest observed ¢
n (NOEC-LOEC) values or the effect concentrations with a certain degree (x %) of inhih
C50 and EC1p).

atus

and other apparatus, which will come into contact with the dilution water and test soluf
ade entirely<fglass or other materials chemically inert to the test chemical.

5.1 Standard laberatory apparatus, e.g. measurements of pH, dissolved oxygen concentrd

salinity, and

temperature.

» test

of a
| and
rated
b the

e, the
ment
bdite
ages
ages

ffect
ition

ions,

ition,

5.2 Glass flasks, volume I, 21, and 5 [.

5.3 Air pumps.

5.4 Air filters, pore size 0,2 um.

5.5 Peristaltic pump for food supply.

5.6 Temperature-controlled cabinet or room.

5.7 Low-magnifying stereomicroscope, preferably with dark field illumination.

2 © IS0 2015 - All rights reserved
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Apparatus for membrane filtration.

Filters, 0,2 um (6.2) and eventually filters with grids (8.5.1).

5.10 Nets, mesh sizes 50 pm and 180 pm to 200 um, for isolation of eggs, for capture and transfer of
animals, and as filters when medium is changed.

5.11

6

6.1

All W
or off
subs

Equi

6.2

Culty
mari
and 1
cope
as cu

6.3

The

dilut]
pHo
pHa
samyj
soluf]
chen

If thd
temp]
adeq|
to 3 ¥
moreg

Adequate apparatus for the control of the lighting regime.

Reagents

Water

rater used in preparation of culture medium shall be clean natural seawater or deio
equivalent purity. Take special care to avoid contamination of the watefby inorgani
fances during preparation and storage.

bment made of copper shall not be used.

Culture and test media

ire and test media are prepared from either reconstituted salt water or filtered (0,2

ne water from an unpolluted location. An example of réeonstituted salt water suitable fo
esting is given in Annex A. Reconstituted salt watérmedia with a known composition

pods show suitable long-term survival, normal behaviour, development, and fecundity
lture and test media, i.e. dilution water.

Dilution water

balinity of the dilution water shouldbe the same as that of the culture medium (see A}
jon water shall have a dissolved exygen concentration above 70 % of the air saturation
F 8,0 + 0,3 before being used te prepare the test solutions. If there is evidence of mark
the highest test concentr@ation, it is advisable to adjust the pH of the stock solution/en
le to that of the dilution.water before preparing the dilution series. The pH adjustment
ion or test concentrations shall not change the concentration to any significant exte
ical reaction or precipitation of the test substance. HCl and NaOH are preferred for pH 3

physical conditions or the salinity of the salt water to be used in the test differ more
erature ory10 %o salinity from those used for routine culturing, it is good practice t
uate prestest acclimation period at the same temperature (20 + 1) °C and salinity (20
veeks.to avoid stressing the eggs and animals. Use of another temperature or salinity, y
appropriate in oceanic or brackish water situations, shall be justified in the test repoj

nized water
C or organic

pum) natural
ir cultivation
n which the
can be used

hnex A). The
value and a
bd change of
yironmental
of the stock
nt or lead to
djustments.

than 5 °Cin
b include an
+ 2) %o of 2
vhich can be
t.

7 Testorganism

The species to be used is the marine calanoid copepod Acartia tonsa Dana (see Annex G and Annex H).

Eggs used in the test should be collected from a healthy stock (i.e. showing no signs of stress such as
high mortality, poor fecundity, etc.). The stock animals shall be maintained in culture conditions (light,
temperature, medium, and feeding) similar to those to be used in the test (culturing method for A. tonsa
is described in Annex G).

© ISO

2015 - All rights reserved
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8 Procedure

8.1 Preparation of culture medium

Natural seawater or a reconstituted medium can be used. A suitable reconstituted culture medium is
described in Annex A. However, alternative reconstituted media can be used as long as the validity
criteria for the test are met (see Clause 9). The defined medium described in Annex A contains a
chelating agent and therefore, might not be appropriate for testing of samples that contain metals. The
salinity can be varied by choosing a desired amount of the 10 % salinity solution. The salinity of natural
seawater and environmental samples can be raised by using the same 10 % salinity solution (Table A.1)

or lowered hy nﬂrhng an-appropriate volume of M7 (cnp Reference [11 and Annex A) ordeionized water.

8.2 Choid

Prior knowledge of the toxicity of the test substance (e.g. from an acute testlll) or from range-fir

studies) shq
concentrati
the acute 48§

At least 5

concentrati
used. Subst
control shal
the same co

If there are
sample will
test can be
sample/l) a
the control
concentrati
normally be

8.3 Prep{

The test sof

environmental sample with dilutioh water. Stock solutions of chemicals shall be prepared by disso

the substan
such as stirl
a suitably cd

The use of o
stock soluti
recommend

!

e of test concentrations

uld help in selecting appropriate test concentrations. As a rule of thumb, the hi
n in the early-life stage test should be chosen within the interval between LC1o and L(
h test to avoid significant effect on survival.

ifferent concentrations should be tested in a geometric sertes with a factor bet
ns not exceeding 3,2. Justification should be provided if fewér than five concentration
inces should not be tested above their solubility limits in{dilution water. A dilution
be included and, if a solvent is used, a solvent-control shall also be included (8.3), conta
hcentration of solvent as the test series.

substantial reason to assume that a high concentration of a chemical or an environm
have low/no toxicity at a high concentration (e.g.at 10 mg/1 or 100 ml/1), the early-life
performed as a limit test, using a test coneentration of, for example, 10 mg/1 (or 10
nd the control. The usual number of replieates should be used for both the treatmen
groups. A limit test can show that there is no statistically significant effect at the
n when compared to the controls, but if significant effects are recorded, a full test
required.

ration of test substance:stock solution

lutions are usually prepared by diluting a stock solution of a test chemical or

fe in dilution water. The preferred options for preparing test solutions are physical met
ing and sonication.[2][3] Saturation columns (solubility columns) can be used for achig
ncentrated steck solution.

Fganic selvents might be required in some cases in order to produce a suitably concent
bn, butievery effort should be made to avoid the use of such carrier solvents. The
ed-selvent for this test is acetone. Acetone shall be used to produce a stock solution

1ding
rhest
20 of

veen
s are
vater
ning

ental
stage
0 ml
C and
limit

will

f an
lving
hods,
bving

rated
only
that

can be dose

H aecurately into water The recommended maximum acetone concentration in the dil

1tion

water and test solutions is 0,01 ml/l. The concentration shall be the same in all test vessels. If another
solvent or a higher acetone concentration is used, it shall be documented that it has no effects. Acetone
will not be toxic at 0,01 ml/I and will not increase the water solubility of a substance. Acetone might
be essential in handling some substances; for example, for preparing stock solutions of hydrolytically
unstable or highly viscous substances.[4]

© ISO 2015 - All rights reserved
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8.4 Preparation of test solutions

In the LDR test, the control should comprise of at least 101 control replicates and preferably more, and
as a minimum 6 replicates of each test concentration. The demand for replicates is higher if the ANOVA
statistic is used whereas regression analysis generally demands more concentrations.

The number of replicates depends on the statistical endpoint (ANOVA or ECy). When planning the test, it
should be taken into consideration whether the aim is to achieve a NOEC/LOEC (by use of ANOVA) or an
ECy value (by use of regression technique).

For the use of ANOVA technique or regression analysis, see Reference [5].

In sefting the range of concentrations, the following should be borne in mind:

If the aim is to obtain the NOEC, the lowest test concentration shall be low enough sothat the biological
endploint at that concentration is not significantly different from that of the confrol. If thfis is not the
case, the test will have to be repeated with a reduced lowest concentration. Ifthe aim is tp obtain the
NOEC(, the highest test concentration shall be high enough to cause a statistically significant effect when
compared to the control on the biological endpoint. If this is not the case, thetest will have to|be repeated
with|an increased highest concentration.

If Edy for effects on development is estimated, it is optimal that the lowest concentrdtion has no
effects (optimally the only one without effects), and the highest concentration is greater than ECsy,
and that sufficient concentrations are used to define the ECy'with the appropriate level of confidence.
If the highest concentration is below the ECsy, it is recominended also to report the EC1¢ and/or the
NOEC/LOEC values.

The tange of test concentrations should preferably notinclude any concentrations that have p significant
effect on survival since the main objective of the test is to measure sublethal effects (e.g. dgvelopment).

8.5 | Incubation/Exposure

A re¢jommended schedule for an early-life’stage test is given in Annex B.

8.5.1 Testorganisms and loading

Fresh eggs produced by the copépod stock culture are preferred but eggs stored for a maxjmum of one
weelf at 4 °C can be used((see Table B.1). 60 to 90 eggs are counted by use of a stereomicfoscope and
added to the test solutiémyin each test vessel. Eggs shall be counted individually on a filter with grids or
in a drop of water (filters and water drops can be placed in a Petri dish with marked gradpiations) and
after|{ counting be flushed into the test vessel (see Table B.1).

Newly hatchedynauplii present at counting can be crushed with a preparation needle whiile counting
the dggs or<if'added together with the eggs, the nauplii shall be counted as well. The number of newly
hatcheddauplii shall not exceed 5 % of the number of added eggs.

Ad 11 3 L £ iballa £ Lalds £l dad daot 3 3 A I
a d CUIICTUTLIVUIT S1ITT T SUItdulIT 1UlL uuu.uus LIIT TCCUIUTU Udta da1'T SIVCII I ZATTIICA L.

8.5.2 Control of hatching

Complementary to the LDR control vessels, an additional control for hatching may be set up. Four
replicates with 60 to 90 eggs in 40 ml to 80 ml (same volume as in test replicates - see 8.5.3) of dilution
water are started at the same time as the LDR test with eggs from the same batch (see Table B.1). This
hatching control will only run for 2 d to 3 d and, at that time, the number of larvae and unhatched eggs
are counted to check the hatching percentage.

1) Itisrecommended to start with at least 12 control replicates since some will probably be used for inspection of
the development at a time where the LDR is below the 60 % +20 % criterion for the copepodite fraction. To find the
optimal time to terminate the LDR test 1 to 2, controls are taken and counted at regular intervals when it is expected
that the LDR approaches 60 %.

© IS0 2015 - All rights reserved 5
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8.5.3 Larval development ratio (Early-life stages development)

Eggs (60 to 90) are exposed in each replicate vessel holding the same volume of test solution (40 ml
to 80 ml). The exact number of eggs (and newly hatched nauplii) added is recorded. Test solutions are
renewed on day 2 or 3 or the volume is increased by adding new test solution using the principle from
Footnote 3 (see also Annex B, Table B.1). Observation of the larval development is normally recorded
after 5dto 6 d, when about 60 % of the control animals have reached a copepodite stage, and is expressed
as the ratio of copepodites to the total number (sum) of larvae (nauplii) and juveniles (copepodites) alive
at that point of the test. Animals dying during the test disappear quickly and all animals counted at the
end of the test are assumed to be alive when Lugol’s solution is added (see 8.6 and Annex D). Additional
replicates of the controls should be prepared to catch the most optimal time for stopping the test as

close as pog
during the t

8.5.4 Dur

Time neede
temperaturg
might last 1
until 50 % o

8.5.5 Harn

Handling of
that could b
in treatmen|
could lead t
conditions,
physical pos

develop is the same for all the replicates.

8.5.6 Fee

5.0 x 104 ce
addition of
using small
fed and the
exceed 1 %

8.5.7 Light and temperature

Specific det§
of 16:8 hligh
used shall b

sible to the 60 Y% copepodite ratio (see Footnote 1). Mortality (animals dead and mi1
bst) should be presented along with the LDR (see Annex F for calculation examples).

ation

d to complete (at 20 °C and 20%o salinity) larval development test is 5\d to 6 d. At ]
s or higher salinities, the development might be slower and, thus, testing at these condi
pnger. See, for example, Reference [6] which presents a study of the-length of time elg
F the early-life stages reach a copepodite stage at different salinity and temperature reg

dling of test vessels

the test vessels should be done in a random fashion. Failure to do this may result in

L or concentration order, some time-related effect,’Such as operator fatigue or other ¢
o greater effects at the higher concentrations. €are should be taken that environm
such as position in the laboratory, are uniform for all test vessels independently of
ition in the test setup. It is also importantto stress that the time given for each replice

ling

[Is - ml-1 of Rhodomonas salika should be added at the start of the test and at renewd
new test solution (see 8.5(9%and Table B.1). Deviations from this should be reported.
volumes of test solution.ih semi-static tests, it is important to consider the volume of
dilution of the exposure concentration. Food should be added at a volume that doe
pf the total volume. Specific details of the feeding regimes are given in Table B.1.

ils of thelight and temperature regimes to be used are described in Annex G. A photop
t:darkis recommended atalow light intensity (5 pumol to 10 pmol - s-1 - m-2). The temper;
P 202C = 1 °C during the entire exposure period.

ksing

pwer

kions

psed
mes.

bias

e construed as being a concentration effect. In particular, if experimental units are hanpdled

rror,
ental
their
te to

Is or
Vhen
food

5 not

briod
iture

8.5.8 Aeration

If aeration is necessary to keep dissolved oxygen concentration (DO) > 70 % of the air saturation value
(ASV) (see Clause 9), test vessels should be aerated as little as possible to avoid evaporation of water and
stripping of test chemicals.

8.5.9 Dilution water and test solutions renewal or addition

The frequency of partial test solution renewal or addition will depend on the stability of the test
substance, but should be atleast once duringa 5 d to 6 d test, and atleastevery 2 d to 3 d, if the duration is
longer. If, from preliminary stability tests or from the physico-chemical properties of the test substance,
concentration is evaluated not to be stable (i.e. outside the range 80 % to 120 % of nominal or falling
below 80 % of the measured initial concentration) over the maximum renewal period (i.e. 2 d to 3 d),
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consideration should be given to more frequent test solution renewals. There shall be evidence that the
concentration of the test substance has been satisfactorily maintained (see 8.6).

When the test solution is renewed, the following are the different ways to do this:
— part (50 % to 80 %) of the old test solution can be replaced by fresh test solution?),
— the volume can be increased gradually by adding fresh test solution3).

Another method could be to prepare a series of test vessels with fresh test solution and transfer the animals
to them by, for example, having an inner chamber supplied with fine net of suitable mesh size as a bottom.

8.6

Inth
at th
stud

chenf

prep

Annd
stage

Obse

prov

8.6.1

Duri

recoi

prep

analy
and i
itis1

orga
harv

start

If th

main
be b:

grea

calcu

Fort
nom
prep
to E

Measurements/Observations

e LDR test, numbers of unhatched eggs, nauplii (larvae), and copepodites (juvenilés) shall
e end of the exposure period. The animals and unhatched eggs are fixed jnhugol’s §
ed (counted, measured, etc.). Since Lugol’s solution may also oxidize the tést chemical
ical analysis shall be taken before addition of Lugol’s solution and preferably from sep4
hred for this purpose only (Annex D). Staining (and killing off all animals) in Lugol’s §
x D) will facilitate counting of animals and unhatched eggs. Counting of different de
s of A. tonsa needs to be facilitated by the use of a stereomicroscope.

rvations made during the test should be recorded onsdata collection sheets. Ej
ided in Annex E.

Concentration of the test substance

hg the test, the concentrations of test substance should be determined at regular in
mmended that, as a minimum, the highest and lowest test concentrations are analysed
hred - at the start of the test and immediately prior to renewals and at the end of
Fses should be made on samples from thie’same concentration - when freshly prepared
it the end). To avoid biological materials and Lugol’s solution in the samples for chemi
ecommended to set up three extravessels of each concentrations for sampling purpo
hisms and food); one to be harvested before first renewal or addition of water, anoth|
bsted after first renewal or.addition of water, and the last one to be harvested at thq
samples for analysis are(achieved from the same portions as used to start the test. Se]

ere is evidence that the concentration of the substance being tested has been s

hised on nominal‘or measured values. If the deviation from nominal or measured congd
er than +20 %) results should be expressed in terms of the time-weighted mean (see
lation in Annex F).

psts, ifiwhich the concentration of the test substance is not expected to remain within
nalconcentration, it is necessary to sample all test concentrations (including control) v
hed and at renewal. After finalizing the tests, at least samples with nominal concentj

berecorded
olution and
samples for
rate vessels
olution (see
velopmental

amples are

tervals. It is
vhen freshly
the test (i.e.
, at renewal
cal analysis,
ses (without
er one to be

end. At the
e Annex C.

atisfactorily

tained within £20.9%of the nominal/measured concentration throughout the test, them results can

entration is
puidance for

20 % of the
vhen freshly
ations close

10, ECs50, and NOEC are analysed. In these cases, calculations of effect concentrations are based

on the measured concentrations, and results should be expressed in terms of the time-weighted mean
(see guidance for calculation in Annex F). Note that care should be taken when testing very lipophilic
(i.e. log Kow > 5) and hence, poorly water-soluble substances in the present test system (see Reference
[3])- Using radiolabelled substances may give crucial information on the partitioning in the test system,
which may facilitate the calculation of the actual concentrations.

2) Testsolution can be removed with a siphon supplied with a net with an appropriate mesh size to avoid removal
of animals or eggs from the test vessel.

3) Fresh test solution can be added by increasing the volume in the test vessels gradually from (for example) 40 ml
at the start to 80 ml on day 2 or 3.
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8.6.2 Physical-chemical parameters - oxygen, pH, salinity, and temperature

Dissolved oxygen, pH, salinity, and temperature should be measured in the control and all test
concentrations at start and end of test, and each time dilution water is renewed. As a minimum, these
measurements shall be made in the control and the highest test concentration. Temperature should
preferably be monitored continuously. Additional test vessels (including animals and food) may be set
up for this purpose only.

9 Validity criteria

For a testto

TOT T e

havualid thao follawing narfarmanca critaria chaould ho maot:
D=y ot e oo W 5Pt Tee-Cr oo rourer e

the diss
through

olved oxygen concentration must have been at least 70 % of the air saturation value
out the exposure period;

ASV)

tempergture should vary no more than #1 °C during the entire test period;

control pH shall not vary more than 1,0 unit from the initial control pH;

conductivity/salinity shall not vary more than 10 % from the control startvalue [e.g. (20 £ 2) Pbo];

hatching success in the control shall be 275 %j;

in LDR
animal{

tests, the average control copepodite fraction (LDR) shall*be (60 + 20) % of the coynted

at the end of the exposure;

in LDR 1
LDR sh{

ests, average surviving percentage of animals in the control(s) on the day of observation of
1l be 270 % of the hatched animals;

the ECg
500 ug

b of the reference compound 3,5-Dichlorophenol (3,5-DCP) shall be within the ran
1+ 300 pg/l1 for tests performed at 20 °G-and 20 %o salinity.

pe of

10 Expression of results

One-way ne
of the test su
and is baseq
that the var
These assu

validating t

sted analysis of variance (ANQVA) or regression analysis technique is used to evaluate eflfects
bstance on the developmént of the copepods. Analysis of variance is a parametric procgdure
| on the assumptions that the observations are independent and normally distributed and
ance of the observations is homogeneous across all toxicant concentrations and the coptrol.
ptions should be-checked prior to using ANOVA, to determine if they have been met. Tests for
ese assumptions-are Shapiro-Wilk’s test for normality and Bartlett’s Test for homogepeity

of variance.
as Steel's M
programs a
distribution

7] If the data-do not meet the assumptions for ANOVA, non-parametric procedures
hny-One-Rafik Test or Wilcoxon’s Rank Sum TestlZ] might be more appropriate. Diff
re available for performing linear or nonlinear regression assuming a logarithmic ng
a Weibull distribution, or a logit distribution of data.

If a limit te

such
brent
rmal

5t {comparison of control and one treatment only) has been performed and it fulfill

the

prerequisites of parametric test procedures (normality, homogeneity), the responses of the two groups
can be evaluated by the Student test (t-test). If the prerequisites for the t-test are not fulfilled, an unequal
variance t-test (such as Welch testl8]) or a non-parametric test such as the Mann-Whitney-U-test[2] can
be used. A comparison of the control and the solvent control can be performed in the same way.

If a statistically significant difference in survival or development is detected between the control and
solvent control, only the solvent control is used as the basis for the calculation of results. If no significant
differences exist between control and solvent control data, these can be pooled for comparison with test
substance treatments.
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11 Denotion of results

Denote concentrations causing 10 % and 50 % inhibition based on a concentration-response curve as
EC10 and ECsg, respectively. Quote EC19, EC509, NOEC, and LOEC values to two significant digits, normally
in milligrams per litre (mg/1) for chemicals or in ml sample/I1 for environmental samples.

12 Interpretation of results

EC10, EC509,and NOEC values are toxicological data derived from alaboratory experiment carried out under
defined conditions. They give an indication of potential hazard of the toxicant/environmental sample, but

cann

13 1]

A reflerence substance (e.g. 3,5-Dichlorophenol, purity 299 %) can be tested pétiodically a

assu
20 °(

14
This
a)

b) 4

|

d) {

2 1 ph [ | i A o4 L£L i H 1 i 1 H + L Do£fL [1.Q01
CUCT USTU UIl CLLI)’ LU lJl CUILLUCTIITCULUS 11T LT 11IAdaltul dl TIIVITI UIIITITIIU LDCC IN\CICICIICTS L.LUJ dall
Reference substance

ing that the test protocol and test conditions are reliable. Recommended-¢oncentratig
and 20 %o salinity are 0 pg/1, 100 pg/1, 200 pg/1, 400 pg/1, 800 ug/Land 1 600 pg/l.

[est report
test report shall contain at least the following informatien:
he test method used, together with a reference to this International Standard, i.e. [SO

111 information required for the complete identifi€ation of the sample or of the test subq
est including the following methods for prepatation of the test samples:

) for effluents, waters, and aqueous extract, the method and storage time of sampleg

) for chemical substances, the method of preparation of stock and test solutions, ij
following:

— relevant physico-chemical properties;
— chemical identification data (name, structural formula, CAS number, etc.) incly
— analytical method for quantification of the test substance where appropriate;

he test species:

— supplier.0r source (if known) and the culture conditions used;

he follewing test conditions:

—~ exposure procedure used (e.g. semi-static);

(11]).

5 a means of
ns to test at

16778:2015;

tance under

etc,;

cluding the

ding purity;

— photoperiod and light intensity;

replicate, etc.);

— method of preparation of stock solutions and frequency of renewal (the solvent ca

concentration shall be given, when used);

test design (e.g. test concentrations used, number of replicates, number of organisms per

rrier and its

the nominal test concentrations, the means of the measured values and their standard

deviations in the test vessels and the method by which these were attained and evidence that
the measurements refer to the concentrations of the test substance in true solution;

— testsolutioncharacteristics (including pH, salinity, temperature, dissolved oxygen co

© ISO

and any other measurements made);

2015 - All rights reserved

ncentration,


https://standardsiso.com/api/?name=6c5233ffc6e4301d291388b5c84b3ca4

ISO 16778:2015(E)

— detailed information on feeding (e.g. type of food, source, amount given, frequency of feeding);

— analysesforrelevantcontaminantsin water (e.g. metals, PCBs, PAHs,and organochlorine pesticides);
e) the following test results:

— results from any preliminary studies on the stability of the test substance;

— the nominal test concentrations and the results of all chemical analyses to determine the
concentration of the test substance in the test vessels; the recovery efficiency of the analytical
method and the limit of detection should also be reported;

— wafler quality within test vessels (i.e. salinity, pH, temperature, and dissolved oxXygen
confcentration);

— a fyll record of all the biological effects, observed or measured, and the statistigal techn|ques
use(d to analyse the data;

— the| lowest observed effect concentration (LOEC) and no observed effect concentrption
(NQEC) for all biological endpoints employed or ECys and statistical methods used for [their
determination;

— othpr observed effects;

— explanation of any deviation from this International Standard.

10 © IS0 2015 - All rights reserved
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Defined culture and test media

10 % salinity salt water

Substance g/l
NacCl 70,100
NapS04 11,700
KCl 2,030
KBr 0,293
NazB407,10H,0 0,113
MgClp,6H20 31,700
CaClp,6H20 6,600
SrClz,6H20 0,066

Table A.2 — Bicarbonate stock selution for salt water medium

g/l

ml stock/1

Final concentration in salt

water medium

mg/1

NaHCO3

2,83

1,0

2,83

NaH€O3 added directly to the salt water medium as addition to the 10 % salinity watejr will cause
precipitations.

Table A.3 — Trace stock solution for M7 medium - Prepared from Stocks No 1 tg No 14

Trace element stock solutions

Sto¢k No |Trace'élement In stock 1 to 14 For trace In trace In final M7
compounds respectively stock stock medium
mg/1 ml/1 pumol pumol

1 H3BO3 14 297,50 1,00 231,23 11,56
Z MmnCIZ,4H0 1T80Z,50 1,00 91T 0,46
3 LiCl 1 530,00 1,00 36,09 1,80
4 RbCl 355,00 1,00 4,15 0,21
5 SrClp,6H20 760,00 1,00 2,85 0,14
6 NaBr 80,00 1,00 0,78 0,039
7 NazMo04,2H,0 315,00 1,00 1,30 0,065
8 CuClp,2H0 83,75 1,00 0,49 0,025
9 ZnCly 260,00 1,00 1,91 0,095
10 CoCl,6H20 200,00 1,00 0,84 0,042

a  Autoclaved immediately.

© IS0 2015 - All rights reserved 11
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Table A.3 (continued)

Trace element stock solutions

Stock No |[Trace element In stock 1 to 14 For trace In trace In final M7
compounds respectively stock stock medium
mg/1 ml/1 umol umol

11 KI 65,00 1,00 0,39 0,020

12 Na;SeO3 43,80 1,00 0,25 0,013

13 NH4VO3 11,50 1,00 0,10 0,004 9

Combined F§-EDTA solution

INaEDTA,2H20 625,00 33,58 1,68

14 a 20,00
FeS04,7H20 250,00 1798 0,90

a  Autoclavd

d immediately.

The 14 different stock solutions are prepared and from these, a trace element stock solution is preppred.
Table A.4 — Final M7 medium
Trace stock qolution ml/IMor M7
(mixture of dtock 1 to 14) 50,00
Stock No Macro nutrients In stock For M7 In final M7 medium
mg/1 ml/I mmol
15 CaClp,2H,0 29 380,00 10,00 1,998 4
16 MgS04,7H20 24 660,00 5,00 0,640 8
17 KCl 5800,00 1,00 0,778 0
18 NaHCO3 64 800,00 1,00 0,771 4
19 NaSi03,9H,0 10 000,00 1,00 0,019 2
20 NaNO3 2 740,00 0,10 0,003 2
21 KH7PO04 1430,00 0,10 0,0011
22 K2HPO4 1840,00 0,10 0,001 7
Combined vifamins b
Thiamine hydroehloride 750,00
23a Cyanocobalamine 10,00 0,10
Biotine 7,50

a  Combined

b Vitamins

vitamin-stock is stored frozen at -20 °C in small aliquots.

hre-added to the medium shortly before use.

12
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Annex B
(informative)

Specific details on renewal of test solution, feeding regime, and an
example of a flow diagram for a larval development test (early-life

B.1

B.1.
50 %

B.1.]

No r¢

B.2
B.2.
5,0 x

B.2.]
5,0 x
For d

stage test) with Acartia tonsa

Renewal of test solution

| Larval development test - LDR (early-life stage test)

to 80 % renewal on day 2 or 3 or increase of volume by adding fresh-test solution.

2 Hatching control

bnewal of test solution.

Feeding regime
| Larval development test - LDR (early-life stage test)
104 cells (Rhodomonas salina) per ml of test§olution are added on day 0 and on day 2

2 Hatching control
104 cells (Rhodomonas salina) pérml of test solution are added on day 0.

etails, see Table B.1.

Table B.1 — Recommended schedule for the early-life stage test - LDR test

r3.

t= Rhodo- Organism Test Total Handling
monas solution | volume
cells/ml added
in total
volume
(Day) ml ml
Harvestof -1 Eggs are har- - - Egg production for the tesft to be
eggs vested from started on a Friday:
g;(e g:‘jlrce Adult Acartia are filtered from the
p culture (14 d to 21 d old) through a
cultures

200 pm mesh. Added to 2 to 3 beakers
with 500 ml to 800 ml fresh medium.
Rhodomonas is added in surplus (until
pink). Placed at culture conditions
(20°C, light/dark cycle 16:8 h and
gentle aeration). This is preferably
done in the afternoon to prevent too
many eggs from hatching before the
test starts.

© ISO 2015 - All rights reserved
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Table B.1 (continued)

t= Rhodo- Organism Test Total Handling

monas solution | volume

cells/ml added

in total

volume

(Day) ml ml
Start (Friday) 0 50 x 103 |60 to 90 - 40 Preparation of egg suspension

eggs/vessel Females are removed by filtering
{iht‘] qh}y fhvnngl'\ 2200 um mesh Tocaonce n-
newly trate the eggs, filter through a 56,pm
hatched mesh. Suspend in a small volume ¢f
nauplii) sea water. The egg suspensijon is Kept

at approx. 15 °C.
Test start

Prepare the test solutions from a
freshly prepared stock solution.

Measure pH,'oxygen, and salinity |n all
the test solutions.

Eggs are counted either in a Petridish
oron a filter (both with gridlines) If
using a filter, nauplii might be killed
with a preparation needle while
counting the eggs. Flush the eggs from
the dish or filter into the test vessgls
with test solution. Make a note of fhe
starting time as it is important that all
test vessels are given the exact same
time to develop.

12 controls and six vessels of each
test concentration are prepared for
the test and an extra vessel (with
eggs - but not counted) is likewis¢
prepared for pH, oxygen, temperafure,
and salinity measurements during the
test.

Chemical analysis

Three additional vessels of the coftrol
and of each test concentration are
prepared (without eggs).

Sample of the stock solution, the

control, and of each test solution qre

11 taod o d £ 0
COTTCCCOantTT OZCTTT

Hatching control

Four vessels with 40 ml of control
solution are prepared for checking the
hatching percentage after 3 d.

14 © IS0 2015 - All rights reserved
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(Day)

Rhodo-
monas
cells/ml
in total
volume

Organism

Test
solution
added

ml

Total
volume

ml

Handling

Monday 3

50 x 103

40

80

Renewal or addition of fresh test

solution

Prenarethe tost solutions

from a

freshly prepared stocksejution.

New test solution/algae are added.
(Note: no additien of algag to the ves-
sels for chemical‘analysis)

pH, oxygenytemperature,

are measured in old and new test

solutions.
Chemical analysis

Sample of the stock soluti
of the control and of each

tration are collected before and after
addition of the new test sqlution.

Hatching control

The number of unhatched

nauplii are counted in all four vessels

after adding Lugol’s soluti
hatching percentage = 80,
continue.

hnd salinity

n. Samples
fest concen-

eggs and

on. If the
the test will

Wedhesday 5

Finalizing the test

One or two controls are cqunted

Lugol’s solution (1 % volu

tion) is added - the conter]t of the
vessel is filtered - and the numbers of

unhatched eggs, nauplii, a

dites on the filter are counjted under a

stereomicroscope.

If the copepodite fraction
0,6 (less than 60 % copep

test is allowed to run for 7 to 3 more

hours before the next two
examined.

me frac-

nd copepo-

is below
bdites), the

controls are

If the copepodite fraction

or above 0,6, Lugol’s solution is added

to the test vessels at time
such a way that vessels ar

when they have run the exact same

time.

pH, oxygen content, temperature,
and salinity are measured in the test

solutions.

Chemical analysis

is close to

intervals in
e stopped

Samples of the control and of each test
concentration are collected.

© ISO 2015 - All rights reserved
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B.3 Schematic flow of preliminary and definite early-life stage test with
Acartia tonsa

Key
1 5 animals into each
2 48h
Figure B.1 — Acute test (as preliminary test for early-life:stage test)
1
= =
Key
1 60 to90/eggs into each
2 5/6dayf

Figure B.2="Fg generation larval survival and development test

16 © IS0 2015 - All rights reserved
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Annex C
(informative)

Sampling for chemical analyses

Highest Mid Lowest Control
concentration concentration concentration
Sampled at the end 41 Sampled at theefid
— Sampled just after — " Sampled, just after
No Lugol's
] @ddition of water Pt No animals addition of water
No food

g2 |
= O
g% Y Sampled before Sampled before
8> addition of water addition of water

Sampled at

Sampled at
the start

the start

Test
Vessels
A

Figure C.1 — Sampling for chemical analysis

Sampling:
Step[1) At the'start of the test (e.g. taken from the measuring flasks).

Step [2)-Before addition of fresh test solution after 2 d or 3 d (e.g. from a “sampling replicqte” which is
discharged after use).

Step 3) Just after addition of fresh test solution after 2 d to 3 d (e.g. from a “sampling replicate” — do not
dispose of this “sampling replicate” as it is to be used again in Step 4).

Step 4) At the end of the test (e.g. from the same “sampling replicate” as used in Step 3).

A low concentration, a concentration around ECsg (if possible), and a high concentration are sampled.

© IS0 2015 - All rights reserved 17
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Annex D
(informative)

Lugol’s solution

KI 100 g/1
I 50 g/1
Trichloro-adetic acid 100 g/1

Added to th

WARNING -
be taken b

Different Lulgol’s solution products are available as commercial products on‘the market.

fore addition of Lugol’s solution.

b test vessels at a concentration of approximately 1 % volume fraction.

— Lugol’s solution is oxidative and samples of test solution for chemical analysis ghall

18
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Annex E
(informative)

Data collection sheet for Acartia tonsa early-life stage test

© IS0 2015 - All rights reserved 19
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Annex F
(informative)

Calculations

Hatching success (in %):

(Number of eggs at start — Number of unhatched €ggs) X 100 % (F1)
Number of eggs at start '
Larval development ratio:
Number of copepodites (F.2)
(Number of nauplii + Number of copepodites) '
Early-life stage mortality:
Number of nauplii + Number of copepodites (F.3)
(No. of eggs at start - No. of unhatched eggs) '
Relative response:
] ‘,control -X test concentration (F.4)
Xcontrol
Inhibition:
1l - Xcontrol — Xtest concentration (F 5)
Xcontrol
Time-weighted concentration'mean: (Reference [1])
Givenp that the concentration.of the test substance can decline over the period between test solution
renepals, it is necessary\to consider which concentration should be chosen as representative of the
rangg of concentrations-experienced by the copepods. The selection should be based gn biological
consjderations, as wellas statistical ones. For example, if hatching or first nauplii stages gre the most
sensitive and therefore considered to be affected mostly by the peak concentration experieng¢ed, then the
maximum concentration should be used. If the accumulated or longer term effect of the toxjc substance
is copsidered.more important, an average concentration is more relevant. In this case, anfappropriate
average toyuse is the time-weighted mean concentration since this takes account of the [variation in
instgntaneous concentration over time. However, we will seldom have knowledge about thg sensitivity
of the-different stages; thus, the use of time-weighted mean concentrationis generally recommended.

Figure F.1 shows an example of a (simplified) test, lasting 7 d with test solution renewal at days 0, 2, and 4.
Explanation to Figure F.1:

The thin zig-zag line represents the concentration at any point in time. The fall in concentration is
assumed to follow an exponential decay process (first-order process).

The six plotted points represent the observed concentrations measured at the start and end of each
renewal period.

The horizontal line indicates the position of the time-weighted mean.

© IS0 2015 - All rights reserved 21
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12

N
N

6 —
4 r I
2 —
8 ! ! ! !
0 1 3 4 6 7
X
Key
X days
Y Ln(concéntration)
Figure F.1 — Example of time-weighted concentrationunéan
The time-we¢ighted mean is calculated so that the area under the time-weighted mean is equal tp the
area under he concentration curve. The calculation for the above example is illustrated in Table F|1.
Table F.1 — Calculation example of time-weighted concentration mean (Figure F.1)
Renewal Np Days Conc 0 Conc 1 Ln(Conc 0) Ln(Conc 1) Area
1 2 10,000 4,493 2,303 1,503 13,767
2 2 11,000 6,037 2,398 1,798 16,544
3 3 10,000 45066 2,303 1,403 19,781
Total 7 50,092
TW Mean 7,156
Days number of days in the rehewal period
Conc 0 measured concentration at the start of each renewal period
Conc1 measured concentration at the end of each renewal period
Ln(Conc 0) natural logarithm of Conc 0
Ln(Conc 1) natural logarithm of Conc 1
Area areaander the exponential curve for each renewal period
TW Mean time-weighted mean = total area divided by the total days
The area is ¢alculated by:
Area — Conc 0—Conc 1 days (F.6)

X
Ln(Conc 0)—Ln(Conc 1)

It is clear that when observations are taken only at the start and end of each renewal period, it is not
possible to confirm that the decay process is, in fact, exponential. A different curve would result in a
different calculation for Area. However, an exponential decay process is not implausible and is probably

the best curve to use in the absence of other information.

However, a word of caution is required if the chemical analysis fails to find any substance at the end of
the renewal period. Unless it is possible to estimate how quickly the substance disappeared from the
solution, it is impossible to obtain a realistic area under the curve, and hence, it is impossible to obtain a
reasonable time-weighted mean.

22
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Annex G
(informative)

Culturing of Acartia tonsa

Fi g@ G.1 — Female (top) and male of Acartia tonsa

G.1 | The org

Acartia t;;%&ma is a planktonic copepod belonging to the group of calanoid copepodq (Crustacea,
Arthropo

The ggms Acartia is distributed all over the world in coastal waters and is often dominating in the
zooplankton. A. tonsa is a common organism in European waters and at the Atlantic coast of America.
It feeds on planktonic microalgae and is thus an important link between the primary producers and
higher trophic levels like larger crustaceans and fish larvae.

In daytime, it stays at deeper layers but at night, it moves towards the surface where the density of algae
is higher. It moves generally by jumps using its large antennae as “paddles” (waterflea).

Depending on the temperature, it reaches its adult stage after 1,5 weeks to 3 weeks at 15 °C to 20 °C.[11]
The full-grown female has a length of about 1,0 mm and the male of about 0,8 mm. At copulation, the
male places a spermatophore close to the opening of the egg duct of the female. After mating, the female
can store the semen for fertilizations of eggs for some time. The female has no egg bag or brood pouch,
and the eggs are released singly and continuously into the water and start sinking. At 15 °C to 20 °C, the
eggs will hatch after approx. 24 h. In the laboratory under good food conditions, a female can produce
up to 50 to 60 eggs per day.[12]
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Like other crustaceans, Acartia grows through a number of moltings. There are two main groups
of developmental stages - the nauplii and the copepodites - also named larvae and juveniles. The
copepodites have the form of the adult stage while the nauplii are less differentiated and circular. There
are six stages of each of the groups - the last copepodite stage being the adult stage. The sex of the

animals can

be determined visually from about the fourth copepodite stage.

In the U.S., a toxicity test method using A. tonsa has existed since 1978[13] and results from toxicity tests
with A. tonsa were published also in 1978.[14] A. tonsa has been cultured in Denmark since 1981 for
different purposes[13] - first as a food source for fish larvae and later, from 1985, also as a test organism
for toxicity testing. The Danish strain seems to be a mixture of animals isolated at different occasions in
Danish marine (North Sea) and brackish waters (the Sound).

G.2 Culty

G.2.1 Gen

To be suitab
be too crow
mortality in

The sensitiy
regularly w

Stock cultut
1 800 ml of

Natural salf
problems. A
medium wit

Iring
eral
le for toxicity tests, cultures should have a known age, a low mortality, be well fed, an

acute tests or if only few of the eggs hatch in a new culture, this culfute should be disca
th one or more reference compound in acute tests.

es can be keptin 11 or 2 1 (or bigger) glass vessels with 800 ml to 900 ml or 1 600
medium.

hout problems. If natural sea water is uséed; it should be collected from a location di

from any known sources of pollution and filtered to@emove indigenous organisms.

d not

led. The animals should exhibit normal feeding behaviour. If a batch ‘of)a culture showshigh

rded.

ity of the whole test system (including the sensitivity of thie ahimals) should be chgcked

ml to

water and reconstituted salt water media can'be used as cultivation medium without
tonsa and its food organism Rhodomonas salinahave been cultured for years in reconstituted

stant

Figure G.2 — Cultivation of Acartia tonsa in 2 1 flasks

Explanation to Figure G.2: Glass pipettes supply filtered atmospheric air and the thin tubes supply the
culture with food.
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G.2.2 Facilities and apparatus

A climate room or thermostated cabinet with a precise temperature regulation (20,5 °C) is necessary for
performing long-term tests with Acartia tonsa and also very practical for cultivation and acclimation.

Use the following apparatus:
G.2.2.1 Peristaltic pump.

G.2.2.2 Stereomicroscope.

G.2.2.3 Timers.

G.2.2.4 Light tube.

G.2.2.5 Aquaria pump.

G.2.3.6 Different filters.

G.2.34.7 Nets, mesh sizes of approximately 45 um and 180 pm.
G.2.2.8 Tubes.

G.2.2.9 21flasks.

G.2.2.10 11 flasks.

G.2.3 Lighting.

A photoperiod of 16:8 h light:dark is fegpmmended at a low light intensity (5 pmol to 10 pmpl - s-1 - m-2).
A fluprescent light tube controlled by a timer is sufficient and practical due to its low heat gmission.

G.2.4 Culture media

The medium can be naturalor reconstituted salt water. A. tonsa can live and reproduce in salinities from
15 %o to 35 %o.

If nafural water is~uSed, it shall be collected at a place distant from all known sources of|pollution. It
shalllbe filtered'to remove particles (coarse filter and 0,2 pm-filter) and stored at 4 °C to 8 {C until use.

Reco stituted medium can be prepared from distilled water or deionized water passe:l through a
a salinity of
L7]). Recipes

of the salt solution and the M7 medlum are glven in Tables Al to A4 4

G.2.5 Temperature

The cultures can be kept at temperatures between 15 °C to 20 °C depending on the rate of development
needed/wanted.

G.2.6 Oxygen

The cultures are bubbled with filtered (0,2 pm) atmospheric air (1 to 2 bubbles per second) to keep a
gentle continuous water movement, which helps keeping the food (algal cells) in suspension. This also
ensures an exchange of gases between the water phase and the air.

The oxygen saturation in cultures should be above 70 % (in equilibrium with atmospheric air).
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G.2.7 Food and feeding

The Acartia culture is fed with an algal suspension of the species Rhodomonas salina. A peristaltic pump
controlled by a timer should provide the feed automatically three times a day. The feeding rate should
be about 6 x 104 cells - ml-1 - day-1.

G.2.7.1 Cultivation of the food alga Rhodomonas salina

Rhodomonas salina is a Chryptophyceae. The strain was isolated from the Sound, Denmark, in 1984 by
the Marine Biology Laboratory, Copenhagen University, Elsinore, Denmark.

R.salinais cy
salt water (3
medium) fof

s the 20%o medium based on M7 used for Acartia). A descrlptlon of the growth medl m (B
Rhodomonas(18] is given in Table G.1.

R. salina can] be cultured at 15 °C in continuous light with an intensity of 15 pmol to 20'umol - s-1|- m-2
provided by fluorescent tubes. Cultures ready for feeding have an intensively red colour and c3n be
stored at 4 qC for up to 3 d. The algal cells will sediment during these 3 d and it is thus possible to[get a
more concentrated culture by removing the top water. New cultures are prepated by adding 50 ml to
80 ml of an ¢xponentially growing culture to 11 of growth medium.
Table G.1 — Composition of B medium
Volume Concentration|in
for final B final B medium
medium
Stock no g/lin stock ml/1 pumol
NazEDTA,2H,0 45,00 120,89
1 1,00
FeCl3,6H20 1,30 4,81
2 NaNO3 100,00 1,00 1176,54
3 H3BO3 33,60 1,00 543,41
4 NaHPO4 20,00 1,00 166,70
5 MnCly,4H,0 0,36 1,00 1,82
g/l nmol
ZnCly 2,10 15,41
6a CoCly,6H20 2,00 8,41
(NH4) eM07022,4H,0 0,90 5,10
CuSO45H,0 2,00 8,01

a  1mlofst

ck 6 is-added to 11 of stock 5.

If the B medjium is made up of M7 medium, the M7 already contains vitamins.

If the B medium is made up of natural seawater, vitamins should be added.
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Table G.2 — Combined vitamin solution

In vitamin stock For B medium
mg/l ml/1
Combined vitaminsab
Thiamine hydrochloride 750,00
Cyanocobalamine 10,00 0,10
Biotin 7,50

a  Combined vitamin stock shall be stored at 4 °C in small aliquots.

b Vitamins shall be added to the medium shortly before use.

G.3

Handling of organisms

Cultyres of A. tonsa are started with eggs so that the age of the animals is, known. The d¢nsity of the

stock cultures should be 400 to 600 animals per litre.

10d

tore
time
to pr

to 12 d after the start of the culture (at 20 °C), the animals have reached the adult st

e and start

produce. During the first 10 d to 12 d, the bottom of the cultivation vessel is cleaned three to four
5 with a hose to remove dead algae and larvae, unhatched eggs, and faeces. When the apimals start
pduce eggs, the bottom should be cleaned three to five timesa week to remove eggs. Thiis is to avoid

overpopulation of cultures and enables harvesting of eggs for new cultures and for experinjents. A hose

cons|sting of a tube and a glass pipette equipped with a‘seft piece of tube is practical. The
used|to scrape the bottom of the culturing vessel.

The

¢gg suspension is filtered through a 180 pm mesh for removing live and dead copepod;

soft tube is

and larvae.

Subsgquently, the eggs are collected on a 45 pm mesh, rinsed with clean medium, and transfefred to small

vess
and

¢ls, containing 20 ml of medium. Eggs canbestored at 4 °C. At this temperature, hatchingfis prevented
the eggs can be kept for months with onlya slight, constant decrease of the hatching sucfess.

In order to isolate adult animals, theycan be caught and transferred by use of a small piece (R cm x 5 cm)

of 180 um net.

G.4

Acartia tonsa is cultured-at several laboratories in Europe. Small volumes of medium with
sent by mail - at leasfifithey are not exposed to extreme temperatures.

Sources of organisms

© ISO 2015 - All rights reserved
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Annex H

(informative)

Specific details on secondary sexual characteristics for Acartia tonsa

Females:
— largg

— ante|

b1 size (1,0 mm to 1,2 mm)

nnae straight

— second urosome segment (of four) is bigger and

prolonged
— head

Key
antennag
antennag

asymme

BwWw N

form rounded

ric antennae (geniculate)
second yrosome segmént

Figure H.1 — Acartia tonsa - Female and male characteristics

— smaller size (0,8 mm to 0,9 mm)
— antennae bended and asymmetric

— second urosome segment (of flive)
is round

— head form squared
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Figure H.2 — Segment @ﬁfenclature in copepods
W

Figure H.3 — Copepodite (left) and nauplius (right)
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