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Abstract

This paper presents the results from two ring-tests addressing the feasibility,
robustness and reproducibility of a reproduction toxicity test with the freshwater
gastropod Lymnaea stagnalis (RENILYS strain). Sixteen laboratories (from
inexperienced to expert laboratories in mollusc testing) from nine countries
participated in these ring-tests. Survival and reproduction were evaluated in L. stagnalis
exposed to cadmium, tributyltin, prochloraz and trenbolone according to a draft OECD
Test Guideline. In total, 49 datasets were analysed to assess the practicability of the
proposed experimental protocol, and to estimate the between-laboratory
reproducibility of toxicity endpoint values. The statistical analysis of count data
(number of clutches or eggs per individual-day) leading to ECx estimation was
specifically developed and automated through a free web-interface, allowing users to
reproduce the whole analysis. Based on a complementary statistical analysis, the
optimal test duration was established and the most sensitive and cost-effective
reproduction toxicity endpoint was identified, to be used as the core endpoint. This
validation process and the resulting optimized protocol were used to consolidate the
OECD Test Guideline for the evaluation of reproductive effects of chemicals in L.

stagnalis.
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Introduction

In 2010, the Organization for Economic Cooperation and Development (OECD)
recommended the development of a new test guideline for reprotoxicity testing in
freshwater molluscs [1]. Between 2011 and 2013, a 56-days reproductive semi-static-
renewal test protocol was evaluated in a prevalidation ring-test using Lymnaea stagnalis
(Linnaeus, 1758) and involved seven laboratories in Europe [2]. Subsequent statistical
analyses provided robust estimates of x% lethal and effective concentrations (LCx and
ECx) for both clutch- and egg-based endpoints, and between-laboratory comparison
demonstrated a low variability in LCx and ECx values. In addition, a consolidated draft of
the standard operating protocol was provided with detailed rearing and toxicity test
procedures as well as their application to evaluate reproductive toxicants [2].
Consequently, both the OECD Validation Management Group for Ecotoxicity testing
(VMG-Eco) and the OECD ad-hoc Expert Group on Invertebrate Testing further
supported a validation ring-test.

The aim of the validation ring-test was threefold: (i) assessing the reproducibility of the
test results among a larger number of laboratories with different levels of experience in
mollusc testing (from inexperienced to experts); (ii) assessing consistency and
reproducibility of toxicity thresholds (i.e., ECx values estimated for all laboratories)
between the two ring-tests (i.e., prevalidation vs. validation steps); (iii) assessing
responses of snails to a larger number of chemicals. In addition, key issues related to
optimization of the test design also deserved elucidation: (i) costs, benefits and
feasibility in reducing the exposure duration (i.e., could the test duration be reduced
while safeguarding accuracy and precision of ECx estimates?); (ii) benefits of recording
both the number of clutches and the number of eggs per clutch (i.e., does the choice of

the recorded endpoint matter when estimating toxicity thresholds?).



113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

The validation ring-test was conducted from October 2013 to October 2014 according to
the draft standard operating procedure. In total, 13 laboratories from academia,
government, industry and consultancy, in Europe and North-America, participated in
collecting raw data and water samples for statistical and chemical analyses, respectively.
Six laboratories (all new compared to the laboratories involved in the prevalidation
ring-test) were in charge of testing cadmium (Cd), which had been used in the
prevalidation ring-test [2]. Five laboratories tested tributyltin (TBT), four laboratories
tested prochloraz (PRO), and two laboratories tested trenbolone (TRB). The choice of
these substances was based upon recommendations from the OECD VMG-Eco (Table 1).
They were assumed to cause adverse effects on snail reproduction (as confirmed in pre-
tests that were conducted for all chemicals except trenbolone). These substances reflect
different levels of complexity in terms of toxicity testing; Cd is an “easy-to-test”
substance, whereas TBT, PRO and TRB are more difficult substances to test (e.g., use of
solvent required for TBT; limited stability of PRO in water, both difficulties being
encountered for TRB [3]). Hence, performing the validation ring-test with difficult test
substances could contribute to further demonstrate the robustness of the experimental
protocol and to identify the most relevant reproduction endpoint in L. stagnalis.

This paper presents the results of the validation ring-tests for Cd, TBT and PRO, in
comparison with those of the prevalidation ring test where applicable. Exposure of
snails to TRB up to a mean measured concentration of 776 ng.L-1 had no effects on their
reproduction; the corresponding results are thus not presented in this paper. For the
remaining substances, ECx were estimated for each laboratory and then compared in
order to assess their reproducibility between laboratories. We also investigated the
consequence of reducing the exposure duration on both ECx median value and

uncertainty. Finally, after having confirmed the low between-laboratory variability
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when reducing the exposure duration, we considered the possibility of recording only
one core endpoint to be used in the OECD test guideline for the reproduction toxicity

tests with L. stagnalis.

Materials and Methods

Implementation of the validation ring-test

The experimental design used to collect raw data during the validation ring-test
followed the one used for the prevalidation ring-test. All details about test organisms,
snail acclimation, tested chemicals, experimental conditions, sampling and analysis of
test media, and collection of raw data are available in Ducrot et al. [2] and summarized
in Supplementary Information (Table SO). The principle of the reproduction toxicity test
and the specificities of the validation ring-test are here recalled.

Principle of the reproduction toxicity test

The primary objective of the test was to assess the effect of chemicals on the
reproductive output of L. stagnalis. To this end, reproducing adults of L. stagnalis were
exposed to a range of 5 concentrations of the test chemical and a control (water only or,
when required, a solvent control) and monitored for 56 days for survival and
reproduction. No less than 6 replicates of 5 snails were exposed to each concentration
(i.e., 30 snails per treatment and per control). Prior to the test, snails were sampled from
a laboratory parasite-free culture, checked for identical size (27 + 2 mm), and
introduced into test vessels for a few days acclimation period. As soon as exposure to
the test chemical started (i.e., day O of the test), survival and fecundity were recorded at
least twice a week, before feeding the snails ad libitum with (organic) round-headed
lettuce and renewing water. Dead snails were counted and withdrawn from the test

vessels. Both the number of clutches and the number of eggs per clutch were counted.
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Raw data were collected in a spreadsheet automatically providing a text file under the
appropriate format for the statistical analyses.

Tested chemicals and exposure water sampling and analysis

Specifications of the test chemicals are provided in Table 1. Nominal concentrations for
Cd were chosen based on the prevalidation ring-test, namely 25, 50, 100, 200, 400 pg.L-1.
Nominal concentrations were 87.5, 175, 350, 700, 1400 ng.L-1 and 10, 32, 100, 320, 1000
ug.L-t for TBT and PRO, respectively. Water samples were collected before and after
water renewal, at the beginning, mid-term and end of each experiment for the
determination of actual exposure concentrations (42 samples per experiment). Actual
Cd concentrations in water were measured in 50 mL acidified samples (triplicates) by
atomic adsorption spectrometry (limit of detection: 0.8 pg.L-1). Actual TBT
concentrations in water were measured in triplicate by coupled capillary gas
chromatography to mass spectrometry (GC-MS-MS; ITQ100, Thermo Scientific, USA)
according to Giusti et al. [4] with slight modifications. The limit of detection (LOD) was 6
ng TBT.L-! and the limit of quantification (LOQ) was 18 ng TBT.L-! (concentrations are
expressed in ng TBT.L-1: equivalent in ng Sn.L-1 can be calculated by dividing these
values by a factor 2.44). The mean recovery efficiency was 99% * 18.6% and was in
good agreement with requirements of the SANCO guidance document [5]. PRO samples
were analysed directly from filtered samples by LC-MS-MS (LOD: 3.9 pg.L-1, LOQ: 1.56

pg.L-1and mean recovery efficiency: 70%= 6.3%).

Statistical modelling of reproduction data
Solvent controls were used as the reference for statistical analysis of the TBT data (all
laboratories). We used the Jonckheere-Terpstra hypothesis test as a way to discriminate

datasets for which the chemicals had a significant effect on the reproduction endpoints.
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The Jonckheere-Terpstra hypothesis test was here performed under the R software [6]
with package 'clinfun' and function 'jonckheere.test' [7]; alternatively, the FREQ SAS
procedure or other software may have been used. With R package 'clinfun’, it was not
possible to run an exact Jonckheere-Terpstra hypothesis test due to ties in some
datasets. We thus used the normal approximation with a fixed number of 10¢iterations.
Statistical modelling of reproduction data was performed in order to estimate ECx
values. ECx estimation was performed under the R software [6] with package ‘morse’
[8], according to the new approach proposed by Delignette-Muller et al. [9], both taking
into account mortality among parents without losing valuable data and describing
potential between-replicate variability. All the statistical analyses presented in this
paper are identically reproducible using the free web-platform MOSAIC and its module
MOSAIC_repro [10]. Raw data were analysed using the same procedure for both
reproduction endpoints (number of clutches or number of eggs per clutch), as explained
below.

Calculation principle of the number of individual-day

A non-negligible mortality may be recorded in exposed snails at the end of the test, due
to the prolonged exposure duration (56 days) chosen to investigate optimal test
duration. Nevertheless, individuals may have reproduced before dying and thus have
contributed to the cumulative reproduction outcome observed at the end of the test.
Information on the reproduction of individuals which died during the test, should
therefore be taken into account to avoid any bias in the statistical analyses. This is
particularly critical at high exposure concentrations, where mortality may be high.

In the L. stagnalis reproduction toxicity test, mortality was regularly recorded at each
time-point when clutches (resp. eggs) were counted. The period during which each

individual was alive, corresponding to the period during which it may have reproduced,
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could thus be determined. As commonly done in epidemiology for incidence rate
calculations, it was possible to calculate, for one replicate, the sum of the observation
periods of each individual before its death. When an organism was alive at time ¢ but
counted as dead at time (t + 1), it was then assumed to be actually dead at ((t + 1) + t)/2.
The final sum for a replicate can then be expressed as a number of individual-days for
the respective replicate. Hence, reproduction was expressed for each replicate as the
number of clutches (resp. the number of eggs per clutch) per individual-day.

Fit principle of the regression model

Let Nj be the number of offspring (clutches or eggs per clutch) for replicate j at the ith
concentration u; and NID;jthe number of individual-days at the ith concentration for
replicate j. As a first approximation, if the possible between-replicate variability is

neglected, a Poisson distribution can describe Nj;:
Iélvff = Poisson(f (ui;q) . NIDU_) (D
where Iﬁf(ui;q) is the deterministic part of the model describing the mean tendency of

the exposure-effect relationship.

Depending on the dataset, several deterministic parts may be suitable: the 3, 4 or 5-
parameter log-logistic models, the Gompertz model, the 2 or 3-parameter exponential
models, the Bruce-Versteeg model or the Brain-Cousens model [11]. In this paper, for
our comparison needs between laboratories, we chose the three-parameter log-logistic

model which appeared as describing at best the mean tendency in most of the datasets:

d
sg)=———— (2)
;(u 9 1+(u/ECSO)b

where g: (EC

50,d,b), ECs is the concentration inducing a halfway effect between upper

limit d and 0, while b stands for the shape of the curve.

10
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In order to explicitly account for the between-replicate variability, the previous Poisson

model may be extended with a gamma distribution [9]:

u;
N..~P0isson(f,.><NID..) with f.,~gamma[M;l} (3)
j j i j w o w

where parameters p[lf (“,- ;q) and I%I/Vf (“1- ;q) are respectively the mean and the variance of

the gamma distribution. Parameter 1w corresponds to an over-dispersion parameter (the
greater its value, the greater the between-replicate variability).

Because non-standard stochastic parts (Poisson or gamma-Poisson) were required, we
chose the Bayesian framework to infer parameter estimates from experimental data. For
that purpose, we chose the R package ‘morse’ [8] that proposes the combined use of
freeware JAGS [12] and software R [6]; alternatively SAS MCMC procedures or the
WinBUGS software may also be used. Both models (Poisson and gamma-Poisson) were
systematically fitted on each dataset, and the Deviance Information Criterion (DIC) was
used to choose the most appropriate stochastic part of the model. In situations where
over-dispersion (that is between-replicate variability) could be neglected, the Poisson
model provided more reliable estimates (with narrower credible intervals). Hence a
Poisson model was preferred unless the gamma-Poisson model had a significantly lower
DIC (in practice we required a difference of 10).

The use of Bayesian inference requires the choice of appropriate priors based on expert

knowledge on L. stagnalis reproduction process and the experimental design itself:

° og10 (ECSO) ~ N(ms) where /7. and s are defined from ﬁmin and [”_')1max , that is the

minimum (excluding the control) and the maximum tested concentrations,

respectively, as follows:

11
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= log,, (umin) +log,, (umax) and s = log,, (umax) - log,, (umin)
Pl 2 Pl 4

We thus assumed a normal distribution for log (EC ) centred on the mean of
10 50

og10 (umin) and l?og10 (“max)' with the probability that og10 (ECSO) lies between

og10 (umin) and lﬂoglo (umax)equals to 0.95;

e Asd stands for the reproduction output in controls, we set a normal prior

(nz,sd) based on the data themselves:

S=

m—lé ] d J
i ana s =
P o NIDOj - ‘ ro(ro_ 1)

where 1. is the number of replicates in the controls. Note that since the replicates

in the controls were used to define the prior distribution of d, they were excluded

from the fitting process;

o og " (b) ~U (— 2,2) a quasi-non-informative prior for the shape parameter;
o og10 (l/l/) ~ U(— 4,4), a quasi-non-informative prior for the over-dispersion

parameter of the gamma-Poisson distribution.
The major advantage of Bayesian inference lies in the posterior distributions it provides
as estimates of each parameter. From there, a posterior distribution can also be
obtained for any ECx whatever x. Posterior distributions are usually summarised as a
median value and its associated 95% credible interval extracted from 2.5, 50 and 97.5%
quantiles, respectively. An alternative analysis was conducted based on standard models
of adjusted reproduction data, defined as Nreproadj = Nreprocumul/Nindtime

computed on a replicate basis (results not shown); this alternative analysis provided

12
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ECx estimates very similar to those from the (gamma-)Poisson models, including those

with alternative deterministic forms for the mean tendancy (results not shown).

Datasets

A full statistical analysis was conducted on all available datasets, i.e., datasets from the
prevalidation ring-test [2] and datasets from the validation ring-test presented
hereafter. Combining ring-tests (prevalidation and validation), endpoints (number of
clutches and number of eggs per clutch) and chemicals (Cd, TBT and PRO) from the
participating laboratories resulted in a total of 84 datasets to analyse. For each dataset,
ECso values were estimated for cumulative reproduction per individual-day over 56

days, expressed via either the number of clutches, or the number of eggs per clutch.

Optimizing the exposure duration

For each of the considered endpoints, the possible reduction in the experiment duration
was investigated by comparing the ECso estimates (median and 95% credible interval)
obtained in a given laboratory at time 21, 28, 35, 42 and 49 days with the median ECso
value obtained after 56 days (denoted by ECso-56d hereafter) surrounded with the
variability between all laboratories. This inter-laboratory variability was calculated as
plus or minus the standard deviation (sd) of all median ECso-56d values, separately from
the pre-validation and validation ring-tests. We considered as optimal the shortest
exposure duration that was outside the inter-laboratory variability range. For this
shortest exposure duration, the ECso.4 estimate for a given laboratory at day d was
considered as not different from the ECso-56d estimate, meaning that a stable enough ECso
estimate had been reached at day d already.

Analyses of the datasets from the prevalidation and validation ring-tests were handled

separately because the experimental design slightly changed between the; indeed, the

13



300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

validation ring-test was performed based on a consolidated draft of the standard
operating protocol two (see SI, Table S0). Consequently, we used 4 different sd values: 2
different sd values for the clutch- and egg-based endpoints within the prevalidation ring-
test and 2 different sd values for the clutch- and egg-based endpoints within the

validation ring-test.

Comparing results from clutch- and egg-based endpoints
For the chosen optimal exposure duration, we investigated whether the ECso could be
accurately estimated based upon the number of clutches alone or whether eggs must be
also counted. For that purpose, we compared the posterior probability distributions of
ECso values, as provided by the Bayesian inference method, using clutch and egg data.
We used the R package ‘fitdistrplus’ [13] in order to obtain the Cullen and Frey graph.
This skewness-kurtosis plot helps to choose the most appropriate distribution among
common ones. Given that priors on ECso were lognormally distributed, we may expect
also a lognormal distribution for the posteriors. Once the suitability of the lognormal law
for the posteriors was established, we used the following indices to check similarities
between posterior distributions of ECso estimates from clutch and egg data:
e the 2.5 and 97.5% quantiles (denoted QZ2.5gcs0 and Q97.5kcs0, respectively) from
the ECso posterior distribution;
e the mean, standard deviation and coefficient of variation from the fitted
lognormal distribution;

e the uncertainty of ECso estimates, namely Qextent = Q2.5rc50 - Q97.5g¢s0.

Results

Validation ring-test results at day 56

Test validity

14



324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

Test validity criteria as stated in the consolidated standard operating procedure were
achieved in all laboratories: temperature remained within the 20 * 1 °C range; oxygen
saturation did not drop below 60% air saturation value (ASV; 5.4 mg.L-1 at 20°C);
mortality did not exceed 20% in control groups by the end of the test; fecundity in the
controls was at least 8 egg-clutches per snail at the end of the 56d test. In addition, each
laboratory was able to maintain an appropriate water quality: pH was in the 7.0 - 8.5
range; conductivity in the 400 - 800 pS.cm! range; and water hardness was in the 140 -
250 mg.L-1 range.

Measured exposure concentrations

Mean measured concentrations were calculated for each chemical and laboratory as the
arithmetic mean of all measured values over the test duration. They were linearly
related to the nominal concentration (see SI, Figure S0). Mean measured Cd
concentrations (calculated for all participating laboratories) were 19, 35, 70, 149 and
300 pg.L1, which compare to nominal values of 25, 50, 100, 200 and 400 pg.L-1. Mean
measured TBT concentrations were 39, 78, 118, 251 and 435 ng.L-1, which compare to
nominal values of 87.5, 175, 350, 700 and 1,400 ng.L-1. Mean measured PRO
concentrations were 13, 21, 56, 324 and 765 pg.L-1, which compare to nominal values of
10, 32,100, 320 and 1,000 pg.L-1. The mean measured exposure concentration values
specific to each laboratory were used for the estimation of ECx values.

Test results

For all laboratories (with two exceptions) and all tested chemicals, both clutch- and egg-
based endpoints significantly decreased with increasing concentrations (Jonckheere-
Terpstra p-values < 0.05, Table S1). ECx-564 estimates (x = 10, 50) are detailed in SI
(Tables S2, S3 and S4) and summarized in Figure 1 for Cd (in SI, Figures S1 and S2, for

TBT and PRO, respectively).

15
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Reproducibility of results between laboratories
The coefficients of variation of ECso-564 values between laboratories are given in Table 2
for all tested chemicals. They were in the range 28.0 - 52.5% for the validation ring-test,

that is similar values to those obtained during the prevalidation ring-test (21.8 - 42.0%).

Optimizing the experimental design

For Cd, median ECso-56d + sd intervals used to compare ECso estimates (median and 95%
credible interval) at each exposure duration (from 21 to 56 days) are given in Figures 2
and 3 for the prevalidation and validation ring-tests, respectively. Results for TBT and
PRO are given in Supplementary Information (Figures S3-S5).

The between-laboratory variability was less important in the prevalidation ring-test
than in the validation ring-test, due to the higher expertise of participating laboratories
in the prevalidation phase. This resulted in smaller median ECso-56d + sd intervals (i.e.,
thinner grey band). Therefore, optimal exposure duration was greater in the
prevalidation ring-test (i.e., 35 days) than in the validation ring-test (i.e., 28 days)
(Figures 2 and 3). Considering that the experimental protocol was in its final version for
the validation ring-test (see SI, Table SO, for differences between the pre-validation and
validation tests), we referred to the corresponding results to decide whether an

exposure duration of 28 days would be sufficient to ensure adequate test sensitivity

Test results at day 28

All datasets corresponding to both the prevalidation and validation ring-tests were
analysed simultaneously at day 28. As shown in Table S1, both endpoints were
significantly altered within the tested concentration range for all laboratories whatever
the chemical, except for Lab. 11 with Cd and the clutch-based endpoint (Jonckheere-

Terpstra test, p-value = 0.62) and for Lab. 07 with PRO and the clutch-based endpoint

16
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(Jonckheere-Terpstra test, p-value = 0.080). ECx-284 estimates are detailed in SI

(Tables S2, S3 and S4). Results show robust ECso.284 estimates with small uncertainty
and a good agreement between values obtained in the different laboratories (Table 2).
In addition, for all datasets, several goodness-of-fit criteria were checked, in particular
the comparison of prior-posterior probability distributions as well as the so-called
posterior predictive checks, that is plots of the observed values against their
corresponding estimated predictions, along with their 95% credible interval (results not
shown).

For Cd, there was less variability in the ECso values estimated at day 28 than at day 56,
as shown by smaller coefficients of variation between laboratories at day 28. For TBT,
the variability was also reduced between results at day 28 and results at 56, but only for
the prevalidation ring-test; the high coefficient of variation values for the clutch (57.3%)
and the egg (63.4%) endpoints of the validation ring-test at day 28 were due to high
estimates of ECso-28d for Lab. 02 compared to those obtained at day 56 (see SI, Figure S1).
For TBT, low ECso estimates for Lab. 03 probably also biased calculations of the
coefficients of variation (see SI, Figure S1). At last, for PRO, coefficients of variation were
similar between results at day 28 and results at day 56, as well as between both
endpoints.

To confirm that ECso estimated at days 28 and 56 were close, we also calculated ratios
between ECso medians at 28 and 56 days, as well as ratios between ECso medians from
clutches at 28 days and ECso medians from eggs at 56 days. Only three of these ratios

were slightly over 2 (twice for Cd, once for TBT).
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Choosing the main core endpoint

Overlapping boxplots on Figure 1 (resp. Figures S1 and S2) illustrate the similarity
between ECsp estimates from clutch and egg-based endpoints at day 28. Figure S6
strengthens this result based on the comparison of full posterior distributions of ECso
estimates superimposed to prior ones: distributions have similar positive skewness and
similar kurtosis; peaks of distributions are also closely located in most cases.

From Table 3, we notice that ECso medians and uncertainty extents (given by Qextend) are
very good proxies of mean and standard deviation of the fitted lognormal distribution:

P, = Median %, and o we,, = Q... / 4. The coefficients of variation confirm these results

with equal values from clutch- or egg-based endpoint, except in three cases out of 22
comparisons (bold numbers in Table 3). ECso medians from clutches were generally
similar to ECso medians from eggs (Table 3); indeed, both ECso medians remained similar
based on ECso median ratios close to 1 (except for Lab.13 with Cd in the validation ring-

test).

Discussion

The feasibility, robustness and reproducibility of the protocol proposed for an OECD
reproduction toxicity test guideline with L. stagnalis was addressed in two validation
exercises (see Ducrot et al. [2] for the prevalidation ring-test and the present paper for
the validation ring-test) with four different chemicals. In total, 16 laboratories (from
inexperienced to expert laboratories in mollusc testing) from nine countries
participated in these ring-tests.

Within these validation exercises, 23 reproduction toxicity tests were performed, among
which only a few did not achieve the given validity criteria. Two laboratories had

technical issues to satisfy the temperature criterion of 20°C and another laboratory had
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issues in maintaining the appropriate concentration of dissolved oxygen in test water.
Such technical issues could easily be fixed. In addition, these three laboratories did not
meet the biological criteria (maximum control mortality or minimum clutch number in
control groups) as established during the prevalidation ring-test. Minimum clutch
number in control groups was set to the lowest value obtained in the prevalidation ring-
test to ensure that the presently given test validity criteria are appropriate and
achievable.

For all tested chemicals, results of the reproduction tests were estimated with good
precision, i.e., small 95% credible intervals, indicating that the test protocol and method
used to estimate the ECx values were robust. Results were also homogenous between
laboratories, since most of the laboratories provided comparable EC1o (see Table S2-54)
and ECso values with overlapping 95% credible intervals (Figure 1). For Cd and TBT
(with the exception of Lab. 08), a 2-fold difference was obtained between the lowest and
the highest estimated ECsos6a values (using either the number of clutches, or the
number of eggs per individual-day). For Cd, lower ECso.564 values were found for both
endpoints in Lab. 02. The softness of test water used in this laboratory (< 50 mg.L! of
CaCo3) may explain this result, as water softness is known to increase the Cd toxicity
[14]. A similar trend was already observed in the prevalidation ring-test (see Lab. 07
Figure 1, [2]). The high coefficient of variation value for the clutch-based endpoint with
Cd in the validation ring-test (52.5%) was due to the high estimate of ECso-56d for Lab. 11
(Figure 1). For PRO, inter-laboratory variability in ECso values was below a factor 2.
These results attest to a good reproducibility of the ECso-564 values between laboratories.
Indeed, these differences are in the range of acceptable variation defined for reference
chemicals in OECD guidelines for acute toxicity tests with invertebrates (i.e., factor 3.5

for K2Cr207 in TG 202 and factors 3.5 and 7.2 in TG 235 for KCl and 3,5-DCP, respectively
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[11, 12]). Obtaining consistent endpoint values among all laboratories and when
repeating the ring-tests demonstrates the robustness of the proposed test protocol, as
well as the reproducibility of derived results.

ECso values estimated based on the number of clutches per individual-day did not
significantly differ from ECso values estimated based on the number of eggs per
individual-day: both endpoints were equally sensitive for all tested chemicals.
Therefore, both endpoints could be used in the reproduction toxicity tests with L.
stagnalis. However, assessing only the number of clutches produced per individual-day
is sufficient to obtain robust ECso estimates. Indeed, the ratio between median ECsp
values estimated based on clutches vs. eggs is close to 1 for all laboratories, except

Lab. 13 where it reached a value of 2 (Table 3).

ECso values estimated based on either clutches or eggs per individual-day after 28 and
56 days did not significantly differ, for any of the tested chemicals. Indeed, the mean
ratio (for all laboratories, endpoints, chemicals, and the two ring-tests) between median
ECso values estimated at 28 days vs. 56 days was 1.2 (Table S5). The highest difference
was found in Lab. 02 where it reached a value of 2.1 during the TBT validation test and
using the clutch-based endpoint (Figure 1). For Cd and TBT, inter-laboratory variability
in ECso values was smaller at 28 days compared to 56 days, as shown by smaller values
of the between-laboratory coefficient of variation at 28 days, while the same between-
laboratory variability was observed after 28 days vs. 56 days for PRO. Based on these
results, the test duration could be reduced to 28 days without hampering the accuracy of
the ECso estimate.

Overall, the above-mentioned results suggest that the test duration can be reduced from
56 days to 28 days, and the number of clutches per individual-day can be used as the

core measure for the reproductive output (instead of counting all eggs) with no
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influence on the accuracy and precision of ECso estimate. To further strengthen this
assumption, we calculated the ratio between ECso values obtained under the optimized
test design (28 d, using clutch number as a measure for the reproductive output) and
those obtained using the non-optimized test design (56 d, using egg number as a
measure of the reproductive output). This calculation was performed for all laboratories
and chemicals and for both the validation and prevalidation ring-tests. The obtained
mean ratio was 1.3 showing that, on average, the median ECso estimate obtained with
the optimized design was 1.3 fold lower than the median ECso estimate obtained with
the non-optimized design. The maximal difference was estimated to be a ratio of 2.7
(obtained in Lab. 13 for the Cd validation test), which was the only ratio exceeding the
value of 2 out of the 21 ratios calculated (Table S6). Even in this case, the difference
between endpoint estimates remains small enough to cause no concern from the risk
assessment point of view, as a safety factor of 10 is systematically applied on endpoints
from chronic toxicity tests with invertebrates in the EU [17]. The gain following a 56-
days test duration (resp. counting eggs) is negligible compared to a 28 days test
duration (resp. counting only clutches). This gain is too small to justify the investment in
terms of human resources and experimental costs that occur when doubling the
experiment duration and significantly increase the workload when counting eggs (which
is the most time-consuming part of the experiment). Shorter test duration also reduces
risk of failure, both in achieving validity criteria and in issues with equipment [1]. It can
be therefore concluded that the optimized test design provides an adequate balance

between endpoint accuracy and testing effort.
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Conclusion

The present work demonstrated the feasibility, robustness and reproducibility of the
experimental protocol designed for testing reproductive toxicity of chemicals with L.
stagnalis according to the draft OECD Test Guideline. In addition, it allowed optimizing
the experimental design in terms of test duration and choice of the core reproductive
endpoint. Based on our results a test duration of 28 days is recommended for the
reproduction toxicity test with L. stagnalis. As the core test endpoint, we recommend to
use the mean cumulative number of clutches per individual-day, calculated over 28 days,
providing that the number of clutches is determined at least twice a week in six
replicates of five snails (at test initiation) per treatment (at least five concentrations)
and control. Such a test design was proved as optimal, making the reproduction toxicity
test both sensitive and cost effective for estimating accurate ECx values according to

current OECD requirements.
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Figure legends

Figure 1. Cadmium median ECso estimates from clutch data at day 28 (in red) or at day
56 (in orange), and from egg data at day 28 (in dark green) or at day 56 (in light green).
Dotted lines separate laboratories, while the black solid line separates the prevalidation

from the validation ring-test.

Figure 2. ECso estimates (medians and 95% credible intervals) as a function of exposure
duration (in days) for all laboratories and both endpoints of the prevalidation ring-test.
Open symbols indicate the first exposure duration at which the ECso median obtained in
a given laboratory becomes similar to that of other laboratories (grey band, which
represents the standard deviation of the ECso-5s64 for all laboratories from the

prevalidation ring-test).

Figure 3. ECso estimates (medians and 95% credible intervals) as a function of exposure
duration (in days) for all laboratories and both endpoints of the validation ring-test.
Open symbols indicate the first exposure duration at which the ECso value obtained in a
given laboratory becomes similar to that of other laboratories (grey band, which
represents the standard deviation of the median ECso-s6q for all laboratories from the

validation ring-test).
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