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 12 
INTRODUCTION  13 

 14 

1. The need for testing the reproductive toxicity of some chemicals in aquatic molluscs has been 15 

highlighted in the OECD Detailed Review Paper on mollusc toxicity testing (1). In particular, the 16 

absence of toxicity test guidance for such an ecologically and economically important group was 17 

highlighted. In addition, hermaphrodite aquatic species are very poorly covered by the existing 18 

reproduction test guidelines. This guideline is therefore designed to assess effects of prolonged 19 

exposure to chemicals on the reproduction and survival of the hermaphrodite freshwater snail 20 

Lymnaea stagnalis (the Great Pond Snail). 21 

 22 

2. Core test endpoints are survival and the cumulated number of egg-clutches produced per snail 23 

during a 28-day exposure. Moreover, individual growth of the reproducing snails (e.g., increase in 24 

shell length) and the number of eggs produced per snail can be used as additional test endpoints. 25 

  26 

3. Before use of the test guideline on a mixture for generating data for an intended regulatory 27 

purpose, it should be considered whether, and if so why, it may provide adequate results for that 28 

purpose. Such considerations are not needed, when there is a regulatory requirement for testing of the 29 

mixture. 30 

 31 

PRINCIPLE OF THE TEST  32 

 33 

4. The primary objective of the test is to assess the effect of chemicals on the reproductive output 34 

of Lymnaea stagnalis. To this end, reproducing adults of L. stagnalis are exposed to a concentration 35 

range of the test chemical and monitored for 28 days for their survival and reproduction. Prior to the 36 

test, snails are sampled from a laboratory parasite-free culture, calibrated in size, and introduced into 37 

the test vessels for acclimation. Following exposure to the test chemical (day 0 of the test), survival is 38 

recorded daily, when feeding the snails, and dead snails are withdrawn from the test vessels. Fecundity 39 

is determined at least twice per week. Clutches are collected and counted. As additional information, 40 

the number of eggs per clutch may also be determined. Adult shell length may be measured at the 41 

beginning and at the end of the test. 42 

 43 

5. Survival of the parent animals and the number of clutches produced per test vessel should be 44 

reported. Reproductive output should reflect the production of clutches per surviving parent organism. 45 

It can be calculated by dividing the cumulative number of clutches collected over 28 days by the 46 

number of individual-days (NID; see ANNEX 1) for each test vessel (2). Other test chemical-related 47 

effects on parameters such as production of eggs per surviving parent organism or growth (e.g. 48 

increase in shell length) can also be examined.  49 

 50 
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6. The toxic effect of the test chemical on the cumulated number of clutches produced per 51 

individual-day is expressed as ECx by fitting an appropriate regression model to the data in order to 52 

estimate the concentration that would cause x% reduction in the reproductive output (2). Alternatively, 53 

the toxic effect of the test chemical can be expressed as the No Observed Effect Concentration and 54 

Lowest Observed Effect Concentration (NOEC/LOEC) values (3). Both ECx and NOEC/LOEC can be 55 

determined from a single study. 56 

 57 

INFORMATION ON THE TEST CHEMICAL 58 

 59 

7. Information on the test chemical, which may be useful to establish the test conditions, includes 60 

the structural formula, purity, stability in light, stability under the conditions of the test, pKa, Pow, and 61 

results of a test for ready biodegradability (see OECD Test Guidelines 301 and 310). 62 

 63 

8. The water solubility and the vapor pressure of the test chemical should be known and a 64 

reliable analytical method for the quantification of the test chemical in the test solutions with reported 65 

recovery efficiency and limit of quantification should be available. 66 

 67 

REFERENCE SUBSTANCES 68 

 69 

9. Reference substances should be tested periodically as a means of assuring that the test 70 

conditions are reliable. Cadmium chloride is a common reference substance which has been 71 

successfully used in the international validation studies for this Test Guideline (4,5). 72 

 73 

VALIDITY OF THE TEST  74 

 75 

10. For a test to be valid, the following criteria should be met:  76 

- the mean control mortality (accounting for all control replicates) should not exceed 77 
20% at the end of the test, 78 

- the mean cumulated individual fecundity in the controls at the end of the test should 79 
be at least four egg-clutches per individual-day (see § 49), 80 

- the dissolved oxygen content should have been at least 60% of the air saturation 81 
value in the controls throughout the test and,  82 

- water mean temperature should be 20 ± 1°C throughout the test in both control and 83 
exposure groups. Transitory deviation (for 1 to 2 days) from this mean value can 84 
occasionally occur but should not be more than ± 2°C. 85 

 86 

DESCRIPTION OF THE METHOD  87 

 88 

Apparatus  89 

 90 

11. Test vessels and other apparatus which are in contact with the test solutions should be made of 91 

glass or other chemically inert material. Any plastic material used during the test should ensure no 92 

leaching of plasticizers or other compounds. 93 

 94 

12. Some or all of the following equipment are required:  95 
- climate chamber or temperature regulated room or any adequate apparatus for 96 
   temperature control;  97 
- adequate apparatus for the control of the lighting regime and measurement of light intensity; 98 
- dissolved oxygen-meter; 99 
- pH-meter;  100 
- conductivity-meter;  101 
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- equipment for the determination of water hardness;  102 
- colorimetric test kits or other equipment for ammonium, nitrite and nitrate measurements in  103 
  water; 104 
- 1 L glass vessels which can be covered with perforated lids, nets, or any device that 105 
   prevent snails from escaping but allows air inflow; 106 
- air pumps, air tubes, Pasteur pipettes; 107 
- adjustable valves for airflow control;  108 
- fresh lettuce;  109 
- (digital) calliper;  110 
- razor blades and/or sharp-edged spoons; 111 
- binocular microscope equipped with a light source (for egg-counting); 112 
- volumetric flasks and other laboratory glassware for the preparation of solutions; 113 
- glass pipettes.  114 

 115 

Test organism 116 

 117 

13. The species to be used in the test is Lymnaea stagnalis (Linnaeus, 1758). 118 
 119 

14. Adult Lymnaea stagnalis to be used in the test should come from an established parasite-free 120 

laboratory culture. They should have been maintained in culture conditions similar to those to be used 121 

in the test (the culture protocol for Lymnaea stagnalis is described in ANNEX 2). Especially, 122 

photoperiod and temperature should be similar in the culture and test conditions. Field collected 123 

organisms should not be used.  124 

 125 

15. Organisms to be tested should exhibit a shell length within the range 2.5 - 3.0 cm at the 126 

beginning of the test. Compliance with this length criterion should be checked by measuring the 127 

maximal shell length using e.g. a (digital) calliper. Snails should be carefully manipulated to avoid 128 

breaking the shells; particular attention should be dedicated to preserving the apex of the shell while 129 

measuring/manipulating the snails.  130 

 131 

Test medium  132 

 133 

16. Tests can be implemented using tap water filtered with charcoal for dechlorination, 134 

reconstituted water, or any uncontaminated water which ensures compliance with water quality criteria 135 

listed below. Tap water should be used with care since water pipes could contain/release copper which 136 

might be highly toxic to test organisms and comparisons between results from different laboratories 137 

becomes difficult (6). It is recommended that the water used in the test be similar to the culture water 138 

(see ANNEX 2). Test water, including the water used for test medium renewal, has to reach test 139 
temperature before use.  140 

 141 

17. The following water parameter values should be achieved and kept:  142 

- temperature: 20 ± 1°C (Transitory deviation, for 1 to 2 days, from this mean value can 143 

occasionally occur but should not be more than ± 2°C); 144 

- pH: in the range 6.5-8.5; 145 

- oxygen concentration (in controls): > 6 mg L
-1

 at 20°C (> 60% of the air saturation 146 

value); 147 

- conductivity: between 600 ± 200 µS cm
-1

;  148 

- water hardness: in the range 140-250 mg L
-1

 as CaCO3, preferably close to 250 mg L
-1

.  149 

 150 

Test solutions  151 

 152 
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18. Test solutions of the chosen concentrations are usually prepared by dilution of a stock 153 

solution. Stock solutions should be prepared by dissolving the test chemical in the test water using 154 

mechanical means such as agitating, stirring or ultrasonication, or other appropriate methods. If 155 

possible, the use of solvents or dispersants should be avoided. For difficult test chemicals, the OECD 156 

Guidance Document on aquatic toxicity testing of difficult substances and mixtures should be 157 

consulted (7). If a solvent is required in order to produce a suitably concentrated and homogeneous 158 

stock solution, its final concentration should be kept to a minimum and should not exceed 20 µl L
-1

 159 
(8). A solvent control should be added in addition to negative (dilution water only) control. The 160 

concentration of solvent should be equal in all test concentrations and in the solvent control.  161 

 162 

19. Only solvents or dispersants that have been shown to have no significant effects on adult 163 

response should be used in the test. Examples of suitable solvents are acetone, glacial acetic acid, and 164 
tri-ethylene glycol (8,9,10). The selection of an appropriate solvent depends on the physico-chemical 165 

properties of the test chemical and on the sensitivity of test organisms, which should preferably be 166 

determined in a previous study. 167 

 168 

PROCEDURE 169 

 170 

Conditions of exposure 171 

 172 
Duration 173 
 174 
20. The test duration is 28 days.  175 

 176 
Loading 177 

 178 

21. Two days before the beginning of the test, test vessels should be filled with 1 L of clean test 179 

water at test temperature. Adult Lymnaea stagnalis should be collected among free-floating snails 180 

and/or snails removed from the glass wall (using e.g., a brush or a thin flat spoon that is carefully 181 

inserted between body and glass) of the culture. Apart from using gloved hands, snails can be 182 

manipulated without specific equipment. Animals injured before or during collection should not be 183 

included in the test. Appropriate shell length, which is between 2.5 and 3.0 cm, should be checked. 184 

Groups of five snails should be randomly introduced in test vessels containing clean water and fed ad 185 

libitum. The mean shell length of animals should not significantly differ (as determined by an 186 

appropriate statistical methodology) among test vessels. 187 

 188 

22. During this two-day acclimation period, it should be checked that reproduction is occurring in 189 

test conditions before starting exposure to the test chemical. Otherwise, the acclimation period has to 190 

be extended until reproduction has started in at least 2/3 of the test vessels.In that case, test water 191 

should be renewed at least twice a week. At day 0, the test vessels should be randomized so that 192 

reproduction occurs in 4 out of the 6 replicates per treatment condition. The clutches that were laid 193 

during acclimation have to be removed from test vessels and discarded. The test water has to be 194 

renewed and test chemical added for the first time. 195 

 196 

Feeding  197 

 198 

23. Snails are fed with fresh lettuce after it has been washed in clean water. Preferably lettuce 199 

should be of organic quality (as certified by the European ECOCERT or equivalent label). Round-head 200 
lettuce should be used if possible, or any other lettuce variety with smooth leaves. Hard parts of leaves 201 

are generally not eaten by the snails: they should be removed in order to avoid accumulation of 202 
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leftovers in the test vessels and losses of test chemical. 203 

24. Organisms are fed ad libitum, preferably every working day, but at least twice a week while 204 

renewing the test medium. The ad libitum feeding level in adults corresponds to ca. 3.5 g of fresh 205 

lettuce/individual/week. However, this quantity has to be increased if snails consume the whole 206 

amount of food provided between two feeding dates. This quantity has to be reduced if a decrease in 207 

the feeding rate of animals is observed due to the test chemical, in order to prevent the accumulation 208 

of leftovers, which may result in harmful ammonia and nitrite concentrations. Leftovers are withdrawn 209 
from the tests vessels at water renewal. As feeding rate influences the reproductive output, a decrease 210 

in food intake should be reported.  211 

 212 

Light regime 213 

 214 

25. A constant light-dark period of 16/8 hours should be used. The light source (natural daylight 215 

spectrum) should be positioned above the test vessels so that the light intensity is in the range 250-500 216 

lux at the surface of test water. 217 

 218 

Temperature 219 

 220 

26. The mean temperature of the test media should be 20 ± 1°C throughout the test. Transitory 221 
deviation from this mean value can occasionally occur but should not be more than ± 2°C. Any 222 

deviation from the mean temperature of 20 ± 1°C should be reported. 223 

 224 

Aeration  225 

 226 

27. The water in the test vessels should be gently aerated through glass pipettes (Pasteur pipettes) 227 

connected to the air tubing system. Adjustable valves should be used to ensure continuous and 228 

constant air flow.  229 

 230 

28. Dissolved oxygen content should be kept above remain >60% ASV, however the test vessels 231 
should be aerated gently to avoid stripping of test chemicals.  232 
 233 

Test design 234 

 235 
29. The test protocol has been validated under semi-static conditions with water renewal twice a 236 

week. However, for test chemicals that dissipate quickly, water can be renewed more frequently in 237 

order to keep the exposure concentration above 80% of the nominal value (see § 36). Lymnaea 238 

stagnalis can also accommodate flow-through conditions (11). If the test protocol is implemented in 239 

such conditions, the system, including the flow rate, should be adjusted so that the validity criteria (see 240 

§ 10) are met. 241 

 242 

30. At least five concentrations with a minimum of six replicates of five snails should be tested in 243 

a geometric series with a factor between adjacent nominal concentrations preferably not exceeding 244 

3.2. Justification should be provided if fewer than five concentrations and/or a spacing factor larger 245 

than 3.2 (e.g., in the case of a shallow slope of the concentration-response curve from range-finding 246 

studies) are used. Prior knowledge on the toxicity of the test chemical (e.g., from range-finding 247 

studies) is required in order to help in selecting appropriate test concentrations. If a NOEC is desired, 248 

the concentrations should bracket the expected value. If an ECx is desired, whatever x is, ideally that 249 

concentration should be bracketed by test concentrations. 250 
 251 

31. The range-finding study should be conducted according to the best practices (12). The 252 
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exposure conditions, including validity criteria, should be identical to those of the definite test. 253 

However, the number of test concentrations can be reduced and/or the spacing factor between adjacent 254 

concentrations can be increased. In addition, the number of replicates per treatment can be reduced to 255 

4 or the test duration can be shortened. 256 

 257 

32. When designing the test, it should be considered whether the aim is to achieve a 258 

NOEC/LOEC, ECx values, or other relevant endpoints from mechanistic models, as identified in (3). 259 
The demand for replicates is higher if the NOEC/LOEC is wanted, whereas the estimation of ECx 260 

generally requires more concentrations. If necessary, the number of tested concentrations or the 261 

number of replicates per concentration can be increased to ensure adequate statistical power. 262 

 263 

33.  Introduction of the test chemical in the test vessels defines the beginning of the test (day 0). 264 

Introduction of the test chemical should be done before feeding the snails. Test solutions of the chosen 265 

concentrations are prepared by introducing the appropriate amount of stock solution in test vessels 266 

containing 1 L of clean test water at the test temperature. Water is then homogenized by gentle manual 267 

agitation. Alternatively, test solutions of the chosen concentrations are prepared by introducing the 268 

appropriate amount of stock solution in a tank containing 6 L of clean test water at the test 269 

temperature. Water is homogeneized by agitation prior to dispatch in the test vessels. 270 

 271 

Limit test 272 
 273 

34.  If no statistical effects are observed at the highest tested concentration in the range-finding 274 

test, or when the test chemical is highly likely to be of low/no toxicity based on lack of toxicity to 275 

other organisms and/or low/no uptake, the reproduction test may be performed as a limit test, using a 276 

test concentration of e.g.10 mg L
-1

 or the maximum water solubility of the test chemical, and a control. 277 

Ten replicates should be used for both the treatment and the control groups. A limit test will provide 278 

the opportunity to demonstrate that there is no statistically significant effect at the limit concentration, 279 

but if statistically significant effects on the number of clutches per individual-day are recorded, a full 280 

test is required. 281 

 282 

 283 

 284 

 285 
Controls  286 
 287 
35.  At least six control vessels (i.e., containing no test chemical) should be included in the test. If 288 

a solvent has been used for the application of the test chemical, six replicates of a solvent control using 289 

the same amount of solvent as in the treatments should also be used.  290 

 291 

Test medium renewal 292 

 293 

36. For static exposure conditions, the water in each test vessel should be renewed completely at 294 

least twice a week in order to maintain exposure concentration above 80% of the nominal value and 295 

adequate physico-chemical parameters values between two successive water renewals. This renewal 296 

rate can be increased up to three times per week if a readily degradable test chemical is studied. 297 

Degradability rate can be estimated from preliminary stability tests or from the physico-chemical 298 

properties of the test chemical. Renewal days are chosen so as to ensure that the time interval between 299 

two successive renewals is kept constant (e.g., renewal on Monday morning and on Thursday 300 

afternoon; interval between renewals is equal to 3.5 days). 301 

 302 
37. The following procedure is used for water renewal. Exposure water is gently removed from 303 
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the test vessels so that snails do not tumble in the test vessel, which might damage their shells. A sieve 304 

can be used to collect the snails which might detach from the glass walls and the food leftovers. Food 305 

leftovers are eliminated after having checked that no clutches remain on or in it. Test vessels are wiped 306 

off with a tissue to eliminate feces, food leftovers and the biofilm. Alternatively, clean beakers can be 307 

used. Test vessels are then refilled using water at the test temperature. The test chemical is 308 

immediately added to the renewed water using stock solutions. Freshly prepared test medium is 309 

homogenized by manual agitation. Snails are then placed back in the test vessel. Food is provided ad 310 
libitum to animals once the water renewal and spiking have been completed.  311 

 312 

Observations  313 

 314 

38.  Animals should be observed preferably daily while feeding them, but at least twice a week for 315 

visual assessment of any abnormal behavior (e.g., avoidance of water, avoidance of food, crowding of 316 

snails, lethargy, lack of grasping reflex or cannibalism). Any abnormal behavior should be recorded. 317 

 318 
Mortality 319 
  320 
39. Dead snails can be easily identified because their foot sole abnormally lies out of their shell. 321 

They may also emit an unpleasant odour. In addition, the absence of reaction when the foot sole is 322 

stimulated with a blunt needle is a reliable indication of death. 323 

 324 

40. The number of dead snails should be recorded daily when feeding the animals. Dead snails are 325 

removed from the test vessels and counted. Mortality should be taken into account in the calculation of 326 

the reproductive output (see § 49). 327 

 328 
Reproduction 329 
 330 
41. The number of egg-clutches laid per replicate is recorded at least twice a week, while 331 

renewing the test medium. Clutches are carefully removed from the glass walls, using a razor blade or 332 

a sharp-edged metallic spoon and counted. As additional information, the number of eggs per clutch 333 

can also be counted. To this end, clutches are transferred to Petri dishes (or any other appropriate 334 

container, e.g. 6-wells plates) for observation using a binocular microscope, and the number of eggs 335 

per clutch is recorded. If abnormal eggs are produced (see ANNEX 3 for a definition of egg-336 

abnormalities), they can also be counted and recorded. Eggs are killed by rapid freezing of the egg-337 

clutches, once their number (as well as the number of eggs per clutch and frequency of egg 338 

abnormalities, if desired) has been determined. 339 

 340 

Growth 341 
 342 
42. Adult shell length is measured at the end of the test, using a (digital) calliper, if growth is 343 

desired as an additional test endpoint. Average growth of the exposed and control groups is calculated 344 

from the increase in shell length between the initiation and end of the test.  345 

Once their size has been determined and if no other endpoints (e.g., histopathology) are investigated, 346 

exposed adults are killed preferably by rapid freezing at -80°C or cryopreservation.  347 

 348 
Frequency of analytical determinations and measurements 349 
 350 
Concentration of the test chemical 351 
 352 
43. During the test, the concentrations of the test chemical are determined at regular time 353 
intervals. Results should be based on measured concentrations. However, if the concentration of the 354 



 OECD/OCDE 2XX 

8 
 

test chemical in solution has been satisfactorily maintained within ±20% of the nominal concentration 355 
throughout the test, then the results can either be based on nominal or measured values. 356 
 357 
44. As a minimum, the highest and lowest test concentrations should be analyzed in freshly spiked 358 

test medium at the start of the test (preferably within the first hour after application of the test 359 

chemical) and in the old solution at the time of renewal on one occasion during the first week of the 360 

test. These determinations should be made on pooled water from different replicates and repeated at 361 

weekly intervals thereafter. 362 

 363 

45. For tests where the concentration of the test chemical is not expected to remain within ± 20% 364 

of the nominal, it is necessary to analyse all test concentrations, when freshly prepared and at renewal. 365 

In this case, results should be expressed in terms of mean measured concentration or time-weighted 366 

average (TWA) concentration for test chemicals with fast dissipation kinetics (13; see guidance for 367 

calculation in ANNEX 4). 368 

 369 

46. If the chemical analysis needs large samples which cannot be taken from test vessels without 370 

influencing the test system, analytical determinations should be performed on samples from additional 371 

test vessels treated in the same way (including the presence of test organisms) but not used for 372 

biological observations. 373 

 374 
Physico-chemical parameters 375 
 376 
47. The pH, dissolved oxygen in the test water and temperature of the test vessels should be 377 
measured in one replicate of each treatment before and after every second renewal of the test medium 378 
using the appropriate equipment (see § 12). As a minimum, water hardness should be measured in the 379 
controls and one test vessel at the highest concentration at the start and the end of the test. Water 380 
hardness can influence the toxicity of ionic compounds. When working with such compounds, water 381 
hardness should be measured at the beginning, mid-term and end of the test. Ammonia, nitrite and 382 
nitrate concentrations should be measured when abnormal high mortality is observed in the controls or 383 
in one replicate of the lowest concentrations (see § 24). All the physico-chemical parameter values 384 
should be reported using e.g. a spreadsheet (see ANNEX 5 for an example). 385 
 386 
DATA AND REPORTING  387 

 388 

Treatment of results  389 

 390 

48. The purpose of this test is to determine the effect of the test chemical on the reproductive 391 

output. The survival of the parent animals and the number of clutches produced per test vessel should 392 

be reported using e.g. a spreadsheet (see ANNEX 6 for an example). Other detrimental effects, e.g. 393 

altered feeding or growth, abnormal behavior and toxicological significant findings, should be 394 

reported in the final report as well. 395 

 396 

49. Reproductive output should reflect the production of clutches per surviving parent organism 397 

over the test duration (28 days). For each replicate, the reproductive output is calculated by dividing 398 

the cumulative number of clutches collected over 28 days in a given test vessel by the NID of this test 399 

vessel (2; see guidance for calculation in ANNEX 7). 400 

 401 

50. Other test chemical-related effects such as production of eggs per surviving parent organism 402 

or average growth can also be examined. For each replicate, the production of eggs is calculated by 403 

dividing the cumulative number of eggs collected over 28 days in a given test vessel by the NID of 404 

this test vessel (2; see guidance for calculation in ANNEX 7). 405 

 406 
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51. If both water and solvent controls are included in the experiment, the preferred method is to 407 
pool the controls unless there is a statistically significant difference between them, in which case only 408 
the solvent control is used to test for treatment effects (9,14,15). 409 
 410 
ECx 411 

 412 

52. ECx values, including their associated lower and upper credible/confidence limits, are 413 

estimated using an appropriate statistical method based on a regression analysis of the number of 414 

clutches (or eggs) per individual-day. Even if any statistical software can be used for regression 415 

analysis, the user-friendly web-platform MOSAIC_repro, freely available at http://pbil.univ-416 

lyon1.fr/software/mosaic/reproduction/, is recommended because the procedures implemented within 417 

this software were developed during the validation process of the Lymnaea stagnalis Reproduction 418 

Test (see details in ANNEX 7). 419 

 420 
53.  The proposed test design is well suited for the estimation of EC50 values and the determination 421 

of NOEC/LOEC values. It also enables estimation of EC10 or EC20 values, but the statistical reliability 422 

and the biological relevance of the estimated values should be carefully checked through the width of 423 

their associated 95% credible/confidence intervals. Test concentrations should be chosen with caution. 424 

Indeed, test concentrations bracketing the EC50 might not allow a proper estimation of EC10 or EC20 425 

values due to the need of extrapolating below the lowest tested concentration. In the same way, test 426 

concentrations bracketing EC10 or EC20 values would not allow a proper estimation of EC50 due to the 427 

need of extrapolating above the highest tested concentration. 428 

 429 

NOEC/LOEC  430 

 431 

54. If a statistical analysis is intended to determine the NOEC/LOEC, appropriate statistical 432 

methods should be used according to OECD Document 54 on the Current Approaches in the Statistical 433 

Analysis of Ecotoxicity Data: A Guidance to Application (3). In general, adverse effects of the test 434 

chemical compared to the control are investigated using one-tailed hypothesis testing at p < 0.05. 435 

 436 

55. Step-down trend tests are recommended to determine whether there are significant differences 437 

(p < 0.05) between the control(s) and the various test chemical concentrations (3). Comparisons of the 438 

numbers of clutches per individual-day should be done either with parametric (e.g., Williams’ test) or 439 

non-parametric methods (e.g. Jonckheere-Terpstra trend test) to determine the NOEC and the LOEC. 440 

Where a NOEC is computed, the ratio Reproduction/NID, where Reproduction is the number of 441 

clutches or the number of eggs per replicate, is analysed. R software can be used, as well as other R-442 

based software such as StatCharrms available at www.epa.gov/med/Prods_Pubs/rscabs.htm, or 443 

commercial softwares such as ToxRat (www.toxrat.com) and Cetis (http://www.tidepool-444 

scientific.com/Cetis/CetisStats.html) (see details in ANNEX 7). 445 

 446 
Test report  447 

 448 

56. The test report should include the following information:  449 

 450 

Test chemical:  451 

- Mono-constituent substance: 452 
physical appearance, water solubility, and additional relevant physico-chemical properties; 453 

chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChI code, 454 

structural formula, purity, chemical identity of impurities as appropriate and practically 455 

feasible, etc. (including the organic carbon content, if appropriate). 456 

http://pbil.univ-lyon1.fr/software/mosaic/reproduction/
http://pbil.univ-lyon1.fr/software/mosaic/reproduction/
http://www.epa.gov/med/Prods_Pubs/rscabs.htm
http://www.toxrat.com/
http://www.tidepool-scientific.com/Cetis/CetisStats.html
http://www.tidepool-scientific.com/Cetis/CetisStats.html
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- Multi-constituent substance, UVBCs and mixtures: 457 

characterized as far as possible by chemical identity (see above), quantitative occurrence and 458 

relevant physico-chemical properties of the constituents. 459 

- analytical method for quantification of the test chemical where appropriate.  460 

 461 

Test species:  462 

- scientific name, supplier or source, and culture conditions.  463 

 464 

Test conditions:  465 

- test procedure used (e.g. semi-static, volume, loading in number of snails per litre);  466 

- photoperiod and light intensity;  467 

- test design (e.g. number of replicates, number of snails per replicate, etc.);  468 

- details of culture medium characteristics (including pH, conductivity, temperature, dissolved 469 
oxygen concentration, water hardness, ammonium concentration, and any other measurements 470 

made);  471 

- detailed information on feeding (e.g. type of food, source, frequency), including amount (in 472 

mg/snail/day or ad libitum); 473 

- method of preparation of stock solutions and frequency of renewal (the solvent and its 474 

concentration should be given, when used).  475 

 476 

Results:  477 

- results from any preliminary studies on the stability of the test chemical;  478 

- the nominal test concentrations and results of all chemical analyses to determine the 479 

concentration of the test chemical in the test vessels; the recovery efficiency of the analytical 480 

method and the limit of quantification should also be reported;  481 

- water quality within the test vessels (i.e. pH, temperature, dissolved oxygen concentration, 482 

water hardness, and ammonium concentration) (see data spreadsheet example in ANNEX 5); 483 

- the number of deaths among the snails and the day on which they occurred (see data sheet 484 

example in ANNEX 6); 485 

- the full record of the production of egg-clutches per replicate during the test (see data 486 

spreadsheet example in ANNEX 6);  487 

- plot of total number of egg-clutches produced per individual-day in each replicate vs. 488 

concentration of the test chemical;    489 

- where appropriate the LOEC for reproduction, including a description of the statistical 490 

procedures used and an indication of what size of effect could be expected to be detected (a 491 

power analysis can be performed before the start of the experiment to provide this) and the 492 

NOEC for reproduction; where appropriate, the LOEC or NOEC for mortality of the snails 493 

should also be reported; 494 

- where appropriate, the ECx for reproduction with credible/confidence interval (e.g. 90% or 495 
95%), the slope of the concentration-response curve with its credible/confidence interval and a 496 

graph of the fitted model used for its calculation; 497 

- other observed biological effects or measurements: report any other biological effects which 498 

were observed or measured (e.g. number of eggs per egg-clutch, proportion of abnormal eggs 499 

in egg-clutches, snail growth, altered behaviour) including any appropriate justification; 500 

- an explanation for any deviation from the Test Guideline.   501 

 502 

  503 
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ANNEX 1 558 
 559 
 560 

ABBREVIATIONS & DEFINITIONS 561 
 562 
 563 
 564 
ABBREVIATIONS 565 
 566 
 567 
ECx x% effective concentration, that is the estimated concentration for which an effect of 568 

x% is expected. 569 
 570 
LOEC  The Lowest Observed Effect Concentration is the lowest tested concentration at which 571 

the test chemical is observed to have a statistically significant effect. However, all test 572 
concentrations above the LOEC should have a harmful effect equal to or greater than 573 
those observed at the LOEC: 574 

 575 
NOEC  The No Observed Effect Concentration is the tested concentration just below the 576 

LOEC. 577 
 578 
NID Number of Individual-Day calculated by summing the observation periods during 579 

which each individual contributes to the reproduction process (see details in ANNEX 580 
7). 581 

 582 
TWA Time Weighted Average 583 
 584 
 585 
 586 
DEFINITIONS 587 
 588 
 589 
Fecundity: actual reproductive rate of organisms, measured by the number of egg-590 

clutches or eggs 591 
 592 
Parent Animals: reproducing adults of which the reproductive output is the object of study 593 
 594 
Reproductive output: offspring production by parental animals within the test period 595 
    596 
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ANNEX 2 597 
 598 

RECOMMENDATIONS FOR THE CULTURE OF LYMNAEA STAGNALIS 599 

 600 
 601 
INTRODUCTION  602 

 603 

1. This Standard Operating Procedure (SOP) describes the laboratory rearing of the freshwater 604 
snail Lymnaea stagnalis (the Great Pond Snail), in order to ensure optimal and reproducible biological 605 
quality of the cultured organisms to be used in further toxicity tests. Rearing should thus allow 606 
producing all year round a sufficient number of snails with optimal health and reproducible sensitivity 607 
to reference toxicants. Cultured snails must be parasite-free, exhibit a low mortality and be able to 608 
reproduce all year round. This can be achieved through an appropriate control of feeding, photoperiod 609 
and population density, as described in this SOP.  610 
 611 

 612 
TEST ORGANISM 613 
 614 
Taxonomy 615 
 616 
2. Lymnaea stagnalis (Linnaeus, 1758) belongs to the phylum Mollusca, class Gastropoda, sub-617 
class Euthyneura, order Basommatophora, family Lymnaeidae. This species is highly polymorphous, 618 
especially regarding the shape and colour of the shell (1).  619 
 620 
Ecology 621 
 622 
3. Lymnaea stagnalis is common in holarctic regions of Europe, northern Asia and North 623 
America (2). It inhabits stagnant or slow-running freshwaters (3), where it establishes in populations 624 
of generally low densities (4). Mostly herbivorous, its feeding regime varies depending on its size. 625 
Juveniles mostly feed on small/detrital plant material (5) whereas adults feed on both living and dead 626 
plants. Both juveniles and adults also graze on micro-algae, periphyton, bacteria, and hyphen, and 627 
occasionally feed on dead small invertebrates, including congeners. 628 
 629 
Biology  630 
 631 
4. Life-span is comprised between one and two years in the field, depending on environmental 632 
conditions (2). The average adult shell length varies in the range of 20-60 mm (measurement from the 633 
lower aperture edge to the apex; Fig. 1). L. stagnalis is a simultaneous hermaphrodite but the male 634 
reproductive organs mature prior to the female ones (protandric hermaphrodite). During mating, an 635 
individual can only take the male or the female part. L. stagnalis, as all Basommatophora, can self-636 
fertilize and appears to show no or weak inbreeding depression (6,7). Yet, crossed fertilization is the 637 
most common reproductive pathway (8). After mating, snails can store sperm for one to three months 638 
(9). Reproduction occurs mostly at the beginning of summer (2), with egg-clutches being frequently 639 
deposited on aquatic plants. The number of eggs per clutch generally varies from 50 to 120 (10) and is 640 
a function of adult size. Hatching rate is generally above 70% in unpolluted waters. Embryonic 641 
development duration usually lasts between 10 and 30 days, depending on the number of eggs per 642 
clutch and on environmental conditions. 643 
 644 
Laboratory specificities 645 
 646 
5. The expected life-span is also comprised between one and two years in the laboratory, and the 647 
snails usually exhibit a maximum shell length of 30 to 40 mm (measurement from the lower aperture 648 
edge to the apex; Fig. 1). Reproduction occurs all year round, with a seasonal decrease in fecundity in 649 
February-March. Renewal of the surrounding water is known to be a trigger for egg-laying (11). Egg-650 
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clutches are generally deposited on the glass surface of the aquaria. Embryos (from 20 to 160 per 651 
clutch, depending on the adult size) can easily be observed through the transparent clutch using a 652 
binocular microscope. Four successive embryonic development stages can be distinguished (12). 653 
Hatching rate is usually above 90% after 28 days. 654 
 655 

 656 
 657 

Shell length 658 
 659 

Figure 1. Measurement points to determine the shell length of Lymnaea stagnalis. 660 
 661 
 662 
EQUIPMENT 663 
 664 
Aquaria and accessories 665 
 666 
6. The following equipment can be used:  667 

• Climate chambers or temperature regulated room with temperature indicator;  668 
• Culturing aquaria (5 L and 35 to 50 L; made of glass);  669 
• Water filtering device (equipped with ceramic rings, coarse sand, cockleshell and/or coral 670 

fragments, or commercial filter wadding); 671 
• Water pumps;  672 
• Air pumps;  673 
• Flexible air tubes (with glass pipettes);   674 
• Measuring electrodes for temperature, conductivity, oxygen and pH;  675 
• Test kits for ammonium, nitrite and nitrate measurements in water;  676 
• Digital calliper; 677 
• Sharp-edged metallic spoons or razor blades. 678 

 679 
The filters (biological or commercial) and any plastic material used for culturing should ensure no 680 
leaching of plasticizers and other compounds. PVC materials should be avoided. 681 
 682 
Chemicals and products for water conditioning 683 
 684 
7. If tap water is used, a filtration on charcoal is required for dechlorination before use. 685 
Reconstituted water with appropriate hardness (ca. 250 mg L

-1
 as CaCO3) can also be used (e.g. ISO 686 

6341 medium (13); preparation is described in Table I). 687 

Table I. Preparation of the ISO medium 688 
 689 

Stock solutions (single substance) To prepare the reconstituted water, 

add the following volumes of stock 

solutions to 1 litre water* Subtance 
Amount added 

to 1 litre water* 

Calcium chloride (CaCl2, 2H2O) 11.76 g 25 ml 

Magnesium sulfate (MgSO4, 7H2O) 4.93 g 25 ml 

Sodium bicarbonate (NaHCO3) 2.59 g 25 ml 

Potassium chloride (KCl) 0.23 g 25 ml 

* Water of suitable purity, for example deionised, distilled or reverse osmosis with conductivity preferably not exceeding 10 µS cm-1. 690 
 691 

Apex 

https://upload.wikimedia.org/wikipedia/commons/f/f9/Lymnaea_stagnalis_drawing.jpg
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Biological material 692 
 693 
8. Snails to be cultured can be sampled either from an existing culture or from the field. If 694 
existing cultures are used, at least ten clutches should be used per culture aquarium to be settled. If 695 
cultures are started from field populations, an unpolluted location with a sufficient snail density has to 696 
be found. Note that snails originating from various field populations may exhibit varying reproductive 697 
performances. A minimum of 30 founders should be used. High parasite infestation rates have been 698 
reported for wild-caught L. stagnalis (14). Parasites (i.e., mainly cercarians, trematodes, cestodes, 699 
protists and platyhelminths) may induce diseases in the infected snails. Therefore, the presence of 700 
parasites should be checked by dissecting at least 20 snails and observing (using a stereomicroscope) 701 
the digestive tract and full-length sagittal sections throughout the animal body and infected 702 
populations should not be used for culturing. If no parasite is found, founders should be acclimatized 703 
to culture conditions under quarantine during at least 30 days. The laboratory culture is built up with 704 
the second-generation clutches.  705 
 706 
9. Clutches are incubated at 20°C in 1 to 5 L aquaria until hatching, which starts after ca.10 days 707 
after egg-laying. Newborn have the reflex of escaping from water to start breathing air: therefore, 708 
heavy newborn losses are expected during the first month (ca. 50%) because these young snails tend to 709 
dry out on the walls of aquaria. Using aquaria with a reduced depth and providing lettuce leaves on the 710 
surface of water, where newborn can hide and feed on, will reduce these losses. Once the escape 711 
behavior no longer occurs (ca. three weeks after birth), juveniles can be are transferred into the 35 L 712 
culture aquaria by groups of 100-120 individuals per aquarium.  713 
 714 
REARING CONDITIONS 715 
 716 
Temperature and light regime  717 
 718 
10. The culturing of L. stagnalis has to be carried out at a constant water temperature of 20 ± 2°C 719 
and a constant light-dark period of 16/8 hours with a light intensity of 250-500 lux (natural daylight 720 
spectrum). 721 
 722 
Culture medium 723 
 724 
11. Dechlorinated charcoal filtered tap water or reconstituted water can be used. Any reconstituted 725 
medium that allows meeting the following water quality requirements mentionned in the § 12 can be 726 
used. Examples of suitable culturing water can be found in ISO 6341:2012 (13; see Table 1) and 727 
OECD 2010 (15).  728 
 729 
12. The following water parameters should be achieved and kept:  730 

• Temperature: 20 ± 2°C; 731 
• pH should remain between 7 and 8.5; 732 
• Oxygen concentration: > 6 mg L

-1
 at 20°C (>60% of the air saturation value);  733 

• Conductivity: between 400 and 800 µS cm
-1

; 734 
• Hardness: ca. 250 mg L

-1
 as CaCO3. 735 

 736 
Compliance with these parameters has to be checked before the water is used in the culture aquaria.  737 
 738 
Food and feeding  739 
 740 
13. Snails should be fed lettuce (organic quality, e.g. as certified by the European label ECOCERT 741 
or equivalent, and washed in clean water). Secondary food source may be added if needed to support 742 
growth e.g. commercial fish flakes. Adding a thin layer of coral sand in every aquarium facilitates 743 
digestion in snails and facilitates the maintenance of pH in the basic range. 744 
 745 
14. Organisms are preferably fed every working day, but at least three times a week. The amount 746 
of food to be delivered depends on population density and development stage. The chosen value 747 
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should ensure that animals have reached the appropriate development stage and size at the beginning 748 
of toxicity tests. Snails should be fed ad libitum at least during the two weeks preceeding toxicity tests. 749 
If organisms are fed with lettuce, they should be provided with a minimum of 160 g of fresh food/100 750 
ind./week. The ad libitum feeding rate in adults is expected to be ca. 320 g of fresh food/100 751 
ind./week.  752 
Alternatively, organisms can be fed with commercial feed such as TetraMin

®
, or equivalent 753 

proprietary food that shows no endocrine activity. For example, using TetraMin
®
, the ad libitum 754 

feeding rate in juvenile snails of 1.5 cm corresponds to 7 g of flakes/100 ind./week. The ad libitum 755 
feeding rate in adults is comprised between 70 and 100 g of flakes/100 ind./week (16). If accumulated 756 
at the bottom of the aquaria, unconsumed food particles have to be removed (at least 6 hrs after 757 
feeding) to reduce growth of bacteria and fungi. If the water has turned turbid due to leftover 758 
decomposition, it should be completely renewed. 759 
 760 
OPERATING PROCEDURE 761 
 762 
Population density 763 
 764 
15. A density of 100-120 adults per 35 L aquarium is generally used. Population density can be 765 
modified to facilitate growing snails reaching the appropriate development stage and size for the 766 
implementation of toxicity tests. However, it should not be higher than five adults per litre.  767 
 768 
Cleaning and care  769 
 770 
16. Temperature, pH, oxygen concentration, conductivity and ammonium and nitrite concentration 771 
of all aquaria should be monitored. Additional measurements of ammonium and nitrate should be done 772 
if necessary (e.g., if the aquaria are newly installed or if any abnormality in the water and/or snail 773 
behaviour is noticed). Electrodes have to be thoroughly cleaned before they are used in the next 774 
aquarium to prevent a potential transfer of diseases or pathogens. Dead snails, if any, have to be 775 
removed at the same time.  776 
 777 
17. Culture water should be renewed weekly if snails are fed with lettuce, or three times per week 778 
if snails are fed with fish flakes. One third of the aquarium volume is replaced by fresh water from the 779 
storage aquarium using e.g., a siphon, which has to be thoroughly cleaned before it is used in the next 780 
aquarium.  781 
Detritus (especially food leftovers) and clutches that are laid by adults on glass walls have to be 782 
removed at the same time. Clutches have to be carefully removed from the glass walls using e.g., a 783 
razor blade, and can then be sucked with the siphon.  784 
Before replacing water for the culture aquaria, temperature, pH, oxygen concentration, and 785 
conductivity of the water in the storage aquarium should be measured. After renewal, a maximum of 1 786 
ml calcium carbonate from a saturated solution can be added to each aquarium, if required (e.g., if 787 
decalcified shells are observed in many animals), to support shell growth. During cleaning procedures, 788 
snails should be handled with care to limit/avoid stress. 789 
 790 
18. Aquaria and filter pumps have to be cleaned thoroughly every 6 to 8 weeks. Depending on the 791 
cleanliness of the filters, the filter materials have to be cleaned or replaced up to a maximum of 2/3, in 792 
order to conserve useful bacteria such as the denitrifying bacteria.  793 
  794 
Diseases and mortality  795 
 796 
19. To our knowledge, no disease has ever been observed in parasite-free cultures of L. stagnalis, 797 
providing the above-cited conditions are met.   798 
 799 
20. Aquaria should be checked daily (at the same time as feeding) for abnormal breeding 800 
conditions (e.g., bacterial or fungal growth) or behavior/health of animals (e.g. escape behaviour, 801 
crowding, lack of grasping reflex or cannibalism). Handling may generate escape behaviour in snails: 802 
when disturbed or removed from aquaria, animals eject air and/or hemolymph. Crowding of snails 803 
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and/or occasional cannibalism are commonly observed in mass-reared L. stagnalis. Those behaviors 804 
do not indicate bad health of the snails. The lack of grasping reflex and unresponsiveness to 805 
mechanical irritation indicate that the snail may die soon. Those symptoms generally affect only a few 806 
individuals, which should be removed from the culture if found. Yet, if such indications are frequently 807 
observed in an aquarium, or if avoidance of water is observed, the aquarium has to be removed from 808 
the culture. 809 
 810 
21. Dead snails should be removed from culture aquaria once per week. In case of abnormally 811 
high mortality (i.e., sudden mortality affecting approximately 15% of stocks and occurring over a 812 
period of 15 days – OECD 2010), the aquarium has to be excluded from the culture. Snails are killed 813 
by e.g., overdosing of narcotics (i.e., 24 h exposure to a 2.5% MgCl2 solution) before being 814 
eliminated. The aquarium and all equipment then have to be cleaned and disinfected thoroughly. 815 
 816 
Control of the culture productivity 817 
 818 
22. Reproductive success should be analysed regularly to monitor the annual reproductive cycle 819 
and assess the culture productivity, according to the following procedure:  820 

- Twenty snails of homogenous size are sampled among free-floating snails and/or snails 821 
removed from the glass walls (using brush that is carefully inserted between body and sub 822 
font); 823 

- Shell length is measured using (digital) callipers. Snails are then distributed among replicates 824 
by groups of five individuals;  825 

- At least five replicates consisting of glass vessels filled with 1 L of culture water should be 826 
used.  827 

- Clutches produced in a three-day period are counted and removed from the vessel using e.g., a 828 
razor blade or any sharp-edged spoon. The number of eggs per clutch is counted (using a 829 
stereomicroscope). Data are recorded e.g., in a spreadsheet.  830 

- The number of eggs produced per snail is calculated based on previous data, accounting for 831 
mortality in test vessels, if any.  832 

- The mean, and variability parameters (such as standard deviation or standard error of the 833 
mean), are calculated for each of the endpoints.  834 

- The number of eggs produced per snail and shell lengths are evaluated statistically. The 835 
number of clutches and the number of eggs per clutch can be studied as additional endpoints. 836 

 837 
Maintenance of the cultured populations 838 
 839 
23. Populations should be regularly renewed in order to avoid (i) the mixing of cohorts in a single 840 
aquarium and (ii) the culturing of old snails (i.e., aged more than over eighteen months, which exhibit 841 
a lower fecundity (17). Clutches to be used for the renewal can be obtained from the adults to be 842 
replaced. Clutches from the various aquaria to be renewed can be pooled in 5 L hatching aquaria. New 843 
culture aquaria are then started according to the procedure described in § 8. 844 
 845 
24. It is recommended to introduce new genetic resources in the culture (e.g., once per year) using 846 
at least 30 snails sampled from another culture or collected in the field, breeding them in quarantine 847 
and adding second generation clutches to the mass-rearing, as described in § 8. In both cases, new 848 
clutches have to be mixed with clutches produced by adults from the culture in order to ensure a 849 
mixing of genetic characteristics. 850 
 851 
  852 
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ANNEX 3 902 
 903 
 904 

EGG ABNORMALITIES 905 
 906 
 907 
Egg quality can be assessed by determining the frequency of 4 types of abnormalities (Figure 1A–E; 908 
1): polyembryonic egg (the presence of several embryos per egg; unfertilized egg (the absence of 909 
embryo in the egg, which only consists of the eggshell and albumen; atrophied albumen (damaged 910 
eggshell containing an abnormally low albumen quantity); and single embryo (presence of a 911 
nondeveloping embryo, without an eggshell and without albumen). 912 
 913 
 914 
 915 

 916 
 917 
Figure 1. Egg abnormalities observed in Lymnaea stagnalis. (A) normal egg; (B) polyembryonic 918 

egg; (C) unfertilized egg; (D) egg with atrophied albumen; and (E) single embryonic 919 
cell. From Giusti et al., 2013. 920 

 921 
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ANNEX 4 929 

CALCULATION OF A TIME-WEIGHTED AVERAGE CONCENTRATION 930 

Given that the concentration of the test chemical can decline over a measurement period ( , 931 

Fig. 1) after medium renewals ( , , , Fig. 1), it is necessary to consider what concentration should 932 

be chosen as representative of the concentration experienced by the exposed organisms. The selection 933 
should be based on biological considerations as well as statistical ones. For example, if reproduction is 934 
thought to be affected mostly by exposure to peak concentration, then the maximum concentration 935 
should be used. However, if the accumulated or longer term effect of the test chemical is considered to 936 
be more important, then an average concentration is more relevant. In this case, an appropriate average 937 
to use may be the time-weighted average (TWA) concentration which accounts for the variation in 938 
instantaneous concentration over time (plain lines, Fig. 1). 939 

 940 
Figure 1. Example of graphical representation of the time-weighted average (TWA) 941 

concentration. Data points correspond to the measured concentrations over three time 942 

periods after medium renewals ( ,  and ). Plain lines correspond 943 

to the theoretical exponential decay of the concentration between two measurement 944 
time-points. The horizontal dashed line corresponds to the calculated time-weighted 945 
average (TWA) concentration value (see text for details). 946 

 947 

The main assumption of the calculation of the TWA concentration is that the decrease in concentration 948 

between two measurement time-points (  and ) follows an exponential decay: 949 

 for   (eq. 1) 950 

where  is the measured concentration at time-point . 951 

Parameter  stands for the decay strength between  and : 952 

  (eq. 2) 953 

 954 
The time-weighted average concentration is then calculated so that the area under the dashed line is 955 
equal to the area under the concentration curve (sum of the grey areas, Fig. 1). 956 
 957 

Over one period , the area under the concentration curve is given by: 958 
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  (eq. 3) 959 

Replacing  by eq. 2 leads to: 960 

    (eq. 4) 961 

Finally, the time-weighted average concentration is calculated as follows: 962 

     (eq. 5) 963 

where n corresponds to the number of medium renewal periods. 964 
 965 
Table 1 gives some empirical data to illustrate the whole calculation process of TWA concentration. 966 
 967 

Table 1. Empirical data (gray cells) to perform the calculation of the time-weighted average 968 

concentration.  (in days) corresponds to the time period between two concentration 969 

measurements;  is the measured concentration at the beginning  of the period (medium renewal) 970 

and  is the measured concentration at the end  of the period; ln corresponds to the natural 971 

logarithm.  is the area under the decreasing exponential curve between  and  (eq. 4). 972 

Renewal nbr 
 

(days) 

 

(g L
-1

) 

 

(g L
-1)

 

   

1 4 49.3 17.5 3.90 2.86 122.8 

2 3 45.6 23.7 3.82 3.17 100.4 

3 3 40.4 20.2 3.70 3.01 87.4 

TOTAL 10     310.6 

 973 

From the data in Table 1, the calculated TWA concentration is 31.06 g L
-1

 (dashed line, Fig. 1). 974 

It is clear that when observations are taken only at the start and end of each renewal period, it is not 975 
possible to confirm that the decay process is actually exponential. A different theoretical curve would 976 

result in a different calculation for  (1). However, an exponential decay seems plausible and is 977 

probably the best compromise to use in the absence of other information.  978 

A word of caution is required if the chemical analysis fails to find any test chemical at the end of the 979 
renewal period. Unless it is possible to estimate how quickly the test chemical disappears from the test 980 
medium, it is impossible to obtain a realistic area under the curve, and hence it is impossible to obtain 981 
a reasonable time-weighted average concentration. 982 

 983 
LITERATURE 984 
 985 

(1) Belgers J.D.M., Aalderink G.H., Arts G.H.P., Brock T.C.M. (2011). Can time-weighted 986 
average concentrations be used to assess the risks of metsulfuron-methyl to Myriophyllum 987 
spicatum under different time-variable exposure regimes? Chemosphere 85, 1017-1025.  988 
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ANNEX 5 989 

EXAMPLE OF A DATA TABLE FOR RECORDING MEDIUM RENEWAL, PHYSICO-CHEMICAL MONITORING DATA AND FEEDING 990 

* Indicate which vessel(s) was(were) used  991 

992 

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28  

Medium renewal 
(tick) 

                             

pH* 
                            new 

                            old 

O2 [mgL-1]* 
                            new 

                            old 

Temperature [°C]* 
                            new 

                            old 

Conductivity [µS cm-1] 
                            new 

                            old 

Food provided (tick)                              

Water hardness* 

[mg L-1, as CaCO3] 
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ANNEX 6 993 

EXAMPLE OF DATA TABLE FOR RECORDING REPRODUCTION OUTPUT AND SURVIVAL 994 

OF LYMNAEA STAGNALIS   995 

 996 
A typical reproduction bioassay consists in the exposure of a group of individuals to a certain 997 
concentration of a test chemical, and reporting the number of offspring and the number of surviving 998 
parents at each time-point. The bioassay is usually replicated in order to assess the variability of the 999 
measured effects. Eventually, there are two biological measurements for each triplet replicate-dose-time. 1000 
As proposed within MOSAIC_repro (http://pbil.univ-lyon1.fr/software/mosaic/reproduction/), a 1001 
convenient way to collect the data is as a tabular text file (see below). Each line of the table corresponds 1002 
to a time-point for a given replicate and a given concentration of the test chemical for which the number 1003 
of surviving parents (Nsurv) and the number of offspring are reported (Nrepro). 1004 
Please note that the order of the columns should be respected and that the first line of the file should 1005 
contain the column headings. Finally, a single tabulation character should separate the columns. 1006 
 1007 
Here is an example of the first lines of a data file: 1008 

 1009 
replicate conc Time (in day) Nsurv Nrepro 

A 0 0 5 0 

A 53 0 5 0 

A 78 0 5 0 

A 124 0 5 0 

A 232 0 5 0 

A 284 0 5 0 

B 0 0 5 0 

B 53 0 5 0 

B 78 0 5 0 

B 124 0 5 0 

B 232 0 5 0 

B 284 0 5 0 

C 0 0 5 0 

C 53 0 5 0 

C 78 0 5 0 

C 124 0 5 0 

C 232 0 5 0 

C 284 0 5 0 

     

A 0 3 5 5 

A 53 3 5 5 

A 78 3 5 4 

A 124 3 5 4 

A 232 3 5 1 

A 284 3 5 0 

B 0 3 5 6 

B 53 3 5 5 

B 78 3 5 1 

B 124 3 5 1 

B 232 3 5 2 

B 284 3 5 0 

C 0 3 5 3 

C 53 3 5 2 

C 78 3 5 3 

C 124 3 5 1 

C 232 3 5 1 

C 284 3 5 2 

     

1010   1011 

http://pbil.univ-lyon1.fr/software/mosaic/reproduction/
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ANNEX 7 1012 

METHODS FOR THE STATISTICAL ANALYSIS OF LYMNAEA STAGNALIS REPRODUCTION DATA 1013 

 1014 

This ANNEX describes possible ways for statistical analyses of the data obtained in the Lymnaea 1015 
stagnalis Reproduction Test. Data are analysed at the end of the test. 1016 

CALCULATION PRINCIPLE OF THE NUMBER OF INDIVIDUAL-DAY 1017 

A non-negligible mortality may be recorded at the end of the Lymnaea stagnalis Reproduction Test 1018 
because individuals are monitored during a prolonged exposure duration. Nevertheless, individuals may 1019 
have reproduced before dying and thus contributed to the observed reproduction outcome. Information on 1020 
the reproduction of individuals which are dying during the test should therefore be taken into account to 1021 
avoid any bias in the statistical analyses. This is particularly critical at high concentrations, when 1022 
mortality may be very high. 1023 

In the Lymnaea stagnalis Reproduction Test, survival is regularly recorded at each time-point when 1024 
clutches are counted. It is thus possible to calculate the period during which each individual is alive, 1025 
corresponding to the period during which it may reproduce. As commonly done in epidemiology for 1026 
incidence rate calculations, it is possible to calculate, for one replicate, the total sum of the observation 1027 
periods of each individual before its death. When an organism is alive at time t but counted as dead at 1028 
time (t + 1), it is then assumed to be actually dead at ((t + 1) + t)/2. The final sum for a replicate can then 1029 
be expressed as a number of individual-days for this replicate. Hence, reproduction is evaluated in each 1030 
replicate through the number of clutches per individual-day. 1031 

FIT PRINCIPLE OF A REGRESSION MODEL TO REPRODUCTION DATA ACCOUNTING FOR CONCOMITANT 1032 
MORTALITY AND INTER-REPLICATE VARIABILITY 1033 

Let Nij be the number of clutches for replicate j at the i
th
 concentration ui, and NIDij the number of 1034 

individual-days at the i
th
 concentration for replicate j. As a first approximation, if the possible inter-1035 

replicate variability is neglected, a Poisson distribution can describe Nij: 1036 

𝑁𝑖𝑗~𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑓(𝑢𝑖; 𝜃) × 𝑁𝐼𝐷𝑖𝑗) 

𝑓(𝑢; 𝜃) is the deterministic part of the model describing the mean tendency of the exposure-effect 1037 

relation. MOSAIC_repro proposes the use of the three-parameter log-logistic model: 1038 

𝑓(𝑢𝑖; 𝜃) =
𝑑

1+(𝑢 𝐸𝐶50)⁄ 𝑏  with 𝜃 = (𝐸𝐶50, 𝑏, 𝑑) 1039 

where EC50 is the concentration inducing a halfway effect between upper limit d and 0, and b stands for 1040 

curvature (shape) of the curve.  1041 

Depending on the shape of the exposure-effect relation, other deterministic parts would be possible: the 4 1042 
or 5-parameter logistic models, the Gompertz model, the 2- or 3-parameter exponential models, the 1043 
Bruce-Versteeg model, or the Brain-Cousens model (1). 1044 
 1045 
In order to explicitly account for the inter-replicate variability, the previous Poisson model may be 1046 
extended with a gamma distribution: 1047 

𝑁𝑖𝑗~𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑓𝑖𝑗 × 𝑁𝐼𝐷𝑖𝑗) with  1048 
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Note that a gamma distribution of parameters a  and b  has mean 
a

b
 and variance . Here, parameters 1049 

 and   are respectively the mean and the variance parameters of the gamma distribution. 1050 

Hence, parameter w  can be considered as an overdispersion parameter (the greater its value, the greater 1051 

the inter-replicate variability). 1052 

Because non-standard stochastic parts (Poisson or gamma-Poisson) are required, classical frequentist 1053 
statistical inference tools may appear difficult to use for parameter estimation. Known for its flexibility, 1054 
the Bayesian inference framework may prove to be a convenient alternative. For that purpose, 1055 
MOSAIC_repro proposes the combined use of freeware JAGS and R, in a transparent way through a web-1056 
interface. 1057 

The use of Bayesian inference requires the definition of appropriate priors based on expert knowledge on 1058 
Lymnaea stagnalis reproduction process and the experimental design itself: 1059 

 𝑙𝑜𝑔10(𝐸𝐶50)~𝑁(𝜇, 𝜎) with 𝜇 and 𝜎 defined from 𝑢𝑚𝑖𝑛 and 𝑢𝑚𝑎𝑥 the minimum (excluding the 1060 

control) and the maximum tested concentrations, respectively, as follows: 1061 

𝜇 =
𝑙𝑜𝑔10(𝑢𝑚𝑖𝑛)+𝑙𝑜𝑔10(𝑢𝑚𝑎𝑥)

2
 and 𝜎 =

𝑙𝑜𝑔10(𝑢𝑚𝑎𝑥)−𝑙𝑜𝑔10(𝑢𝑚𝑖𝑛)

4
 1062 

thus assuming a normal distribution centred on the mean of 𝑙𝑜𝑔10(𝑢𝑚𝑖𝑛) and 𝑙𝑜𝑔10(𝑢𝑚𝑎𝑥), and a 1063 

probability that 𝑙𝑜𝑔10(𝐸𝐶50) lies between 𝑙𝑜𝑔10(𝑢𝑚𝑖𝑛) and 𝑙𝑜𝑔10(𝑢𝑚𝑎𝑥) equals to 0.95. 1064 

 as d stands for to the reproduction output in controls, a normal prior  based on the data 1065 

themselves: 1066 

 1067 

 1068 

where  is the number of replicates in controls. Note that since they are used to define the prior 1069 

distribution, data under control conditions are excluded from the fitting process. 1070 
 1071 

 . 1072 
 𝑙𝑜𝑔10(𝑏)~𝑈(−2, 2), a quasi non-informative prior for the shape parameter. 1073 
 𝑙𝑜𝑔10(𝑟𝑎𝑡𝑒)~𝑈(−2, 2), a quasi non-informative prior for the dispersion parameter of the 1074 

gamma-Poisson distribution. 1075 
 1076 

The major advantage of Bayesian inference lies in the posterior distribution it provides as an estimate for 1077 
each parameter. A posterior distribution can also be obtained for any ECx, thus providing a point 1078 
estimates as well as a 95% credible interval extracted from 2.5, 50 and 97.5% quantiles, respectively. 1079 
 1080 
MOSAIC_repro provides final results as: 1081 
 Raw data in two plots: survival and cumulative reproduction data; a summary of the experimental 1082 

design is also proposed to check that data have correctly been uploaded. 1083 
 The fitted curve superimposed to the reproduction data, expressed as the number of clutches per 1084 

individual-day; the 95% credible band is also available. 1085 
 Parameter estimates of the Poisson (or gamma-Poisson) 3-parameter log-logistic model, as medians 1086 

with 95% credible intervals (also named Bayesian confidence intervals); 1087 
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 ECx (x = 1, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80) median values with 95% credible intervals. 1088 
 1089 
For a given dataset, the procedure implemented in MOSAIC_repro will fit both models (Poisson and 1090 
gamma-Poisson) and use the Deviance Information Criterion (DIC) to choose the most appropriate. In 1091 
situations where overdispersion (that is inter-replicate variability) can be neglected, using the Poisson 1092 
model will provide more reliable estimates. Hence a Poisson model is preferred unless the gamma-1093 
Poisson model has a significantly lower DIC (in practice we require a difference of 10). 1094 
 1095 

ALTERNATIVE ANALYSES OF MOLLUSC REPRODUCTIVE DATA 1096 

As has been made clear in the preceding discussion, it is important to adjust the analysis of individual 1097 
eggs or egg clutches for parental mortality. Assuming gamma distributions to describe the number of 1098 
independent days of parental survival in each replicate of each treatment group and a specific 1099 
concentration-response shape, such as the 3-parameter log-logistic for the mean reproductive measure 1100 
(clutches or eggs) is one valid method for doing that. As noted above, other shapes are needed for some 1101 
datasets, especially where there is hormesis or low-concentration stimulation evident. Currently, 1102 
MOSAIC_repro does not offer shapes other than the 3-parameter log-logistic model, but such shapes can 1103 
be programmed, for example, in SAS, or added to MOSAIC in the future. 1104 
 1105 
An alternative method for taking parental mortality into account is to analyze the ratio Reproduction/NID, 1106 
computed for each replicate, where Reproduction is the number of clutches or the number of eggs per 1107 
replicate. The models for the resulting concentration-response shapes can then be based on familiar 1108 
normality-based regression methods (2). During the validation phase, it was found that this approach 1109 
agreed well with the results from MOSAIC_repro, except where MOSAIC model was not or could not be 1110 
fit, including, but not restricted to, when hormesis was evident in the data. The potential need for fitting 1111 
other curves to the data requires use of some of the numerous statistical tools for assessing goodness-of-1112 
fit and model selection. This alternative approach is available in software packages such as ToxRat 1113 
(http://www.toxrat.com), or programmable in SAS. 1114 
 1115 
 1116 
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 1118 
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