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Summary 
 

 

Endocrine disruptors (EDs) are exogenous chemicals that induce adverse effect in organisms by 

interacting with their endocrine system. These chemicals are constituents of many daily life 

products such as plastic bottles, food, detergents, and cosmetics, and also are ingredients of some 

plant protection products and biocides. By altering the homeostasis of the endocrine system, EDs 

primarily impact development, growth, and reproduction of the organism. Those are all crucial 

determinants of population sustainability, which is the protection goal of risk assessments for 

aquatic invertebrates. Yet, relatively little is known about invertebrate endocrinology, which 

complicates the identification and assessment of EDs effects at the individual level. Moreover, the 

lack of acceptance of mechanistic modelling in ecotoxicological research and environmental risk 

assessment hinders a proper forecast of the effects of EDs on invertebrate populations. Therefore, 

this PhD thesis aims at the improvement of the test methods and data analysis tools for assessing 

and predicting the effects of EDs on the great pond snail Lymnaea stagnalis. This aquatic gastropod 

species has been chosen in my thesis because of its sensitivity to a variety of chemicals, including 

some EDs. It is also a candidate species for the ongoing standardisation of the reproduction tests 

with molluscs, coordinated by the Organisation for Economic Development and Co-operation 

(OECD). 

In this thesis, the sensitivity of the great pond snail to androgenic and oestrogenic chemicals, 

which affect the functions related to the development and maintenance of male or female 

characteristics, respectively, was investigated. Exposure of the great pond snail to steroid hormones 

might induce androgenic or oestrogenic effects, similarly to those in vertebrates and some other 

aquatic snail species. Observing biological responses of the great pond snail to steroid hormones 

might support the hypothesis that steroid hormonal pathways are involved in the endocrine control 

of the snail’s performance. Furthermore, if exposure of the great pond snail to other androgenic 

chemicals, e.g. organotins,  or oestrogenic chemicals, e.g. alkylphenols, results in the effects similar 

to those elicited by steroids, it is an indication of endocrine disruption. To test the hypotheses, a 

suite of toxicity tests was conducted and the data were analysed using standard statistical as well as 

toxicokinetic-toxicodynamic (TKTD) modelling approaches. 

The results from the toxicity tests on the synthetic steroid hormones 17α-methyltestosterone 

(MT, androgen) and 17α-ethynyloestradiol (EE2, oestrogen) revealed no effects of these chemicals 

on various test endpoints related to development, growth, and reproduction of the great pond snail 

at environmentally relevant concentrations. This suggests that the vertebrate-like steroids are 

probably not involved in signalling pathways that define the tested performance of snails. Also, no 

effects were observed when snails were exposed to environmentally relevant concentrations of 

alkylphenols, which was explained by efficient metabolisation and elimination of these chemicals 

from the body. Therefore, as MT and EE2 probably do not interfere with the endocrine system of 

the great pond snail, it was concluded that the two chemicals should not be used as the positive 

control in toxicity testing for EDs with this species.  

Toxicity tests with organotins tributyltin (TBT) and triphenyltin (TPT) demonstrated that the 

great pond snail is sensitive to low concentrations of these chemicals. Despite the similarity of two 

organotins with respect to their physico-chemical properties and structural characteristics, they 

elicited different patterns of effects. In tests with sub-adult and adult snails, sub-lethal endpoints 

were much more sensitive to TBT than to TPT. When eggs from non-exposed snails were extracted 

from the jelly-mass and exposed directly to the organotins, the order of toxicity for these two 

compounds was reversed in comparison to the effects on sub-adults and adults (TPT showed much 

stronger effects). The reasons for such deviations of the effect patterns of TBT and TPT remained 

unclear; we speculated that the difference in the alkylation of the two chemicals and/or differences 

in the expression of certain receptors might be the explanation. Regarding the tests sensitivity, the 
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most sensitive endpoint for TBT was the frequency of polyembryonic eggs of exposed snails, while 

for TPT it was the hatching time of eggs directly exposed to the toxicant.  

To demonstrate the usefulness of TKTD analysis for putative EDs in the great pond snail, the 

most suitable test design for this type of analysis needed to be formulated. In a case study for 

acetone in the great pond snail, the usefulness of different types of data for calibration of a TKTD 

model was evaluated. Experiments with snails were conducted, in which embryos, sub-adults, and 

adults were exposed to acetone. Endpoints related to survival, development, growth, and 

reproduction were monitored over time. Various sets of experimental data were modelled by the 

DEBkiss model – a model that is based on Dynamic Energy Budget (DEB) theory. Different data 

sets obtained in the experiments were used for the model calibration. Calibration of the model by 

different data sets affected the precision rather than the accuracy of the model parameter estimates. 

The model provided a robust estimation of parameter values, as the calibration upon very different 

data sets resulted in similar parameter estimates. Data on snail recovery from acetone made 

surprisingly little improvement on the precision of the parameter estimates. The model calibrated on 

the most complete data set within the age class best predicted the less complete sets within the same 

class. Moreover, we could predict both embryonic development and sub-adult and adult life-cycle 

traits by the same metabolic mode of action (mMoA) – a decrease in assimilation efficiency. This 

study highlighted that data on embryonic development in treatments can be crucial to selecting a 

most appropriate mMoA of a toxicant. 

DEBkiss was subsequently applied to analyse data from two independent toxicity tests in which 

sub-adult and adult snails were exposed to a range of TBT concentrations. The model was only 

slightly modified in order to accommodate differences in temperature and in TBT bioavailability 

due to different solvent concentrations between the tests. TBT negatively affected survival, growth 

and reproduction of snails. Analysing the effects by DEBkiss did not require any specific new 

assumptions about the mMoA of this putative ED. Surprisingly, TBT effects were well described by 

a mMoA commonly observed for non-EDs: a decrease of the feeding rate. When less energy is 

available than optimally needed, this leads to a decrease of the growth rate and a smaller ultimate 

size. The decreased food intake and a smaller body size caused a decreased reproductive output. 

Therefore, there were no indications that TBT affected reproduction directly. 

Finally, recommendations are provided on test design for TKTD analysis as well as for the 

OECD standardisation of the reproduction test protocol for the great pond snail. The main 

advantage of a TKTD analysis in respect to the test design is that it allows flexibility. To properly 

explain effects of toxicants on organisms, growth and reproduction of the same animal cohort 

should be monitored (preferably individually) over a considerable part of their life cycle, e.g. from 

the juvenile stage well into adulthood. Regarding the future development of the OECD test protocol 

for the great pond snail, it was recommended to include the monitoring of the egg quality and of the 

embryonic development as it may increase the sensitivity and relevance of toxicity tests. It would 

also be invaluable to incorporate size measurements of snails as an additional test endpoint. 

Chemicals may affect this endpoint directly, which will lead to indirect effects on reproduction of 

snails, thereby with consequences on population dynamics.   
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