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Sexual selection is an evolutionary force that shapes traits that improve an 

individual’s reproductive success. When a female mates with multiple partners 

during a reproductive season, sperm of different males co-occur in the female 

reproductive system and compete for fertilization of her eggs. Under such a 

scenario, which is very common in the animal world, sexual selection favours the 

evolution of male adaptations that increase the fertilization chances of 

spermatozoa facing sperm competition. So far, most of the work on this subject has 

been conducted on separate-sexed species, also referred to as gonochorists. 

However, sexual selection also acts on the many existing organisms that have 

functioning female and male reproductive organs, simultaneous hermaphrodites.  

The aim of this thesis is to expand our knowledge on the strategies developed by 

simultaneous hermaphrodites in response to sperm competition and to gain a 

better understanding of whether these adaptations are similar to the ones that 

occur in gonochoristic species. Since these adaptations can occur at different 

biological levels of the mating interaction, I explored them at the physiological, 

behavioural and morphological level. I did so for simultaneously hermaphroditic 

land snails bearing love-darts, which represent a prominent and interesting 

example of injection of male accessory gland substances into the mating partner. A 

love-dart is a reproductive device made of calcium carbonate that is stabbed 

through the partner’s body wall prior to sperm transfer. This forceful stabbing with 

the dart results in the transfer of mucous products, allohormonal substances 

produced by an accessory gland, into the partner’s haemolymph. Subsequently, 

these products enhance reproductive success of the sperm donor by inducing 

changes in the physiology of the partner (sperm recipient). An extensive review of 

the physiological, morphological, and behavioural aspects of what is known about 

the love-darts of land snails at the start of this research is provided in Chapter 2.  

At the physiological level, in Chapter 3, I experimentally investigated whether the 

effects of dart mucus that favour the reproductive success of the sperm donor were 

similar across species. This was done using a cross-reactivity test to compare the 

in vitro response of the model species Cornu aspersum to its own dart mucus and 

mucus of eight related species. The results showed that the physiological reaction 

of the reproductive system of the partner was not species-specific, suggesting a 
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common, conserved strategy among snail species for increasing male reproductive 

success. In addition, dart-bearing snails may also have evolved to trigger other 

reactions via the dart mucus. Indeed, this experiment also allowed me to discover 

and describe a previously-unknown shortening effect, which was a temporary 

contraction that reduces the length of the diverticulum when the dart mucus of 

certain species was applied in vitro. Since female resistance to such induced 

effects that probably all result in higher male reproductive success within each 

species may be expected, I followed up this finding by uncovering female 

physiological resistance to the shortening effect caused by dart mucus in Chapter 

4. 

At the behavioural level, a well-known male strategy that can increase male 

reproductive success is the donation of extra nutrients as nuptial gift to females, 

e.g. caught prey, seminal fluid, spermatophores, lipids, or salivary secretions. 

Thus, in Chapter 5, I investigated whether snails donate a significant amount of 

material and resources via their ejaculates to their partner and whether this could 

contribute substantially to egg production. The results indicated that the energetic 

contribution of the donated ejaculate is insignificant and can thus not represent a 

substantial contribution for egg production. 

At the morphological level, male reproductive traits are known to be affected by the 

level of sperm competition. Thus, in Chapter 6, I investigated whether the love-dart 

and the associated mucous gland traits differ in their mucus transfer properties 

depending on population density, where at high density sperm donors have more 

competitors. The results showed that for the four species studied, an increased 

transfer of dart mucus seems to be achieved via several morphological adaptations 

in high density populations. The adaptations include, for example, bigger or more 

branched glands for more mucus production and an enlarged surface area of the 

dart itself for more mucus transport. 

The main conclusion of my thesis is that sexual selection, in the form of sperm 

competition, can affect simultaneous hermaphrodites in different ways that drive 

the ability of individuals to be competitive in the struggle for paternity. Such 

adaptations involve both the physiology and morphology of dart-bearing land snails 

and are comparable to the ones that occur in separate-sexed species. Importantly, 
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the fact that simultaneous hermaphrodites possess both sexual functions does limit 

these organisms in developing some behavioural adaptations, such as the 

donation of nuptial gifts to the partner which is a common strategy in separate 

sexed species. To conclude, while focusing on simultaneous hermaphrodites, this 

thesis clearly illustrates that sexual selection acting at the post-copulatory level of 

the mating interaction is an evolutionary driving force that is not only relevant for 

separate-sexed species but for any sexually reproducing species.


