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Conspecific male to female envenomation, though rare, has been documented across venomous taxa. While traditionally interpreted as a coercive mating strategy to enhance male reproductive success and to avoid cannibalism, this explanation may not fully account for the behaviour in scorpions, which exhibit minor sexual size dimorphism and complex courtship rituals. This review explores the possibly multifaceted roles of sexual stinging in scorpions. We highlight potential adaptive strategies, such as venom metering and compositional plasticity, that allow males to subdue females without causing lethal harm. We discuss hypotheses on the evolution of sexual stings, ranging from sexual coercion to chemical seduction and cooperative signalling. Finally, we propose future research directions, including comparative venomics, behavioural assays, and ecological studies, to shed light on the selective pressures that shape this enigmatic behaviour. By integrating insights from physiology, ecology, and evolution, this review advances our understanding of sexual envenomation as a dynamic interplay between conflict and cooperation in scorpion reproductive strategies.
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1 Introduction

Sexual conflict over mating events is a widespread phenomenon in the animal kingdom that often involves deception and coercion to maximise the fitness of a single sex (Wedell et al., 2006). Yet some animals have adopted mutually beneficial strategies to optimise the fitness of both sexes (West et al., 2007). In this context, conspecific male-to-female envenomation, which has been observed in some venomous taxa (Jenner et al., 2025), presents a special case. This behaviour is conventionally interpreted as a coercive mating strategy for the male to maximise mating success and to avoid cannibalism, reflecting intense sexual conflict. Evidence has suggested that some animals have adapted reciprocal sexual venom use (Jenner et al., 2025). Interestingly, in some cases, venom is solely used for sexually related purposes, while in other cases it is used for both mating, hunting, and/or defence (Jenner et al., 2025). Considering this multifaceted functional range, one may ask how animals balance the functional mechanism in the context of different purposes, and which evolutionary pathways enabled such multi-purpose venoms?

Scorpions are a very promising model system with several species using their venom for multiple purposes, also comprising courtship. Extensive research has been performed on the trophic and defensive functions of scorpion venom (Van der Meijden et al., 2017). However, little is known about the functionality of sexual envenomation (also known as sexual stings) in scorpions. Here, we performed a scoping review covering various aspects of scorpion sexual stings in terms of their possible reproductive role, mechanism, evolution, and highlight promising avenues for future research. We start our review by providing an overview of the courtship behaviour in scorpions and a detailed explanation at what stage of the courtship the sexual stinging occurs.



1.1 Scorpion courtship behaviour and sexual stings

Scorpions are among the oldest terrestrial arthropods, with an evolutionary history spanning over 400 million years. Their fascinating courtship behaviour is quite conserved across families (Fabre et al., 1923; Polis and Farley, 1979), and some insights into the mating sequence are showcased in Figure 1 for Euscorpius italicus. As part of the courtship behaviour, scorpions engage in a ritualised dance-like behaviour known as ‘promenade a deux’, involving a series of characteristic interactions until males find a suitable substrate on which they perform the final sperm transfer (Figures 1C-F). To initiate courtship, the male approaches the female, shakes his body, grabs her pedipalp chelae with his own, and leads her to move around. In some species, the male also grasps and kneads on the female’s chelicerae with his own (Carrera et al., 2009; Nobile and Johns, 2005), and aggressive metasoma clubbing sometimes occurs during the ‘dance’ (Alexander, 1959). Upon first contact, the females may respond with a variety of reluctant behaviours, involving pedipalp beating and aggressive stinging (Figure 1A). It is at this stage of the encounter that males of some species incorporated an exceptional behaviour into their mating repertoire: the sexual sting (Figure 1B). During this behaviour, the male penetrates the female with its stinger, which, in contrast to a predatory sting, exhibits a much longer stinging duration (Olguín-Pérez et al., 2021). Sexual stings can be delivered to the legs, pedipalps and the mesosoma (Polis, 1990) and are typically observed early in the ‘dance’ but less frequently in later phases of the courtship ritual (Polis and Farley, 1979).
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Figure 1 | The scorpion mating behaviour, also termed as “promenade a deux”, is showcased for Euscorpius italicus. (A) Reluctant behaviour of females of E. italicus upon first approach by the male. (B) The sexual sting performed by male E. italicus. (C) Guidance of female towards suitable surface for spermatophore placement (D, E) Spermatophore placement and female positioning for sperm uptake (F) Close-up of spermatophore (black arrow) deposited by male E. italicus.

Whether venom transfer occurs during sexual stings has been questioned. Recently, a study in Megacormus gertschi (Olguín-Pérez et al., 2021) has, for the first time, demonstrated that venom transfer takes place during sexual stinging. This insight is based on the confirmed presence of male venom components in female haemolymph after mating. Further indirect evidence that venom may be transferred during the sexual sting is provided by the fact that: 1) females often become more docile throughout the courtship process, which echoes the paralytic effects of scorpion venom. This behavioural change in females, however, may also be attributed to other factors, such as courting behaviour and pheromones (Oviedo-Diego et al., 2021; Trabalon and Bagnères, 2010). 2) In many scorpion species with sexual stinging behaviour, additional male-specific traits occur, such as enlarged male telsons, a sex-biased venom composition, and a sex-biased venom gland histology (Figure 2). These male-specific traits may be an outcome of the co-evolution relating to the need for sexual stings, although current evidence for this relation is weak due to sparse studies (Supplementary Table 1).
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Figure 2 | Occurrence of scorpion sexual stinging behaviour across the scorpion phylogeny. The depicted phylogenetic tree follows the hypothesis proposed by Santibáñez-López et al. (2023). For each family, the frequency of documented sexual stinging behaviour is provided at the species level. For these sexually stinging species, the presence of sexual dimorphisms for different body features is additionally indicated. See Supplementary Materials for the method and reference.




1.2 Possible mechanisms of sexual stings

A key question revolving around sexual stings is how males can balance the desired effects of injected venom (i.e., causing a calming of females) without risking any female fatalities and how it is ensured that female scorpions recover quickly from the sexual stings, so they do not become easy prey for other predators. Scorpion venoms evolved primarily for predation and defence against predators, also including other arachnids (Polis and McCormick, 1986). Consequently, it is not surprising that conspecific envenomation can be lethal in scorpions (Polis and Farley, 1979), despite a certain degree of presumed immunity (Andreotti and Sabatier, 2013; Legros et al., 1998). In the following, we introduce several possible mechanisms that sexual-stinging species may use to resolve this paradox.



1.2.1 Venom metering and use of prevenom

Venom metering has been observed in scorpions, spiders, and snakes, and it likely evolved multiple times across the animal kingdom due to the costly production of venom (Gatchoff and Stein, 2021; Hayes et al., 1995; Marston et al., 2025; Schendel et al., 2019; Sletten et al., 2016; Van der Meijden et al., 2015). During courtship, male scorpions may deliver, controlled doses of venom to avoid unnecessary harm to the female and to minimise energy expenditure while achieving the desired effect. Moreover, some scorpion species can exert some control over the composition of expelled venom through venom metering (Inceoglu et al., 2002; Laborieux, 2024; Rasko et al., 2018). This comprises the secretion of a translucent so-called prevenom with a low protein concentration before the protein-rich, milky venom, which allows a degree of functional differentiation of venom expelled at different times or for other purposes. Interestingly, it was shown that in some sexual-stinging species, males have a much greater capacity to produce prevenom than females, which indicates that in these cases, prevenom might be used in a sexual context (Sentenská et al., 2017). Prevenom is typically a mixture consisting mostly of small molecules with only a few peptides. It is possible that male scorpions could accumulate hormones, such as steroids, in the prevenom instead of using polypeptides.




1.2.2 Venom heterogeneity

Sex-specific differences in venom composition were observed for several scorpion species (D’Suze et al., 2015; Rodríguez-Ravelo et al., 2015; Yamaji et al., 2004), and in some instances, male-specific venom compounds have been identified as well (Cid Uribe et al., 2017; Rodríguez-Ravelo et al., 2015; Ward et al., 2018b; Yang et al., 2022). The observation of a male-specific venom composition in a sexually-stinging species indicates the possibility that sexual stings deliver less toxic, even mating-related compounds, into the female (Krämer et al., 2022). Yet, which toxins are causing the calming effects in female scorpions, the heterogeneity of other venom compounds (e.g., salts, lipids, and amino acids), and their molecular mechanisms remain unknown. Interestingly, a recent study discovered microbiota in scorpion venom (Murdoch et al., 2025), which can be relevant to the sexual sting as microbial communities play essential roles in a wide array of host physiological processes, and conspecific microbe transmissions are found to be vital in some species (Hosokawa and Fukatsu, 2020).

Notably, ontogenetic shifts in venom quantity and composition are found in the males of E. italicus, where the juveniles of both sexes and adult females have similar venom. However, when males moult from juvenile to adult, there is a shift to a male adult-specific venom (Krämer et al., 2022). At least in the case of E. italicus, this comprises the downregulation of several potential neurotoxins, whereas a few venom peptides are upregulated in male venom (Krämer et al., 2022). This feature is likely related to the sexual stinging behaviour commonly observed in this species (Komposch, 2006; Sentenská et al., 2017). Yet the shifts may reflect other ecological and behavioural changes faced by the male scorpions as they mature. For example, males actively search for females to mate with and are therefore potentially more exposed to predators than females. Comparable ontogenetic shifts in venom compositions are also found in some spiders (Herzig et al., 2004; Lüddecke et al., 2022), which may be related to similar life-history strategies in these taxa. However, the mechanisms that control these shifts remain unknown.




1.2.3 Venom plasticity

Venom plasticity (e.g., in response to exposure to a female’s pheromones) could be a mechanism for males to “switch” to a sexual sting venom profile. However, whether the composition of scorpion venom can change over time due to the impact of environmental cues is unknown. Venom plasticity is poorly studied and has been documented in only a few taxa, including cnidarians, bumblebees, snakes, and scorpions (Amazonas et al., 2019; Barkan et al., 2020; Chung et al., 2025; Gangur et al., 2017; Lima et al., 2021; Sachkova et al., 2020). The venom composition of the Australian rainforest scorpion Hormurus waigiensis is sensitive to repeated exposure to predators (Gangur et al., 2017). To our knowledge, this is the only known case of venom plasticity due to predator exposure. Furthermore, whether conspecific mating-related cues, such as female pheromones and cuticular chemicals, can affect male scorpion venom composition also remains to be tested.

Seasonal variation of venom composition is another potential mechanism that might contribute to sex-specific differences in scorpion venom. Despite being unknown in scorpions, this was observed for other venomous and poisonous species such as sea urchins (Ehlert-Flaskämper et al., 2025), amphibians (Basham et al., 2020; Frey et al., 2023), snakes (Gregory-Dwyer et al., 1986; Tasima et al., 2024), and platypus (Wong et al., 2012). However, shifts in environmental factors (temperature, precipitation, etc) and changes in available diet are believed to be the main drivers.

If such venom plasticity is present in male scorpions, these cues need to be long-lasting enough for the male to change his venom composition. It would presumably require several days to adjust the venom composition for sexual stinging, which would also involve a high energy investment. Due to these limitations, sexually related venom plasticity might only occur in some species (depending on their ecological and physiological characteristics).




1.2.4 Venom resistance

The degree of resistance to conspecific venom is also relevant to the mechanism of sexual stings. While serum resistance to conspecific venom has been identified in many snakes (Aoki-Shioi and Modahl, 2019; Khan et al., 2020; Takacs et al., 2001), similar studies in other venomous species are still very scarce. Scorpions are not generally immune to conspecific envenomation but in some cases, scorpions show a reduced sensitivity towards toxins from their own species (Andreotti and Sabatier, 2013; Legros et al., 1998; Zhang et al., 2016). That said, it remains unclear to what extent scorpions can tolerate conspecific envenomation and, importantly, whether female scorpions in sexually-stinging species have higher resistance than males. If females are not highly resistant, the most likely mechanism to reduce damage to females during the sexual sting might result either from male venom metering or from decreased intraspecific toxicity of male venom due to a male-specific venom composition.






2 Hypotheses on the evolution of sexual stings

Most behaviours performed during the promenade a deux are well conserved across all scorpions, with the sexual sting being a more exceptional trait not performed by all species. At the time of writing, this behaviour appears to occur in at least 29 species across 10 families (Figure 2, Supplementary 2). Considering the sheer diversity of the whole order of scorpions (2904 described species belonging to 16 families, “Scorpion files,” n.d.), the number of species utilising sexual stinging appears to be relatively low. However, for a substantial proportion of the scorpion diversity, it remains unclear whether this behaviour is performed. This persistent lack of data prevents a definitive assessment of the frequency at which sexual stinging emerged across scorpions, and, accordingly, the factors explaining the phylogenetic distribution of sexual stinging in scorpions remain unclear. The observed patchy distribution of sexual stinging across the scorpion phylogeny could have two different explanations. One option is that sexual stinging behaviour evolved only once within scorpions and was lost four times independently. An alternative explanation could be multiple convergent evolutionary origins. The key question that needs to be addressed is whether scorpion taxa in which sexual stinging has not been described genuinely lack this behaviour or whether it has simply remained unobserved so far. Hence future work should focus on providing a more complete distribution pattern of sexual stinging behaviour in conjunction with a proper phylogenetic analysis (comprising e. g. ancestral state reconstruction) to unveil the evolutionary origin of this trait.

It is crucial to note that the functionality of the sexual sting might differ between the various taxa of scorpions that perform this behaviour. In addition, the observed female response (e.g., docility) in sexually-stinging species could have alternative explanations (e.g. pheromones, or natural progression of ritualised courtship) rather than being purely triggered by a sexual sting. This is also confounded by the varying degree of male-specific adaptation that occurs in conjunction with the sexual sting. In some families, such as Euscorpiidae, the sexual stinging behaviour can be accompanied by various male-specific adaptations comprising inflated male telsons, a modified venom gland architecture, and a male-specific venom composition (Krämer et al., 2022; Sentenská et al., 2017). In other sexually stinging groups, such as the family Scorpionidae, such additional adaptations are mostly absent (Figure 2, Supplementary Table 1).

Sexual stings likely arose from sexual conflict between male and female scorpions. Once fertilised, females will go through a months-long pregnancy and a weeks-long offspring care period, during which their vulnerability increases (Shaffer and Formanowicz, 1996). Therefore, the optimal number of offspring and hence mating times over her lifetime is less compared to those of males. Conflicts are expected between males and females as both want to optimise their fitness. Initially, the sexual sting was likely associated with a high cost for the females, which also in turn would lead to a reduced fitness of sexually stinging male scorpions. Depending on the toxicity of male venom for their female counterpart, this might have caused the loss of this trait in some scorpion groups. In those species maintaining this behaviour, it can be assumed that the venom was either less toxic from the start or evolved towards a composition with reduced toxicity for female scorpions.

Whether the sexual sting is a purely coercive mating strategy solely benefitting male scorpions or a behaviour that is also beneficial to female scorpions remains to be resolved. Here we summarize the ongoing debate by providing two opposing hypotheses.

The knock-out hypothesis implies a pure coercive role of the venom in sexual interactions where males gain a manipulative upper hand over females during mating. Similar strategies can be found in spiders, where the males apply venomous bites and silk binding to cause long periods of immobility in the females (Sentenská et al., 2020). Interestingly, another comparable example of a smaller-sized male envenomating the larger female to immobilise and facilitate copulation has also been observed in blue-lined octopuses (Chung et al., 2025), indicating an additional example of convergent evolution of sexual venom usage. Notably, coercive manipulation of recipients’ physiology is not limited to paralysis. During the mating of stylommatophoran snails, one of the mating partners shoots a love dart into the recipient’s body before spermatophore transfer. The mucus attached to the dart can increase copulatory channel contraction in the recipient, which is thought to increase the probability of paternity of the dart shooter (Lodi and Koene, 2016). Likewise, the sexual sting in scorpions might have evolved with additional manipulative functions other than paralysis (e.g., by interfering with the neuropeptidergic system that leads to a promoted spermatophore intake).

Despite utilizing a coercive mating strategy, male scorpions may potentially compensate females by providing them with an immunity boost through the sexual stings, given that linear venom peptides are weaponised components of the innate immune system and are active against various pathogens (Zhu et al., 2014). Although debatable, considering the volume transferred and metabolic costs involved, the stings may also transfer nutritional substances or enable the female to repurpose the peptides, functioning similarly to nuptial gifts, which are commonly observed in other invertebrates (Lewis and South, 2012).

To challenge the more conventional idea of the sexual sting’s functionality, we raise the alternative “love-potion” hypothesis, meaning that sexual stings might have the purpose of stimulating the females. As part of this hypothesis, we assume that the sexual stinging behaviour might have evolved through female mate choice, directly benefiting female fitness. This hypothesis implies that sexual stings might have been shaped by postcopulatory sexual selection where cryptic female choice and sperm competition play a crucial role (Andersson, 1994). However, in the case of scorpions, such mechanisms remain poorly explored, especially in the context of the sexual sting.

In the following, we discuss some possible ‘love-potion’ ingredients. 1) Scorpion venom is rich in neurotoxic peptides, which could be specialised for different functions. Some neurotoxic peptides may be selected in male venom to act on the signalling cascade that triggers female mating behaviour. 2) Males could provide male-quality-indicating substances, such as lipids in sexual stings. Scorpion females are generally polyandrous (Vrech et al., 2011), so injected compounds may play a role in female mate choice. Lipids with quality-indicating functions are found in other taxa in transferred seminal fluids (Robertson, 2005; Schjenken and Robertson, 2020) and in yolk (Mommens et al., 2015). Fundamentally, the need to engage in conspecific interactions during mating may create room for venom to evolve as a signalling method in scorpions. Such a channelled signalling pathway would bypass the sensory organs and would be more direct than other unchanneled communications, such as pheromones.




3 Future directions

Little is known to date about sexual stings in scorpions, leaving plenty of unanswered questions and much to explore for future generations of researchers. Here, we provide a list of key questions for this research field and suggestions for how they could be addressed in future studies.



3.1 What is the composition of male scorpion venom delivered by sexual stings

It needs to be clarified whether the composition of the sexual sting venom differs from the venom delivered for defence or prey capture (Inceoglu et al., 2002). A few studies have addressed sex-biased differences in composition, toxicity, and quantity of scorpion venoms (De Sousa et al., 2010; Miller et al., 2016; Olguín-Pérez et al., 2021). In some cases, the sequences of sex-specific venom compounds have also been identified (Cid Uribe et al., 2017; Rodríguez-Ravelo et al., 2013; Ward et al., 2018a; Yang et al., 2022). So far, the best-characterised compounds, potentially responsible for effects caused to female scorpions during the sexual sting, are peptides identified for E. italicus (Krämer et al., 2022). These peptides are up-regulated only in the venom of adult males but not in juveniles and females of this species. However, none of the male-specific venom peptides have yet been tested for specific effects on females. Components related to sexual stings can be toxins, but can also be non-toxic components, such as peptides, lipids, and amino acids. For most species with sexual stings, male-specific venom compounds have not yet been discovered. In these cases, a range of multi-omics techniques (e.g., genomics, proteomics, metabolomics) can be employed for a detailed analysis of the venom composition under different contexts. If the presence of components selective for the sexual sting venom can be demonstrated, then the next step will be to determine their pharmacological properties to identify their physiological role. Pharmacological tests could involve both in vivo assays against conspecific specimen and a range of prey or predator species, but also in vitro electrophysiological techniques to identify the molecular targets (e.g., ion channels or receptors) interacting with the components in the sexual sting venom.




3.2 How do male scorpions control the delivery of venom during sexual stings?

Besides sexual interactions, adult male scorpions also need to feed or defend themselves against predators (Polis and McCormick, 1986; Simone and Van der Meijden, 2021). It therefore needs to be clarified how they can regulate the delivery of venom components specifically for these different purposes, given the assumption that the males have sexually related venom. A previous study demonstrated that scorpions could deploy separate venoms for defensive and predatory purposes (Inceoglu et al., 2002), raising the question of whether yet another different venom could be deployed by male scorpions during sexual contexts and how this might be regulated. If male scorpions produce a separate venom for sexual stings, then Matrix-Assisted Laser Desorption/Ionisation (MALDI) imaging combined with histological studies of the venom glands could provide answers about the regulation of the delivery of a specific sexual sting venom (Guette et al., 2006). Alternatively, if it turns out that the venom delivered during sexual stings does not differ from the predatory venom, this raises the question of how males can ensure that predatory (i.e., potentially paralytic or lethal) toxins do not harm or even kill the females when injected during sexual stings. For example, predatory toxins in sub-paralytic or sub-lethal doses could have other (e.g., beneficial or coercive) effects in female scorpions as compared to the effects they would cause when injected in larger doses into their prey. Alternatively, the females could be more resistant to these toxins than the scorpion’s prey species, and therefore the injected toxin quantities are insufficient to cause any harmful effects in the female scorpions (Legros et al., 1998; Zhang et al., 2016). Testing venom composition dynamics under controlled lab environments with designated context-exposure setups will need to be employed to address these questions.




3.3 How do sexual stings affect females?

The main question that needs to be addressed is whether the sexual sting venom is used for coercive control of the females or rather benefits the females according to the “love potion” hypothesis. This can be answered by controlled in vivo testing of the sexual sting venom on conspecific female scorpions or by testing it in vitro on their tissues and molecular targets such as ion channels. The effects can be transient or long-lasting. Transient effects might include paralytic effects to facilitate mating, sexual arousal to increase female compliance, and a decreased survival rate in case of prolonged exposure to paralytic toxins used for coercive control, which could put female scorpions under an increased predation risk. Long-term effects in female scorpions could include immunity boosting and increased fecundity or fitness (assuming beneficial properties of the sexual sting venom) or a shorter lifespan as a result of the detrimental effect of being injected with venom. Integrating physiological, chemical, and ecological techniques is needed to address these questions. Regarding short-term effects of the sexual sting, the only thing known so far is that the injection of male venom significantly reduces female mating reluctance in some species (Lira et al., 2018; Oviedo-Diego et al., 2025), thereby increasing the male mating success. To explore whether this is due to a taming or paralysing effect, in vivo assays can be carried out in which the females are injected with male venom or male-specific venom components, followed by testing the behavioural response of the injected females. Isolating venom compounds can most efficiently be achieved with HPLC-fractionation, though this would require large amounts of venom. An alternative approach would be to either utilise chemical synthesis or recombinant expression systems to produce selected male-specific compounds based on their sequence. Utilising Pavlovian conditioning in the conditioned place preference (CPP) or aversion (CPA) assay would be a possible way to assess the behavioural response of the injected females, as both CPA and CPP have been shown to work across various arthropod taxa (Agarwal et al., 2011; Wang et al., 2024). These experiments might indicate whether male sexual stings are perceived negatively (e.g., being aversive or causing discomfort or pain, which would result in CPA) or positively (e.g., rewarding, which would result in CPP) by the female scorpions. Concerning the long-term effects of sexual stings, mating experiments can be conducted to compare the fitness of successful mating attempts with and without the sexual sting. In case this is tested for a species that always performs the sexual sting, the male stinger could be blocked, e.g., with parafilm to prevent any transfer of venom.




3.4 Why, when, and how did sexual stinging behaviour evolve in scorpions?

A comprehensive phylogenetic analysis of the distribution of sexual stinging in scorpions will need to be performed to determine whether this trait evolved once or many times convergently. Studying and comparing the sexual-sting-specific venom components across a range of taxonomically diverse scorpions will give insights into how and when the sexual stinging behaviour evolved in scorpions (Herzig et al., 2020). The combined knowledge on the pharmacological properties of the components (Herzig et al., 2020) contained in venom injected during the sexual sting, paired with the natural history of the respective species, will be pivotal for understanding this fascinating trait. Another research gap regarding the sexual stinging behaviour involves identifying when male-specific compounds first appear during scorpion ontogeny. Are they already present in juvenile scorpions with slowly increasing quantities, or are they only produced by adult male scorpions? Studying the venom composition of juvenile male scorpions would therefore be a fruitful future avenue of research (Salabi and Jafari, 2024).

So far, the most studied scorpion venoms belong to the family Buthidae, which are known for their potentially life-threatening effects on humans and their therapeutic potentials (Ahmadi et al., 2020; Cid Uribe et al., 2017; Xia et al., 2023). Future venom research should expand to other scorpion families with a focus on the molecular mechanisms underlying envenomation effects and the ecological factors driving venom evolution.





4 Conclusion and discussion

Sexual stinging in scorpions presents a fascinating yet enigmatic behaviour that challenges traditional interpretations of coercive mating strategies. We argue that the lack of pronounced size differences between males and females, and especially the presence of ritualised courtship behaviour, indicates that sexual stinging might be less coercive than traditionally assumed. This review synthesises current knowledge on the possible mechanisms, adaptive significance, and evolutionary hypotheses surrounding sexual stings, highlighting key gaps that warrant further investigation.

A finely tuned balance between subduing females and avoiding lethal consequences is crucial for the sexual sting. The ability of male scorpions to modulate venom delivery—through metering, compositional plasticity, or specialised “prevenom” suggests such potential. Hypotheses ranging from sexual coercion to chemical seduction (“love-potion” properties) propose that venom may serve multiple roles in reproductive success, including facilitating mating, signalling male quality, or even providing immunological benefits to females. However, empirical validation of these ideas remains limited, necessitating integrative approaches combining behavioural assays, comparative venomics, and ecological studies.

Fundamentally, natural selection favours venom that efficiently subdues prey and deters predators, while sexual selection may drive the evolution of venom properties that enhance mating success. This dual pressure is not mutually exclusive, but their interplay could result in adaptations of highly specialised venom systems that balance the demands of predation, defence, and intraspecific interactions.

Future research should prioritise elucidating the composition and pharmacological effects of male venom during sexual stings, as well as the mechanisms regulating its delivery. Additionally, exploring female responses—both physiological and behavioural—will clarify whether envenomation functions as a coercive tactic, a cooperative signal, or both. Phylogenetic and ontogenetic analyses may further reveal whether sexual stinging only exists in certain scorpion species and how such behaviour evolved in these species.

Ultimately, understanding sexual stinging requires moving beyond a purely conflict-based framework to consider the interplay between antagonism and cooperation in scorpion reproductive strategies. By addressing these questions, future studies can uncover broader insights into the evolution of venom use, sexual selection, and intersexual dynamics in arachnids and beyond. The implications could also extend to other venomous organisms where the potential role of venom in social interactions is largely overlooked.





Author contributions

YR-W: Conceptualization, Data curation, Formal analysis, Investigation, Project administration, Resources, Visualization, Writing – original draft, Writing – review & editing. YS: Investigation, Methodology, Resources, Writing – original draft, Writing – review & editing. RJ: Resources, Writing – original draft, Writing – review & editing. TL: Supervision, Writing – original draft, Writing – review & editing. VH: Resources, Supervision, Writing – original draft, Writing – review & editing. JK: Data curation, Resources, Supervision, Writing – original draft, Writing – review & editing.





Funding

The author(s) declared that financial support was not received for this work and/or its publication.





Conflict of interest

The authors declared that this work was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declared that Generative AI was not used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/frchs.2025.1688532/full#supplementary-material




References

	 Agarwal M., Giannoni Guzmán M., Morales-Matos C., Del Valle Díaz R. A., Abramson C. I., Giray T. (2011). Dopamine and octopamine influence avoidance learning of honey bees in a place preference assay. PLoS One 6, e25371. doi: 10.1371/journal.pone.0025371


	 Ahmadi S., Knerr J. M., Argemi L., Bordon K. C. F., Pucca M. B., Cerni F. A., et al. (2020). Scorpion venom: Detriments and benefits. Biomedicines 8, 118–149. doi: 10.3390/BIOMEDICINES8050118


	 Alexander A. J. (1959). Courtship and mating in the buthid scorpions. Proc. Zoological Soc. London 133, 145–169. doi: 10.1111/j.1469-7998.1959.tb05557.x


	 Amazonas D. R., Freitas-de-Sousa L. A., Orefice D. P., de Sousa L. F., Martinez M. G., Mourão R. H. V., et al. (2019). Evidence for snake venom plasticity in a long-term study with individual captive Bothrops atrox. Toxins 11, 294. doi: 10.3390/toxins11050294


	 Andersson M. (1994). Sexual selection (Vol. 72) (Princeton University Press, Princeton, New Jersey).


	 Andreotti N., Sabatier J.-M. (2013). The Deciphered Genome of Mesobuthus martensii uncovers the resistance mysteries of scorpion to its own venom and toxins at the ion channel level. Toxins 5, 2209–2211. doi: 10.3390/toxins5112209


	 Aoki-Shioi N., Modahl C. (2019). “Snakebite therapeutics based on endogenous inhibitors from vipers,” in Medical Toxicology. Eds.  P. Erkekoğlu, T. Ogawa (IntechOpen, London). doi: 10.5772/intechopen.90625


	 Barkan N. P., Chevalier M., Pradervand J.-N., Guisan A. (2020). Alteration of bumblebee venom composition toward higher elevation. Toxins 12, 4. doi: 10.3390/toxins12010004


	 Basham E. W., Saporito R. A., González-Pinzón M., Romero-Marcucci A., Scheffers B. R. (2020). Chemical defenses shift with the seasonal vertical migration of a Panamanian poison frog. Biotropica 1, 28–37. doi: 10.1111/btp.12842


	 Carrera P. C., Mattoni C. I., Peretti A. V. (2009). Chelicerae as male grasping organs in scorpions: sexual dimorphism and associated behaviour. Zoology 112, 332–350. doi: 10.1016/j.zool.2009.01.002


	 Chung W.-S., Kurniawan N. D., Marshall N. J., Cortesi F. (2025). Blue-lined octopus Hapalochlaena fasciata males envenomate females to facilitate copulation. Curr. Biol. 35, R169–R170. doi: 10.1016/j.cub.2025.01.027


	 Cid Uribe J. I., Jiménez Vargas J. M., Ferreira Batista C. V., Zamudio Zuñiga F., Possani L. D. (2017). Comparative proteomic analysis of female and male venoms from the Mexican scorpion Centruroides limpidus: Novel components found. Toxicon 125, 91–98. doi: 10.1016/j.toxicon.2016.11.256


	 D’Suze G., Sandoval M., Sevcik C. (2015). Characterizing Tityus discrepans scorpion venom from a fractal perspective: Venom complexity, effects of captivity, sexual dimorphism, differences among species. Toxicon 108, 62–72. doi: 10.1016/j.toxicon.2015.09.034


	 De Sousa L., Borges A., Vásquez-Suárez A., Op Den Camp J. M., Chadee-Burgos R. I., Romero-Bellorín M., et al. (2010). Differences in venom toxicity and antigenicity between females and males Tityus nororientalis (Buthidae) scorpions. J. Venom Res. 1, 61–70


	 Ehlert-Flaskämper S., Motti C. A., Harris R. J. (2025). Prickly defenders: A review of venomous sea urchins (Echinoidea). Mar. Drugs 23, 253. doi: 10.3390/md23060253


	 Fabre J. H., de Mattos A. T., Miall B. (1923). The Life of the Scorpion (Dodd, Mead). Available online at: https://books.google.co.uk/books?id=LEXW4QQ_h58C.


	 Frey A. R., Bucciarelli G. M., Hu D. D., Kats L. B., Green D. B. (2023). An amphibian toxin phenotype is sexually dimorphic and shows seasonal concordant change between sexes. Front. Amphibian Reptile Sci. 1. doi: 10.3389/famrs.2023.1279848


	 Gangur A. N., Smout M., Liddell M. J., Seymour J. E., Wilson D., Northfield T. D. (2017). Changes in predator exposure, but not in diet, induce phenotypic plasticity in scorpion venom. Proc. R. Soc. B: Biol. Sci. 284, 20171364. doi: 10.1098/rspb.2017.1364


	 Gatchoff L., Stein L. R. (2021). Venom and social behavior: The potential of using spiders to evaluate the evolution of sociality under high risk. Toxins 13, 388. doi: 10.3390/toxins13060388


	 Gregory-Dwyer V. M., Egen N. B., Bosisio A. B., Righetti P. G., Russell F. E. (1986). An isoelectric focusing study of seasonal variation in rattlesnake venom proteins. Toxicon 24, 995–1000. doi: 10.1016/0041-0101(86)90005-X


	 Guette C., Legros C., Tournois G., Goyffon M., Célérier M.-L. (2006). Peptide profiling by matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry of the Lasiodora parahybana tarantula venom gland. Toxicon 47, 640–649. doi: 10.1016/j.toxicon.2006.01.017


	 Hayes W. K., Lavín-Murcio P., Kardong K. V. (1995). Northern pacific rattlesnakes (Crotalus viridis oreganus) meter venom when feeding on prey of different sizes. Copeia 1995, 337–343. doi: 10.2307/1446896


	 Herzig V., Cristofori-Armstrong B., Israel M. R., Nixon S. A., Vetter I., King G. F. (2020). Animal toxins — Nature’s evolutionary-refined toolkit for basic research and drug discovery. Biochem. Pharmacol. 181, 114096. doi: 10.1016/j.bcp.2020.114096


	 Herzig V., Ward R. J., Dos Santos W. F. (2004). Ontogenetic changes in Phoneutria nigriventer (Araneae, Ctenidae) spider venom. Toxicon 44, 635–640. doi: 10.1016/j.toxicon.2004.07.020


	 Hosokawa T., Fukatsu T. (2020). Relevance of microbial symbiosis to insect behavior. Curr. Opin. Insect Sci. 39, 91–100. doi: 10.1016/j.cois.2020.03.004


	 Inceoglu B., Lango J., Jing J., Chen L., Doymaz F., Pessah I. N., et al. (2002). One scorpion, two venoms: Prevenom of Parabuthus transvaalicus acts as an alternative type of venom with distinct mechanism of action. PNAS. 100, 922–932. doi: 10.1073/pnas.242735499


	 Jenner R. A., Casewell N. R., Undheim E. A. B. (2025). What is animal venom? Rethinking a manipulative weapon. Trends Ecol. Evol. 40, 852–861. doi: 10.1016/j.tree.2025.05.009


	 Khan M. A., Dashevsky D., Kerkkamp H., Kordiš D., de Bakker M. A. G., Wouters R., et al. (2020). Widespread evolution of molecular resistance to snake venom α-neurotoxins in vertebrates. Toxins 12, 638. doi: 10.3390/toxins12100638


	 Komposch C. (2006). Matt E. Braunwalder, (2005): scorpiones (Arachnida). Arachnologische Mitt. 31, 48. doi: 10.5431/aramit3107


	 Krämer J., Pommerening R., Predel R. (2022). Equipped for sexual stings? Male-specific venom peptides in Euscorpius italicus. Int. J. Mol. Sci. 23, 11020. doi: 10.3390/ijms231911020


	 Laborieux L. (2024). Biomechanics of venom delivery in South America’s first toxungen-spraying scorpion. Zoological J. Linn. Soc. 202, 161. doi: 10.1093/zoolinnean/zlae161


	 Legros C., Martin-Eauclaire M.-F., Cattaert D. (1998). The myth of scorpion suicide: are scorpions insensitive to their own venom? J. Exp. Biol. 201, 2625–2636. doi: 10.1242/jeb.201.18.2625


	 Lewis S., South A. (2012). “Chapter 2 - The evolution of animal nuptial gifts,” in Advances in the Study of Behavior, vol. 44 . Eds.  H. J. Brockmann, T. J. Roper, M. Naguib, J. C. Mitani, L. W. Simmons (Academic Press, Oxford, United Kingdom), 53–97. doi: 10.1016/B978-0-12-394288-3.00002-2


	 Lima E. O. V., Tasima L. J., Hatakeyama D. M., Serino-Silva C., Rodrigues C. F. B., da C. N., et al. (2021). Snake venom color and L-amino acid oxidase: An evidence of long-term captive Crotalus durissus terrificus venom plasticity. Toxicon 193, 73–83. doi: 10.1016/j.toxicon.2021.01.006


	 Lira A. F. A., Pordeus L. M., Rego F. N. A. A., Iannuzzi K., Albuquerque C. M. R. (2018). Sexual dimorphism and reproductive behavior in the Brazilian scorpion Tityus pusillus (Scorpiones, Buthidae). Invertebrate Biol. 137, 221–230. doi: 10.1111/ivb.12221


	 Lodi M., Koene J. M. (2016). The love-darts of land snails: Integrating physiology, morphology and behaviour. J. Molluscan Stud. 82, 1–10. doi: 10.1093/mollus/eyv046


	 Lüddecke T., Herzig V., von Reumont B. M., Vilcinskas A. (2022). The biology and evolution of spider venoms. Biol. Rev. 97, 163–178. doi: 10.1111/brv.12793


	 Marston L. A., Fox G. A., Hung K. Y., Delo S. J., Hayes W. K. (2025). A sting operation: Risk assessment and venom expenditure by Arizona bark scorpions (Centruroides sculpturatus) in a defensive context. Toxins 17, 198. doi: 10.3390/toxins17040198


	 Miller D. W., Jones A. D., Goldston J. S., Rowe M. P., Rowe A. H. (2016). Sex differences in defensive behavior and venom of the striped bark scorpion Centruroides vittatus (Scorpiones: Buthidae). Integr. Comp. Biol. 56, 1022–1031. doi: 10.1093/icb/icw098


	 Mommens M., Lanes C. F. C., Babiak I. (2015). Egg yolk nutritional constituents as indicators of egg quality in Atlantic halibut (Hippoglossus hippoglossus L.). Aquaculture Res. 46, 291–301. doi: 10.1111/are.12179


	 Murdoch B., Kleinschmit A. J., Santibáñez-López C. E., Graham M. R. (2025). Microbiota discovered in scorpion venom. BioRxiv. doi: 10.1101/2025.07.03.662918


	 Nobile C. J., Johns P. M. (2005). Prelude to a kiss: Evidence for mate discrimination in the striped bark scorpion, Centruroides vittatus. J. Insect Behav. 18, 405–413. doi: 10.1007/s10905-005-3699-x


	 Olguín-Pérez L., Francke O. F., Carbajal-Saucedo A. (2021). Evidence of piercing and sexual differences in venom composition in a sexual stinging scorpion (Scorpiones: Euscorpiidae). J. Arachnology 49, 98–107. doi: 10.1636/joa-s-19-056


	 Oviedo-Diego M., Costa-Schmidt L. E., Mattoni C. I., Peretti A. V. (2021). Interaction between sexual communication functions leads to reproductive interference in two syntopic scorpion species. Anim. Behav. 181, 83–93. doi: 10.1016/j.anbehav.2021.08.029


	 Oviedo-Diego M., Mattoni C. I., Palen-Pietri R., Olivero P. A., Peretti A. V. (2025). Communication via female resistance: sexual behavioural modulation and mutual mate choice determinants in a scorpion. Anim. Behav. 221, 122787. doi: 10.1016/j.anbehav.2023.12.005


	 Polis G. A., Farley R. D. (1979). Behavior and ecology of mating in the cannibalistic scorpion, Paruroctonus mesaensis Stahnke (Scorpionida: Vaejovidae). J. Arachnology 7, 33–46.


	 Polis G. A., McCormick S. J. (1986). Scorpions, spiders and solpugids: predation and competition among distantly related taxa. Oecologia 71, 111–116. doi: 10.1007/BF00377328


	 Polis. (1990). The biology of scorpions, Stanford University Press, California. Cat.nr. 58802


	 Rasko M., Coelho P., Simone Y., Van der Meijden A. (2018). How to attack a scorpion: venom metering during a repeated attack. Anim. Behav. 145, 125–129. doi: 10.1016/j.anbehav.2018.09.019


	 Robertson S. A. (2005). Seminal plasma and male factor signalling in the female reproductive tract. Cell Tissue Res. 322, 43–52. doi: 10.1007/s00441-005-1127-3


	 Rodríguez-Ravelo R., Batista C. V. F., Coronas F. I. V., Zamudio F. Z., Hernández-Orihuela L., Espinosa-López G., et al. (2015). Comparative proteomic analysis of male and female venoms from the Cuban scorpion. Rhopalurus junceus. Toxicon 107, 327–334. doi: 10.1016/j.toxicon.2015.06.026


	 Rodríguez-Ravelo R., Coronas F. I. V., Zamudio F. Z., González-Morales L., López G. E., Urquiola A. R., et al. (2013). The Cuban scorpion Rhopalurus junceus (Scorpiones, Buthidae): component variations in venom samples collected in different geographical areas. J. Venomous Anim. Toxins Including Trop. Dis. 19, 13. doi: 10.1186/1678-9199-19-13


	 Sachkova M. Y., Macrander J., Surm J. M., Aharoni R., Menard-Harvey S. S., Klock A., et al. (2020). Some like it hot: population-specific adaptations in venom production to abiotic stressors in a widely distributed cnidarian. BMC Biol. 18, 121. doi: 10.1186/s12915-020-00855-8


	 Salabi F., Jafari H. (2024). Whole transcriptome sequencing reveals the activity of the PLA2 family members in Androctonus crassicauda (Scorpionida: Buthidae) venom gland. FASEB J. 38, e23658. doi: 10.1096/fj.202400178RR


	 Santibáñez-López C. E., Aharon S., Ballesteros J. A., Gainett G., Baker C. M., González-Santillán E., et al. (2023). Phylogenomics of scorpions reveal contemporaneous diversification of scorpion mammalian predators and mammal-active sodium channel toxins. Syst Biol. 71, 1281–1289. doi: 10.1093/sysbio/syac021


	 Schendel V., Rash L. D., Jenner R. A., Undheim E. A. B. (2019). The diversity of venom: The importance of behavior and venom system morphology in understanding its ecology and evolution. Toxins 11, 666. doi: 10.3390/toxins11110666


	 Schjenken J. E., Robertson S. A. (2020). The female response to seminal fluid. Physiol. Rev. 100, 1077–1117. doi: 10.1152/physrev.00013.2018


	 Scorpion files. Available online at: https://www.ntnu.no/ub/scorpion-files/intro.php (Accessed November 23, 2025).


	 Sentenská L., Graber F., Richard M., Kropf C. (2017). Sexual dimorphism in venom gland morphology in a sexually stinging scorpion. Biol. J. Linn. Soc. 122, 429–443. doi: 10.1093/biolinnean/blx067


	 Sentenská L., Uhl G., Lubin Y. (2020). Alternative mating tactics in a cannibalistic widow spider: do males prefer the safer option? Anim. Behav. 160, 53–59. doi: 10.1016/j.anbehav.2019.11.021


	 Shaffer L. R., Formanowicz D. R. (1996). A cost of viviparity and parental care in scorpions: reduced sprint speed and behavioural compensation. Anim. Behav. 51, 1017–1024. doi: 10.1006/anbe.1996.0104


	 Simone Y., Van der Meijden A. (2021). Armed stem to stinger: A review of the ecological roles of scorpion weapons. J. Venomous Anim. Toxins Including Trop. Dis. 27, e20210002. doi: 10.1590/1678-9199-JVATITD-2021-0002


	 Sletten S., Bourgeon S., Bårdsen B. J., Herzke D., Criscuolo F., Massemin S., et al. (2016). Organohalogenated contaminants in white-tailed eagle (Haliaeetus albicilla) nestlings: An assessment of relationships to immunoglobulin levels, telomeres and oxidative stress. Sci. Total Environ. 539, 337–349. doi: 10.1016/j.scitotenv.2015.08.123


	 Takacs Z., Wilhelmsen K. C., Sorota S. (2001). Snake α-neurotoxin binding site on the Egyptian cobra (Naja haje) nicotinic acetylcholine receptor is conserved. Mol. Biol. Evol. 18, 1800–1809. doi: 10.1093/oxfordjournals.molbev.a003967


	 Tasima L. J., Lima E. O. V., Hatakeyama D. M., Vidueiros J. P., Stuginski D. R., Grego K. F., et al. (2024). Seasonality in Crotalus durissus venom. Toxicon 244, 107748. doi: 10.1016/j.toxicon.2024.107748


	 Trabalon M., Bagnères A.-G. (2010). “Contact recognition pheromones in spiders and scorpions,” in Insect Hydrocarbons: Biology, Biochemistry, and Chemical Ecology. Eds.  G. J. Blomquist, A.-G. Bagnères (Cambridge University Press, Cmabridge, United Kindom), 344–374. doi: 10.1017/CBO9780511711909.017


	 Van der Meijden A., Coelho P., Rasko M. (2015). Variability in venom volume, flow rate and duration in defensive stings of five scorpion species. Toxicon 100, 60–66. doi: 10.1016/j.toxicon.2015.04.011


	 Van der Meijden A., Koch B., van der Valk T., Vargas-Muñoz L. J., Estrada-Gómez S. (2017). Target-specificity in scorpions; comparing lethality of scorpion venoms across arthropods and vertebrates. Toxins 9, 312. doi: 10.3390/toxins9100312


	 Vrech D. E., Peretti A. V., Mattoni C. I. (2011). Sperm package morphology in scorpions and its relation to phylogeny. Zoological J. Linn. Soc. 161, 463–483. doi: 10.1111/j.1096-3642.2010.00647.x


	 Wang Y., Guo S., Ventura T., Herzig V. (2024). Using a conditioned place preference assay in fruit flies to examine effects of insecticidal compounds on contextual memory. Toxicon 251, 108128. doi: 10.1016/j.toxicon.2024.108128


	 Ward M. J., Ellsworth S. A., Hogan M. P., Nystrom G. S., Martinez P., Budhdeo A., et al. (2018a). Female-biased population divergence in the venom of the Hentz striped scorpion (Centruroides hentzi). Toxicon 152, 137–149. doi: 10.1016/j.toxicon.2018.07.026


	 Ward M. J., Ellsworth S. A., Rokyta D. R. (2018b). Venom-gland transcriptomics and venom proteomics of the Hentz striped scorpion (Centruroides hentzi; Buthidae) reveal high toxin diversity in a harmless member of a lethal family. Toxicon 142, 14–29. doi: 10.1016/j.toxicon.2017.12.042


	 Wedell N., Kvarnemo C., Lessells C. M., Tregenza T. (2006). Sexual conflict and life histories. Anim. Behav. 71, 999–1011. doi: 10.1016/j.anbehav.2005.06.023


	 West S. A., Griffin A. S., Gardner A. (2007). Evolutionary explanations for cooperation. Curr. Biol. 17, R661–R672. doi: 10.1016/j.cub.2007.06.004


	 Wong E. S. W., Morgenstern D., Mofiz E., Gombert S., Morris K. M., Temple-Smith P., et al. (2012). Proteomics and deep sequencing comparison of seasonally active venom glands in the platypus reveals novel venom peptides and distinct expression profiles. Mol. Cell. Proteomics 11, 1354–1364. doi: 10.1074/mcp.M112.017491


	 Xia Z., He D., Wu Y., Kwok H. F., Cao Z. (2023). Scorpion venom peptides: Molecular diversity, structural characteristics, and therapeutic use from channelopathies to viral infections and cancers. Pharmacol. Res. 197, 106978. doi: 10.1016/j.phrs.2023.106978


	 Yamaji N., Dai L., Sugase K., Andriantsiferana M., Nakajima T., Iwashita T. (2004). Solution structure of istx. Eur. J. Biochem. 271, 3855–3864. doi: 10.1111/j.1432-1033.2004.04322.x


	 Yang Y., Zhu Y., Luo Y., Liu Q., Hua X., Li J., et al. (2022). Transcriptome analysis of Mesobuthus martensii revealed the differences of their toxins between females and males. Eur. Zoological J. 89, 1294–1311. doi: 10.1080/24750263.2022.2143584


	 Zhang C., Xie Z., Li X., Chen J., Feng J., Lang Y., et al. (2016). Molecular basis for the toxin insensitivity of scorpion voltage-gated potassium channel MmKv1. Biochem. J. 473, 1257–1266. doi: 10.1042/BCJ20160178


	 Zhu S., Peigneur S., Gao B., Umetsu Y., Ohki S., Tytgat J. (2014). Experimental conversion of a defensin into a neurotoxin: implications for origin of toxic function. Mol. Biol. Evol. 31, 546–559. doi: 10.1093/molbev/msu038







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Reitsema-Wang, Simone, Herzig, Jenner, Lüddecke and Krämer. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/frchs-04-1688532-g001.jpg





OEBPS/Images/cover.jpg
, frontiers ‘ Frontiers in Arachnid Science

Sexual stings in scorpions -
knock-out drug or love potion?





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/frchs-04-1688532-g002.jpg
metasoma

£
o
2
o
o
= Superfamilies
T £ i
< » Chaeriloidea
5 =
c 2 Pseudochactoidea
-
© @ = © A= Buthoidea
e g3 2 5 07
8 ‘% g § S luroidea
Family ::: :l,: & = 2 Bothriuroidea
Caraboctonoidea
Chaerilidae 157 © © © Chactoidea
|
Pseudochactidae 5 P4 @ @ @ Hadruroidea
Vaejovoidea
Buthidae 94 1273 e e (1] Scorpionoidea
_ luridae 7 14 @ @ @
_ Bothriuridae 17 168 @Q e
Caraboctonidae 2 76 @ @ @
Anuroctonidae 1 2 0 @ 0
r. Chactidae 12 210 © @ @
Scorpiopidae 2 113 a a 0
Euscorpiidae 6 114 o ° °
Hadruridae 2 9 0 @ @
F Vaejovidae 25 237 e e e
l Hormuridae 11 16 @ @ @
Urodacidae 1 23 0 0 a
l Diplocentridae 10 1490 @ @© ©©
Scorpionidea 18 178 ° a a





