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 ABSTRACT. Recently public health problems resulting from scorpion stings have shown an alarming increase in various tropical and subtropical countries such as Brazil, Mexico, Tunisia and Morocco. In some regions of Brazil, particularly in the States of Minas Gerais, São Paulo, Bahia, Goiás and the Federal District, more than 6000 scorpion stings with over 100 deaths were reported during a three-year period. In this paper, we attempt to demostrate the effects of human activities on the environment and their consequences on the distribution of dangerous species of scorpions. This topic is discussed in relation to the evolutionary ecology, life history strategies and asexual reproduction of scorpions.
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 INTRODUCTION
In recent years, public health reports of severe poisoning from scorpion stings have shown an alarming increase in various tropical and subtropical countries such as Brazil, Mexico, Tunisia and Morocco. In Brazil alone, more than six thousand scorpion stings with over one hundred deaths were reported during a brief three-year interval(29). Additional deaths by scorpions not previously suspected of being dangereous to humans have recently been documented from Peruvian and Brazilian Amazonia. Scorpions are chelicerate arthropods with paired poison glands at the distal extremity of the abdomen, which ends in a sharp sting (Figure 1). All scorpions possess venom glands, but less than 25 of the 1400 known species are considered dangerous and capable of inflicting human death. The evolution of venom in scorpions is associated with prey capture and digestion, and is only secondarily related to defensive behavior. Nevertheless, physical contact between humans and scorpions usually results in a sting. If the poison exerts a severe or lethal outcome, the incident is defined as "scorpionism". Why scorpionism is more common in some regions of the world than in others has not been clearly ascertained. In this paper, we suggest that scorpionism is related to the association of the offending species with man-made environments, and at least in one species, Tityus serrulatus Lutz & Mello, to its all-female mode of reproduction(13).
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SCORPIONS AND LIFE HISTORY STRATEGIES
Although some scorpions tend to be associated with man-made or disturbed habitats, the majority are adapted to very specific and predictable natural environments(9,10,22,23,24). For instance, all species of the genus Rhopalurus occur exclusively in savanna formations. Two South American species Opisthacanthus cayaporum Vellard and Tityus fasciolatus Pessôa, occur exclusively in termite mounds. Several species in the family Bothriuridae occupy burrows and most Chactidae (Chactinae) live exclusively in rainforests. The specificity of micro habitats required by some species is thought to be associated with the long-term stability of their specific ecosystems, which has persisted for thousands or millions of years. Even in some extremely unfavorable ecosystems, such as deserts, underground burrowing provides remarkable environmental stability by protecting scorpions from aridity and temperature extremes(25,26).
Scorpions have been divided into two broad ecological categories," equilibrium" and "oportunistic", depending on their type of environment and life history strategies(24). Equilibrium species occupy stable, natural environments, produce single egg clutches, do not store sperm, have long life-spans, low population density, low rmax, weak mobility, and are highly endemic, often known from a single locality(9,10,12,24). In contrast, opportunistic species, such as some members of the genera Centruroides, Tityus and Isometrus, readily invade disturbed environments, produce multiple clutches from a single insemination, have elaborate sperm storage capabilities(6), have short embryonic development, short life spans, high population density, rapid mobility and are widely distributed (Figure 2 and Figure 3).
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INVASION OF OPPORTUNISTIC SCORPIONS INTO HUMAN SETTLEMENTS
The recent expansion of human communities in western Brazil was followed by the invasion of a highly toxic scorpion species Tityus serrulatus, which previously had been restricted to a small region of natural savannas in the State of Minas Gerais(13). This species now poses an enormous health problem in Brazil due to its great toxicity, its invasion into human dwellings and its rapid prolificity resulting from parthenogenesis. The first comprehensive study of scorpionism in Brazil was presented by Maurano(17), but dealt with another native species, Tityus bahiensis (Perty, 1834), the second most toxic in South America. Although the main preoccupation with T.serrulatus since its description had been its great toxicity and medical importance, the absence of males from all known populations of this species had remained enigmatic. This puzzle was eventually answered by Matthiesen(16), who first demonstrated that T.serrulatus was an all-female species. Parthenogenesis has since been reported in several other species of scorpions(13). Tityus serrulatus is probably an obligate parthenospecies, since bisexual populations have never been found. The absence of related bisexuals within its present geographic range suggests that the generating parental was either eliminated after producing T.serrulatus, or that T.serrulatus evolved elsewhere and has since invaded an extensive region devoid of its bisexual progenitors(13).
SELECTION OF A PARTHENOSPECIES BY HUMAN ENVIRONMENTS
Several authors have noted that parthenogenetic animals tend to occur in habitats that are different from those of their related bisexuals(2,5,30,31), a pattern which Vandel(31) coined" geographic parthenogenesis". According to White(35,36), parthenogenetic animals are distinguished from their bisexual counterparts by two unique features, a stronger dispersal ability and a much higher reproductive potential. Additionally, Cuellar(2) has suggested that parthenogenetic animals can only evolve in areas devoid of the generating bisexuals because fertilization would disrupt an all-female lineage, and competition would impede its successful establishement in nature.
The highly toxic Brazilian scorpion Tityus serrulatus appears to conform with the above predictions. Although this species previously occupied a restricted area in the State of Minas Gerais in Brazil, today it is widely distributed throughout the southeast region of the country (Figure 4). The geographical expansion of this species was undoubtelly related to human colonization, which started about 300 years ago from the Atlantic coastal region westward. Typically, newly erected towns are invaded within a few years after their foundation, although the surrounding natural areas are virtually devoid of this scorpion. The rapid expansion of T.serrulatus into human dwellings was recently demonstrated by its invasion into Brasilia, the capital of Brazil(15). Construction of Brasilia was initiated in 1956 and completed during the 1970s. From 1971 to 1975, a precise inventory of the local scorpions and their densities was conducted in this region, yielding three species: Tityus fasciolatus, Bothriurus araguayae and Ananteris balzani(8). Among them, T. fasciolatus, represents 93% of the total population. This species is similar to T.serrulatus in several traits. Both average essentially the same adult size (65 versus 67 mm), same brood size (16), same embryonic development (2.5-3 months) and same age to maturity (2.0 to 2.5 years). However, T.fasciolatus is bisexual, with a sex ratio of 1 male to 3 females. They also differ in the type of population regulation, that of T. fasciolatus being density dependent and that of T.serrulatus density independent. Consequentely, the populations of T.fasciolatus have been stable for many years(7), whereas those of T.serrulatus have fluctated widely(15). Since the introduction of T.serrulatus into Brasilia and the adjoining Federal District during the late 1980s and early 1990s, the populations of T.fasciolatus have been rapidly declining. A new inventory conducted recently revealed that T.serrulatus now contitutes 70% of the total in this urbanized region(15), and is undoubtedly displacing the bisexual. Other cities in Brazil have been similarly invaded(28).
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ADVANTAGES OF SEXUAL AND PARTHENOGENETIC REPRODUCTION
Approximately 95% of all living species reproduce sexually. Yet the origin of sexual reproduction is not clear and it has probably evolved independently several times. Since sexual reproduction allows genetic recombination, it should also allow the rapid incorporation of favorable mutations. Muller(21) was the first to propose that sex should accelerate evolution because two favorable mutations (A and B) are more likely to arise in different individuals of the same population than in a single individual. In asexual species, AB can only arise when two similar mutations occur simultaneously in the same individual(19,34).
A similar theory attempting to explain the advantages of sexual reproduction was formulated by Van Valen(33). According to this author, the environment of any given species is comprised of two major factors, the abiotic and biotic. The abiotic constitutes physical factors such as climate, and the biotic constitutes other species in the environment, particularly closely related ones competing with each other for limited resources such as food. Among such species, any evolutionary modifications adapting one to the environment may be detrimental to the other, but their evolution does not influence the abiotic factors. Therefore, each of the competing species must evolve constantly and rapidly in response to the modifications of the other. Otherwise, the least alterable will ultimately be eliminated by the selective forces of competition. This is what Van Valen(33) called "the Red Queen hypothesis", in analogy to Lewis Carol's book of Alice in Wonderland, in which the Red Queen said to Alice "Here you see, it takes all the running you can do to keep in the same place". Therefore, in environments such as rain forests, where competition is extremely intense, sexual reproduction is not only advantageous, but a necessity.
The Red Queen hypothesis, however, does not seem to accord with the geographic distribution of parthenogenetic animals, the majority of which occur in remote habitats isolated from their bisexual congeners(4). According to Cuellar(4), the major reason for the insular distribution of parthenogenetic species is the ability of single individuals to found a new colony without a member of the opposite sex. Assuming that parthenospecies are truly superior colonizers and have evolved in isolation from their bisexual progenitors(2,4), then competition does not appear to have played an important role in their evolution. Aside from the potentially disruptive influence of competition on the establishment of unisexual clones, fertilization of the virgin females would also eliminate the unisexual lineages by disrupting all-femalesness and the meiotic process, the latter of which regulates constancy of ploidy and the integrity of the species(2,3). Therefore, at least initially, parthenospecies must escape their bisexual counterparts in order to found new colonies. As long as they remain isolated from the bisexuals, they can circumvent extinction.
Although sexuality is the predominant mode of reproduction among all organisms, it is not entirely devoid of costs, the most common of which are meiosis and the production of males(19,34). As stated by Mayr(20), "in parthenogenetic animals, all zygotes are egg-producing females that do not waste half of their eggs on males." Still, sexual reproduction has the long-term advantage and is undoubtely the reason why it has appeared several times during evolutionary history and predominates as the principal reproductive mechanism in most organisms(1,18,34). On the other hand, parthenogenesis is only advantageous under special environments(4), may not be very old evolutionarily(1) and is considered an evolutionary blind alley(35,36).
 PARTHENOGENETIC SCORPIONS AND SCORPIONISM
Since the initial demonstration of parthenogenesis in the scorpion Tityus serrulatus by Matthiesen(16), four additional parthenogenetic species have been recognized(13) and a few others have been suggested(27). Parthenogenesis in this group may be more common than presently suspected, since males in many species tend to be rare or even unknown. In fact, the recent demonstration of parthenogenesis in the above four species was based on rarity of males, and 1:1 sex ratios tend to be rare among scorpions in general(24). Except for T. serrulatus, which is probably an obligate parthenospecies, all of the other unisexuals are associated with bisexual populations (Figure 5). Within the range of these unisexual bisexual complexes, the bisexuals tend to be dominant and the unisexuals seem to occupy the peripheral sites(11,14), although as indicated by Lourenço & Cuellar(13) very little is still known about their specific ecologies. In Colombia, the parthenogenetic populations of Tityus columbianus (Thorell) occur on the western edge of the savannas within very dry canyons (Figure 6 and Figure 7). This region is known as the Mondonedo formation, which according to Van der Hammen(32) has been dry for the last 10,000 years. The bisexual populations of this species occupy the central and northern part of the range, consisting of a moist valley with extensive underground water. In contrast, the obligate parthenogen Tityus serrulatus has colonized all of the environments modified by human activity, and is presently expanding at an alarming pace toward the States of Mato Grosso, Tocantins and Rondonia, keeping pace with the ever expanding human population. What measures should be taken to prevent this highly toxic species from further expansion are not clear, but ultimately they must stem from the combined efforts of both field and laboratory investigations. Field biologists should strive to understand ecological and life history patterns, whereas laboratory studies should focus on behavioral and reproductive traits.
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