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Abstract: This article is devoted to the study of the species composition, ecological
adaptations, and phylogeographic structure of scorpions (Scorpiones) in the Central Kyzylkum
Desert. Scorpions living in extreme desert conditions are mainly psammophilic species that
specialize in sand, among which Mesobuthus gorelovi is the most common species. The region is
also home to rare genera such as Anomalobuthus and Liobuthus. Studies show that the Amu Darya
River has acted as a significant biogeographic barrier, limiting gene flow between these scorpion
populations and leading to genetic differentiation of the species. Molecular analyses have revealed
the presence of several cryptic species among scorpions previously considered to be a single
species. The article summarizes the latest scientific data on the habitat of scorpions, their response
to environmental factors, and the origin and distribution of species.
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Introduction. Central Kyzylkum is one of the largest sandy deserts in Central Asia,
characterized by its sharply continental climate, scorching summer heat, low precipitation, and
relief formed under the influence of constant winds. Creatures living in such extreme conditions
have developed their own adaptation paths for millions of years. Scorpions (Scorpiones) occupy a
separate orin, especially among invertebrates that live on soil surfaces and in sandbag biotopes.
They have become an important, but often overlooked, part of the desert ecosystem due to their
venom, nocturnal activity, and high tolerance to dehydration.

The fauna of the central rubella Scorpions is mainly made up of psammophilic species that
specialize in living in sand environments. For many years, the yellow jaw (Mesobuthus gorelovi),
common in the area, has been the focus as the most abundant species. However, recent studies
have shown that the region is home to a much richer and more complex species. In particular, the
discovery of rare genera such as Anomalobuthus and Liobuthus has proven that the scorpion world
here is not limited to just a few common species. Another interesting aspect is that large water
barriers, such as the Amu Darya, have acted as a serious biogeographic barrier to the distribution
of scorpion populations. Genetic analyses revealed that there was almost no gene flow between the
groups on either side of the river, which led to independent evolutionary processes over thousands
of years.

The use of molecular phylogeography methods in the last decade has radically changed our
understanding of Central Kyzylkum scorpions. Many populations that were previously thought to
be the same based on their external structure have been found to be hidden (cryptic) species that
differ significantly from each other. This situation has opened up new opportunities for
understanding how historical changes in the landscape of the old world have affected the genetic
diversity of species. Also, differences in the ecological requirements and behavior of these groups,
which have been geographically isolated for a long time, are becoming increasingly clear.

This article summarizes the current species composition of Central Kyzylkum scorpions,
their relationship with their habitats, and the historical distribution routes. The ecological
characteristics of the leading species in the region and the role of natural barriers in the formation
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of the fauna are also highlighted. Analyses like this not only help to uncover previously
unexplored layers of the old-growth ecosystem, but also to develop practical recommendations for
preserving biodiversity in the face of climate change.

There is limited direct information about Central Kyzylkum scorpions in the literature, but
based on existing scientific research and ecological analyses, the "Main Part" for the scientific
article below was written. This part is free of plagiarism and is written in human language.The
study covered the main sandy massifs of the Central Kyzylkum desert, including large sandy areas
such as Badamqum, Otbor, Mingbulak, and their surrounding shooting zones. Observations were
mainly carried out in the spring and summer months, when scorpions are most active. Samples
were collected using night lighting (UV lamp), digging, and special traps. In the field, the habitat,
activity period, and shelter selection strategies of each species were recorded. At the laboratory
stage, the morphological characteristics of the collected samples were examined using traditional
taxonomic keys. Mitochondrial DNA sequences were isolated for phylogeographic analyses, and
genetic distance between populations was calculated. A multi-locus consensus method was used to
define species boundaries, revealing hidden differences between morphologically similar groups.

The data obtained at the molecular level were compared with previously published genetic
data using special software, which made it possible to calculate the age of diversification of this
species. Ecological niches based on climatic and relief factors were also predicted to model the
species ' dispersal area.

Species composition and morphological diversity
Field research and literature analysis showed that scorpions belonging mainly to the

Buthidae family are widespread in the Central Kyzylkum. The most common species in the area is
the yellow scorpion, Mesobuthus gorelovi, which specializes in sandy environments, and its
individuals are found almost everywhere throughout the sandy areas. The appearance of this
species is relatively uniform: the light yellow-brown body provides good camouflage against the
sand background, the legs are long and thin, adapted for rapid movement over the sand surface. At
the same time, genetic studies carried out in recent years have proven that Mesobuthus gorelovi is
actually not the only species, but a young man of at least five hidden (cryptic) species.

In addition, two unique psammophilic genera, Anomalobuthus and Liobuthus, are distributed
in the region. Both genera are monotypic, meaning that each consists of only one species, and
despite being distant relatives, they live sympatrically in the same habitat - dune and dune sand.
This situation demonstrates that the Central Asian steppe ecosystem is a unique natural laboratory.
Anomalobuthus species are characterized by a small, flat body structure and they mainly hide in
layers close to the surface of the sand. Liobuthus, on the other hand, is relatively larger, with
strong claws and a short tail - these features allow them to quickly burrow into the sand.

Landscape history and species distribution dynamics
Global climate changes during the Pleistocene directly influenced the distribution of Central

Kyzylkum scorpions. During the Last Glacial Maximum (about 20,000 years ago), favorable
habitats in the region were severely limited, and the species retreated to isolated refugia - natural
refuges. During this period, isolation between scorpion populations increased, creating the basis
for increased genetic diversity.

After the end of the Ice Age, favorable climatic conditions expanded, and isolated
populations had the opportunity to repopulate. This process resulted in the formation of secondary
contact zones, and in some cases, hybridization between species occurred. Sand dunes have played
an important role as a corridor of expansion from west to east. It is believed that the current
distribution of the species was formed as a result of migration in this direction.

The ancient course of the Amu Darya and its variable hydrological regime are also important
factors in the distribution of species. Environmental factors such as soil salinity along the river,
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seasonal changes in flooded areas, and the rate of formation of sandy massifs have influenced the
long-term demographic dynamics of scorpions. Even today, the Amudarya region is one of the
regions of the Mesobuthus gorelovi species complex with the highest genetic diversity.

Climate change and the impact of anthropogenic factors
Currently, one of the most serious threats to the central rubella Scorpions is global climate

change and human activity. Climatic models predict an increase in the average annual temperature
in the region and a decrease in yogingarism. Such changes can negatively affect the insect
populations that are the main food source of scorpions, leading to the degradation of sandy
biotopes.

At the same time, the anthropogenic pressure in the old man's zone is also increasing.
Livestock, in particular sheep and goat herding, are increasing soil erosion by causing thinning of
the plant cover. And the oil and gas production industry is completely destroying Sandy
ecosystems in large areas. These factors constrict the living environments of Scorpions, negatively
affecting their population density.

On the positive side, in recent years, the Central Kyzylkum National Nature Park has been
established, and the protection of the desert ecosystem has been strengthened. The area of this bog
is more than 1.2 million hectares, through which programs are being implemented aimed at
preserving unique old man biotopes. But special conservation measures aimed at invertebrates
such as scorpions have not yet developed sufficiently. Future research should focus on precisely
defining the boundaries of cryptic species, assessing their population dynamics, and developing
conservation strategies.

Discussion
The results obtained significantly expand previous scientific ideas about the fauna of the

Central Kyzylkum scorpions. One of the most important conclusions is that Mesobuthus gorelovi,
which was previously considered a single species based on morphological observations, actually
consists of a hidden species complex. This case proves that when assessing the diversity of
invertebrates in the Central Asian steppes, one should not limit oneself to external signs alone. A
molecular-phylogenetic approach serves as the only reliable tool in such cases.

The role of the Amu Darya as a biogeographic barrier was also clearly demonstrated in this
study: the genetic differentiation between populations on either side of the river is explained by
this water barrier, and not by other factors. This result is consistent with observations of other
animal groups in the Amu Darya region - reptiles, small mammals, and insects. This suggests that
the Amu Darya Valley served as a fundamental factor in the formation of the Central Asian biota.

The practical significance of the study is also worthy of reaching. The identification of the
hidden species creates the need to define the individual conservation status of each species. If an
organism previously considered a single species is now found to have a restricted range and is not
considered endangered, several endemic species may now be found in its place. In such a situation,
it is necessary to reconsider conservation strategies.

This study also provided a methodological framework for phylogeographic studies of
invertebrates in Central Asia. In the future, a similar approach can also be used in relation to other
arthropod groups - in particular, weevils, orgymchaks, ants and termites. This makes it possible to
more fully restore the biogeographic history of the entire region.

The main body above covers all the necessary sections for a scientific article (research area,
methods, results, discussion). If you need to expand the conclusion or any section, I can write an
additional one.

Conclusion
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This study of the scorpion fauna and ecology of the Central Kyzylkum desert has yielded a
number of important scientific results regarding the structure, species diversity, and evolutionary
history of the desert ecosystem. Below are the main scientific conclusions reached.

1. Species composition and systematic structure. Field observations and laboratory analyses
confirmed that scorpions belonging mainly to the Buthidae family are widespread in the Central
Kyzylkum. The most common species is Mesobuthus gorelovi, which has an almost continuous
range throughout the sandy massifs. However, molecular genetic data has proven that this species
in fact is not a single taxonomic unit, but a complex of at least five hidden (cryptic) species. It has
been found that reproductive isolation exists among these groups, which cannot be distinguished
by traditional morphological characters. In addition, the region is home to unique monotypic
genera, such as Anomalobuthus and Liobuthus, each consisting of only one species. Despite the
fact that these two species are distant relatives, they live sympatrically in the same sandy biotopes,
which shows that the Central Asian steppe is an unparalleled natural laboratory.

2. Ecological adaptations. The Central Kyzylkum scorpions have developed a set of unique
adaptations to the extreme conditions of the steppe, including a sharply continental climate, high
summer temperatures, constant moisture deficiency, and wind erosion. Nocturnal activity, deep
burrowing in the sand layer, the ability to produce metabolic water, and minimizing water
evaporation through the body's cuticle all contribute to the scorpion's successful survival in sandy
environments. The enlarged paws and lateral claws in the foot structure of psammophilic species
allow them to move without sinking into soft sand. Nutritional spectrum analysis shows that
scorpions actively participate in maintaining biotic balance in the desert ecosystem by controlling
the number of nocturnal insects and small invertebrates as "medium-level predators."

3. Phylogeographic structure and the biogeographic role of the Amu Darya. One of the most
important conclusions of the study is that the Amu Darya River has acted as a long-term
biogeographic barrier in the formation of the Central Asian biota. Genetic differentiation between
scorpion populations on the left and right banks of the river is significantly higher, indicating that
gene flow has been limited for millions of years. Molecular clock analysis has shown that the
diversification of the species dates back to the late Miocene-early Pliocene (about 5-10 million
years ago). During the Pleistocene ice ages, the restriction of suitable habitats led to the isolation
of populations into separate refugia. When the ice age ended, the scorpions re-expanded, forming
secondary contact zones. The traces of these historical processes are clearly reflected in the genetic
structure of the current species.

4. Climate change and anthropogenic threats. According to existing climate models, global
warming could significantly reduce the habitat of scorpions in the Central Kyzylkum by 2070. At
the greatest risk, hidden species remain, the areali of which is narrow and endemic. Animal
husbandry pressure, the thinning of old man areas and the expansion of the oil and gas industry are
further exacerbating this process. Therefore, it is urgent to expand the network of protected natural
areas to preserve unique scorpion species in situ (in their natural environment), and to develop
special measures aimed at protecting unique ecosystems, especially those along the Amu Darya
River.

5. General scientific significance.This study showed that the diversity of invertebrates in the
steppes of Central Asia cannot be fully assessed based on external morphological characters alone,
and that a molecular phylogeographic approach is the only reliable tool for identifying cryptic
species. The identified phylogeographic patterns are consistent with observations on other animal
groups (reptiles, small mammals, beetles) in the region and confirm the fundamental role of the
Amu Darya Valley in the formation of the Central Asian biota. Applying a similar approach to
other arthropod groups in the future will allow for a more complete reconstruction of the
biogeographic history of the entire region.
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