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Abstract

This study examined the morphometric characteristics of four populations of Megachernes pavlovskyi
inhabiting caves in the Zagros Mountains. The length/width ratios of 14 meristic traits from 95 specimens
were analyzed. Statistical tests, including ANOVA, MANOVA, PCA, DFA, and cluster analysis, were
employed for data analysis. ANOVA results indicated significant differences in 12 characters (p<0.05).
Principal Component Analysis identified three main components, accounting for 64.98% of the total
variance. Given the variation in environmental factors of the studied caves and the impact of morphological
traits on ecological factors, the observed morphological differences among populations could be attributed to
habitat-specific adaptations of the species.
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Introduction

Animals with wide distribution ranges often exhibit significant morphological variations in response to
diverse biotic and abiotic factors (Ennen et al., 2014). The strong correlation between the environment and
various geographical variables is well-recognized (Mayr, 1991). Pseudoscorpions, small yet fascinating
members of the order Arachnida, have a widespread distribution and are typically found in subterranean
habitats such as caves, as well as under tree bark and stones (Murienne et al., 2008). Caves represent
sensitive, specialized, and unique ecosystems characterized by specific biological conditions and relatively
stable ecological parameters (light, temperature, evaporation, and humidity) throughout the year, including
the absence of light and high humidity (Medeiros et al., 2009; Romero, 2009). Among the species inhabiting
these caves is Megachernes pavlovskyi, a pseudoscorpion that has been reported in some Iranian caves
(Darvishnia, 2018). This study aimed to explore the morphometric variations of M. pavlovskyi populations in
several caves within the Zagros Mountains in western Iran.
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Materials and Methods

Pseudoscorpions were individually sampled using forceps from Malek, Palangan, Botkhaneh, and Sarab
caves, and then stored in 75% ethanol. To prepare microscopic slides, the specimens were clarified.
Photographs of different body parts were taken using a Nikon Eclipse 80i microscope equipped with a digital
camera. Subsequently, all measurements were conducted using ImageJ software (ver.1.8.0). For this purpose,
the length and width (L/W ratio) of 14 measurable traits were recorded, including the trochanter, femur,
tibia, and tarsus of legs | and 1V; the trochanter, femur, patella, and hand of the pedipalps; as well as the
chelicera and carapace. Morphometric differences among the four populations of this species in the caves
were analyzed using statistical tests such as ANOVA, MANOVA, PCA, DFA, and cluster analysis.

Results

One-way analysis of variance (ANOVA) was conducted to assess the significance of differences in relative
morphometric traits among four cave-dwelling populations of the M. pavlovskyi species. Significant
differences were observed in 12 out of 14 morphometric traits (except for the L/W ratio of the pedipalp
femur and the trochanter of leg 1V) (p<0.05). Additionally, the multivariate analysis of variance revealed
significant differences among patterns of population changes (p<0.05). Principal component analysis (PCA)
identified three statistically significant components, accounting for 64.98% of the total variance. The first
component encompassed relative characteristics of the femur, tibia, and tarsus of leg IV; the tibia and tarsus
of leg I; and the femur and hand of the pedipalp. The second component included the patella of the pedipalp
and the chelicerae. The third component comprised the femur of leg | and the trochanter of legs | and IV.
These components and the traits within them played a crucial role in differentiating the populations of each
cave from one another. According to the classification derived from the scatter plot, the Botkhane and Sarab
populations are distinctly separated from the Malek and Palangan populations. However, there is an overlap
between the Botkhane and Sarab populations as well as between the Malek and Palangan populations. The
comprehensive analysis of the measured relative morphological traits of the four studied populations, using
discriminant function analysis (DFA), revealed that 98% of the groups were correctly classified. Cluster
analysis of the relative morphological traits resulted in the division of the studied samples into two main
clusters. The first cluster comprises the populations of the Malek and Palangan caves located in Ilam and
Fars provinces, respectively, while the second cluster includes the populations of the Botkhaneh and Sarab
caves in Lorestan and Chahar Mahal and Bakhtiari provinces.

Discussion

An ecosystem may host several populations of the same species. There are various methods to compare or
identify different populations of the same species, one of which involves examining relative morphometric
traits. Therefore, by studying morphometric traits and employing statistical methods, it is possible to gain
valuable insights into the morphological diversity of populations (Wootton, 1991). The ANOVA analysis
revealed significant differences between most of the relative traits. In the PCA, three significant components
were extracted, accounting for 64.98% of the total variance. Based on these three components, the
Botkhaneh and Sarab populations were clearly differentiated from the Malek and Palangan populations.
Wainwright and Shaw (1999) proposed that morphological traits can adapt flexibly in response to
environmental changes. In this study, the segregation of the populations of this species could be attributed to
the similarities in environmental factors, such as relative humidity and temperature, between Sarab and
Botkhaneh caves compared to those in Malek and Palangan caves.

According to the results of the scatter plot from discriminant analysis, the groups were accurately classified.
The populations from Malek and Palangan caves clustered together in one dendrogram, while those from
Botkhaneh and Sarab formed another cluster. The internal environment of Sarab and Botkhaneh caves
exhibited higher humidity and lower temperatures compared to Malek and Palangan caves, and notably, the
CO2 concentration in Botkhaneh cave was much higher than in the other three caves. Although pinpointing
the exact causes of these morphological differences among populations is challenging, the prevailing view
that morphological changes are solely influenced by genetics has evolved. Today, it is acknowledged that
environmental factors, in addition to genetic elements, also play a significant role in shaping morphological
traits (Akbarzadeh et al., 2009).
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Considering that morphological traits are influenced by ecological factors, the variation in the relative sizes
of these traits may be attributed to the differences in the type of ecosystems studied and the distinct
responses of species to environmental conditions (Safaei et al., 2014). In this study, the disparities in the
relative size of morphological traits among the examined populations could be due to the varying habitat
characteristics in which these populations reside. The population residing in each cave could enhance its
chances of survival through morphological adaptability. The flexibility in animal morphology is usually a
response to environmental conditions, manifesting as morphological, physiological, and behavioral
adaptations (Mayr, 1991). In the present study, although Sarab and Botkhaneh caves are geographically
distant and differ in elevation from sea level at their entrances, it appears that the similarity in environmental
factors inside the caves, such as higher humidity, along with factors like lower temperature and greater
accumulation of bat guano, have created similar conditions for the species' habitation. This similarity may
explain why the populations in these two caves are more alike compared to those in Malek and Palangan
caves. The findings suggest that environmental factors like cave temperature, humidity levels, and substrate
type could significantly influence the morphology of Megachernes pavlovskyi species and account for the
observed differences.
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Figure 1- Distribution map of Megachernes pavlovskyi Redikorzev, 1949 in the studied caves in the Zagros mountain range,
west and southwest of Iran. Malek Cave (A), Betkhaneh Cave (B), Sarab Cave (C) and Palangan Cave (D). The total number
of studied caves that had at least one specimen of the studied species is marked with an asterisk.
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Figure 2- The entrance of the studied caves and a general view of the cave's interior environment. Malek Cave (A),
Botkhaneh Cave (B), Palangan Cave (C) and Sarab Cave (D).
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Figure 3- Relative measurements (length to width) of different parts of the body of the false scorpion Megachernes
pavlovskyi Redikorzev, 1949. Figure A: the complete specimen of the studied false scorpion, Figure B: 1 and 2: length and
width of the shield, Figure C: 1 and 2: length and width of foot I, 3 and 4: length and width of leg I, 5 and 6: length and width
of thigh of leg | and 7: length of thigh of leg | and figure D: 1 and 2: length and width of pincer-like organ.
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Table 1- Minimum and maximum sizes (in mm) and morphological ratios of 95 specimens of false scorpion belonging to the
species Megachernes pavlovskyi Redikorzev, 1949 in the four studied caves.
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Figure 4- Principal component analysis (PCA) of relative traits in populations of Megachernes pavlovskyi Redikorzev, 1949
in four caves studied in the Zagros mountain range, west and southwest of Iran (blue circle: Malek cave, green circle:
Palangan cave, red circle: Botkhaneh cave) Orange house and circle: mirage cave).
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Figure 5- Audit function analysis (DFA) of all relative morphological traits of Megachernes pavlovskyi populations in Malek
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