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ABSTRACT. Ants (Hym., Formicidae) have been recognized as vital components of arid 
ecosystems. Determining the diversity patterns of ants and the ecological factors behind 
these patterns is expected to improve our understanding of the functioning of arid 
ecosystems. Here, we explored patterns of ant species diversity and community composition 
along an elevational gradient (800 to 2800 m) in the arid area of Central Iran. The 
elevational gradient in ant diversity and the effects of environmental factors on various 
indices of ant diversity and species composition were investigated using generalized linear 
mixed models and variance partitioning analysis. We recorded 34 ant species of 12 genera 
and 8 tribes from 120 surveyed quadrats. Climate variables were the most important 
predictors of ant community structure. Indices of ant alpha diversity including Hill 
numbers and taxonomic diversity increased with elevation. Hill numbers were negatively 
influenced by temperature, while they were positively affected by precipitation. The 
observed diversity pattern could be explained by the diversity-productivity hypothesis. In 
our study area, the maximum primary productivity and consequently the maximum species 
diversity occurred at high elevations, where precipitation is high and temperature is lower 
than the extremes that could limit plant productivity. Ant assemblages are expected to 
become increasingly composed of warm-tolerant species in response to warmer and drier 
conditions driven by climate change. The distribution of species with lower heat 
tolerance will be limited to high-elevation areas in Central Iran. These areas could act as 
refuges for ants and should be considered priorities for conservation. 
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INTRODUCTION

Concerns about the impacts of climate change on biodiversity have created an urgent need to 
understand the patterns of species diversity and the ecological processes that produce these patterns. 
Compared to humid regions, arid regions which cover approximately one-third of the planet's surface 
seem to be more vulnerable to climate change (Xu & Yang, 2017). Mostly because arid regions have 
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scarce freshwater resources and any disruption in precipitation patterns or increased evaporation due 
to climate change can exacerbate water scarcity, impacting ecosystems and biodiversity. Thus predicting 
the response of arid regions' biodiversity to the main drivers of global change is of special interest 
(Moradmand & Yousefi, 2022). However, the biodiversity of arid regions in Africa, the Middle East, and 
Central Asia is not well documented and these regions are considered gaps in the global biodiversity 
information (Peterson & Soberón, 2018). This knowledge gap is even more severe when considering 
Arthropods.  Even though Arthropods make up the majority of terrestrial animal diversity and have 
considerable functional importance in ecosystems (Rader et al., 2016; Gibb et al., 2019).  

Among arthropods, ants (Hym., Formicidae) are a globally dominant faunal group (Dröse et al., 2021) 
that have been recognized as vital components of arid ecosystems (Li et al., 2011). They could perform a 
range of ecosystem functions as ecosystem engineers (Bybee et al., 2016), seeds dispersers (Wolff & 
Debussche, 1999), scavengers (Holway & Cameron, 2021), predators (Philpott & Armbrecht, 2006), and 
herbivores (Herz et al., 2007). Furthermore, due to the sensitivity of ants to environmental change, they 
are known as indicators of ecosystem change (Andersen, 2019).  Therefore, determining the diversity 
patterns of ants and the ecological factors behind these patterns is expected to improve our understanding 
of the functioning of arid ecosystems. This would also give us more information on the general trend of 
biodiversity change and could be effectively used in conservation decision-making. In this study, we will 
focus on the diversity patterns of ants in an elevational gradient in the arid area of central Iran. 

Elevation gradients encompass highly contrasting environmental conditions over short geographical 
distances. Therefore they are one of the most suitable models for investigating the ecological drivers of 
biodiversity (McCain & Grytnes, 2010). Numerous studies have investigated elevational patterns in 
species diversity. The observed trend varies among different taxa and across different geographical 
regions. The most commonly observed patterns are decreasing richness with increasing elevation and a 
hump-shaped pattern with the highest richness occurring at intermediate elevations (Grytnes & McCain, 
2007). Studies of ant diversity along elevational gradients also reported various results. For instance, 
many studies in temperate and tropical regions have documented a decline in species richness with 
increasing elevation (Reymond et al., 2013; Kwon et al., 2014; Liu et al., 2018; Marathe et al., 2021; Kunene 
et al., 2022). A mid-elevation peak in species richness also has been frequently reported (Smith et al., 2014; 
Nowrouzi et al., 2016; Flores et al., 2018). To date, only a small number of studies have examined ant 
diversity in arid regions. These studies also reported variable richness patterns (Szewczyk & McCain, 
2016), and even increases in richness with elevation (Sanders et al., 2003). Despite the conducted studies, 
many questions remain unanswered regarding the patterns of ant diversity across elevation gradients. 
For example, the information about the combined effects of climate and habitat conditions such as soil 
properties in shaping elevational patterns of ant diversity is limited. Furthermore, it remains unclear 
whether adopting a multi-dimensional approach and using various diversity indices could improve our 
understanding of biodiversity changes across elevation gradients.  

The central part of Iran is extremely hot and arid. Future projections also foresee a warmer and 
drier climate for the future of this area (Madani et al., 2016). The biodiversity of this area is increasingly 
threatened by a wide range of disturbances, including climate change and anthropogenic habitat 
alterations. In this situation, understanding biodiversity patterns and their drivers is essential to 
develop effective conservation programs. So far only a few studies have been carried out regarding the 
diversity patterns of Arthropods in the central part of Iran. Most of these studies have focused on 
charismatic insects such as dragonflies (Eslami Barzoki et al., 2020a, 2020b, 2021). Ant diversity also has 
been the subject of a few studies. These studies have mainly investigated ant species richness and 
composition patterns along a latitudinal gradient in Iran (Paknia, 2011; Paknia & Pfeiffer, 2011, 2012, 
2014; Mohseni & Rad, 2021; Farajollahzadeh et al., 2023). Nevertheless, still, many aspects of ant ecology 
remain unexplored, especially in the central parts of Iran. In the present study, we explored patterns of 
ant species diversity and community composition along an elevational gradient in the arid area of Central 
Iran. Specifically, we address the following questions: (1) What is the relationship between ant species 
diversity and elevation? (2) Are there distinct local communities at different elevations? (3) Which 
environmental factors contribute to shaping the spatial distribution of ant species in Central Iran?. 
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MATERIAL AND METHODS 
Study areas. The studied area is located in central Iran (latitude 32°08.107" N to 33°49.334"N, longitude 
49°57.775"E to 55°32.287"E) (Fig. 1) which has a semi-arid and arid climate. The east and central parts of 
the area are located in the Central Persian Desert basins ecoregion where annual precipitation is less 
than 100 mm and the extreme maximum temperature can reach 42°C. The west part of the area is 
located in the Zagros Mountains Forest steppe ecoregion. The annual precipitation in this ecoregion 
reaches 800 mm and the temperature can fall below −25°C in the winter (Zohary, 1973). The area 
exhibits a drop in elevation in an eastern direction, with the highest point being altitudes 2800 m in the 
west and decreasing to 800 m in the east.  

Sampling design. Thirty sampling sites were distributed along the elevational gradient. All of them 
were located in pastures, away from residential or agricultural areas. Ant sampling was conducted on 
sunny days between 10:00 and 17:00, once in each sampling season (spring, summer, and autumn) in 
2019 and 2020. In each sampling site, four 20 × 20 m2 quadrats were placed at a distance of more than 
300 m from each other to avoid pseudoreplication. All quadrats had at least 200 meters distance from 
the main road. Wide plastic frames were positioned on either side of the quadrats to block ants from 
entering or leaving the quadrats during the sampling process. Then, each quadrat was surveyed using 
vacuum sampling and hand search-collecting methods for approximately 60 minutes. In each quadrat, 
the ant specimens that were visible on the soil surface or plant bushes were collected using a 
rechargeable vacuum cleaner (Lach et al., 2010). Vacuum sampling was followed by hand sampling 
during which rocks were turned over, and objects like dried bushes and debris were checked to find 
hidden nests or individuals (Salyer et al., 2014). Later, ant specimens that have been observed during 
soil sampling (see Predictor variables section) also have been collected. If there was an ant nest entrance 
inside the quadrat and hundreds of individuals of a single species were observed, only 20 to 30 
individuals were collected.  

 
Figure 1. The map demonstrates the elevational gradient in Central Iran, with the location of the sampling 
sites. 
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Identification of specimens. Specimens collected from each quadrat were kept in separate containers. 
Some of the collected specimens of each species were kept in 96% ethanol for future molecular studies, 
and some were kept in 75% ethanol for identification and taxonomic studies. Species identified to species 
level using identification keys such as Collingwood and Agosti (1996), Ward et al. (2016), Khalili-
Moghadam et al. (2021), Salata et al. (2021). Additionally, the identification of some samples has been 
carried out with the help of Dr. Jonathan Romiguier and Yannick Juve from Université de Montpellier. 
The species lists resulting from all seasons were pooled in a single list to use in downstream analysis.  

Within each quadrat, the percent of vegetation cover was recorded. Furthermore, one or two 
specimens of every plant species within each quadrat were collected. The samples were pressed, dried, 
and later identified by expert botanists in Isfahan University Herbarium. Within each quadrat, five soil 
samples were collected at random from the surface  (top 5–10 cm of the soil), and an additional five 
samples were collected from a depth of 30–40 cm. Samples from surface and depth were mixed to have 
one surface and one depth soil sample from each quadrat. The physical (soil texture) and chemical (pH, 
salinity, EC, water content) characteristics of these 240 samples were measured in the laboratory 
following the approach of Ryan et al. (2001). 

Predictor variables. Two groups of environmental predictors were used: 1. Bioclimatic variables with a 
spatial resolution of 1 km for the period of 1970–2000 were obtained from the WorldClim database 
(Fick & Hijmans, 2017). To avoid the multicollinearity problem, 19 bioclimatic variables were divided 
into subsets related to precipitation and temperature. Then, for each subset principal component 
analysis (PCA) was applied, using the base R stats package. This way uncorrelated synthetic variables 
were generated that represent the original precipitation and temperature variables. The results showed 
that the first principal component (PC1) explained 72.2% of the variation in the temperature subset. 
This number was 82.7% for the precipitation subset. Therefore, subsequent analyses were performed 
using only PC1 temperature and PC1 precipitation. Almost all variables were positively correlated with PC1 and 
had large weights and highly contributed to PC1. The exceptions were Isothermality, Temperature 
Annual Range, and Mean Diurnal Range, which had weights <30 and were negatively correlated with 
PC1. Therefore, any interpretation using PC1Temperature and PC1Precipitation should largely reflect the broad 
variation in terms of temperature and precipitation occurring across central Iran. From now on, we will 
refer to PC1 temperature as temperature and PC1 precipitation as precipitation. 2. Habitat predictors included 
physical and chemical characteristics of depth and surface soil (percent of clay, silt, and sand, pH, 
salinity, and wet reserve ability) as well as plant richness and plant coverage. For each set of soil 
characteristics related to the surface and depth, PCA was used to reduce variables to a smaller number 
of non-correlated PCs. The first two PCs derived from each PCA served as surface and depth soil 
characteristics variables (supplementary material S1).  

Alpha diversity. To estimate the alpha-diversity of ants in each sampling site, Hill numbers of order 0 
(Q = 0, species richness), 1 (Q = 1, exponential of Shannon’s entropy), and 2 (Q = 2, inverse of Simpson 
concentration) (Jost, 2006) were calculated with the help of R package SpadeR (Chao et al., 2016). A 
taxonomic tree was constructed using Linnaean classification for all recorded species. With the help of 
this tree, taxonomic diversity (Δ), taxonomic distinctness (Δ*), and average taxonomic distinctness (∆+) 
were calculated using the R package vegan (Oksanen et al., 2013). These indices are similar to Hill 
numbers but they have an added component of taxonomic separation, which is the path length through 
the taxonomic tree connecting every pair of species (Warwick & Clarke, 1995; Clarke & Warwick, 1998, 
2001). Δ, Δ*, and ∆+ are usually used to take into account the taxonomic distance among the species 
composing an assemblage. Elevational and longitudinal gradients in ant diversity were analyzed using 
generalized linear mixed models (GLMs). Response variables in these models were the first three Hill 
numbers, Δ, Δ*, and ∆+. Explanatory variables were the fixed effects of elevation and longitude. The 
effects of environmental factors on ant diversity were modelled using GLMs. Response variables were 
the first three Hill numbers, Δ, Δ*, and ∆+, while fixed variables were temperature, precipitation, and 
principal components of soil characteristics. Since plant richness and percentage of plant cover were 
strongly correlated with precipitation, we excluded them from GLMs. A model selection procedure 
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was performed based on the second-order Akaike information criteria corrected for a small sample size 
(AICc). This model selection was carried out using “dredge” function in the R package MuMIn which 
performs automated model selection with every possible combination of predictor variables (Barton, 
2023). 

Species composition. Based on the altitudinal variation of the studied area, sampling sites were 
classified as low-altitude (800≤ A1<1470), middle-altitude (1470≤ A2<2140), and high-altitude (2140≤ 
A3<2800m). To compare the composition of ant species between elevation classes, a one-way 
permutational multivariate analysis of Variance, (PERMANOVA) was applied using the Bray–Curtis 
dissimilarity index and 9999 permutations. We used nonmetric multidimensional scaling (NMDS) to 
visualize the variation of ant species composition between elevation classes. This analysis was 
performed with the Bray–Curtis dissimilarity index on two axes. We are aware that by using unequal 
group sizes in comparing species composition, the results might be deviated, however, for our data this 
test was the best available choice. The relationship between the geographical distance between 
sampling sites and Bray-Curtis dissimilarity was analyzed using a Mantel test (10,000 permutations). 
These analyses have been performed using the R package vegan (Oksanen et al., 2013). The importance 
of environmental variables and geographical distance, in explaining the variation in species 
composition among sampling sites, was determined using variance partitioning analysis through the 
function ‘varpart’ of the R package vegan. This function partitions the variation in community data 
with respect to explanatory tables (here: climate variables, geographical distance, and habitat 
variables), using adjusted R2 in redundancy analysis ordination (RDA). All packages employed for 
statistical analyses and the “ggplot2” package (Wickham et al., 2016) used for graph building are 
incorporated in the R-software version 4.1.2  (R Development Core Team, 2021). The level of significance 
used in all analyses was set to p < 0.05.  

RESULTS 

In total, 34 ant species of 12 genera and 8 tribes were identified from 120 sampled quadrats 
(supplementary material S2). This represents 12.5 % of the total number of species recorded from Iran 
so far (280 species). The species belonged predominantly to the genus Cataglyphis Förster, 1850 with 9 
species. The number of species per site ranged from 2 to 11, with an average of 6±2.88 (SD). The Bray-
Curtis dissimilarity was positively correlated with the distance (Mantel test; r=0.39, P=0.0001). The 
results of the PERMANOVA test showed that the composition of ant species varied significantly 
between elevation classes (F= 1.71; P=0.0021). The pairwise comparison demonstrated that the most 
distinct species composition belongs to high-altitude sites (A3) (Table 1). These results were also shown 
by the NMDS analysis (Fig. 2A). In all three elevation classes, the ants of the genus Cataglyphis were 
dominant (Fig. 2B). Also, based on the cluster analysis sites lower than 2400 m altitude formed a cluster 
that was distinct from a cluster containing higher elevation sites (Fig. 3).  

Based on the variance partitioning analysis 53% of the variance in ant community structure could 
be explained by variables related to climate, habitat, and geographical distance. Climate variables were 
the most important predictors of ant community structure and explained 8% of the variation in the ant 
community data. Habitat variables and geographical distance explained 3% and 2% of the variance, 
respectively (Fig. 4). 
 
Table 1. Results of pairwise PERMANOVA test for differences in ant species composition between three 
elevation classes in Central Iran. A1: low altitude, A2: middle altitude, A3: high altitude.  

 F.Model R2 p Value p Adjusted 
A1 vs A2 3.946 0.152 0.004 0.012 
A1 vs A3 9.96 0.356 0.001 0.003 
A2 vs A3 10.25 0.422 0.001 0.003 
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Figure 2. Comparing ant assemblages composition in three elevation classes in Central Iran. A. NMDS 
ordination plots based on Bray Curtis dissimilarity index; B. Participation percentage of each genus 
(based on the number of species) in ant assemblages composition. A1: low altitude, A2: middle altitude, 
A3: high altitude. 

 
Figure 3. Cluster analysis of species composition of ants found in Central Iran. Based on the Bray Curtis 
dissimilarity index. Numbers are the altitude of sites. 
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Figure 4. Venn diagram resulting from variance partitioning analysis with predictor variables that may 
affect the ant community structure. See the text for a full description of each set of variables. 

 
Figure 5. The relationship between ant species diversity indices and elevation in Central Iran, based on 
generalized linear mixed models. 

Based on our findings, indices of ant alpha diversity including Q0, Q1, Q2, and ∆ increased with elevation 
(likelihood ratio test; Q0: R2=0.28, p=0.002; Q1: R2= 0.34, p=0.001, Q2: R2=0.29, p=002; ∆: R2=0.20, p=0.016). 
Richness peaked at 2200–2500 m and was lowest at 1000–1200 m. There were no significant elevational 
patterns in Δ* and ∆+ (Fig. 5). Neither of the calculated diversity indices showed a significant longitudinal 
pattern. Q0, Q1, and Q2 were negatively influenced by temperature, while they were positively affected 
by precipitation. The percentage of sand in the surface soil (PC1's highest load) also negatively affects Q1 
and Q2. Taxonomic diversity is negatively affected by temperature. Neither of the selected variables had 
significant impacts on taxonomic distinctness (Δ*) and average taxonomic distinctness (∆+) (Table 2).  
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Table 2. Factors that significantly affect ant diversity indices, based on the best model obtained from 
model selection by dredge function in MuMln package. 

 Coefficient p-Value Null 
deviance 

Residual 
deviance AIC 

Q0   241.58 137.31 138.77 
Temperature -1.528 <0.001 - - - 
Precipitation 1.293 <0.001 - - - 

Q1   68.890 34.22 99.1 
Temperature -0.720 0.00110 - - - 
Precipitation 0.639 0.01891 - - - 
Sand percentage in surface soil -0.411 0.01970 - - - 

Q2   45.193 24.05 91.857 
Temperature -0.450 0.012 - - - 
Precipitation 0.359 0.105 - - - 
Sand percentage in surface soil -0.366 0.014 - - - 

Taxonomic diversity - - 9410.6 7350.2 256.17 
Temperature -2.992 0.009 - - - 

DISCUSSION 
In this study, patterns of ant species diversity and community composition along an elevational 
gradient in the arid area of Central Iran were explored. We believe that by using both vacuum 
sampling and hand sampling in three seasons, we were able to compile a comprehensive list of species. 
As the habitats we studied were open and had low complexity it was easy to spot ants efficiently 
through visual scanning. The vacuum method enabled us to catch individuals that are hard to catch by 
hand such as fast-running species and species on thorny bushes. While the pitfall technique has been 
used successfully  in many studies, we opted not to use this technique due to time constraints. 
Surveying 30 stations (120 quadrats) in a vast area within limited time frames of one month (in each 
season) made pitfall traps impractical for us. Furthermore, our pilot study in five arid locations, where 
both pitfall and hand-vacuum sampling were employed, demonstrated that hand-vacuum sampling 
led to the discovery of more species (Hajian et al., unpublished data). Similar findings were reported by 
Fotso Kuate et al. (2015). Diversity indices including Q0, Q1, Q2, and taxonomic diversity tended to 
increase with increasing elevation. This pattern is similar to what is reported by Sanders et al. (2003) 
who studied the richness of ant species along an elevational gradient (1000–2500 m) in an arid 
ecosystem. Paknia and Pfeiffer (2012) also studied ant species richness in the Central Persian Desert 
Basins, covering an elevational range of 1000–1900 meters. They reported an independent relationship 
between elevation and species richness. Other studies conducted in different climatic regions also show 
different results. A mid-elevation peak is the most frequently reported pattern of ant species richness 
along elevational gradients (Subedi & Budha, 2020). This pattern has been reported in various 
ecosystems including the Australian Wet Tropics (Nowrouzi et al., 2016), the Mediterranean mountain 
range (Flores et al., 2018), and the tropical forest (Smith et al., 2014). Another observed pattern is a 
monotonic decrease in species richness along with an increase in elevation. This pattern has also been 
reported from different climatic zones such as temperate regions (Reymond et al., 2013; Kwon et al., 
2014; Liu et al., 2018) and tropical regions (Marathe et al., 2021; Kunene et al., 2022). This inconsistency 
between the observations of different studies could be explained by changes in the climate-elevation 
relationship over space (Sanders et al., 2003). The association between temperature and precipitation 
may differ along similar elevation ranges in different climatic zones. For example, precipitation 
generally decreases with elevation in tropical regions, while precipitation increases along with 
increasing elevation in many temperate and arid habitats (Sanders et al., 2003). Therefore, if there is a 
relationship between species richness and climate, this relationship should also change over space. 
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Consistent with this hypothesis, Ward (2000) conducted a widespread survey to study the leaf litter ant 
diversity and found that species richness peaked at mid-elevations in the tropics, but decreased 
continuously with elevation in temperate regions. 

Our multiple regression analysis suggests that ant species richness increases as the temperature 
decreases and rainfall increases (which coincides with increasing elevation in our study area). In other 
words, low-elevation sites that are extremely hot and dry have the lowest ant richness compared to 
high-elevation sites with lower temperatures and higher rainfall. So far studies that have been 
conducted in arid regions reported diverse responses of ant diversity to climatic factors, including 
positive (Davidson, 1977; Sanders et al., 2003; Segev, 2010; Paknia & Pfeiffer, 2012; Gibb et al., 2019) and 
insignificant (Pfeiffer et al., 2003) association with precipitation; negative (Sanders et al., 2003) and 
insignificant (Segev, 2010) correlation with temperature. Several studies in temperate and tropical 
regions also reported that species richness responds positively to temperature (Longino & Colwell, 
2011; Machac et al., 2011; Kwon et al., 2014; Munyai & Foord, 2015). This disparity in results shows that 
the diversity-climate relationship could change over space according to habitat factors, community 
characteristics, the scale of the study, the geological and evolutionary history of the study area, and the 
level of habitat productivity (Sanders et al., 2007; Dunn et al., 2009).  

The diversity-productivity hypothesis could explain the observed diversity pattern in our study. 
Based on this hypothesis, the density and size of ant colonies increase with increasing productivity and 
thus the availability of energy and resources. A higher abundance of individuals could decrease the 
risk of local extinction and lead to higher species richness. In another interpretation, habitats with 
greater productivity can support a greater diversity of food plants, which in turn enables the evolution 
of a wider range of specialist species. Furthermore, the higher complexity of more productive habitats 
allows the coexistence of more species by decreasing competition (Evans et al., 2005; Clarke & Gaston, 
2006; Storch et al., 2018). In our study area, there was a strong correlation between precipitation and 
plant richness and coverage in surveyed quadrats. We can consider this as a positive relationship 
between precipitation and productivity. Because the production of food resources such as flowers and 
seeds increases with increasing plant richness and coverage. On the other hand, the high temperatures 
of arid areas can limit vegetation productivity through an abrupt decrease in gross photosynthesis and 
a continuous increase in respiration (Waring & Schlesinger, 1985). Therefore, in our study area, the 
maximum primary productivity and consequently the maximum species richness were expected to 
occur at high elevations, where precipitation is high and temperature is lower than the extremes that 
could limit plant productivity.  

Our results regarding Q1 and Q2 (indices that take into account species abundance) were similar to 
the richness pattern. It means that productivity affects not only the presence or absence of species but 
also the abundance of species. At more productive areas (higher elevations), the relative abundance of 
species is more evenly distributed. Consistent with our findings, Mohseni and Rad (2021) demonstrated 
a positive correlation between the abundance of plants in natural habitats and ants abundance and 
species richness. The fact that taxonomic diversity also followed richness patterns shows that the higher 
productivity in higher altitudes has led to the evolution of more specialist species and thus 
phylogenetically more diverse assemblages. Q1 and Q2 also were negatively affected by the sand 
contents of the surface soil. This pattern could be connected to soil productivity. Sandy soils have a low 
capacity to retain rainfall water and nutrients in a form available to plants and so are less productive 
than silt or clay soils (Brady et al., 2008; Delsinne et al., 2010). Also, productive soils with a lower sand 
content compared to silt favour the establishment of ant nests and provide protection against sand 
sinking and burial for the nests (Chen et al., 2007; Li et al., 2011). Our results from the variance 
partitioning analysis showed that climate factors appear to be the most influential factors in shaping 
species assemblages. Climatic variables are known to be the primary driver of species distributions and 
changes in species composition across most taxonomic groups (Buckley & Jetz, 2008), including ants 
(Paknia & Pfeiffer, 2014; Wepfer et al., 2016). The composition of ant species varied significantly 
between elevation classes. In medium and high altitude sites, ants in the genus Cataglyphis were 
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dominant while in low altitude sites, Cataglyphis and Monomorium are the most diverse genera. Fast-
running thermophilous Cataglyphis ants show a set of behavioural (e.g. foraging rhythm), 
morphological, and physiological (e.g. body size, polymorphism) adaptations that allow them to 
tolerate extreme conditions in arid areas (Boulay et al., 2017). In high elevations where ant communities 
are rich, the ability to forage at high temperatures allows Cataglyphis to avoid competitors and exploit 
food resources. Cataglyphis ants could also be successful at low elevations where ecosystem 
productivity and species richness are low because, with their high thermal tolerance, they can escape 
predation pressure by less thermotolerant species (Boulay et al., 2017).  

Contrary to what we observed in high-elevation sites, in low elevations, the species of genus 
Monomorium are as abundant as Cataglyphis species. This finding is in line with the study of Pérez-
Toledo et al. (2022) in Mexico, who reported that Monomorium is highly restricted to the warm 
conditions found in the lowlands. This could probably resemble the neotropical origin of this genus 
(Ward et al., 2015). The success of ants in genus Monomorium at low-elevation and high temperatures 
sites might be explained by critical thermal maximum (CTmax) (Bujan et al., 2020). CTmax is the 
temperature at which animals lose voluntary muscle control and is considered a measure of heat 
tolerance. Bujan et al. (2020) measured CTmax and CTmin for 132 species of North American ants. Based 
on their results CTmax for the Monomorium has been estimated at 53°C, while for Tetramorium which 
showed the lowest richness in low-altitude and high-temperature sites, CTmax has been estimated at 
46°C (Bujan et al., 2020). 

Based on our findings 47% of the deviation in the structure of the ant community remained 
unexplained, thus we cannot ignore the fact that unmeasured variables also may have significant 
effects on determining the ant species composition and diversity in Central Iran. We suggest that the 
geological history of the area is also an important factor that could be investigated in future studies. In 
conclusion, we have shown that local ant diversity and species composition in the arid area of central 
Iran depends mainly on climate, and in particular precipitation. Considering future climate change, 
with a prediction of warmer and drier conditions, ant assemblages are expected to become increasingly 
composed of warm-tolerant species in lowland areas. The distribution of species with lower heat 
tolerance will be limited to high-elevation areas. Therefore high-elevation areas can be refuges for ant 
species and from the conservation perspective, these regions are of priority for conservation. 

AUTHOR′S CONTRIBUTION 

The authors confirm their contribution in the paper as follows: M.H., M.E., and S.S. conceived and designed the 
study having consultation from A.Gh. and M.M. M.H. conducted fieldwork, identified species, analyzed the soil 
samples, and prepared the databank. Z.E. performed data analyses. M.H. and Z.E. wrote the first draft of the 
papers. A.Gh., M.M., M.E., and S.S. reviewed the manuscript and helped in finalizing the paper. The authors read 
and approved the final version of the manuscript. 

FUNDING 
This research received no specific grant from any funding agency. 

AVAILABILITY OF DATA AND MATERIAL 
Additional supporting information may be found online in the Supporting Information section at the end of the 
article. The specimens listed in this study are deposited in the Zoological Museum and Collection of Biology 
Department at Shiraz University (ZM-CBSU), Iran and are available from the curator, upon request. 

ETHICS APPROVAL AND CONSENT TO PARTICIPATE 
Not applicable. 

CONSENT FOR PUBLICATION 
Not applicable. 



 Hajian et al. 153 
  

Journal of Insect Biodiversity and Systematics 2024  10 (1) 

CONFLICT OF INTERESTS 
The authors declare that there is no conflict of interest regarding the publication of this paper. 

ACKNOWLEDGMENTS 
We are very thankful to Hassan Hajian, Sedigheh Malek Khouyan, Mansoureh Hajian, Esmaeil Khashei, Batoul 
Malek Khouyan, and Nader NaderolAlasli for their field assistance. 

REFERENCES 
Andersen, A.N. (2019) Responses of ant communities to disturbance: Five principles for understanding the 

disturbance dynamics of a globally dominant faunal group. Journal of Animal Ecology, 88 (3), 350–362. 
https://doi.org/10.1111/1365-2656.12907  

Barton, K. (2023) Package “MuMIn”. Model selection and model averaging based on information criteria. Version, 
1.47.5. R Foundation for Statistical Computing: Vienna, Austria.   

Boulay, R., Aron, S., Cerdá, X., Doums, C., Graham, P., Hefetz, A. & Monnin, T. (2017) Social life in arid 
environments: the case study of Cataglyphis ants. Annual Review of Entomology, 62 (1), 305–321. 
https://doi.org/10.1146/annurev-ento-031616-034941  

Brady, N.C., Weil, R.R. & Weil, R.R. (2008) The Nature and Properties of Soils. 13th ed. Prentice Hall Upper Saddle 
River, NJ. 881 p. 

Buckley, L.B. & Jetz, W. (2008) Linking global turnover of species and environments. Proceedings of the National 
Academy of Sciences, 105 (46), 17836–17841. https://doi.org/10.1073/pnas.0803524105  

Bujan, J., Roeder, K.A., de Beurs, K., Weiser, M.D. & Kaspari, M. (2020) Thermal diversity of North American ant 
communities: Cold tolerance but not heat tolerance tracks ecosystem temperature. Global Ecology and 
Biogeography, 29 (9), 1486–1494. https://doi.org/10.1111/geb.13121  

Bybee, S., Córdoba-Aguilar, A., Duryea, M.C., Futahashi, R., Hansson, B., Lorenzo-Carballa, M.O., Schilder, R., 
Stoks, R., Suvorov, A., Svensson, E.I., Swaegers, J., Takahashi, Y., Watts, P.C. & Wellenreuther, M. (2016) 
Odonata (dragonflies and damselflies) as a bridge between ecology and evolutionary genomics. Frontiers in 
Zoology, 13 (1), 1–20. https://doi.org/10.1186/s12983-016-0176-7  

Chao, A., Ma, K., Hsieh, T. & Chiu, C. (2016) SpadeR (species-richness prediction and diversity estimation in R): 
an R package in CRAN. Available from: http://chao.stat.nthu.edu.tw/wordpress/software_download 
[Accessed at March 2023]  

Chen, Y., Li, X. & Su, Y. (2007) The ecological significance of ant in revegetated areas in the Tengger Desert. Acta 
Ecologica Sinica, 27, 1504–1508. https://doi.org/10.1016/S1872-2032(07)60068-7  

Clarke, A. & Gaston, K.J. (2006) Climate, energy and diversity. Proceedings of the Royal Society B: Biological Sciences, 
273 (1599), 2257–2266. https://doi.org/10.1098/rspb.2006.3545  

Clarke, K.R. & Warwick, R.M. (1998) A taxonomic distinctness index and its statistical properties. Journal of 
Applied Ecology, 35 (4), 523–531. https://doi.org/10.1046/j.1365-2664.1998.3540523.x  

Clarke, K.R. & Warwick, R.M. (2001) A further biodiversity index applicable to species lists: variation in 
taxonomic distinctness. Marine Ecology Progress Series, 216, 265–278. https://doi.org/10.3354/meps216265  

Collingwood, C.A. & Agosti, D. (1996) Formicidae (Insecta: Hymenoptera) of Saudi Arabia (Part 2). Fauna of Saudi 
Arabia, 15, 300–385. 

Davidson, D.W. (1977) Species diversity and community organization in desert seed-eating ants. Ecology, 58 (4), 
711–724. https://doi.org/10.2307/1936208  

Delsinne, T., Roisin, Y., Herbauts, J. & Leponce, M. (2010) Ant diversity along a wide rainfall gradient in the 
Paraguayan dry Chaco. Journal of Arid Environments, 74 (10), 1149–1155. 
https://doi.org/10.1016/j.jaridenv.2010.03.014  

Dröse, W., Podgaiski, L.R., Gossner, M.M., Meyer, S.T., Hermann, J.-M., Leidinger, J., Koch, C., Kollmann, J., 
Weisser, W.W. & Mendonça Jr, M.d.S. (2021) Passive restoration of subtropical grasslands leads to 
incomplete recovery of ant communities in early successional stages. Biological Conservation, 264, 109387. 
https://doi.org/10.1016/j.biocon.2021.109387  

Dunn, R.R., Agosti, D., Andersen, A.N., Arnan, X., Bruhl, C.A., Cerdá, X., Ellison, A.M., Fisher, B.L., Fitzpatrick, 
M.C. & Gibb, H. (2009) Climatic drivers of hemispheric asymmetry in global patterns of ant species richness. 
Ecology Letters, 12 (4), 324–333. https://doi.org/10.1111/j.1461-0248.2009.01291.x  

https://doi.org/10.1111/1365-2656.12907
https://doi.org/10.1146/annurev-ento-031616-034941
https://doi.org/10.1073/pnas.0803524105
https://doi.org/10.1111/geb.13121
https://doi.org/10.1186/s12983-016-0176-7
http://chao.stat.nthu.edu.tw/wordpress/software_download
https://doi.org/10.1016/S1872-2032(07)60068-7
https://doi.org/10.1098/rspb.2006.3545
https://doi.org/10.1046/j.1365-2664.1998.3540523.x
https://doi.org/10.3354/meps216265
https://doi.org/10.2307/1936208
https://doi.org/10.1016/j.jaridenv.2010.03.014
https://doi.org/10.1016/j.biocon.2021.109387
https://doi.org/10.1111/j.1461-0248.2009.01291.x


154 Ant diversity in the arid area of Central Iran  

 

Journal of Insect Biodiversity and Systematics 2024  10 (1) 

Eslami Barzoki, Z., Ebrahimi, M., Kiany, M. & Sadeghi, S. (2020a) Ecological drivers of Odonata beta diversity in 
arid and semi-arid regions of the Central Plateau of Iran. Insect Conservation and Diversity, 14 (1), 40–51. 
https://doi.org/10.1111/icad.12464  

Eslami Barzoki, Z., Ebrahimi, M. & Sadeghi, S. (2020b) Odonata diversity and species assemblages in the 
Northwest Central Plateau of Iran. Journal of Insect Conservation, 24 (3), 459–471. 
https://doi.org/10.1007/s10841-019-00211-4  

Eslami Barzoki, Z., Ebrahimi, M., Clayton, J. & Sadeghi, S. (2021) Phylogenetic beta diversity of Odonata 
assemblages in the extreme condition of Central Iran. Journal of Insect Conservation, 25 (1), 175–187. 
https://doi.org/10.1007/s10841-020-00290-8  

Evans, K.L., Warren, P.H. & Gaston, K.J. (2005) Species–energy relationships at the macroecological scale: a 
review of the mechanisms. Biological Reviews, 80 (1), 1–25. https://doi.org/10.1017/S1464793104006517  

Farajollahzadeh, S., Ramezani, L. & Mohammadi, S. (2023) Biodiversity of ants (Hym. Formicidae) in different 
urban environments, a case study in Shiraz, Iran. Plant Protection, 2 (46), 61–71.  

Fick, S.E. & Hijmans, R.J. (2017) WorldClim 2: new 1-km spatial resolution climate surfaces for global land areas. 
International Journal of Climatology, 37 (12), 4302–4315. https://doi.org/10.1002/joc.5086  

Flores, O., Seoane, J., Hevia, V. & Azcárate, F.M. (2018) Spatial patterns of species richness and nestedness in ant 
assemblages along an elevational gradient in a Mediterranean mountain range. PloS one, 13 (12), e0204787. 
https://doi.org/10.1371/journal.pone.0204787  

Fotso Kuate, A., Hanna, R., Tindo, M., Nanga, S. & Nagel, P. (2015) Ant diversity in dominant vegetation types of 
southern Cameroon. Biotropica, 47 (1), 94–100. https://doi.org/10.1111/btp.12182  

Gibb, H., Grossman, B.F., Dickman, C.R., Decker, O. & Wardle, G.M. (2019) Long-term responses of desert ant 
assemblages to climate. Journal of Animal Ecology, 88 (10), 1549–1563. https://doi.org/10.1111/1365-2656.13052  

Grytnes, J.-A. & McCain, C.M. (2007) Elevational trends in biodiversity. Encyclopedia of Biodiversity, 2, 1–8. 
https://doi.org/10.1016/B978-012226865-6/00503-1  

Herz, H., Beyschlag, W. & Hölldobler, B. (2007) Herbivory rate of leaf-cutting ants in a tropical moist forest in 
Panama at the population and ecosystem scales. Biotropica, 39 (4), 482–488. https://doi.org/10.1111/j.1744-
7429.2007.00284.x  

Holway, D.A. & Cameron, E.K. (2021) The importance of scavenging in ant invasions. Current Opinion in Insect 
Science, 46, 39–42. https://doi.org/10.1016/j.cois.2021.01.007  

Jost, L. (2006) Entropy and diversity. Oikos, 113 (2), 363–375. https://doi.org/10.1111/j.2006.0030-1299.14714.x  
Khalili-Moghadam, A., Salata, S. & Borowiec, L. (2021) Three new species of Cataglyphis Foerster, 1850 (Hymenoptera, 

Formicidae) from Iran. ZooKeys, 1009, 1–28. https://doi.org/10.3897/zookeys.1009.59205  
Kunene, C., Foord, S.H., Scharff, N., Pape, T., Malumbres-Olarte, J. & Munyai, T.C. (2022) Ant diversity declines 

with increasing elevation along the Udzungwa Mountains, Tanzania. Diversity, 14 (4), 260. 
https://doi.org/10.3390/d14040260  

Kwon, T.-S., Kim, S.-S. & Chun, J.H. (2014) Pattern of ant diversity in Korea: An empirical test of Rapoport's 
altitudinal rule. Journal of Asia-Pacific Entomology, 17 (2), 161–167. https://doi.org/10.1016/j.aspen.2013.12.006  

Lach, L., Parr, C. & Abbott, K. (eds) (2010) Ant Ecology. Oxford University Press, Oxford, UK. 402 p. 
https://doi.org/10.1093/acprof:oso/9780199544639.001.0001  

Li, X., Jia, R., Chen, Y., Huang, L. & Zhang, P. (2011) Association of ant nests with successional stages of biological 
soil crusts in the Tengger Desert, Northern China. Applied Soil Ecology, 47 (1), 59–66. 
https://doi.org/10.1016/j.apsoil.2010.10.010  

Liu, C., Dudley, K.L., Xu, Z.H. & Economo, E.P. (2018) Mountain metacommunities: climate and spatial connectivity 
shape ant diversity in a complex landscape. Ecography, 41 (1), 101–112. https://doi.org/10.1111/ecog.03067  

Longino, J.T. & Colwell, R.K. (2011) Density compensation, species composition, and richness of ants on a 
neotropical elevational gradient. Ecosphere, 2 (3), 1–20. https://doi.org/10.1890/ES10-00200.1  

Machac, A., Janda, M., Dunn, R.R. & Sanders, N.J. (2011) Elevational gradients in phylogenetic structure of ant 
communities reveal the interplay of biotic and abiotic constraints on diversity. Ecography, 34 (3), 364–371. 
https://doi.org/10.1111/j.1600-0587.2010.06629.x  

Madani, K., AghaKouchak, A. & Mirchi, A. (2016) Iran’s socio-economic drought: challenges of a water-bankrupt 
nation. Iranian Studies, 49 (6), 997–1016. https://doi.org/10.1080/00210862.2016.1259286  

https://doi.org/10.1111/icad.12464
https://doi.org/10.1007/s10841-019-00211-4
https://doi.org/10.1007/s10841-020-00290-8
https://doi.org/10.1017/S1464793104006517
https://doi.org/10.1002/joc.5086
https://doi.org/10.1371/journal.pone.0204787
https://doi.org/10.1111/btp.12182
https://doi.org/10.1111/1365-2656.13052
https://doi.org/10.1016/B978-012226865-6/00503-1
https://doi.org/10.1111/j.1744-7429.2007.00284.x
https://doi.org/10.1111/j.1744-7429.2007.00284.x
https://doi.org/10.1016/j.cois.2021.01.007
https://doi.org/10.1111/j.2006.0030-1299.14714.x
https://doi.org/10.3897/zookeys.1009.59205
https://doi.org/10.3390/d14040260
https://doi.org/10.1016/j.aspen.2013.12.006
https://doi.org/10.1093/acprof:oso/9780199544639.001.0001
https://doi.org/10.1016/j.apsoil.2010.10.010
https://doi.org/10.1111/ecog.03067
https://doi.org/10.1890/ES10-00200.1
https://doi.org/10.1111/j.1600-0587.2010.06629.x
https://doi.org/10.1080/00210862.2016.1259286


 Hajian et al. 155 
  

Journal of Insect Biodiversity and Systematics 2024  10 (1) 

Marathe, A., Shanker, K., Krishnaswamy, J. & Priyadarsanan, D.R. (2021) Species and functional group composition 
of ant communities across an elevational gradient in the Eastern Himalaya. Journal of Asia-Pacific Entomology, 
24 (4), 1244–1250. https://doi.org/10.1016/j.aspen.2021.08.009  

McCain, C.M. & Grytnes, J.-A. (2010) Elevational gradients in species richness. In: Encyclopedia of Life Sciences 
(ELS). John Wiley & Sons, Chichester, pp. 1–10. https://doi.org/10.1002/9780470015902.a0022548  

Mohseni, M.R. & Rad, S.P. (2021) The effect of edaphic factors on the distribution and abundance of ants 
(Hymenoptera: Formicidae) in Iran. Biodiversity Data Journal, 9, 1–25. https://doi.org/10.3897/BDJ.9.e54843  

Moradmand, M. & Yousefi, M. (2022) Ecological niche modelling and climate change in two species groups of 
huntsman spider genus Eusparassus in the Western Palearctic. Scientific reports, 12 (1), 4138. 
https://doi.org/10.1038/s41598-022-08145-9  

Munyai, T.C. & Foord, S.H. (2015) Temporal patterns of ant diversity across a mountain with climatically contrasting 
aspects in the tropics of Africa. PloS one, 10 (3), e0122035. https://doi.org/10.1371/journal.pone.0122035  

Nowrouzi, S., Andersen, A.N., Macfadyen, S., Staunton, K.M., VanDerWal, J. & Robson, S.K. (2016) Ant diversity 
and distribution along elevation gradients in the Australian wet tropics: the importance of seasonal moisture 
stability. PloS one, 11 (4), e0153420. https://doi.org/10.1371/journal.pone.0153420  

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., Minchin, P.R., O’Hara, R., Simpson, G.L., Solymos, P., Stevens, 
M.H.H. & Wagner, H. (2013) Package ‘vegan’. Community ecology package, version, 2 (9), 1–295. 

Paknia, O. (2011) Diversity and species composition of ants in arid and semi-arid regions of Iran. Master’s Thesis, 
Faculty of Natural Science of the University of Ulm, Baden-Württemberg, Germany. 158 p. 

Paknia, O. & Pfeiffer, M. (2011) Steppe versus desert: multi-scale spatial patterns in diversity of ant communities 
in Iran. Insect Conservation and Diversity, 4 (4), 297–306. https://doi.org/10.1111/j.1752-4598.2011.00136.x  

Paknia, O. & Pfeiffer, M. (2012) Productivity alone does not explain species richness of ants–An example from 
Central Persian deserts. Journal of Arid Environments, 85, 86–92. https://doi.org/10.1016/j.jaridenv.2012.06.008  

Paknia, O. & Pfeiffer, M. (2014) Niche-based processes and temporal variation of environment drive beta diversity 
of ants (Hymenoptera: Formicidae) in dryland ecosystems of Iran. Myrmecological News, 20, 15–23. 

Pérez-Toledo, G.R., Villalobos, F., Silva, R.R., Moreno, C.E., Pie, M.R. & Valenzuela-González, J.E. (2022) Alpha 
and beta phylogenetic diversities jointly reveal ant community assembly mechanisms along a tropical 
elevational gradient. Scientific Reports, 12 (1), 1–13. https://doi.org/10.1038/s41598-022-11739-y  

Peterson, A.T. & Soberón, J. (2018) Essential biodiversity variables are not global. Biodiversity and Conservation, 27 
(5), 1277–1288. https://doi.org/10.1007/s10531-017-1479-5  

Pfeiffer, M., Chimedregzen, L. & Ulykpan, K. (2003) Community organization and species richness of ants 
(Hymenoptera/Formicidae) in Mongolia along an ecological gradient from steppe to Gobi desert. Journal of 
Biogeography, 30 (12), 1921–1935. https://doi.org/10.1046/j.0305-0270.2003.00977.x  

Philpott, S.M. & Armbrecht, I. (2006) Biodiversity in tropical agroforests and the ecological role of ants and ant 
diversity in predatory function. Ecological Entomology, 31 (4), 369–377.  
https://doi.org/10.1111/j.1365-2311.2006.00793.x  

R Development Core Team (2021) R: A Language and Environment for Statistical Computing [Computer software manual]. 
Vienna, Austria. URL https://www.r-project.org  

Rader, R., Bartomeus, I., Garibaldi, L.A., Garratt, M.P., Howlett, B.G., Winfree, R., Cunningham, S.A., Mayfield, M.M., 
Arthur, A.D. & Andersson, G.K. (2016) Non-bee insects are important contributors to global crop pollination. 
Proceedings of the National Academy of Sciences, 113 (1), 146–151. https://doi.org/10.1073/pnas.1517092112  

Reymond, A., Purcell, J., Cherix, D., Guisan, A. & Pellissier, L. (2013) Functional diversity decreases with temperature 
in high elevation ant fauna. Ecological Entomology, 38 (4), 364–373. https://doi.org/10.1111/een.12027  

Ryan, J., Estefan, G. & Rashid, A. (2001) Soil and Plant Analysis Laboratory Manual. International Center for 
Agricultural Research in the Dry Areas (ICARDA), Alepoo, Syria. x+172 p. 

Salata, S., Kiyani, H., Minaei, K. & Borowiec, L. (2021) Taxonomic review of the Cataglyphis livida complex 
(Hymenoptera, Formicidae), with a description of a new species from Iran. ZooKeys, 1010, 117–131. 
https://doi.org/10.3897/zookeys.1010.58348  

Salyer, A., Bennett, G.W. & Buczkowski, G.A. (2014) Odorous house ants (Tapinoma sessile) as back-seat drivers of 
localized ant decline in urban habitats. PloS one, 9 (12), e113878. 
https://doi.org/10.1371/journal.pone.0113878  

Sanders, N.J., Moss, J. & Wagner, D. (2003) Patterns of ant species richness along elevational gradients in an arid 
ecosystem. Global Ecology and Biogeography, 12 (2), 93–102. https://doi.org/10.1046/j.1466-822X.2003.00324.x  

https://doi.org/10.1016/j.aspen.2021.08.009
https://doi.org/10.1002/9780470015902.a0022548
https://doi.org/10.3897/BDJ.9.e54843
https://doi.org/10.1038/s41598-022-08145-9
https://doi.org/10.1371/journal.pone.0122035
https://doi.org/10.1371/journal.pone.0153420
https://doi.org/10.1111/j.1752-4598.2011.00136.x
https://doi.org/10.1016/j.jaridenv.2012.06.008
https://doi.org/10.1038/s41598-022-11739-y
https://doi.org/10.1007/s10531-017-1479-5
https://doi.org/10.1046/j.0305-0270.2003.00977.x
https://doi.org/10.1111/j.1365-2311.2006.00793.x
https://www.r-project.org/
https://doi.org/10.1073/pnas.1517092112
https://doi.org/10.1111/een.12027
https://doi.org/10.3897/zookeys.1010.58348
https://doi.org/10.1371/journal.pone.0113878
https://doi.org/10.1046/j.1466-822X.2003.00324.x


156 Ant diversity in the arid area of Central Iran  

 

Journal of Insect Biodiversity and Systematics 2024  10 (1) 

Sanders, N.J., Lessard, J.P., Fitzpatrick, M.C. & Dunn, R.R. (2007) Temperature, but not productivity or geometry, 
predicts elevational diversity gradients in ants across spatial grains. Global Ecology and Biogeography, 16 (5), 
640–649. https://doi.org/10.1111/j.1466-8238.2007.00316.x  

Segev, U. (2010) Regional patterns of ant-species richness in an arid region: The importance of climate and 
biogeography. Journal of Arid Environments, 74 (6), 646–652. https://doi.org/10.1016/j.jaridenv.2009.11.001  

Smith, M.A., Hallwachs, W. & Janzen, D.H. (2014) Diversity and phylogenetic community structure of ants along a 
Costa Rican elevational gradient. Ecography, 37 (8), 720–731. https://doi.org/10.1111/j.1600-0587.2013.00631.x  

Storch, D., Bohdalková, E. & Okie, J. (2018) The more-individuals hypothesis revisited: the role of community 
abundance in species richness regulation and the productivity–diversity relationship. Ecology Letters, 21 (6), 
920–937. https://doi.org/10.1111/ele.12941  

Subedi, I.P. & Budha, P.B. (2020) Diversity and distribution patterns of ants along elevational gradients. Nepalese 
Journal of Zoology, 4 (1), 44–49. https://doi.org/10.3126/njz.v4i1.30672  

Szewczyk, T. & McCain, C.M. (2016) A systematic review of global drivers of ant elevational diversity. PloS one, 11 
(5), e0155404. https://doi.org/10.1371/journal.pone.0155404  

Ward, P. (2000) Broad-scale patterns of diversity in leaf litter ant communities.  In: Agosi, D., Majer, J.D., Alonso, 
L.E. & Schultz, T.R. (eds) Ants-Standard Methods for Measuring and Monitoring Biodiversity. Smithsonian 
Institution Press, Washington, D.C. pp. 99–121. 

Ward, P.S., Brady, S.G., Fisher, B.L. & Schultz, T.R. (2015) The evolution of myrmicine ants: phylogeny and 
biogeography of a hyperdiverse ant clade (Hymenoptera: Formicidae). Systematic Entomology, 40 (1), 61–81. 
https://doi.org/10.1111/syen.12090  

Ward, P.S., Blaimer, B.B. & Fisher, B.L. (2016) A revised phylogenetic classification of the ant subfamily 
Formicinae (Hymenoptera: Formicidae), with resurrection of the genera Colobopsis and Dinomyrmex. Zootaxa, 
4072 (3), 343–357. https://doi.org/10.11646/zootaxa.4072.3.4  

Waring, R.H. & Schlesinger, W. (1985) Forest Ecosystems. Analysis at Multiples Scales. Academic Press, San Diego, 
California. 440 p. 

Warwick, R. & Clarke, K. (1995) New 'biodiversity 'measures reveal a decrease in taxonomic distinctness with 
increasing stress. Marine Ecology Progress series, 129, 301–305. https://doi.org/10.3354/meps129301  

Wepfer, P.H., Guénard, B. & Economo, E.P. (2016) Influences of climate and historical land connectivity on ant 
beta diversity in East Asia. Journal of Biogeography, 43 (12), 2311–2321. https://doi.org/10.1111/jbi.12762  

Wickham, H., Chang, W. & Wickham, M.H. (2016) Package ‘ggplot2’. Create elegant data visualisations using the 
grammar of graphics. Version 2. 1, 1–189. 

Wolff, A. & Debussche, M. (1999) Ants as seed dispersers in a Mediterranean old-field succession. Oikos, 443–452. 
https://doi.org/10.2307/3546423  

Xu, Z. & Yang, Z.-L. (2017) Relative impacts of increased greenhouse gas concentrations and land cover change on 
the surface climate in arid and semi-arid regions of China. Climatic Change, 144 (3), 491–503. 
https://doi.org/10.1007/s10584-017-2025-x  

Zohary, M. (1973) Geobotanical foundations of the Middle East. Gustav-Fischer Verlag, Stuttgart. 739 p. 
 

https://doi.org/10.1111/j.1466-8238.2007.00316.x
https://doi.org/10.1016/j.jaridenv.2009.11.001
https://doi.org/10.1111/j.1600-0587.2013.00631.x
https://doi.org/10.1111/ele.12941
https://doi.org/10.3126/njz.v4i1.30672
https://doi.org/10.1371/journal.pone.0155404
https://doi.org/10.1111/syen.12090
https://doi.org/10.11646/zootaxa.4072.3.4
https://doi.org/10.3354/meps129301
https://doi.org/10.1111/jbi.12762
https://doi.org/10.2307/3546423
https://doi.org/10.1007/s10584-017-2025-x


 Hajian et al. 157 
  

Journal of Insect Biodiversity and Systematics 2024  10 (1) 

Supplementary material S1 
Table S1. Results of PCA for surface soil characteristics at ants sampling quadrats in Central Iran, showing the 
contribution of each variable to the loading of the first six components of the PCA. 

 PC1 PC2 PC3 PC4 PC5 PC6 

Clay  (%) -0.476380 -0.033880 -0.475210 0.624246 -0.306470 -0.249960 
Silt    (%) -0.488750 -0.370590 0.154353 -0.449000 0.147348 -0.613720 
Sand (%) 0.560319 0.315355 0.027415 0.157126 -0.017490 -0.748900 
pH 0.278204 -0.221080 -0.846040 -0.364710 0.157822 0.003878 
Salinity -0.211250 0.604907 -0.118970 -0.499000 -0.571230 0.000961 
Wet reserve ability.g -0.313380 0.589303 -0.140200 0.044845 0.729964 0.000908 

Table S2. Results of PCA for depth soil characteristics at ants sampling quadrats in Central Iran, showing the 
contribution of each variable to the loading of the first six components of the PCA. 

 PC1 PC2 PC3 PC4 PC5 PC6 
Clay  (%) -0.487810 -0.046630 0.361052 -0.702920 -0.282560 0.235738 
Silt    (%) -0.537060 -0.253720 -0.094920 0.495319 0.127545 0.613657 
Sand (%) 0.589946 0.221242 -0.035480 -0.183510 -0.015130 0.753560 
pH 0.235028 -0.277280 0.882654 0.234909 0.183350 -0.000150 
Salinity -0.114390 0.638395 0.247366 0.403706 -0.595980 0.000114 
Wet reserve ability.g -0.239260 0.632511 0.138223 -0.093430 0.717530 -0.000220 
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 ران ی ا   ي در منطقه خشک مرکز   ی ارتفاع   ب ی ها در امتداد شمورچه   ي ا گونه   ب ی تنوع و ترک   ی بررس 
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اجزا )  Hym., Formicidae( ها  مورچه   چکیـده:  عنوان  انتظار    . اند خشک شناخته شده   ي ها ستم ی اکوس   ی ات ی ح   ي به 
  ي ها ستم ی الگوها درك ما را از عملکرد اکوس   ن ی موثر در ا   ی ک ی ها و عوامل اکولوژ تنوع مورچه   ي الگوها   ن یی که تع   رود ی م 

  800(   ی ارتفاع   ب ی ها در امتداد ش مورچه   ي ا گونه   ب ی و ترک   ي ا تنوع گونه   ي پژوهش، الگوها   ن ی خشک بهبود بخشد. در ا 
ا   2800تا     ي هابر شاخص   ی ط ی اثرات عوامل مح   ن ی قرار گرفت. همچن   ی مورد بررس   ران ی متر) در منطقه خشک مرکز 

  العه مط   انس ی وار   ي بند م ی تقس   ل ی و تحل   ه ی و تجز   ی خط   ي ها ها با استفاده از مدل مورچه   ي ا گونه   ب ی مختلف تنوع و ترک 
شده ثبت شد. بر اساس    ی کوادرات بررس   120از    له ی قب   8جنس و    12گونه مورچه متعلق به    34پژوهش    ن ی در ا   . شد 
تع   ن ی تر مهم   ی م ی اقل   ي رها ی مطالعه متغ   ن ی ا   ج ی نتا  بودند. شاخص مورچه   ي ا گونه   ب ی ترک   ن یی عامل در  آلفا    ي ها ها  تنوع 

دما بودند، در   ر ی تحت تأث  ی به طور منف  Hill. اعداد افتند ی  ش ی افزا  اع ارتف  ش ی با افزا  ی و تنوع تاکسونوم  Hillشامل اعداد 
افزا   ی حال  با  ا   ش ی که  افزا شاخص   ن ی بارش  الگو   دا ی پ   ش ی ها  م   ي کردند.  را  مشاهده شده  فرض   توان ی تنوع  -تنوع   ه ی با 

در    ي ا گونه   ع حداکثر تنو   جه ی و در نت   ي ز ی داد. در منطقه مورد مطالعه، حداکثر حاصلخ   ح ی ) توض ي ز ی (حاصلخ   ي ور بهره 
را محدود کند.    ی اه ی گ   دات ی که تول   ست ی بالا ن   ي است و دما به اندازه ا   اد ی که بارش ز   یی جا   دهد، ی ارتفاعات بالا رخ م 

از    ي ا نده ی به طور فزا   یی آب و هوا   رات یی از تغ   ی تر ناش تر و خشک گرم   ط ی ها در پاسخ به شرا جوامع مورچه   رود ی انتظار م 
بالا به مناطق مرتفع    ي با مقاومت کمتر به دما   ي ها پراکنش گونه   ط ی شرا   ن ی شوند. در ا   ل ی مقاوم به گرما تشک   ي ها گونه 
ا  ا   ي مرکز   ران ی در  شد.  خواهد  م   ن ی محدود  مورچه   توانند ی مناطق  پناهگاه  عنوان  با به  و  کنند  عمل  عنوان    د ی ها  به 
 در نظر گرفته شوند.   ی حفاظت   ي ها ت ی اولو 
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