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Abstract. Mites are among the most representative groups of soil arthropods due to their high diversity in ecological niches and 
behavioral patterns. They are widely recognized as indicators of soil ecosystem health, with species diversity serving as a key indicator 
of ecosystem change. This study was conducted between 2021 and 2022, with samples collected from the northern and southern 
orchards of the Darab region in Fars province, Iran. A total of 37 mite species from 15 families were collected across 18 host plants. 
Multivariate analyses were performed using Minitab 16 software. Cluster analysis based on Ward's method was applied to group 
mite species by area, season, year, and host plant. This analysis classified the species into two main groups. Similarly, family-level 
clustering (based on host plant, region, season, and year) resulted in three distinct groups. Among the collected mites, the family 
Laelapidae exhibited the highest frequency. The greatest abundance of mites associated with fruit trees was observed on medlar, 
peach, apricot, date palm, orange, plum, and apple trees, with the orange tree hosting the most diverse population, represented by 
688 specimens. Geolaelaps minor (Costa, 1968), Rhodacarus denticulatus (Berlese, 1921), and Geolaelaps sclerotarsus (Costa, 1968) were 
found in areas that had the most favorable quantitative soil characteristics and the least qualitative soil characteristics. Proctolaelaps 
fiseri (Samsinak, 1960) was found in the area with the best soil quality. 
 

Keywords: multivariate analysis, biodiversity, Iran, mesostigmatid mites, Fars province. 
 

 
Introduction 
 
The term "biodiversity" or "biological diversity" encompasses 
the full range of variability and variety among living 
organisms, both within and between communities. 
Biodiversity research focuses on the structural diversity of 
populations, as well as patterns of species abundance and 
distribution, and is widely used as an index for assessing and 
comparing the ecological status of ecosystems (Paktinat Seej 
et al. 2013, Rajabi 2008). The presence of more species in a 
given area increases ecosystem complexity and enhances its 
stability (Nasiri Mahalati et al. 2014). Increased biodiversity 
not only results in a healthier, more stable environment but 
also enhances its capacity for self-regulation (Hajizadeh et al. 
2010). Moreover, biodiversity and the intricate web of 
interspecific relationships are fundamental prerequisites for 
the long-term sustainability of biological communities. 
Therefore, a thorough understanding of the characteristics 
and spatial–temporal distribution patterns of biodiversity 
components at all organizational levels is essential for the 
conservation and sustainable management of agricultural 
ecosystems. Biodiversity is a central concept in vegetation 
ecology and extends beyond species diversity alone. It 
encompasses genetic, species, and ecosystem diversity. 
However, at both local and regional scales, species diversity 
is the primary component of biodiversity. Species diversity 
comprises two main components: species richness and 
evenness. The former refers to the number of species present 
in a given community, representing the most basic and 
traditional measure of diversity, while the latter reflects the 
distribution balance of individuals among species. In other 
words, evenness is a measure of how evenly individuals are 
distributed across the different species present (Gosselin 
2006). Biodiversity studies diversity, population structure 
and patterns of abundance and is used as an index to compare 

the ecological status of ecosystems and its goal is to reach a 
single quantity for ease of comparison and evaluation of 
communities and ecosystems (Jenkins & Parker 1998). 
Knowledge of biodiversity and the diversity of species in each 
region should be considered key to understanding natural 
and artificial ecosystems, as well as the stability and health of 
those environments (Behan-Pelletier & Bissett 1992, 
Schowalter 2006, Speight et al. 2008). Biodiversity can support 
the functioning of environmental processes and the provision 
of ecosystem services (Borrvall et al. 2000, Petchey et al. 1999, 
Baumgärtner & Quaas 2010). Manu (2011) also investigated 
the effect of environmental factors including temperature, 
humidity and PH on the species diversity of mesostigmatid 
mites in the Romanian forest ecosystem. Sabbatini Peverieri 
et al. (2011) stated the quantitative and qualitative reduction 
of Gamasina mites in terms of the type of species and the 
number of each individual depending on the management 
strategies of agricultural production and forest vegetation or 
the presence of disturbing factors such as human activities. 
One of the most important components for assessing the 
health of a community and a key criterion for evaluating the 
importance of a habitat is biological diversity (Paktinat Seej et 
al. 2013). With its diverse topography and climate zones, 
including several mountain ranges, deserts, and forest areas, 
Iran supports a wide variety of plant and animal species 
(Nemati et al. 2018). Many researchers have shown that 
maintaining functionally diverse invertebrate communities in 
pastures and agroecosystems may positively affect ecosystem 
functioning and the provision of ecosystem services by 
enhancing ecosystem resilience (Le Bagousse-Pinguet et al. 
2014, Risch et al. 2018). In any ecosystem, stability and 
diversity are interdependent and mutually reinforcing. In 
fact, a certain degree of ecological stability is typically 
required before biodiversity can increase, while increased 
biodiversity, in turn, further enhances ecosystem stability 
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(Mori et al. 2013). Biodiversity is therefore a crucial 
component for ecosystem health (Jørgensen et al. 2010). 
Arthropods, especially those inhabiting soil, contribute 
significantly to soil fertility and nutrient cycling (Jiang et al. 
2015). Soil organisms play vital roles in ecosystem function 
and biogeochemical cycling (Hättenschwiler 2005, Petersen & 
Luxton 1982). Plant diversity patterns are shaped by local 
factors such as soil properties, land management, land-use 
history, and biotic interactions (Michalcová et al. 2011, Reitalu 
et al. 2012). Soil is a critical component of terrestrial 
ecosystems and hosts the richest and most diverse 
community of living organisms (Barrios 2007). It provides a 
habitat for a wide array of organisms that contribute directly 
and indirectly to ecosystem functioning, including organic 
matter decomposition, nutrient mineralization, energy flow, 
and plant growth (Germida et al. 1998, Hillel & Rosenzweig 
2005). A major part of the ecosystem's functioning, such as the 
circulation of organic matter, nutrient mineralization, energy 
flow, and plant growth, is performed directly and indirectly 
by these organisms. Mesophon refers to a group of soil 
organisms whose body length ranges from 0.5 to 2 millimeters 
(Brevault et al. 2007). Some plants contribute to soil fertility 
by preserving moisture and organic matter, thereby reducing 
soil heterogeneity and, in turn, increasing the density and 
diversity of soil arthropods. Studies on the effects of cushion 
plants have shown that these plants enhance soil fertility by 
retaining moisture and organic matter, leading to higher 
densities and species richness of Oribatida, Mesostigmata, 
and Prostigmata mites in these areas (Minor et al. 2016). 

Arthropods constitute an essential component of soil 
fauna throughout the year (Sepasgozariyan et al. 1978) and 
account for approximately 85% of soil animal diversity 
(Culliney 2013). Mites are among the most diverse arthropod 
groups, comprising 456 families and over 55,000 described 
species (Walter & Proctor  1999). The actual global diversity is 
estimated to range between 500,000 and 1,000,000 species 
(Krantz & Walter 2009). Among mites, mesostigmatid mites 
form the largest and most diverse group, with approximately 
12,000 described species (Walter & Proctor 1999, Krantz & 
Walter 2009). Mites are considered the best representatives of 
arthropods in soil because they exhibit a high degree of 
diversity in terms of gender, ecological niches, and behavior 
(Bedano et al. 2005). Mites of the order Mesostigmata (Acari: 
Mesostigmata) are among the most important predators of 
small arthropods and nematodes in terrestrial habitats 
(Lindquist et al. 2009). 

They are also valuable bio-indicators for assessing soil 
quality. Effective conservation of their populations requires 
practices such as maintaining surface organic matter, 
minimizing mechanical soil disturbance, reducing plowing 
depth, and using pesticides judiciously. 

Numerous studies have explored the structure of 
mesostigmatid mite communities across a variety of 
ecosystems and environmental conditions worldwide 
(Nielsen et al. 2010, Önen & Koc 2011, Arroyo et al. 2015, 
N'Dria et al. 2018, Meehan et al. 2018, Murvanidze et al. 2018). 
Vegetation plays an essential role in sustaining ecosystem 
stability and balance (Jeffries & Barea 2012). Relationships 
between vegetation and environmental factors help to 
understand the growth and establishment of plant species, as 
well as the identification of habitats (Szakiel et al. 2011).  It 

appears that, due to the plant diversity and the extent of 
cultivated agricultural land in the study area, arthropod 
species, including mites, exhibit considerable diversity within 
the region’s plant ecosystems, particularly in orchards. Given 
that the fruit trees in this area provide favorable conditions in 
terms of temperature, humidity, nutrition, and shelter, they 
attract a variety of arthropods. Therefore, this research was 
conducted to gain a better understanding of the mite fauna, 
specifically mesostigmatid mites, in Darab, and to investigate 
the effects of plant hosts as well as the quantitative and 
qualitative characteristics of soil on the species distribution of 
soil mesostigmatid mites across this region. What is certain is 
that this research's results contribute to a deeper 
understanding of mesostigmatid mite species. These findings 
can serve as a foundation for future studies focusing on their 
biology, bio-ecology, effectiveness, and potential role as 
essential agents in biological control. In this way, the research 
paves the way for the use of beneficial arthropods in 
agricultural ecosystems to manage pests, including insects 
and mites. 
 
 
Materials and methods 
 
Samples were collected from various garden habitats in the Darab 
region, Lyzangan 1 station: 28°33'30ʺN / 55°02'25ʺE, Lyzangan 2 
station: 28°33'44ʺN / 55°02'12ʺE, Lyzangan 3 station: 28°33'36ʺN / 
55°02'12ʺE, Rudbar station: 28°48'15ʺN / 54°28'27ʺE, Istgah 1 station: 
28°38'11ʺN / 54°39'03ʺE, Dehkheir Sofla 1 station: 28°39'15ʺN / 
54°39'18ʺE, Istgah 2 station: 28°38'21ʺN / 54°39'05ʺE, Haj Mohammadi 
1 station: 28°38'48ʺN / 54°37'24ʺE, Dehkheir Sofla 2 station: 28°38'40ʺN 
/ 54°39'18ʺE, Dehkheir Sofla 3 station: 28°38'57ʺN / 54°39'01ʺE, 
Dehkheir Sofla 4 station: 28°39'11ʺN / 54°39'13ʺE, Istgah 3 station: 
28°37'51ʺN / 54°38'31ʺE, Haj Mohammadi 2 station: 28°38'42ʺN / 
54°37'42ʺE, Fars Province, Iran (Fig. 1, Table 1). 

From each habitat, some samples (3282 samples) were selected 
from the floor of the habitat, and the soil was taken up to a depth of 
15 cm with a shovel and placed inside plastic bags, and were 
transferred to the laboratory. Mites were extracted from the samples 
using Berlese funnels, placed in lactic acid and Nesbitt’s fluid (50-50) 
at 55°C for clearing, and then mounted in Hoyer’s medium on 
permanent microscope slides for examination  (Krantz & Walter 2009). 
All specimens were deposited in the Acarological Collection, Shiraz 
Branch, Islamic Azad University, Shiraz, Fars, Iran. 

From the 13 stations investigated in this research, Lyzangan 1, 
Lyzangan 2, Lyzangan 3, and Rudbar stations in the northern region, 
and Istgah 1, Dehkheir Sofla 1, Istgah 2, Haj Mohammadi 1, Dehkheir 
Sofla 2, Dehkheir Sofla 3, Dehkheir Sofla 4, Istgah 3, and Haj 
Mohammadi 2 are located in the southern region of Darab city (Fig. 1 
and Tables 1 and 2). Quantitative characteristics (first component) 
studied at the mentioned stations, in the two seasons of spring and 
summer, and in the years 2021 and 2022, including: longitude and 
latitude, altitude above sea level, soil EC, water EC, water hardness, 
alkalinity, and the age of the trees (Table 1). Also, qualitative 
characteristics (second component) of soil texture, soil quality, water 
quality, type of organic fertilizer, application of chemical fertilizer, 
and plant hosts (Table 2) were investigated. 

Using multivariate statistical methods, including Principal 
Component Analysis and biplot diagrams, the relationships between 
species and plant hosts, as well as the relationships between sampling 
stations and soil quantitative and qualitative characteristics, were 
examined. Mite species and families were grouped using Ward's 
hierarchical cluster analysis, based on standardized data and 
Euclidean distance. All statistical analyses and graphs were 
performed using Minitab 16 software. To better investigate species 
and the relationships between quantitative and qualitative soil 
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characteristics, multivariate analysis is highly effective for examining 
species distribution. 

Cluster analysis is a multivariate analysis method used to 

investigate kinship relationships. This method is helpful for grouping. 
Cluster analysis is the most basic method for estimating the similarity 
of people within a collection (Farshadfar 2010). 

 

 
 
 

Table 1. Geographical parameters of the studied stations; quantitative physical and chemical characteristics of soil and water from the 
studied stations (TH – Total hard water, TA – Total alkaline water) 

 

Age of trees 
(years) 

TA TH  
EC water  
(ds/m) 

Soil EC  
(ds/m) 

Altitude 
Longitude (E)  
/ Latitude (N) 

UTM: Northing 
/ Easting 

Name Region Area 

9 115 175 570 1 1250 m 28˚ 33ˊ 30ʺ/ 55˚ 02ˊ 25ʺ 308298/ 3160627 Lyzangan 1 North 1 

19 115 175 570 1.76 1250 m 28˚ 33ˊ 44ʺ/ 55˚ 02ˊ 12ʺ 307952/ 3161066 Lyzangan 2 North 2 

25 115 175 570 1.25 1250 m 28˚ 33ˊ 36ʺ/ 55˚ 02ˊ 12ʺ 307959/3160840 Lyzangan 3 North 3 

25 150 325 1000 2.75 1027 m 28˚ 48ˊ 15ʺ/ 54˚ 28ˊ 27ʺ 253495/3188938 Rudbar North 4 

5 to 8 817 1010 2000 4.67 1126 m 28˚ 38ˊ 11ʺ/ 54˚ 39ˊ 03ʺ 270369/ 3169971 Istgah 1 South 5 

2 to 8 342 450 1500 2.5 1119 m 28˚ 39ˊ 15ʺ/ 54˚ 39ˊ 18ʺ 270802/ 3171933 Dehkheir Sofla 1 South 6 

1 to 30 380 560 1700 3.42 1124 m 28˚ 38ˊ 21ʺ/ 54˚ 39ˊ 05ʺ 270429/ 3170285 Istgah 2 South 7 

10 410 627 1700 3.28 1118 m 28˚ 38ˊ 48ʺ/ 54˚ 37ˊ 24ʺ 267708/ 3171160 Haj Mohammadi 1 South 8 

4 to 10 185 350 2000 4 1123 m 28˚ 38ˊ 40ʺ/ 54˚ 39ˊ 18ʺ 270793/ 3170853 Dehkheir Sofla 2 South 9 

8 310 470 1150 2.48 1123 m 28˚ 38ˊ 57ʺ/ 54˚ 39ˊ 01ʺ 270315/ 3171403 Dehkheir Sofla 3 South 10 

4 to 8 593 1180 2179 5.37 1124 m 28˚ 39ˊ 11ʺ/ 54˚ 39ˊ 13ʺ 270690/ 3171823 Dehkheir Sofla 4 South 11 

1 to 10 290 410 2250 3.7 1124 m 28˚ 37ˊ 51ʺ/ 54˚ 38ˊ 31ʺ 269502/3169378 Istgah 3 South 12 

4 to 8 1380 2690 3000 6.7 1120 m 28˚ 38ˊ 42ʺ/ 54˚ 37ˊ 42ʺ 268206/ 3170979 Haj Mohammadi 2 South 13 

Figure 1. Geographical location of different 
areas of the Darab region, Fars province. 
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Table 2. Qualitative characteristics of soil, water, and plant hosts of the studied stations. 
 

Type of vegetation 
Use of 

chemical 
fertilizers 

Type of 
organic 
fertilizer 

Water 
quality Soil quality Soil texture Name Area 

Orange Yes Sheep manure Excellent Very desirable Sandy clay loam Lyzangan 1 1 

Pomegranate Yes Sheep manure Excellent Very desirable Sandy clay loam Lyzangan 2 2 

Damask rose, Almond, Greengage, Date palm, 
Olive, Plum Yes Sheep manure Excellent Very desirable Sandy clay loam Lyzangan 3 3 

Apricot, Almond, Mulberry, Lemon, Date palm, 
Sweet lemon, Orange, Fig, Greengage No 0 Very suitable Very suitable Sandy clay   Rudbar 4 

Tangerine, Orange, Lemon, Sweet lemon, Date 
palm, Pomegranate, Olive, Apricot Yes Sheep manure Good Inappropriate Clay   Istgah 1 5 

Peach, Date palm, Pomegranate, Greengage, 
Plum, Apricot Yes 0 Very suitable Very suitable Clay loam Dehkheir Sofla 1 6 

Fig, Mulberry, Peach, Apricot, Greengage, 
Pomegranate, Orange, Plum, Apple Yes Sheep manure Very suitable Very suitable Sandy clay loam Istgah 2 7 

Apple, Pomegranate, Almond, Apricot Yes Vermicompost Very well Good Clay loam Haj Mohammadi 1 8 

Apricot, Date palm, Fig, Persimmon, Orange, 
Pomegranate Yes 0 Appropriate Appropriate Clay   Dehkheir Sofla 2 9 

Pomegranate, Medlar, Plum, Apricot, Orange Yes Sheep manure Good suitable  good Clay loam Dehkheir Sofla 3 10 

Plum, Orange, Apricot, Pomegranate, 
Persimmon, Medlar No 0 Good Inappropriate Clay loam Dehkheir Sofla 4 11 

Plum, Pomegranate Yes Sheep manure Good Good Clay loam Istgah 3 12 

Orange, Apricot, Plum, Pomegranate Yes 0 Good Inappropriate Clay Haj Mohammadi 2 13 

 
 

The discriminant function was used to confirm the correctness of 
the cutting location. The discriminant function examines the quality 
of two or more groups of people based on measurements of several 
variables and aims to detect individuals who belong to overlapping 
populations (Manly et al. 2024). 

The results of the cluster analysis, performed to classify mite 
families collected from plant hosts, using Ward’s method with 
standardized data and Euclidean distance, indicated three distinct 
groups after cutting the resulting dendrogram. 

To study the relationship between the distribution of mite species 
across plant hosts, the principal component decomposition method 
was used. To select the number of components, components with a 
characteristic root (Eigenvalue) of 1 or greater were selected. Factor 
coefficients greater than 0.4 were considered significant coefficients 
regardless of the corresponding sign. 
 
 
Results 
 
According to the results (Fig. 2), the total mite samples 
collected from both the northern and southern regions in 2021 
and 2022 showed that the Laelapidae family accounted for the 
highest percentage (31.5%) among the 15 families 
investigated. Cluster analysis of mite species collected from 
orchards in the northern and southern regions of Darab 
during the spring and summer of 2021 and 2022 identified 
two distinct groups (Fig. 3). The first group included 24 
species, such as: Ameroseius eumorphus (Bregetova, 1977), 
Antennoseius sabulicola (Gilyarov, 1977), Dendrolaelaps 
foveolatus (Leitrner, 1949), Dendrolalaps lobatus (Sheherback & 
Chelebive, 1977), Alliphis siculus (Oudemans, 1905), 
Androlelaps casalis (Berlese, 1887), Euandrolaelaps karawaiewi 
(Bregetova, 1977), Geolaelaps aculifer (Canestrini, 1883), 
Geolaelaps praesternalis (Willmann, 1949), Macrocheles 
muscaedomesticae (Scopolli, 1772), Macrocheles peniculatus 
(Berlese, 1887), Macrodinychus iranicus (Khalili-Moghadam & 
Babaeian, 2021), Proctolaelaps pygmaeus (Muller, 1859), 

Gamasiphis pulchellus (Berlese, 1887), Onchodellus karawaiewi 
(Berlese, 1920), Pachylaelaps karawaiewi (Berlese, 1929), 
Parasitus sp. (Latreille, 1795), Amblyseius obtusus (Koch, 1839), 
Neoseiulus barkeri (Hughes, 1948), Neoseiulus marginatus 
(Wainstein, 1961), Neoseiulus zwolferi (Dosse, 1956), 
Proprioseiopsis messor (Wainstein, 1960), Oplitis iranicus 
(Kazemi &  Kontschán, 2007) and Uropoda orbicularis (Muller, 
1776). Other mite species (13) were placed in the second 
group. Out of a total of 1641 examined mites, 1350 mites 
(82.3%) belonged to the second group, while 291 mites (17.7%) 
were from the first group (Fig. 3 and Table 3). 

The results of the cluster analysis for grouping mite 
species collected from 18 plant hosts produced a dendrogram 
(Fig. 4) that identified two distinct groups. Based on this 
grouping, 23 species were placed in the first group, including: 
Ameroseius eumorphus (Bregetova, 1977), Antennoseius 
sabulicola (Gilyarov, 1977), Protogamasellus massula (Athias-
Henriot, 1961), Dendrolalaps lobatus (Sheherback & Chelebive, 
1977), Alliphis siculus (Oudemans, 1905), Androlelaps casalis 
(Berlese, 1887), Euandrolaelaps karawaiewi (Bregetova, 1977), 
Geolaelaps praesternalis (Willmann, 1949), Macrocheles 
muscaedomesticae (Scopolli, 1772), Macrodinychus iranicus 
(Khalili-Moghadam & Babaeian, 2021), Proctolaelaps pygmaeus 
(Muller, 1859),  Gamasiphis pulchellus (Berlese, 1887), 
Onchodellus karawaiewi (Berlese, 1920),  Pachylaelaps karawaiewi 
(Berlese, 1929),  Parasitus mycophillus (Karg, 1961),  Parasitus sp. 
(Latreille, 1795),  Amblyseius obtusus (Koch, 1839),  Neoseiulus 
barkeri (Hughes, 1948),  Neoseiulus marginatus (Wainstein, 
1961), Neoseiulus zwolferi (Dosse, 1956),  Proprioseiopsis messor 
(Wainstein, 1960),  Oplitis iranicus (Kazemi & Kontschán, 2007) 
and Uropoda orbicularis (Muller, 1776) and (14 other species) 
were placed in the second group. From a total of 1641 mites 
studied based on plant hosts, 1220 mites (74.3%) were in the 
second group and 421 mites (26.7%) were in the first group 
(Fig. 4 and Table 3). 
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Figure 2. Relative frequency (%) of mite families collected in the  
north and south regions of Darab city in 2021 and 2022. 

 
 

 
 

Figure 3. Cluster analysis with relative frequency (%) of mites collected from fruit gardens  
in the north and south regions in the spring and summer from Darab city in 2021 and 2022. 

 
 

Table 3. Number and percentage from total each group of species and families of mites in 
cluster analysis. 

 

Number of mites per group 
Number of species  
/ family per group  

Group Condition 

291 24 1  

17.7 Percent of total 

Species 
(Regions, seasons, years) 

1350 13 2 

82.3 Percent of total 

1641 Total 

421 23 1  

26.7 Percent of total 

Species 
(Plant hosts) 

1220 14 2 

74.3 Percent of total 

1641 Total 

97 6 1  

5.9 Percent of total 

Family 
(Regions, seasons, years) 

1028 8 2 

62.6 Percent of total 

516 1 3 

31.4 Percent of total 

1641 Total 
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Figure 4. Cluster analysis with relative frequency (%) of mites collected according to plant hosts 
 
 

The Laelapidae family (with 516 mites) is alone in the 
third group; six families—Ameroseiidae, Uropodidae, 
Ologamasidae, Pachylaelapidae, Macrodinychidae, and 
Oplitidae — with 38, 2, 6, 40, 1, and 10 mites, respectively, in 
the second group; and eight families of Ascidae. 
Digamasellidae, Eviphididae, Macrochelidae, Melicharidae, 
Parasitidae, Phytoseiidae, and Rhodacaridae were placed in 
the first group with 214, 34, 30, 46, 406, 164, 32, and 102 mites 
observed, respectively. Out of a total of 1641 mites examined 
from 37 species of 15 families, 516 mites (31.5%) belong to the 
Laelapidae family, which alone was placed in the third group. 
The second group, with eight families and 1028 mites, 
accounted for 62.6% of the examined mite population, and the 
first group, with six families and 97 mites, accounted for 5.9% 
of the mites (Fig. 5 and Table 3). 

Based on the tree diagram obtained from cluster analysis, 
species and families associated with each group were 
identified and assigned the corresponding group code. 
Subsequently, discriminant function analysis was performed. 
According to the results of the discriminant function for the 

37 mite species recorded across the studied regions, seasons, 
and years (Table 4), all 24 species assigned to the first group 
and all 13 species assigned to the second group by cluster 
analysis were correctly classified in their respective groups. 
Similarly, the discriminant function analysis for the 15 
identified mite families, based on the studied regions, 
seasons, and years (Table 4), showed that 6, 8, and 1 families 
were correctly assigned to the first, second, and third groups. 

After analyzing principal components, considering 
eigenvalues greater than 1, the first two components 
explained 19.7% and 17.1%, respectively, and accounted for 
36.8% of the variance among traits (Table 5). In the first 
component, medlar, peach, apricot, and date palm trees 
accounted for the greatest share of the variance. The second 
component had large, positive coefficients for orange, plum, 
and apple hosts. These results show the good and acceptable 
effects of common factors for these hosts. All the variables 
(hosts) with large coefficients in these components had 
positive coefficients, so increasing their coefficients will 
increase the mite population.   

 
 

 
 

Figure 5. Cluster analysis with relative (%) frequency of mite families collected from plant hosts  
in the north and south regions of Darab city during the spring and summer seasons in 2021 and 2022. 
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Table 4. Results of the discriminant function for the 
grouping accuracy of mite species and families collected 
from plant hosts in the north and south regions of Darab 
city in 2021 and 2022. 

 

Predicted groups Groups 
of cluster 

Species and family 
3 2 1 

- 0 24 1 

Species  
according to region,  
season & host  

- 13 0 2 

- 13 24 Total number 

- 13 24 Correct number 

- 1.000 1.000 Proportion 

- 0 23 1 

Species  
according to  
plant hosts  

- 14 0 2 

- 14 23 Total number 

- 14 23 Correct number 

- 1.000 1.000 Proportion 

0 0 6 1 

Family 

0 8 0 2 

1 0 0 3 

1 8 6 Total number 

1 8 6 Correct number 

1.00 1.000 1.000 Proportion 

Table 5. Results of principal components analysis of mite 
species according to plant hosts. 

 

Second component First component Plant hosts 

0.513 0.078 Orange 

-0.048 -0.059 Tangerine 

-0.107 0.190 Lemon 
-0.063 0.090 Sweet Lemon 

-0.019 0.130 Pomegranate 

0.062 0.058 Fig 
-0.132 0.493 Medlar 

0.027 0.066 Damask rose 

-0.121 0.488 Peach 
0.529 0.119 Plum 

0.128 0.415 Apricot 
0.290 0.019 Mulberry 

-0.007 -0.049 Persimmon 

0.526 0.079 Apple 
-0.025 -0.068 Almond 

-0.038 -0.049 Olive 

-0.119 0.485 Date palm 

-0.096 0.049 Greengage 

3.086 3.54 Eigen value 

0.171 0.197 Variance% 

0.368 0.197 Cumulative variance% 

 
According to the biplot diagram based on the first and 

second components, and by examining the vectors related to 
plant hosts, medlar, peach, apricot, and palm showed the 
highest positive correlation and were located in the area with 
the highest first-component loading compared to other plant 
hosts. Also, oranges, plums, and apples with high positive 
correlation were located in the area with the highest second 
component compared to other plant hosts (Fig. 6A). The 
species Geolaelaps minor, Rhodacarus denticulatus, and mainly 
Geolaelaps sclerotarsus were located in the area with the highest 
first component and the lowest second component. 
Proctolaelaps fiseri was found in the area with the second-
highest component. Other species were located in areas with 
fewer first and second components and closer to each other 
(Fig. 6B). The high values of the first and second components 
in the decomposition into main components for selecting 
genotypes based on all traits have been reported (Yousaf et al. 
2018). 

To investigate the relationships between sampling 
stations and the quantitative and qualitative characteristics of 
each station, principal component analysis (PCA) was 
applied. For the quantitative characteristics, after performing 
PCA and selecting components with eigenvalues greater than 
one, the first two components explained 61.2% and 26.0% of 
the total variance, respectively, accounting for a cumulative 
87.2% of the variance among the variables (Table 6). In the 
first component, the variables with the highest positive 
contributions to variance were soil EC, water EC, water 
hardness, and water alkalinity. In contrast, the second 
component showed a strong positive coefficient for latitude 
and a strong negative coefficient for altitude above sea level. 
The biplot diagram (Fig. 7) showed that Istgah 1, Dehkheir 
Sofla 4, and especially Haj Mohammadi 2 stations were 
located in an area with the highest first component and the 
lowest second component. This indicates that these areas 
have high soil EC, water EC, water hardness, and water 

alkalinity. Rudbar station was located in the area of the biplot 
diagram corresponding to the second-largest component. 
Therefore, this area has a high latitude but a low altitude 
above sea level. Lyzangan 1, Lyzangan 2, and Lyzangan 3 
stations were located in the area with the lowest values of the 
first and second components. These three areas, located in the 
northern region, have the highest altitude above sea level and 
the longest longitude. 

For qualitative characteristics, after principal component 
analysis, the first two components accounted for 49.1% and 
29.2%, respectively, for a total of 78.3% of the variance among 
the variables. (Table 6). In the first component, the highest 
contributions to explaining the variance were soil texture 
(negative coefficient) and organic fertilizer, soil, and water 
quality (positive coefficient). The second component had a 
large, negative coefficient for soil quality and a large, positive 
coefficient for chemical fertilizer. These results show a 
positive and acceptable effect of common factors on these 
variables. The biplot diagram (Fig. 7) showed that Lyzangan 
1, Lyzangan 2 and Lyzangan 3 stations were located in an area 
with the highest first component, which indicates that these 
areas benefit from good soil and water quality, they also 
consume organic fertilizers, according to Table 2, these areas, 
which are located in the northern region of Darab city, have 
sandy, clay, and loam soil texture. Also, Istgah 1, Dehkeir 
Sofla 2, and Haj Mohammadi 2 stations were located in the 
area with the second-highest component. This indicates that 
these areas have clay soil texture (Table 1 and Fig. 8) and have 
the lowest soil quality, as well as the use of chemical 
fertilizers. Haj Mohammadi 1, Istgah 3, and Dehkheir Sofla 3 
stations were located in an area with a high second 
component but a medium first component. These areas have 
a loamy clay texture and good water quality, and support 
organic and chemical fertilizers. Other sampling stations 
(Dehkheir Sofla 1, Dehkheir Sofla 4, and Rudbar) were located 
in an area with low levels of the first and second components. 
 
 
 
 
 
 



Species distribution of mesostigmatid mites in Darab region 
 

 

15 
 

 

 
 

Figure 6. Biplot chart of mite species according to plant hosts. Plant hosts vector (A) mite species (B). 
 
 

Table 6. Results of principal components analysis for the study stations, based on quantitative and 
qualitative characteristics. 

 

Second 
component 

First 
component 

Qualitative  
characteristic 

Second 
component 

First 
component 

Quantitative  
characteristic 

0.440 -0.521 Soil texture 0.565 0.244 Latitude 

-0.523 0.443 Soil quality -0.385 -0.367 Longitude 

0.282 0.438 Water quality -0.456 -0.338 Altitude 

0.349 0.516 Organic fertilizer -0.153 0.425 EC soil 

0.576 0.272 Chemical fertilizer -0.161 0.419 EC water 

- - - -0.305 0.465 TH (Total hard) water 

- - - -0.315 0.471 TA (Total alkalinity) water 

- - - 0.287 -0.253 Tree age 

1.458 2.457 Eigen value 2.077 4.898 Eigen value 

0.292 0.491 Variance% 0.260 0.612 Variance% 

0.783 0.491 Cumulative variance% 0.872 0.612 Cumulative variance% 
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Figure 7. Biplot chart of scatter of studying stations according to quantitative characteristics. 
 

 
 

Figure 8. Biplot chart of the scatter of studying stations according to quantitative characteristics. 
 
 
Discussion 
 
Biodiversity is one of the most important indicators for 
assessing ecosystem health and habitat significance (Paktinat 
Seej et al. 2013). Mesostigmata, an order of mites, are 
ecologically diverse, with most species being free-living 
predators. Members of the family Laelapidae, within the 
superfamily Dermanyssoidea and order Mesostigmata, are 
globally distributed and are known to feed on a wide variety 
of arthropods, nematodes, and other invertebrates. Due to 
their ecological role at the upper levels of the soil food web, 
their global distribution, high abundance, and predatory 
behavior, these mites are valuable indicators for assessing 
environmental conditions (Klarner et al. 2013). 

It is worth noting that various Laelapidae species were 
consistently observed across most sampling stations, both in 
terms of species richness and abundance. Their widespread 

presence, numerical dominance, and functional importance 
within food webs make them highly valuable for biodiversity 
assessments. 

Previous studies have identified a wide range of factors 
influencing the biodiversity and abundance of soil-dwelling 
mesostigmatid mites across different habitats (Paktinat Seej et 
al. 2013). Among the most significant are the habitat's 
vegetation and the nature of agricultural practices. For 
example, the study by Pérez-Velázquez et al. (2011) reported 
that biodiversity and relative abundance of soil predatory 
mites in habitats with higher vegetation cover and organic 
farming practices (i.e., absence of chemicals) were 
significantly greater than in conventionally managed habitats 
with reduced vegetation, pesticide application, chemical 
fertilizers, and intensive tillage. 

According to the resource heterogeneity or resource 
fertility hypothesis, reduced plant diversity limits the 
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availability of ecological niches for soil organisms (Jenkins & 
Parker 1998). The differences in mite biodiversity between 
orchards in the northern and southern regions of the study 
area are likely driven by differences in climatic conditions, 
particularly temperature and relative humidity. Similar 
findings were reported by Li et al. (2005), who demonstrated 
that biodiversity and species composition of Acaroid mites 
differed significantly across three distinct environmental 
settings, mainly due to variations in temperature and relative 
humidity. 

Rainy climates were shown to support the highest 
biodiversity, while dry climates were identified as the main 
limiting factor for arthropod abundance in soil. This pattern 
has been similarly emphasized by Alizadeh et al. (2011). In 
line with these observations, the present study found that 
orchards in the northern regions, characterized by a wetter 
climate, exhibited higher species diversity than those in the 
southern regions. 

According to Koehler (1999), vegetation significantly 
influences the abundance and diversity of soil fauna. 
Numerous studies have demonstrated the impact of various 
factors on biodiversity and species abundance, including the 
works of Cortet et al. (2002), Sabbatini Peverieri et al. (2009), 
and Price (1973). Wissuwa et al. (2013) found that the 
diversity and density of Oribatida species are primarily 
influenced by soil pH and moisture content, while vegetation 
type and micronutrient elements were considered to have the 
least effect on mite populations. In the case of soil mites and 
other subsoil-dwelling arthropods, soil moisture appears to 
be the most critical factor determining both population size 
and species diversity (Agwunobi & Ugwumna 2013). 

The results of the present study indicate that although 
management practices significantly influence biodiversity 
dynamics, environmental and seasonal factors also play 
essential roles in shaping mite populations. This observation 
is consistent with Salmane (2003), who highlighted seasonal 
change as one of the most important natural phenomena 
affecting species populations. Nevertheless, our findings 
suggest that land management strategies may have an even 
greater impact on mite community structure than seasonal 
fluctuations. Vegetation plays a key role in maintaining the 
stability of natural ecosystems. According to (Cuevas-Reyes 
et al. 2004), plant species richness significantly contributes to 
biodiversity. In the present study, orchards located in the 
northern regions exhibited higher species diversity, likely due 
to favorable environmental conditions. The highest 
abundance of mite samples in the fruit orchards of the Darab 
region (2021–2022) was recorded in association with medlar, 
peach, apricot, date palm, orange, plum, and apple trees, with 
the highest abundance observed in orange orchards. This 
pattern can be attributed to the favorable microclimatic 
conditions beneath orange trees, including higher soil 
moisture retention. The large canopy of orange trees provides 
substantial shade, reducing soil evaporation and creating a 
more stable, moist microhabitat for soil fauna. In contrast, 
lower mite diversity under other fruit trees may be due to 
reduced soil moisture, limited organic matter, smaller 
canopies, and increased exposure to direct sunlight, which 
accelerates soil moisture loss. 

The most fundamental level of species diversity is defined 
as the number of species present within a given geographical 

area. While species richness tends to increase with the 
number of species present, diversity also depends on the 
relative population sizes of these species. Ecosystems that 
support many species with relatively balanced population 
sizes are considered more diverse, whereas ecosystems with 
skewed population distributions dominated by a few species 
exhibit lower overall diversity, even if species richness is the 
same (Ejtehadi et al. 2009). 

Many mites in the family Melicharidae are predators. 
Some are also fungivorous, nectar, and pollinators (Egan & 
Hunter 1975). Most species of this family are hunters, and 
many also feed on the pollen and nectar of flowers (OConnor 
et al. 1991, Velazquez & Ornelas 2010). Many species of mites 
in this family, especially the genus Proctolaelaps, are known 
as flower mites and occur in habitats where flowers are 
present, or form a phoretic relationship with birds and 
butterflies that operate near these habitats (OConnor et al. 
1991). In the present study, Proctolaelaps fiseri was recorded in 
high abundance. Members of the family Rhodacaridae are 
active predators in the soil, forest litter, and decaying organic 
matter. These mites are usually found in deeper soil layers, 
where they prey on nematodes and collembolans. Species of 
Rhodacarus and Rhodacarellus are commonly recovered from 
the central sections of soil samples (Evans et al. 1961, Price 
1973, Evans 1992). In this study, Rhodacarus denticulatus was 
observed in high abundance. 

Biodiversity loss is directly linked to an increased risk of 
species extinction. The extinction of one species can trigger 
cascading effects across ecosystems, as each species is 
embedded within a larger ecological network. Higher 
biodiversity results in longer and more complex food chains, 
thereby promoting environmental stability. Consequently, 
biodiversity is considered a fundamental indicator of 
ecosystem health and resilience (Ejtehadi et al. 2009). Given 
their ecological importance, these mites are considered 
significant agents of biological control. Supporting and 
conserving natural enemies is a key component of integrated 
pest management, and such efforts are dependent on 
comprehensive knowledge of species richness and 
community structure. The collection and identification of 
mites and other soil arthropods in each region can pave the 
way for future mass-rearing and release programs to enhance 
biological control. 

The use of chemical inputs has a profound negative 
impact on ecosystem health. Pérez-Velázquez et al. (2011) also 
reported that the use of pesticides and chemical fertilizers 
significantly reduces biodiversity. The expansion of modern 
agriculture is widely recognized as one of the primary threats 
to global biodiversity. Pesticide application negatively affects 
not only the target pest species but also non-target organisms, 
leading to significant reductions in species richness across 
terrestrial ecosystems (Teodorescu & Cogălniceanu 2005). 

In this study, diverse species of the order Mesostigmata 
were collected across various orchards in the Darab region, 
revealing a highly diverse soil mite fauna. This diversity plays 
a crucial role in maintaining environmental balance, 
regulating natural pest populations, and cycling nutrients. 
Furthermore, some families observed in this study could 
serve as subjects for independent taxonomic or ecological 
research. Interestingly, pest mite populations appeared to 
reach outbreak levels mainly in areas subjected to intensive 
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chemical control. This phenomenon may be explained by the 
elimination of natural enemies and the subsequent 
development of resistance or selection pressure favoring pest 
populations. Conversely, a high frequency of free-living, 
fungivorous, and detritivorous mites was observed in 
orchards with abundant organic matter, highlighting their 
critical role in decomposing organic matter and enhancing 
soil fertility. 

Additionally, several mite species collected in this study 
show promising potential for use in biological control 
programs. Further research focusing on species identification, 
ecological diversity, pest control capacity, and mechanisms of 
action is recommended to support future applications. 
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