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ABSTRACT

Oribatid mites are one of the dominant soil microarthropods. These mites have an important role in increasing soil
fertility through organic materials decomposition. Oribatid mite communities (Acari: Oribatida) were investigated in
orchards of five regions (Ahar, Kaleibar, Varzaghan, Heris and Horand) in East Azerbaijan province, Iran. The
oribatid mites were studied in each orchard (apple orchards with size of approximately 0.4 ha were selected) by
collecting 12 samples taken from a maximum depth of 20 cm. Sampling was performed for six months in 2015. The
oribatid species diversity (Shannon-Wiener index), Species richness (Rarefaction and Jackknife methods), Evenness
by Shannon's index and similarity (Sorensen index) were calculated with Ecological Methodology 6.0 software for
all the regions. A total of 75 species belonging to 57 genera and 38 families of oribatid mites were collected and
identified. The highest number of species (54 spp.) was found in the orchards of Kaleibar, while the studied orchards
of Varzaghan had the lowest number of species (21 spp.). One—way ANOVA analysis showed that the Shannon—
Wiener species diversity was highest in Kaleibar (H = 3.409) and Ahar (H = 3.419). Also, Kaleibar and Ahar had the
highest species richness (Kaleibar: 79.8 species, Ahar: 70.7 species). Among studied regions, Kaleibar and Ahar had
the highest species richness and species diversity but Varzaghan showed the lowest values, apparently because of
geographical and climate differences between these regions.
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INTRODUCTION

Oribatid mites are one of the dominant soil microarthropod groups (Singh and Ray 2015) with
limited dispersal abilities (Stary and Block 1998). Their densities can reach several hundred
thousand individuals per square meter (Norton 1990). These mites have an important role in
increasing soil fertility through organic materials decomposition (Singh and Ray 2015), but in
agricultural fields, their natural population and biology are affected by different factors such as
fertilizers, crop rotation, cultivation, irrigation, etc. (Singh and Ray 2015). Oribatid mites act as
decomposers of organic materials, contribute in nutrient cycling and soil formation (Acharya and
Basu 2014; Iranpoor and Akrami 2016; N’dri et al. 2017). Their active instars feed on a wide
variety of material including living and dead plants as well as fungi, moss, lichens and carrion
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residues. Some of them are intermediate hosts of tapeworms and some species are predaceous
(Behan-Pelletier 1999). Oribatid mites are present almost anywhere, many are arboreal, a few are
aquatic and some species are adapted to all niches (Norton and Behan-Pelletier 2009). The
composition of mite communities in soil reflects the rating of stress in the soil ecosystem and may
represent the condition of soil functioning (Gulvik 2007). Diversity and species richness are among
the direct properties of community structure that can be used to acquire information about
environmental quality (Van Straalen 2005). Generally, three levels of diversity can be
distinguished: Alpha, Beta and Gamma diversity. Alpha diversity is used to calculate diversity
within a specific region or ecosystem, and identified by the number of species; Beta diversity
includes changes of diversity among ecosystems, and Gamma diversity is a measure of the whole
diversity inside a large region (Whittaker 1972). Alpha diversity consists of the species richness and
evenness of a given area (Whittaker 1972). Beta diversity can be calculated by means of similarity
coefficients such as Simpson and Jaccard Similarity indices (Zargaran et al. 2011). One of the
important reasons of biodiversity decline in agro-ecosystems is agricultural processes, which
change the native vegetation communities to monocultures (Lascaleia et al. 2018). By evaluating
biodiversity, an ecosystem health can be determined. Biodiversity evaluation can be used as an
effective tool for systematic use of living organisms for evaluating the quality of the environment
and the ecosystem health. Another advantage of studying biodiversity is identification of
weaknesses in the ecosystem caused by contamination or habitat destruction (Heidari et al. 2012).

There are few studies concerning the biodiversity of mites in Iran e.g. biodiversity of
Mesostigmata (Ostovan and Farzane 2004, Arjmandi Nejad ef al. 2006, Bahrami et al. 2011, Amani
et al. 2015) and Oribatida (Hashemi-Khabir et al. 2014, 2015; Ramezani and Mossadegh 2014;
Keshavarz-Jamshidian et al. 2015). However, , there is no study on oribatid mites in agro-
ecosystems in Iran or East Azerbaijan province, so far. Also, there is no report on diversity and
richness of the mites in East Azerbaijan province. Therefore, in this study, we investigated Alpha
and Beta diversity of oribatid mites in the soil of orchards in five regions (Ahar, Kaleibar,
Varzaghan, Heris and Horand) in East Azerbaijan province, Iran.

MATERIALS AND METHODS

This study was conducted in orchards of five regions of East Azerbaijan province, northwest of Iran
including Ahar, Kaleibar, Varzaghan, Heris, and Horand. Table 1 shows the characteristics of each
region.

Table 1. Characteristics of studied sites.

County Latitude (N) Longitude (E) Climatic conditions®
Ahar 38°24'-38° 31" 47° 01'-47° 56' Semi-humid, cold
Kaleibar 38°39'-38° 56' 47°02'-47° 10' Semi-humid, cold
Varzaghan 38°25'-38° 33" 46° 36'-47° 41" Semi-arid, cold
Heris 38° 11'-38° 25’ 46° 36'-46° 41" Semi-arid, cold
Horand 38° 38'-38° 47' 47°15-47° 17 Semi-arid, very cold

T Office of Natural Resources in East Azerbaijan province, Iran (received 10.9.2018).

Field sampling and mite extraction

The oribatid mites were studied in each orchard (apple orchards with size of approximately 0.4
ha were selected) by collecting of 12 samples in each orchard taken from a maximum depth of 20
cm. Sampling was performed for six months in 2015 (May, June, July, August, September, and
October). Soil samples were collected from soil under the tree and transferred to the acarological
laboratory. Mites were extracted using a Berlese funnel (depending on the amount of soil moisture,
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24-48 hours) and kept in 75% ethanol, cleared in Nesbitt's fluid and mounted on microscope slides
using Hoyer's medium (Krantz 1978). The slides were kept in an oven at 45-50 °C for 3—4 weeks.

Specimens were identified using several keys (e.g. Balogh 1972; Gilyarov 1975; Balogh and
Balogh 1988, 1990, 1992a, b; Akrami and Saboori 2012) ; also some species were confirmed by
experts.

Data analyses

The number and abundance of each species per sample was used to estimate the species
richness. The oribatid species richness (rarefaction and Jackknife), evenness (Shannon's index),
biodiversity (Shannon-Wiener index), faunal similarity between studied regions (Sorensen's
similarity index) were calculated for all samples using the Ecological Methodology 6.0 software.
Differences among the sites were evaluated using one-way analysis of variance (ANOVA), and
means differences of diversity and evenness were tested with Tukey's test (at 95% confidence
level).

1- Species richness
Species richness of oribatid communities was expressed by Rarefaction and Jackknife method.
The community structure of oribatid mites was analyzed using abundances of adult oribatids.

1-1- Rarefaction method
Rarefaction statistical method was used to estimate the number of species expected in a random
sample of individuals taken from a collected samples using following formula (Schowalter 1996;

Magurran 2004):
-
~ s n
E(S,) = X|1- ~———~

T

where E (Sy) is the expected number of species in a random sample of # individuals; S — Total
number of species in entire collection; Ni — number of individuals in species 7; N — total number of
individuals in collection; n — value of sample size (number of individuals) chosen, for
standardization (n < N).

1-2—Jackknife method
Jackknife method was used to calculate of whole species richness by using the number of
species really observed plus the number of unique species to any sample, weighted by the number
of samples.
n-—1
s=s+ (——)k
n

where s is the observed total number of species present in n quadrants; n — total number of
quadrants sampled; £ — number of unique species (Schowalter 1996; Magurran 2004).
2— Evenness

Evenness of oribatid communities was expressed by Shannon's index.

SEI= Hs/Hmax

where SEI is the Shannon's measure of evenness; Hs— Shannon's index; Hmax— maximum rate of
Shannon's index (Schowalter 1996; Magurran 2004).
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3— Biodiversity
Biodiversity of oribatid communities was expressed by Shannon-Wiener index.

N,

0.

:_Z[pi *logpi]

i=1

where H is the Shannon—Wiener index; pi— proportion of total sample represented by species i (Pi =
ni/N); N — number of species (Schowalter 1996; Magurran 2004).

4— Similarity
Amount of similarity between oribatid mite communities in the studied regions expressed by
Soerensen's index.

Ss=2a/(a+b+c¢)

where a is the number of species shared between 2 regions (A and B), b — number of species in (B)
is not in A, ¢ — number of species in (A) is not in (B) (Magurran 2004).

RESULTS AND DISCUSSION

In this study, 75 species belonging to 57 genera and 38 families were collected from orchards of the
studied regions (Table 2). Some taxa could be only identified at genus level. In each region, a
different species composition and richness was found. For example, Kaleibar showed the highest
species richness (59 spp.) and Varzaghan had the lowest species richness (21 spp.). 54, 41, and 31
species were recorded from other three regions (Ahar, Horand, and Heris) respectively.

Table 2. Species composition (Nomenclature according to Subias 2004) and occurrence of oribatid mites in orchards of
studied regions in East Azerbaijan province, Iran. A = Ahar, K = Kaleibar, V= Varzaghan, He= Heris and Ho =

Horand.

. Regions
Species name A K Vv H H
Aphelacarus acarinus acarinus (Berlese, 1910) * *
Gilarovella demetrii Lange, 1974 * oK *
Hypochthonius luteus Oudemans, 1917 *
Sphaerochthonius splendidus (Berlese, 1904) * * * oK
Cosmochthonius reticulatus Grandjean, 1947 * * *
Cosmochthonius sp. *

Phyllozetes emmae (Berlese, 1910) * * *
Haplochthonius (H.) simplex (Willmann, 1930) *
Haplochthonius (H.) sanctaeluciae Bernini, 1973 *
Brachychthonius hauserorum (Mahunka, 1979) * *oO®
Poecilochthonius italicus (Berlese, 1910) *oo#
Sellnickochthonius gracilis (Chinone, 1974) ¥k *
Parhypochthonius aphidinus Berlese, 1904 * *
Acrotritia ardua (C. L. Koch, 1841) * * * * *
Papillacarus aciculatus (Berlese, 1905) * * * *
Epilohmannia cylindrica cylindrica (Berlese, 1904) * * *ooox K
Epilohmannia gigantea Berlese, 1916 *
Nothrus anauniensis Canestrini & Fanzago, 1877 ¥k ¥k
* *

Malaconothrus sp.
Hermanniella septentrionalis Berlese, 1910
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Species name

Regions

Jacotella frondeus (Kulijev, 1979)

Licnodamaeus fissuratus (Balogh & Mahunka, 1965)
Licnodamaeus pulcherrimus (Paoli, 1908)

Belba (Belba) daghestanica Bulanova—Zachvatkina, 1962
Metabelbella zachvatkini Bulanova—Zachvatkina, 1967
Damaeolus ornatissimus Csiszar, 1962

Fosseremus laciniatus (Berlese, 1905)

Ceratoppia quadridentata (Haller, 1882)
Austrocarabodes (Austrocarabodes) foliaceisetus Krivolutsky, 1971
Tectocepheus minor Berlese, 1903

Tectocepheus velatus (Michael, 1880)

Striatoppia sp.

Multioppia (Hammeroppia) wilsoni laniseta Moritz, 1966

Anomaloppia ozkani Ayyildiz, 1989
Ramusella (Ramusella) sengbuschi Hammer, 1968

Ramusella (Ramusella) puertomonttensis Hammer, 1962
Ramusella (Rectoppia) damavandica Akrami & Subias, 2008
Discoppia (Cylindroppia) cylindrica (Perez—Inigo, 1965)
Microppia minus minus (Paoli, 1908)

Rhinoppia (Rhinoppia) subpectinata (Oudemans, 1900)
Graptoppia (Graptoppia) sundensis acuta Ayyildiz, 1989
Oppiella (Oppiella) nova nova (Oudemans, 1902)

Lasiobelba (Lasiobelba) decui (Vasiliu & Ivan, 1995)
Suctobelbella (Suctobelbella) italica (Mahunka, 1966)
Suctobelbella (Suctobelbella) acutidens (Forsslund, 1941)
Berlesezetes aegypticus (Bayoumi, 1977)

Scutovertex minutus (C. L. Koch, 1836)

Passalozetes (Passalozetes) africanus Grandjean, 1932
Oribatula (Zygoribatula) connexa connexa Berlese, 1904
Oribatula (Zygoribatula) connexa ucrainica (Iordansky, 1990)
Oribatula (Zygoribatula) frisiae (Oudemans, 1900)

Oribatula (Zygoribatula) exarata Berlese, 1916

Oribatula (Zygoribatula) undulata Berlese, 1916

Oribatula (Oribatula) tibialis tibialis (Nicolet, 1855)
Oribatula (Oribatula) tibialis allifera Subias, 2000

Liebstadia similis (Michael, 1888)

Scheloribates (Scheloribates) laevigatus (C. L. Koch, 1835)
Scheloribates (Scheloribates) labyrinthicus Jeleva, 1962
Indoribates (Haplozetes) iranicus Mortazavi, Akrami & Hajizadeh, 2011
Peloribates sp.

Protoribates (Protoribates) cf. kargilensis (Kardar & Mattu, 1999)
Protoribates (Protoribates) paracapucinus (Mahunka, 1988)
Ceratozetes conjunctus Mihel¢i¢, 1956

Trichoribates (Trichoribates) berlesei (Jacot, 1929)

Punctoribates (Punctoribates) angulatus Bayartogtokh, Grobler & Cobanoglu, 2000

Peloptulus (Peloptulus) denticuspidatus Bayartogtokh & Aoki, 1999

A
*

*

K V H H
* * *

* *
*
* * *
*
* * % %
* %
* * % %
* *
%
%
* * * *
* % %
sk
* *
* *
* * *
* * *
sk
*
* * *
* * * *
* % % %
* % %
* * * %
%
*
* * *
* % %
* %
* * * %
* * * *
*
* *
%
* * % %
* * *
%
* *
* * *
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Table 2. Continued.

2019

Species name

Regions

A K V H H

Eupelops torulosus (C. L. Koch, 1839)

Eupelops somalicus (Berlese, 1916)

Oribatella (Oribatella) neonominata Subias, 2004
Achipteria (Achipteria) coleoptrata (Linnaeus, 1758)
Achipteria (Achipteria) nitens (Nicolet, 1855)
Parachipteria punctata (Nicolet, 1855)

Tectoribates campestris Behan—Pelletier & Walter, 2013

Pergalumna (Pergalumna) microtuberculata Bayartogtokh & Akrami, 2014

Galumna karajica Mahunka & Akrami, 2001
Galumna iranensis Mahunka & Akrami, 2001
Total number of species in each region

*

* *
*
*
* *
%
* *
* * *
* *
* *

54 59 21 31 41

The number of expected species in 100 (number of) individuals of the studied regions was
estimated (with Rarefaction method). Namely: 23.24 species for Ahar, 26.39 species for Kaleibar,
21.03 species for Horand, 19.22 species for Heris and 11.34 species for Varzaghan (Fig. 1).
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Figure 1. Theoretical species richness diagram of oribatid mites obtained by the rarefaction method (95% confidence

levels) in orchards of studied regions in East Azerbaijan province, Iran.

The number of shared species between two regions ranged from a maximum of 41 species
(Ahar and Kaleibar) to a minimum of 14 species (Varzaghan and Horand). Only eight species
including Acrotritia ardua (C.L. Koch, 1841), Epilohmannia cylindrica cylindrica (Berlese, 1904),
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Austrocarabodes (A.) foliaceisetus Krivolutsky, 1971, Tectocepheus velatus (Michael, 1880),
Passalozetes (Passalozetes) africanus Grandjean, 1932, Oribatula (Zygoribatula) connexa connexa
Berlese, 1904, Oribatula (Zygoribatula) frisiae (Oudemans, 1900), Scheloribates (Scheloribates)
laevigatus (C. L. Koch, 1835), Scheloribates (Scheloribates) labyrinthicus Jeleva, 1962, and
Protoribates (Protoribates) paracapucinus (Mahunka, 1988) were found in all studied regions.
Anderson (1977) suggested that abundant species may have high adaptations due to using broad
groups of resources.

A total of 11 species were found in only one orchard among the studied regions. These species
are Cosmochthonius sp., Haplochthonius simplex (Willmann, 1930), Haplochthonius sanctaeluciae
Bernini, 1973, Epilohmannia gigantean Berlese, 1916, Licnodamaeus fissuratus (Balogh &
Mahunka, 1965), Ceratoppia quadridentata (Haller, 1882), Scutovertex minutes (C. L. Koch, 1836),
Protoribates (Protoribates) cf. kargilensis (Kardar & Mattu, 1999), Eupelops torulosus (C. L.
Koch, 1839), Achipteria (Achipteria) coleoptrata (Linnaeus, 1758), and Parachipteria punctata
(Nicolet, 1855). These rare species could have specific requirements to the habitats, or their low
numbers could be associated with sampling errors. This error might have been caused due to the
closeness of some orchards to forests in the area. Anderson (1977) suggested that rare species can
be excluded because of competition with abundant generic species, or species may be rare because
they engross a rare habitat or they have high special feeding habits. Oribatid mites have limited
dispersal abilities (Stary and Block 1998) and existence of rare species in any microhabitat can be a
random process (i.e. temporary movement of species between microhabitats) (Murvanidze and
Mumladze 2014).

Structure of oribatid mite communities was compared using several parameters (Table 3).
Theoretical and real species richness in Kaleibar (S = 79.8, s = 59 spp.) and Ahar (S = 70.7, s = 54
spp.) were significantly higher than other regions. The mean comparison (Tukey's test, 95%
confidence levels) showed that Shannon-Wiener species diversity index was significantly higher in
Ahar and Kaleibar (Table 3). Varzaghan showed the lowest value for species richness (S = 30.2, s =
21) and species diversity (1 — D" = 0.703, H = 2.154). Diversity in Varzaghan, Heris, and Horand
placed in one group. Simpson evenness in Varzaghan was significantly higher (E = 0.568) than
other regions. Ahar and Kaleibar showed the lowest values. Shannon evenness index had no
significant difference between studied regions.

Table 3. Community structure parameters of oribatid mites during the year 2015 in the orchards of studied regions
(95% confidence levels).

Parameter Ahar Kaleibar Varzaghan  Heris Horand Significant
Shannon-Wiener diversity 3.419° 3.409° 2.154° 2.463° 2.622° *
index (H)

Shannon evenness index (SEI) 0.707 0.766 0.784 0.640 0.627 n.s.
Theoretical species richness 70.7 79.8 30.2 41.8 57.7 _

(&)

Species richness (s) 54 59 21 31 41 _
Expected number of species 23.24 26.39 11.34 19.22 21.03 _

(in 100 individuals)

Different letters in each column indicate significantly different values at p > 0.05.
* Significant at p < 0.05, n.s.: Non significant, —: Not calculated.

The changes in species diversity among studied regions (P—diversity), calculated by
Soerensen's similarity indexes (Table 4), showed highest similarity between Kaleibar—Ahar, and
Kaleibar—Horand orchards. This may be explained by the similar geographical conditions among
these regions. The lowest similarity, observed between Kaleibar and Varzaghan, is probably
because of different geographical and climatic conditions in two regions. In addition, sampling
places in Kaleibar, Horand, and Ahar generally, were very close to forests, but there was no forest
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in Varzaghan. Ecological, biological and geographical parameters can affect species diversity
directly as well as indirectly by changing soil parameters. In addition, climate changes could
potentially increase habitat complexities (Maraun and Scheu 2000).

Table 4. Similarity of oribatid mite fauna in the studied regions (Sorensen’s index). A= Ahar, K= Kaleibar, V=
Varzaghan, He = Heris, and Ho= Horand.

Sorensen's similarity index

A K \4 He Ho
Ahar - 0.73 0.51 0.59 0.67
Kaleibar - 0.40 0.56 0.72
Varzaghan 0.58 0.45
Heris - 0.64

Horand -

Shannon-Wiener diversity index ranges from 0 to 5 where zero indicates that the environment
is under severe stress and 5 represents a healthy environment. Among studied regions, Shannon-
Wiener in Ahar and Kaleibar was higher and Varzaghan showed the lowest value (Table 3). This
may be due to the lowest average temperature throughout the sampling year in Varzaghan
(Meteorological Organization of East Azerbaijan province, 2018). The correlation between average
annual temperature and species richness in the studied regions was highly significant (R? = 0.9935,
p = 0.0033). Also, climatic data (Office of Natural Resources in East Azerbaijan province, Iran;
received 10.9.2018) indicated that Varzaghan had the lowest temperature among studied regions.
Although we did not measure the temperature of soil in the studied regions, soil temperature and
microhabitat could be affected by the air temperature. Species richness in Ahar and Kaleibar is
higher than other studied regions. This finding can be due to different climatic conditions in studied
regions. According to Office of Natural Resources in East Azerbaijan province, Ahar and Kaleibar
are Semi-humid and cold; Varzaghan and Heris are Semi-arid and cold, and Horand is Semi-arid
and very cold. The mean annual humidity in Varzaghan is lower than Kaleibar. Uvarov (2003) has
reported that temperature is an important environmental factor that effects soil biota activity.
Temperature has considerable effects on respiration, trophic activity, reproduction and development
of soil invertebrates, especially microarthropods (Van Straalen 1994). Climate changes have direct
impact on soil microarthropod community abundance and their composition via changing soil
microclimate and have indirect effects through changing resource availability and the composition
of the soil food web (Kardol et al. 2011). Gan (2013) studies showed that temperature contributed
significantly to the variation in species composition. High temperature favorably affects respiration,
trophic activity, reproduction and development of oribatid mites (Ermilov and Lochynska 2008).
Kaleibar and Ahar showed the higher species richness and diversity. The high species richness and
Shannon diversity index in a region show its stability (Zargaran et al. 2011) and richness is an
important factor affecting the Shannon-Wiener index (Mahmoudi 2007). In an ecosystem, diversity
and stability should be complementary to each other (Zargaran et al. 2011).

Diversity and species richness were high in Kaleibar and Ahar (Table 3), moisture content in
these regions (according to climatic data) is higher than other regions. Therefore, it seems that
diversity and species richness can be affected by climate. Gan (2013) observed that climatic factors
explained considerable amount of variation in the species composition of soil oribatid communities
and there is a positive association between oribatid mite community and climatic features.
Responses of soil animals depend on microclimatic and climatic conditions. Cool and wet
conditions enhance both biomass and diversity of soil mesofauna, while warmer and drier
conditions have negative effects on them (Haimi et al. 2005). Kardol et al. (2011) study showed
that microarthropod communities are affected by soil moisture content (precipitation as direct effect
and weather warming as indirect effect). Moisture—induced changes soil microarthropod abundance
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and combination of their community may affect ecosystem decomposers functions. Hutson and
Veitch (1983) observed that mean annual population densities of oribatid mites were high in wet
regions, and their overall proportion increased from dry to wet regions because the amount of soil
organic matter increases in less arid regions. Previous researches show that humidity of
microhabitats is an important factor that influences the abundance, distribution, and diversity of
oribatid mites (Seyd & Seaward 1984; Siepel 1996; Smrz & Kocourkova 1999; Maturna 2000).
Moisture changes may have indirect effects on fungivorous fauna and oviposition of oribatid mites
with affecting the fungal community (Hagvar 1998).

Generally, many factors have impact on soil microarthropods. For example, pH and altitude
(Hashemi-Khabir et al. 2014), soil moisture content (Siepel 1996; Hess 2008; Gergdcs and
Hufnagel 2009; Klimek and Rolbiecki 2009; Hashemi-Khabir et al. 2014), elevated CO2 (Haimi et
al. 2005; Kardol et al. 2011), heavy metal pollution (Gergdcs and Hufnagel 2009; Keshavarz-
Jamshidian et al. 2015), soil organic carbon (Hutson and Veitch 1983) and other factors can change
the abundance or composition of the oribatid communities.
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