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ABSTRACT: The most serious environmental challenge facing humanity is the massive, widespread and continuing loss
of biodiversity due to human activities. The commonly reported root causes of the decline and extinction of species are
the degradation, destruction and fragmentation of habitat; pollution; pesticide use; invasive species; climate change; and
over-exploitation; with co-extinction cascades accelerating the losses. The current alarming rate of loss of species across
the biodiversity spectrum has ecological, economic, social, aesthetic, cultural and spiritual impacts that directly under-
mine the welfare of all humanity. This unprecedented crisis demands an urgent, science-based, comprehensive, coordi-
nated, global response. Among the organizations responding to the multifaceted challenge of biodiversity loss is the In-
ternational Union for Conservation of Nature (IUCN). Its enormous pool of integrated expertise, technical capacity and
policy experience makes the IUCN the global authority on the status of nature and the suite of measures needed to pro-
tect it. The largest of the IUCN’s six commissions is the Species Survival Commission, a science-based network of over
160 Specialist Groups, including 17 invertebrate groups; Red List Authorities; and Task Forces. Despite there being an
estimated 500,000 - 1,500,000 mite species, and their ubiquity in global ecosystems and fundamental role in many eco-
logical processes, mites have received minimal attention on the global conservation agenda. The role of the newly formed
Mite Specialist Group, which gained official status in April 2021, is to redress that situation. The mission of the group,
which currently includes 65 mite specialists, ecologists, botanists, environmentalists and conservation practitioners from
36 countries on five continents, is to contribute to a collaborative global effort to conserve mite diversity through re-
search, education, advocacy, community engagement and specific conservation initiatives.
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INTRODUCTION

There is a strong consensus in the scientific community
that the decline of insects, other arthropods and all other
forms of biodiversity is a serious threat that must be ur-
gently addressed (Harvey et al., 2020). Moreover, Pimm
(2021) stated that the on-going massive loss of biodiver-
sity is the most serious environmental challenge facing
humanity. Furthermore, Ceballos et al. (2020) stressed
the absolute urgency of coordinated, comprehensive
worldwide action to save the remaining biodiversity and
the ecosystems on which it depends from the current,
human-induced, catastrophic global extinction event.

Pimm et al. (2014) asserted that the primary or overarch-
ing drivers of the extinction of species are continuing
human population growth and the increasing total con-
sumption of natural resources. Habitat destruction, deg-
radation and fragmentation, pollution; pesticides; inva-
sive species, climate change and over-exploitation drive
the extinction process (Harvey et al,, 2020; Wagner et al,,
2021). These drivers individually and collectively con-
tribute to an acceleration of the extinction process
through co-extinction cascades (Strona and Bradshaw,
2018).

Terrestrial biodiversity is far from uniformly distributed
across the planet. More specifically, a substantial propor-

tion is concentrated in biodiversity hotspots, most of
which are located in the tropics and subtropics (Myers,
1988). The astounding levels of biodiversity contained in
the hotspots makes them absolutely vital conservation
priorities, although by definition they have suffered con-
siderable degradation (Myers, 1988; Myers et al., 2000;
Mittermeier et al., 2005). Despite their importance, Hu et
al. (2021) reported major, on-going degradation of the
biodiversity hotspots that even extended to large areas
‘protected’ by legislation.

To qualify as a biodiversity hotspot a region must satisfy
two criteria, namely (i) the presence of at least 1500 en-
demic vascular plant species and (ii) have 30% or less of
its original natural vegetation remaining. The currently
recognized 36 terrestrial biodiversity hotspot areas cover
only 2.5% of the earth’s land surface but more than 50%
of all plant species and nearly 43% of all terrestrial verte-
brate species are endemic to them (Conservation Interna-
tional, 2021). In 27 of the biodiversity hotspots, the corre-
lations between plant, vertebrate and phytoseiid mite
diversity and endemism, and also the degree of congru-
ence between their respective endemism levels, suggest-
ed that the distribution pattern of the phytoseiids closely
matched those of the plants and vertebrates (Tixier and
Kreiter, 2009).
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Among the organizations responding to the challenge of
biodiversity loss in terrestrial, freshwater and marine
environments across the planet is the International Union
for Conservation of Nature (IUCN), which is based in
Gland, Switzerland. The IUCN is a membership union
comprised of both government and civil society organiza-
tions that harnesses the collective experience, resources
and networks of more than 1,400 member organisations,
including states, government agencies, NGOs, indigenous
groups and affiliates, as well as 18,000 voluntary expert
members of its commissions. This enormous pool of inte-
grated expertise, technical capacity and policy experience
makes the IUCN the global authority on the status of na-
ture and the measures needed to protect it (IUCN, 2021).

The IUCN has official observer status at the UN General
Assembly, which explains its strong influence in the shap-
ing of international conservation policy. It has also shaped
the major international conservation conventions, such as
the Convention on Biodiversity (CBD), the World Heritage
Convention (WHC) and the Convention on International
Trade in Endangered Species of Wild Fauna and Flora
(CITES). Moreover, the IUCN is well known for its flagship
knowledge products, such as the Red List of Threatened
Species™ (RLTS), the World Database on Protected Areas
(WDPA), the Database of Key Biodiversity Areas (KBAs)
and the Red List of Ecosystems (RLEs). In addition, it has
published numerous international conservation stand-
ards and guidelines, such as the global standard for the
identification of KBAs, the guidelines for the reintroduc-
tion of species and other conservation translocations, and
the guidelines for species conservation planning (A.
Hochkirch, pers. comm,, 2 July 2021).

The IUCN has six interrelated commissions to support its
goals, the largest of which is the Species Survival Commis-
sion (SSC). The SSC is a science-based network with more
than 9,000 volunteer experts working in more than 160
Specialist Groups, Red List Authorities and Task Forces.
Some groups address conservation issues related to par-
ticular groups of plants, animals and fungi, while others
pursue broader objectives such as the reintroduction of
species into former habitats, climate change, health of
wildlife and sustainable use and trade. Seventeen of the
specialist groups and one stand-alone Red List Authority
represent the terrestrial, freshwater and marine inverte-
brates (IUCN, 2021), which until recently did not include
a group specifically devoted to the interests of mites
(Arachnida: Acari).

FORMATION OF THE MITE SPECIALIST GROUP

Conservative estimates of the total number of mite spe-
cies range between 500 000 and 1 500 000 (Walter and
Proctor, 2013; Stork 2018; Sullivan and Ozman-Sullivan,
2021). There are 528 extant families and 5,629 extant
genera, and ~ 63,000 described species (J. Hallan, pers.
comm., March 2020 in Sullivan and Ozman-Sullivan
2021). Sullivan and Ozman-Sullivan (2021) estimated
that ~15% of mite species likely became extinct by 2000,
and that extinctions are currently expected to increase by
between 0.6% and 6.0% by 2060. The same authors fur-
ther stated that, based on the work of Fonseca (2009), it is

highly likely that at least 150,000 mite species in host-
specific relationships with plants and insects in the biodi-
versity hotspots are committed to extinction but mites
have been largely neglected in reports on the global bio-
diversity situation. The situation of mites (and other or-
ganisms) in the vast areas outside the hotspots is under-
stood to generally reflect their precarious situation within
the hotspots. In a specific case, Napierala et al. (2018)
reported that of the uropodid mites collected over more
than 50 years of sampling across Poland, more than 40%
of the species pool were classified as either endangered
or critically endangered, when modified IUCN criteria
were applied. However, only 11 mite species have been
assessed for the IUCN Red List of Threatened Species,
including the listing of one extinct species (IUCN, 2021).

The SSC of the IUCN has recognized the need to incorpo-
rate the broad spectrum of invertebrate diversity more
fully into its agenda and is actively pursuing that course.
Within that context, shortly after the publication of the
paper by Sullivan and Ozman-Sullivan (2021), the authors
were contacted by Dr. Axel Hochkirch, Chair of the IUCN’s
SSC Invertebrate Conservation Committee and Dr. Sergio
Henriques, Invertebrate Conservation Coordinator at the
Global Center for Species Survival, Indianapolis Zoo, and
co-chair of the SSC Spider and Scorpion Specialist Group,
who proposed that they establish a Mite Specialist Group
(MSG). Drs. Ozman-Sullivan and Sullivan agreed and so
began the application process to the SSC which required
the meeting of a number of criteria, including those sum-
marized below. After receiving feedback from Drs. Hen-
riques and Hochkirch on a number of drafts, the applica-
tion was submitted to the SSC for assessment and the
MSG was given official status on 23 April of 2021.

A summary of how the criteria for SSC Specialist
Group accreditation were met:

1. What are the key conservation issues facing the taxon
or group?

Sullivan and Ozman-Sullivan (2021) reported on the spe-
cific conservation issues related to mites, including that
vast numbers of range and microhabitat restricted spe-
cies, including host-specific species, are at greater risk of
population decline and extinction due to habitat destruc-
tion and climate change. The information in the refer-
ences cited in that paper and herein provides a compre-
hensive perspective on the nature and distribution of
biodiversity, decline of populations and extinctions, and
measures which can minimize the rate of loss and in some
cases, reverse the declines.

2. Why is this taxonomic level and / or geographic scope
considered to be the most appropriate level at which to
address these conservation issues?

Mites, which constitute an estimated 20% of all arthro-
pods (Stork, 2018), are an extremely large and highly
diverse group that represents a substantial proportion of
all the biodiversity that was being underrepresented in
SSC activities and reports. Furthermore, the formation of
a group advocating specifically for mites complements the

Acarological Studies 3 (2): 51-55, 2021

52



activities being conducted on behalf of other arachnid and
arthropod groups. It also fills a gap in addressing the
global conservation of soil and its fauna, a crucial compo-
nent of most terrestrial ecosystems, and therefore an
important element of the development of the Red List of
Ecosystems.

3. Is there a clear gap for the group to fill, and a value-
added benefit that the formation of the group would de-
liver, rather than duplicate efforts of existing Specialist
Groups or IUCN partner institutions?

There was a demonstrable void in advocacy and action for
the conservation of mites, and because there are many
host and range restricted endemic species, countries sup-
porting global Red List Assessment will benefit from the
formation of the MSG. In addition, the formation of the
MSG, because of the great diversity and ubiquity of mites
in terrestrial, freshwater and marine ecosystems, will
substantially increase the comprehensiveness, accuracy
and credibility of reports on the overall status of biodi-
versity.

Henriques et al. (2020) stated that current reporting on
biodiversity loss may not adequately represent trends
across taxa and ecoregions but sampled assessments can
accelerate biodiversity monitoring and complement cur-
rent metrics. Also, Hochkirch et al. (2021) proposed an 8-
point strategy for the next decade to address the deficien-
cy of data for neglected taxa. In addition, Harvey et al.
(2020) formulated a ‘roadmap’ for insect conservation
and recovery. All three of these approaches are directly
applicable to mites, especially given that the ecologies of
mites, other arachnids and insects are so intimately inter-
connected.

4. What are 1) the key activities / outputs that the group
would undertake / deliver to better understand and ad-
dress these issues, and 2) how will these activities / out-
puts contribute to the SSC Strategic Plan?

In essence, MSG members and its five advisory groups
(Acarological Society of America, Acarological Society of
Japan, Acarological Society of Iran, Latin American Society
of Acarology and Saving Nature) are encouraged to con-
tribute to a global effort to conserve mite diversity
through research, education, advocacy, collaboration and
conservation initiatives by:

1. proposing species for Red List Assessment (RLA) (the
MSG has compiled a list of more than 80 species for as-
sessment by its RLA Coordinator, Dr. Agnieszka Napiera-
la)

2. supporting and engaging in taxonomic and ecological
studies that contribute to real conservation gains

3. forming direct links with NGOs (e. g. conservation
groups, farmer organizations, reforestation societies),
indigenous groups, landholders and government agencies
to achieve measurable conservation outcomes; to date,
the first steps have been taken in developing productive
relationships with MarineBio Conservation Society, Sav-
ing Nature, the Turkish Foundation for Combating Soil

Erosion and the Wet Tropics Management Authority in
Australia

4. supporting and contributing to initiatives that address
habitat destruction, climate change, pollution, pesticide
use and other drivers of biodiversity loss

5. encouraging the incorporation of mites (and other in-
vertebrates) into the fabric of the biology curriculum in
schools and higher education institutions

6. conducting research related to mite conservation issues

7. establishing links with the mass media and a presence
in on-line platforms to promote the group and its activi-
ties

8. educating/informing government agencies, conserva-
tion area managers and the public about the fundamental
role that mites and the other invertebrates play in di-
verse, healthy, productive ecosystems, and

9. engaging in personal behaviors and actions that
demonstrate a commitment to the vision of the IUCN,
namely, ‘a just world that values and conserves nature
through positive action to reduce the loss of diversity of
life on earth’.

Everyone in the MSG and its advisory groups has been
invited to put forward other ideas. The phrase, 'Think
globally, act locally’ is highly applicable. All MSG members
and advisory group members are encouraged to consider
how the MSG can be most effective in conserving mite
biodiversity at the local, regional and global levels and act
on those suggestions while always remembering that any
gains for mites are multiplied as gains for other inverte-
brates, plants and vertebrates.

5. Is there a core group of relevant experts willing to ded-
icate energy and time towards furthering a conservation
agenda for mites?

To date, a group of 65 acarologists and non-acarologists
from 36 countries on 5 continents and with a wide range
of expertise have joined the group, although large areas in
Africa and South-East Asia appear to be lacking in suffi-
cient local acarological expertise. However, some MSG
members are personally familiar with and/or have con-
tacts in those areas. Fifty eight persons in the MSG, to a
greater or lesser extent, work directly with mites, and a
considerable number were members of the Scientific
Committee for the XV International Congress of Acarology
in Antalya, Turkey in 2018. The other members of the
MSG have expertise in botany, ecology, conservation,
environmental activism and protected area management
that complements the expertise of the mite specialists.
The MSG aims to reduce any gaps in its regional coverage
as it becomes more established. The group will communi-
cate via email and on social media platforms to dissemi-
nate information within and about the group, and formal-
ly through the IUCN SSC. Persons interested in joining the
MSG should contact the first author, the chair of the

group.
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6. Group leadership

The MSG’s Chair is Sebahat K. Ozman-Sullivan from On-
dokuz Mayis University in Turkey. The group’s Vice
Chairs are Ashley Dowling of the University of Arkansas
in the USA and Maria Orlova from Tyumen State Universi-
ty in Russia. The Red List Authority Coordinator is Ag-
nieszka Napierala from the Adam Mickiewicz University
in Poland and the Conservation Initiatives Coordinator is
Gregory T. Sullivan of The University of Queensland in
Australia.

7. Reporting to the Species Survival Commission of the
[IUCN

Reporting processes revolve around quadrennial targets
set by the group in consultation with the SSC (the current
period is 2021 - 2024). Targets are allocated to the five
components of the Species Conservation Cycle (Assess,
Plan, Act, Network and Communicate). The current tar-
gets include the identification of both general and specific
threats to mites across the wide spectrum of ecosystems
they inhabit, raising the profile of mites in terms of great-
er community understanding of their fundamental im-
portance to global ecological functioning and the provi-
sion of ecosystem services, development of partnerships
to achieve practical conservation outcomes and the as-
sessment of representative mite species according to the
IUCN Red List criteria (IUCN, 2021).

CONCLUSIONS

The newly formed Mite Specialist Group of the IUCN'’s
Species Survival Commission cannot alone ‘save’ the
mites in a world becoming increasingly degraded by both
human population growth and the increasing demand for
natural resources that drive habitat destruction, pollution
and climate change. However, by boldly and collabora-
tively pursuing its research, education, advocacy and
conservation goals, the group can put mites and their
fundamental role in global ecology directly on the inter-
national conservation agenda. Moreover, through cooper-
ation with other Species Survival Commission entities,
other IUCN commissions, the IUCN secretariat and IUCN
member groups, and non-affiliated groups and individuals
pursuing similar objectives, the Mite Specialist Group can
make a substantial contribution to reducing the overall
loss of mite diversity, with any gains for mites multiplied
as gains for other invertebrates, vertebrates and plants.
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ABSTRACT: While performing a faunistic study on the superfamily Raphignathoidea of northwestern Iran, north parts of
east Azerbaijan and southwest parts of west Azerbaijan provinces during 2016-2018, a total number of 40 species in 13
genera belonging to the superfamily were collected and identified. Among them, four species: Stigmaeus luxtoni Wood,
1981; Ledermuelleriopsis sezeki Dogan, 2004; Eustigmaeus gulingensis Hu and Chen, 1996 and Molothrognathus kamili

Dogan, 2003 have been recorded for the first time from Iran.

Keywords: Acari, fauna, predatory, new record, Azerbaijan, northwestern Iran.

Zoobank: http://zoobank.org/57B66053-9AD1-4C78-ADA6-83AC029A284A

INTRODUCTION

The predatory mites of the superfamily Raphignathoidea
Kramer, 1877 (Acari: Trombidiformes: Prostigmata) are
mostly known as biological control agents of small inver-
tebrates such as eriophyid, spider and false spider mites
and some small insects. Also, some species of these mites
are probably the second most important species of plant
mite predators after Phytoseiidae especially when the
densities of phytoseiid mites are low (Gerson et al., 2003;
Fan and Zhang, 2005; Fan and Flechtmann, 2015).

Currently, raphignathoid mites include about 1087 spe-
cies of 69 genera in 12 families (Beron, 2020). Until now,
seven families, 23 genera and 222 species of this group of
mites have been described and reported from Iran, name-
ly: Barbutiidae Robaux (one genus, four species); Ca-
ligonellidae Grandjean (five genera, 26 species);
Camerobiidae Southcott (two genera, 23 species); Cryp-
tognathidae Oudemans (two genera, 19 species);
Eupalopsellidae Willmann (one genus, seven species);
Raphignathidae Kramer (one genus, 29 species); Stigmae-
idae Oudemans (11 genera, 114 species) (Bagheri and
Mohammad-Doustaresharaf, 2020; Mohammad-
Doustaresharaf and Bagheri, 2021; Pishehvar and Khan-
jani, 2021; Rostami and Mohammad-Doustaresharaf,
2021).

In this study, a total number of 40 species in 13 genera
within the superfamily Raphignathoidea have been col-
lected; four of them: Stigmaeus luxtoni Wood, 1981; Le-
dermuelleriopsis sezeki Dogan, 2004; Eustigmaeus gu-
lingensis Hu and Chen, 1996 and Molothrognathus kamili
Dogan, 2003 are new records for the Iranian fauna.

MATERIALS AND METHODS
Sampling procedure

Many samples collected during 2016-2018, from various
habitats such as soil and litter, rotten wood, the aerial

parts of the crops, orchards and weeds of different re-
gions of studied area. Mite specimens were extracted
using Berlese-Tullgren funnel, preserved in 70% ethanol,
cleared in Nesbitt’s fluid/lactophenol solution, mounted
in Hoyer’s medium and studied using BX41 light micro-
scope with phase-contrast device. All examined materials
are deposited in the Acarology Laboratory, Plant Protec-
tion Department, Agricultural Faculty, University of Ma-
ragheh, Iran (UMI).

Study area

The study area is located in north-western Iran and in-
cluding two provinces: East Azerbaijan and West Azerbai-
jan. Sampling were taken from different localities in two
counties of north parts of East Azerbaijan namely Jolfa
and Khoda Afarin and five counties of sothwestern parts
of West Azerbaijan namely Urmia, Sardasht, Piranshahr,
Mahabad, Oshnaviyeh. The locations of the sampled cities
are shown in Figure 1.

RESULTS and DISCUSSION

Superfamily Raphignathoidea
Family Caligonellidae Grandjean, 1944
Genus Caligonella Berlese, 1910

Caligonella haddadi Bagheri and Maleki, 2013

This species was originally described from leaf litter un-
der walnut (Juglans sp.) from Iran (Bagheri et al., 2013b).
It was also recorded from Turkey (Yamag, 2019; Dogan
and Dogan, 2020c).

Material examined: Two females, soil and litter, Khoda
Afarin (Kalaleh) (38° 56’ 42" N, 46° 45'43" E, 1380 m),
27 August 2018; four females, soil and litter, Khoda Afarin
(Abbas Abad) (37° 55’ 46" N, 46° 47' 88" E, 1310 m), 4
July 2017; two females, soil, Urmia (Qare Aqaj) (37° 27’
53" N, 45° 09' 19" E, 1302 m), 24 July 2018; coll. M. Mo-
hammad-Doustaresharaf.
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Figure 1. The location of the sampled cities. A: Jolfa, B: Khoda Afarin, C: Urmia, D: Oshnaviyeh, E: Piranshahr, F: Mahabad,

G: Sardasht.
Caligonella humilis (Koch, 1838)

This species is widely distributed in 14 countries and
originally described from Germany (Beron, 2020). It was
also previously recorded from different part of Iran
(Beyzavi et al.,, 2013).

Material examined: Two females, soil and litter under
pear tree (Pyrus sp.), Urmia (Marmisho) (37° 59’ 97" N,
45° 04' 67" E, 1297 m), 7 September 2017; six females,
soil under apple trees (Malus sp.), Urmia (Balanej) (37°
24' 35" N, 45° 09' 11" E, 1312 m), 17 September 2018;
four females, soil under oak tree (Quercus sp.), Mahabad
(Kavelan) (36° 23' 34" N, 45°39'59"E, 1631 m), 19 Sep-
tember 2017; coll. M. Mohammad-Doustaresharaf.

Genus Molothrognathus Summers and Schlinger, 1955

Molothrognathus bahariensis Ueckermann and Khan-
jani, 2003

This species was originally described from Iran where it
was found from different habitats (Ueckermann and
Khanjani, 2003). Recently it was also recorded from Tur-
key (Dogan and Dogan, 2020a).

Material examined: Two females, soil, Jolfa (Asiyab
Kharabeh) (38° 51’ 25" N, 45°51'21"E, 1743 m), 17 July
2018; four females, soil and litter, Khoda Afarin (Kalaleh)
(38° 56" 42" N, 46° 45'43" E, 1380 m), 27 August 2018;
one female, soil under apple trees (Malus sp.), Urmia (Bal-
anej) (37° 24' 35" N, 45° 09'11" E, 1312 m), 17 Septem-

ber 2018; five females, soil, Urmia (Ali Beygloo) (37° 74’
09" N, 45° 07'90" E, 1324 m),11 August 2017; coll. M.
Mohammad-Doustaresharaf.

Molothrognathus kamili Dogan, 2003

This species was originally described from soil under
Astragalus sp. from Turkey (Dogan, 2003b).

This is a new record for the Iranian fauna.

Material examined: Four females, soil, Urmia (Shalmakan)
(37° 27" 34" N, 44° 59'59" E, 1800 m), 16 August 2018;
two females, soil, Urmia (Dalamper) (37° 10" 41" N, 44°
53"37"E, 1890 m), 4 August 2016; coll. M. Mohammad-
Doustaresharaf.

Molothrognathus mehrnejadi Liang and Zhang, 1997

This species is currently known only from Iran where it
was found in pistachio (Pistacia sp.) collar soil and bark
stem (Liang and Zhang, 1997).

Material examined: Seven females, soil and litter, Khoda
Afarin (Abbas Abad) (37° 55’ 46" N, 46° 47" 88" E, 1310
m), 4 July 2017; two females, soil under oak tree (Quercus
sp.), Sardasht (Alvatan) (36° 24' 22" N, 45° 21' 23" E,
1526 m), 30 September 2016; five females, soil under oak
tree (Quercus sp.), Piranshahr (Mirabad) (36° 26’ 08" N,
45°21'07"E, 1294 m), 1 October 2016; coll. M. Moham-
mad-Doustaresharaf.
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Genus Neognathus Willmann, 1952
Neognathus terrestris (Summers and Schlinger, 1955)

This species was described from California, USA (Sum-
mers and Schlinger, 1955). It was also recorded from
Canada, Crimea, Hungary, Turkey and Iran (Beron, 2020).

Material examined: Four females, soil, Urmia (Marmisho)
(37°59'97" N, 45°04'67"E, 1297 m), 7 September 2017;
one female, soil, Urmia (Dalamper) (37° 10’ 41" N, 44° 53’
37" E, 1890 m), 4 August 2016; two females, soil, Urmia
(Dolama) (37° 21’ 23" N, 45° 14' 51" E, 1293 m), 16 Au-
gust 2018; coll. M. Mohammad-Doustaresharaf.

Neognathus ueckermanni Bagheri, Dogan and Haddad,
2010

This species was originally described from soil under
Medicago sativa L. from Iran (Bagheri et al,, 2010a). Re-
cently it was recorded from Turkey (Dogan, 2019).

Material examined: Two females, soil under azarole tree
(Crataegus azarolus), Piranshahr (Mirabad) (36° 26’ 08"
N, 45°21'07"E, 1294 m), 1 October 2016; three females,
soil and litter under pear tree (Pyrus sp.), Urmia (Marm-
isho) (37° 59’ 97" N, 45° 04' 67" E, 1297 m), 7 September
2017; four females, soil under oak tree (Quercus sp.),
Oshnaviyeh (Miraveh) (36° 58’ 48" N, 45° 01'30"E, 1694
m), 1 July 2017; coll. M. Mohammad-Doustaresharaf.

Family Cryptognathidae Oudemans, 1902
Genus Cryptognathus Kramer, 1879
Cryptognathus lagena Kramer, 1879

This species is widely distributed and originally described
from Germany (Beron, 2020). It was also previously rec-
orded from Iran (Khanjani et al., 2014).

Material examined: Six females, soil and litter, Khoda
Afarin (Kalaleh) (38° 56’ 42" N, 46° 45'43" E, 1380 m),
27 August 2018; one female, soil, Khoda Afarin (Aynaloo)
(38°53' 03" N, 46° 47'38" E, 1700 m), 18 July 2018; two
females, soil, Khoda Afarin (Garmanab) (38° 54’ 26" N,
46° 47'19"E, 1520 m), 4 October 2017; coll. M. Moham-
mad-Doustaresharaf.

Genus Favognathus Luxton, 1973
Favognathus kamili Dénel and Dogan, 2011

This species was originally described from Turkey (Donel
and Dogan, 2011; Dogan, 2019) and it was also recorded
from Iran (Bagheri et al,, 2015; Dogan and Dogan, 2020b).

Material examined: Two females, soil under oak tree
(Quercus sp.), Sardasht (Alvatan) (36° 24’ 22" N, 45° 21’
23" E, 1526 m), 30 September 2016; two females, soil,
Jolfa (Asiyab Kharabeh) (38° 51’ 25” N, 45° 51' 21" E,
1743 m), 17 July 2018; two females, soil under apple trees
(Malus sp.), Urmia (Marmisho) (37° 59’ 97" N, 45° 04' 67"
E, 1297 m), 7 September 2017; coll. M. Mohammad-
Doustaresharaf.

Favognathus mirazii Khanjani and Ueckermann, 2008

This species is currently known only from Iran where it
was found from soil under pear tree (Pyrus sp.) (Khanjani
and Ueckermann, 2008b).

Material examined: One female, soil under apple trees
(Malus sp.), Urmia (Gasemloo valley) (37° 17’ 58" N, 45°
07'16"E, 1750 m), 5 July 2017; three females, soil, Urmia
(Qare Aqaj) (37°27' 53" N, 45°09'19"E, 1302 m), 24 July
2018; two females, soil, Urmia (Qare Aqaj) (37° 27' 53" N,
45°09'19"E, 1302 m), 25 July 2018; coll. M. Mohammad-
Doustaresharaf.

Family Eupalopsellidae Willmann, 1952
Genus Eupalopsellus Sellnick, 1949
Eupalopsellus deformatus Fan, 2004

This species was originally described from leaves of an
unidentified grass, China (Fan, 2004). It was also record-
ed from Turkey and Iran (Bagheri et al, 2014; Dogan,
2019).

Material examined: One female, soil, Urmia (Qare Aqaj)
(37°27' 53" N, 45°09' 19" E, 1302 m), 24 July 2018; coll.
M. Mohammad-Doustaresharaf.

Eupalopsellus prasadi Bagheri and Khanjani, 2009

This species was described from soil under apple trees
(Malus sp.) from Iran (Bagheri and Khanjani, 2009). It was
also recorded from Turkey (Kasap et al., 2013).

Material examined: Two deutonymphs, Hornbeam tree
foliage, Khoda Afarin (Kalaleh) (38° 56’ 42" N, 46° 45'43"
E, 1380 m), 18 July 2017; one female, raspberry foliage
(Rubus sp.), Khoda Afarin (Kalaleh) (38° 56’ 42" N, 46° 45’
43" E, 1380 m), 2 September 2017; one female, rose hip
foliage (Rosa sp.), Urmia (Marmisho) (37° 59’ 97" N, 45°
04" 67" E, 1297 m), 7 September 2017; coll. M. Moham-
mad-Doustaresharaf.

Family Raphignathidae Kramer, 1877
Genus Raphignathus Dugés, 1834

Raphignathus  azarshahriensis  Ahaniazad and

Bagheri, 2012

This species is currently known only from Iran where it
was found from soil of black cherry (Prunus sp.), walnut
(Juglans sp.) and almond orchards (Ahaniazad et al,
2012).

Material examined: Three females, soil under Astragalus
sp., Urmia (Dalamper) (37° 10" 41" N, 44° 53'37"E, 1890
m), 8 July 2018; seven females, soil under pear tree (Pyrus
sp.), Urmia (Marmisho) (37° 59’ 97" N, 45° 04' 67" E,
1297 m), 7 September 2017; coll. M. Mohammad-
Doustaresharaf.
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Raphignathus giselae Meyer and Ueckermann, 1989

This species was originally described from Zimbabwe
(Meyer and Ueckermann, 1989). It was also recorded
from South Africa, Turkey, Yemen and Iran (Beron, 2020).

Material examined: Twelve females, soil under oak tree
(Quercus sp.), Sardasht (Alvatan) (36° 24’ 22" N, 45° 21’
23" E, 1526 m), 30 September 2016; three females, soil
under azarole tree (Crataegus azarolus), Piranshahr (Mir-
abad) (36° 26’ 08" N, 45° 21'07" E, 1294 m), 1 October
2016; coll. M. Mohammad-Doustaresharaf.

Raphignathus gracilis (Rack, 1962)

This species is widely distributed in 17 countries and
originally described from Germany (Rack, 1962; Beron,
2020). It was also previously recorded from different part
of Iran (Beyzavi et al,, 2013; Mohammad-Doustaresharaf
and Bagheri, 2018).

Material examined: Three females, soil, Khoda Afarin
(Vaygan) (38° 55’ 07" N, 46° 46' 58" E, 1350 m), 14 July
2016; four females, soil under oak tree (Quercus sp.),
Oshnaviyeh (Miraveh) (36° 58’ 48" N, 45° 01'30"E, 1694
m), 1 July 2017; coll. M. Mohammad-Doustaresharaf.

Raphignathus hecmatanaensis Khanjani and Uecker-
mann, 2003

This species originally was described from grass from
Iran (Khanjani and Ueckermann, 2003). It was also rec-
orded from different part of Turkey (Dogan, 2019).

Material examined: Five females, soil and litter, Khoda
Afarin (Kalaleh) (38° 56’ 42" N, 46° 45'43" E, 1380 m),
27 August 2018; five females, soil, Khoda Afarin (Ayna-
loo) (38° 53’ 03" N, 46° 47'38"E, 1700 m), 18 July 2018;
four females, soil, Khoda Afarin (Garmanab) (38° 54’ 26"
N, 46° 47' 19" E, 1520 m), 4 October 2017; coll. M. Mo-
hammad-Doustaresharaf.

Raphignathus khorramabadensis Bagheri, 2013

This species was originally described from soil from Iran
(Bagheri et al,, 2013a). It was also recorded from Turkey
(Ulugay et al., 2016).

Material examined: Four females, soil, Khoda Afarin
(Garmanab) (38° 54’ 26" N, 46° 47' 19" E, 1520 m), 4
October 2017; 12 females, soil and litter, Khoda Afarin
(Kalaleh) (38° 56" 42" N, 46° 45'43" E, 1380 m), 27 Au-
gust 2018; four females, soil and litter, Khoda Afarin
(Kalaleh) (38° 56’ 42" N, 46° 45'43" E, 1380 m), 4 August
2018; coll. M. Mohammad-Doustaresharaf.

Raphignathus orientalis Fan and Li, 1993

This species was originally described from China (Fan and
Li, 1993). It was also recorded from Iran (Mohammad-
Doustaresharaf and Bagheri, 2018).

Material examined: Two females, soil, Khoda Afarin
(Kalaleh) (38° 56’ 42" N, 46° 45'43" E, 1380 m), 27 Au-
gust 2018; coll. M. Mohammad-Doustaresharaf.

Raphignathus zhaoi Hu, Jing and Liang, 1995

This species originally was described from China (Hu et
al,, 1995). It was also recorded from different part of Tur-
key and Iran (Beyzavi et al., 2013; Dogan, 2019).

Material examined: Three females, soil and litter, Khoda
Afarin (Kalaleh) (38° 56’ 42" N, 46° 45'43" E, 1380 m),
27 August 2018; two females, soil, Urmia (Ali Beygloo)
(37° 74’ 09" N, 45° 07'90" E, 1324 m),11 August 2017;
one female, soil, Urmia (Dolama) (37° 21’ 23" N, 45° 14’
51" E, 1293 m), 16 August 2018; coll. M. Mohammad-
Doustaresharaf.

Family Stigmaeidae Oudemans, 1931
Genus Eustigmaeus Berlese, 1910
Eustigmaeus anauniensis (Canestrini, 1889)

This species is widely distributed in 20 countries and
originally described from Italy (Fan et al., 2016; Beron,
2020). It was also previously recorded from different part
of Iran (Beyzavi et al., 2013).

Material examined: Five females, soil and litter, Khoda
Afarin (Abbas Abad) (37° 55’ 46" N, 46° 47' 88" E, 1310
m), 4 July 2017; three females, soil, Khoda Afarin (Vay-
gan) (38°55' 07" N, 46° 46' 58" E, 1350 m), 14 July 2016;
two females and one male, soil and litter, Khoda Afarin
(Kalaleh) (38° 56’ 42" N, 46° 45'43" E, 1380 m), 27 Au-
gust 2018; four females, soil and litter, Khoda Afarin
(Kalaleh) (38° 56’ 42" N, 46° 45'43" E, 1380 m), 29 Au-
gust 2018; coll. M. Mohammad-Doustaresharaf.

Eustigmaeus gulingensis Hu and Chen, 1996

This species is currently known only from china where it
was found from soil (Hu et al., 1996).

This is a new record for the fauna of Iran.

Material examined: Two females and one deutonymph,
soil under Astragalus sp., Urmia (Dalamper) (37° 10" 41"
N, 44° 53" 37" E, 1890 m), 8 July 2018; One female, soil,
Urmia (Dalamper) (37° 10" 41" N, 44° 53' 37" E, 1890 m),
4 August 2018; coll. M. Mohammad-Doustaresharaf.

Eustigmaeus pinnatus (Kuznetsov, 1977)

This species was originally described from soil from Rus-
sia (Kuznetsov, 1977). It was also recorded from Crimea,
Greece, Hungary, Moldavia, Russia, Poland, Slovakia, Tur-
key, Ukraine and Iran (Fan et al., 2016; Beron, 2020).

Material examined: One female, soil, Khoda Afarin (Vay-
gan) (38°55' 07" N, 46° 46' 58" E, 1350 m), 14 July 2016;
two females, soil, Urmia (Qare Aqaj) (37° 27’ 53" N, 45°
09'19" E, 1302 m), 24 July 2018; one female, soil under
azarole tree (Crataegus azarolus), Oshnaviyeh (Miraveh)
(36° 58" 48" N, 45° 01" 30" E, 1694 m), 1 July 2017; two
females, soil under apple trees (Malus sp.), Urmia (Bal-
anej) (37° 24’ 35" N, 45° 09'11" E, 1312 m), 17 Septem-
ber 2018; coll. M. Mohammad-Doustaresharaf.
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Eustigmaeus plumifer (Halbert, 1923)

This species was originally described from Ireland under
a stone (Halbert, 1923). It was also recorded from Austria,
Denmark, Greece, Ireland, Russia, Slovakia, Spain, USA
and Iran (Fan et al., 2016; Beron, 2020).

Material examined: Four females, soil, Urmia (Dalamper)
(37° 10" 41" N, 44° 53' 37" E, 1890 m), 4 August 2018;
four females, rotten woods, Sardasht (Alvatan) (36° 24’
22" N, 45° 21' 23" E, 1526 m), 30 September 2016; two
females, soil, Urmia (Shalmakan) (37° 27’ 34" N, 44° 59’
59" E, 1800 m), 16 August 2018; coll. M. Mohammad-
Doustaresharaf.

Eustigmaeus segnis (Koch, 1836)

Cosmopolitan species. This species is widely distributed
in 21 countries and originally described from moss from
Germany (Fan et al., 2016; Beron, 2020).

Material examined: 15 females, four deutonymphs and
two males soil and litter, Khoda Afarin (Kalaleh) (38° 56’
42" N, 46° 45' 43" E, 1380 m), 27 August 2018; three
females, soil, Khoda Afarin (Aynaloo) (38° 53’ 03" N, 46°
47'38" E, 1700 m), 18 July 2018; 12 females and two
deutonymphs, soil, Khoda Afarin (Garmanab) (38° 54’ 26"
N, 46° 47" 19" E, 1520 m), 4 October 2017; six females,
soil and litter, Khoda Afarin (Abbas Abad) (37° 55’ 46" N,
46° 47' 88" E, 1310 m), 4 July 2017; four females, soil,
Urmia (Qare Aqaj) (37° 27’ 53" N, 45°09'19"E, 1302 m),
24 July 2018; one female, soil under oak tree (Quercus
sp.), Sardasht (Alvatan) (36° 24' 22" N, 45° 21' 23" E,
1526 m), 30 September 2016; one female, soil under aza-
role tree (Crataegus azarolus), Piranshahr (Mirabad) (36°
26" 08" N, 45° 21' 07" E, 1294 m), 1 October 2016; two
females, soil and litter under pear tree (Pyrus sp.), Urmia
(Marmisho) (37° 59’ 97" N, 45° 04' 67" E, 1297 m), 7
September 2017; two females, soil under oak tree (Quer-
cus sp.), Oshnaviyeh (Miraveh) (36° 58’ 48" N, 45°01'30"
E, 1694 m), 1 July 2017; five females, three deutonymphs
and one larva, soil under Astragalus sp., Urmia (Da-
lamper) (37° 10’ 41" N, 44° 53' 37" E, 1890 m), 8 July
2018; two females, soil, Jolfa (Asiyab Kharabeh) (38° 51’
25" N, 45° 51'21"E, 1743 m), 17 July 2018; coll. M. Mo-
hammad-Doustaresharaf.

Eustigmaeus setiferus Bagheri, Saber, Ueckermann,
Ghorbani and Navaei-Bonab, 2011

This species is currently known only from Iran where it
was found from soil in apple trees (Malus sp.) orchard
(Bagheri et al., 2011b).

Material examined: One female, litter, Khoda Afarin
(Kalaleh) (38° 56" 42" N, 46° 45'43" E, 1380 m), 27 Au-
gust 2018; four females, soil under oak tree (Quercus sp.),
Oshnaviyeh (Miraveh) (36° 58’ 48" N, 45° 01'30"E, 1694
m), 1 July 2017; six females, soil under apple trees (Malus
sp.), Urmia (Balanej) (37° 24’ 35" N, 45° 09'11"E, 1312
m), 17 September 2018; one female, soil under Astragalus
sp., Urmia (Soladokal) (37° 10’ 27" N, 44° 51'51"E, 2035
m), 5 August 2018; coll. M. Mohammad-Doustaresharaf.

Eustigmaeus ueckermanni Bagheri and Beyzavi, 2013

This species is currently known only from Iran where it
was found from humus under oak trees (Quercus brantii)
(Bagheri and Beyzavi, 2013).

Material examined: Four females, soil and litter under oak
tree (Quercus sp.), Mahabad (Kavelan) (36° 23’ 34" N, 45°
39'59"E, 1631 m), 19 September 2017; one female, rot-
ten wood, Urmia (Marmisho) (37° 59’ 97" N, 45° 04’ 67"
E, 1297 m), 7 September 2017; coll. M. Mohammad-
Doustaresharaf.

Genus Ledermuelleriopsis Willmann, 1953
Ledermuelleriopsis sezeki Dogan, 2004

This species is currently known only from Turkey where
it was found from decayed stump and ant (Formicidae)
nest (Dogan, 2004).

This is a new record for the Iranian fauna.

Material examined: Two females, soil under oak tree
(Quercus sp.), Oshnaviyeh (Miraveh) (36° 58’ 48" N, 45°
01" 30" E, 1694 m), 1 July 2017; coll. M. Mohammad-
Doustaresharaf.

Ledermuelleriopsis zahiri Khanjani and Ueckermann,
2002

This species was originally described from soil under
Pyrus communis from Iran and currently known only from
different part of Iran (Khanjani and Ueckermann, 2002;
Fan etal, 2016).

Material examined: Three females, soil, Khoda Afarin
(Garmanab) (38° 54’ 26" N, 46° 47' 19" E, 1520 m), 4
October 2017; 11 females, soil and litter, Khoda Afarin
(Kalaleh) (38° 56" 42" N, 46° 45'43" E, 1380 m), 27 Au-
gust 2018; seven females and two deutonymphs, soil and
litter, Khoda Afarin (Abbas Abad) (37° 55’ 46" N, 46° 47’
88" E, 1310 m), 4 July 2017; four females, soil, Urmia
(Qare Aqaj) (37° 27" 53" N, 45°09'19"E, 1302 m), 24 July
2018; two females, soil and litter under oak tree (Quercus
sp.), Piranshahr (KhidirAabad) (36° 26’ 08" N, 45°21'07"
E, 1294 m), 31 July 2017; three females and two males,
soil under azarole tree (Crataegus azarolus), Piranshahr
(Mirabad) (36° 26’ 08" N, 45° 21'07"E, 1294 m), 1 Octo-
ber 2016; five females, soil under pear tree (Pyrus sp.),
Urmia (Marmisho) (37° 59’ 97" N, 45° 04' 67" E, 1297 m),
7 September 2017; two females and one deutonymph,
soil, Jolfa (Asiyab Kharabeh) (38° 51’ 25" N, 45° 51'21"E,
1743 m), 17 July 2018; coll. M. Mohammad-
Doustaresharaf.

Genus Prostigmaeus Kuznetsov, 1984
Prostigmaeus khanjanii Bagheri and Ghorbani, 2010

This species was originally described from soil from Iran
(Bagheri et al., 2010b). Recently it was also recorded from
Turkey (Akyol, 2021).
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Material examined: Two females and one male, soil and
litter, Khoda Afarin (Abbas Abad) (37° 55’ 46" N, 46° 47’
88" E, 1310 m), 4 July 2017; three females, soil, Khoda
Afarin (Vaygan) (38° 55’ 07" N, 46° 46'58"E, 1350 m), 14
July 2016; coll. M. Mohammad-Doustaresharaf.

Genus Stigmaeus Koch, 1836
Stigmaeus angustus Donel and Dogan, 2011

This species was described from grassy soil from Turkey
(Donel and Dogan, 2011). It was also recorded from Iran
(Bagheri and Mohammad-Doustaresharaf, 2020).

Material examined: Five females and three deutonymphs,
soil, Urmia (Qare Aqaj) (37°27' 53" N, 45°09'19"E, 1302
m), 24 July 2018; seven females and two males, soil, Ur-
mia (Qare Aqaj) (37°27' 53" N, 45°09'19"E, 1302 m), 12
September 2017; six females, soil, Urmia (Balanej) (37°
24" 35" N, 45° 09'11" E, 1312 m), 17 September 2018;
one female, and one deutonymph soil, Urmia (Dolama)
(37° 21" 23" N, 45° 14' 51" E, 1293 m), 16 August 2018;
two females, soil and litter under pear tree (Pyrus sp.),
Urmia (Marmisho) (37° 59’ 97" N, 45° 04' 67" E, 1297 m),
7 September 2017; coll. M. Mohammad-Doustaresharaf.

Stigmaeus cariae Khanjani, Pishehvar, Mirmoayedi
and Khanjani, 2012

This species is currently known only from Iran where it
was found in soil under walnut trees Juglans sp. (Khanjani
etal, 2012).

Material examined: Two females, soil under apricot tree
(Prunus armeniaca), Urmia (Gasemloo valley) (37° 17’
58" N, 45°07'16"E, 1750 m), 5 July 2017; three females,
soil, Urmia (Marmisho) (37° 59’ 97" N, 45° 04' 67" E,
1297 m), 7 September 2017; coll. M. Mohammad-
Doustaresharaf.

Stigmaeus elongatus Berlese, 1886

This species is widely distributed in 11 countries and
originally described from Italy (Fan et al, 2016; Beron,
2020). It was also previously recorded from different part
of Iran (Beyzavi et al.,, 2013).

Material examined: Three females and one male, soil un-
der oak tree (Quercus sp.), Oshnaviyeh (Miraveh) (36° 58’
48" N, 45° 01' 30" E, 1694 m), 1 July 2017; five females,
soil, Urmia (Balanej) (37° 24’ 35" N, 45° 09'11" E, 1312
m), 17 September 2018; two females and two deu-
tonymphs, soil and litter, Khoda Afarin (Aynaloo) (38° 53’
03" N, 46° 47'38" E, 1700 m), 18 July 2018; coll. M. Mo-
hammad-Doustaresharaf.

Stigmaeus glypticus Summers, 1962

This species was originally described from stump from
USA (Summers, 1962). It was also recorded from Canada,
Crimea, Ukraine and Iran (Fan et al.,, 2016; Mohammad-
Doustaresharaf and Bagheri, 2018; Beron, 2020).

Material examined: Twelve females and two males, moss,
Khoda Afarin (Garmanab) (38° 54' 26" N, 46° 47' 19" E,

1520 m), 4 October 2017; five females and three deu-
tonymphs, rotten wood, Khoda Afarin (Garmanab) (38°
54' 26" N, 46° 47' 19" E, 1520 m), 11 September 2017;
four females, one male and two deutonymphs, litter,
Khoda Afarin (Garmanab) (38° 54’ 26" N, 46° 47" 19" E,
1520 m), 17 September 2017; coll. M. Mohammad-
Doustaresharaf.

Stigmaeus luxtoni Wood, 1981

This species was originally described from New Zealand
by Wood (1981) and later given from Turkey as Stigmae-
us turcica by Dogan (2003a), synonymized by Faraji and
Ueckermann (2006).

This is a new record for the fauna of Iran.

Material examined: Two females and one deutonymph,
soil under Carpinus sp., Khoda Afarin (Garmanab) (38° 56’
42" N, 46° 45" 43" E, 1302 m), 27 August 2018; coll. M.
Mohammad-Doustaresharaf.

Stigmaeus miandoabiensis Bagheri and Zarei, 2012

This species was described from soil in apple trees (Malus
sp.) from Iran (Bagheri and Zarei, 2012). It was also rec-
orded from Turkey (Bingiil et al., 2017).

Material examined: Three females, soil, Urmia (Qarah
Hasanlu) (37° 59' 97" N, 45° 04’ 67" E, 1297 m), 23 Au-
gust 2016; four females, soil, Urmia (Ali Beygloo) (37° 74’
09" N, 45° 07'90" E, 1324 m),11 August 2017; one fe-
male, soil under apricot tree (Prunus armeniaca), Urmia
(Gasemloo valley) (37° 17' 58" N, 45° 07' 16" E, 1750 m),
5 July 2017; one females, soil under apple trees (Malus
sp.), Urmia (Balanej) (37° 24’ 35" N, 45° 09'11" E, 1312
m), 17 September 2018; coll. M. Mohammad-
Doustaresharaf.

Stigmaeus pilatus Kuznetsov, 1978

This species was described from soil from Crimea (Kuz-
netsov, 1977). It was also recorded from Azerbaijan,
Greece, Latvia, Poland, Slovakia, Spain, Turkey, Ukraine,
Asian Russia and Iran (Stathakis et al., 2019; Khaustov,
2020).

Material examined: Four females, soil and litter under oak
tree (Quercus sp.), Piranshahr (KhidirAabad) (36° 26’ 08"
N, 45° 21" 07" E, 1294 m), 31 July 2017; three females,
soil and litter under pear tree (Pyrus sp.), Urmia (Marm-
isho) (37° 59’ 97" N, 45° 04' 67" E, 1297 m), 7 September
2017; four females, soil under oak tree (Quercus sp.),
Oshnaviyeh (Miraveh) (36° 58’ 48" N, 45° 01'30"E, 1694
m), 1 July 2017; coll. M. Mohammad-Doustaresharaf.

Genus Storchia Oudemans, 1923
Storchia robusta (Berlese, 1885)

Cosmopolitan species. Recorded from Eurasia, North
America, Africa, New Zealand (Donel and Dogan, 2011;
Khaustov and Sergeyenko, 2014; Fan et al., 2016).
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Material examined: Five females and two males, soil un-
der oak tree (Quercus sp.), Mahabad (Kavelan) (36° 23’
34" N, 45° 39" 59" E, 1631 m), 19 September 2017; two
females and two deutonymphs, soil and litter, Khoda
Afarin (Aynaloo) (38° 53’ 03" N, 46° 47'38" E, 1700 m),
18 July 2018; one female, soil under oak tree (Quercus
sp.), Sardasht (Alvatan) (36° 24’ 22" N, 45° 21' 23" E,
1526 m), 30 September 2016; one female, soil, Jolfa
(Asiyab Kharabeh) (38° 51’ 25" N, 45° 51'21"E, 1743 m),
17 July 2018; two females and one male, soil, Urmia (Da-
lamper) (37° 10’ 41" N, 44° 53' 37" E, 1890 m), 4 August
2016; one female, soil, Khoda Afarin (Tatar) (39° 03’ 10"
N, 46° 46'34" E, 308 m), 27 August 2018; one female, soil
under Astragalus sp., Urmia (Soladokal) (37° 10" 27" N,
44°51'51"E, 2035 m), 5 August 2018; three females, soil,
Urmia (Qarah Hasanlu) (37° 59’ 97" N, 45° 04' 67" E,
1297 m), 23 August 2016; coll. M. Mohammad-
Doustaresharaf.

Storchia yazdaniani Bagheri, 2011

This species is currently known only from Iran where it
was found on the soil and moss (Bagheri et al,, 2011a).

Material examined: Six females, soil and litter, Khoda
Afarin (Abbas Abad) (37° 55' 46" N, 46° 47' 88" E, 1310
m), 5 September 2017; five females, litter, Khoda Afarin
(Kalaleh) (38° 56’ 42" N, 46° 45' 43" E, 1380 m), 27 Au-
gust 2018; one female, soil, Khoda Afarin (Tatar) (39° 03’
10" N, 46° 46' 34" E, 308 m), 27 August 2018; coll. M.
Mohammad-Doustaresharaf.

Genus Zetzellia Oudemans, 1927
Zetzellia mali (Ewing, 1917)

Cosmopolitan species. This species is widely distributed
in 28 countries and originally described from Hillsboro,
Oregon, USA (Fan et al,, 2016; Beron, 2020). It was also
previously recorded from different part of Iran (Beyzavi
et al., 2013; Bagheri and Mohammad-Doustaresharaf,
2020).

Material examined: Two females and two deutonymphs,
Carpinus sp., foliage, Khoda Afarin (Aynaloo) (38° 53’ 03"
N, 46° 47' 38" E, 1700 m), 18 July 2018; one female,
Carpinus sp., foliage, Khoda Afarin (Kalaleh) (38° 56’ 42"
N, 46° 45' 43" E, 1380 m), 27 August 2018; coll. M. Mo-
hammad-Doustaresharaf.

Zetzellia pourmirzai Khanjani and Ueckermann, 2008

This species is currently known only from Iran where it
was found on the plum leaves with Eutetranychus orien-
talis (Khanjani and Ueckermann, 2008a).

Material examined: Five females and one deutonymph,
Carpinus sp., foliage, Khoda Afarin (Aynaloo) (38° 53’ 03"
N, 46° 47'38" E, 1700 m), 18 July 2018; two females and
one deutonymph, azarole foliage (Crataegus azarolus),
Urmia (Dalamper) (37° 10" 41" N, 44° 53'37"E, 1890 m),
4 August 2016; coll. M. Mohammad-Doustaresharaf.
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ABSTRACT: Chitin is the most abundant structural biopolymer after cellulose in terrestrial ecosystems. Until now, chitin
isolation in powder or granule form has been carried out from many macro living groups (Arthropoda, Crustacea, Mol-
lusca etc.). However, studies on chitin characterization of microscopic organisms have remained limited. In this study,
three dimensional (3D) chitin extraction was performed for the first time from Trachytes pauperior (Berlese), a mite spe-
cies. The obtained chitin was observed by light microscopy and characterized by FT-IR, and SEM analysis. Our findings
suggest that chitin, which was obtained in high purity and constitutes a large part of the organism's body structure, could

be a potential source for future studies.

Keywords: Acari, biopolymer, characterization, extraction, Trachytes pauperior.
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INTRODUCTION

Chitin is the most abundant biopolymer in nature after
cellulose and is found in more than 70% of the living
things in the world. Studies have shown that chitin can be
isolated from the outer shells of many living organisms
(such as crab, shrimp and lobster), from the cell wall of
fungi and some algae and from the whole-body structure
of coral, sponges and insects (Rudall, 1963; Wu et al,
2004; Ehrlich et al.,, 2007; Bo et al., 2012; Arbia et al,,
2013; Rahman and Halfar, 2014). The study of Kaya et al.
(2014a) showed that bat guano is also new chitin sources.
Chitin, whose structure consists of 3-1,4 linked N-acetyl
D-glucosamine, has 3 defined allomorphs; alpha, beta and
gamma. When previous studies examined, the most com-
mon form of chitin was determined as the alpha form and
it has been identified in the branches of Arthropoda, Tar-
digrada, Bryozoa, Mollusca and the cell walls of Fungi
(Brimacombe and Webber, 1964; Ehrlich et al,, 2007; Al
Sagheer et al, 2009). Considering the literature, it has
been seen that there is no enough study on the isolation
of the three dimensional (3D) chitin. Moreover, the isolat-
ed chitins were mostly obtained either powder or granule
form of macro-organisms (Fadlaoui et al., 2019; Kardas et
al,, 2012).

Chitin is known to be non-toxic, biodegradable, edible,
biocompatible, antioxidative, antimicrobial, thermally
stable, antioncogenic and has a porous surface. These
properties enable chitin and its derivatives to be used in
numerous economically important applications in a wide
variety of fields such as agriculture, medicine, food indus-
try, textiles, and cosmetics (Jeon et al, 2000; Rinaudo,
2006; Krantz and Walter, 2009; Merzendorfer, 2009;
Jayakumar et al., 2011; Anitha et al., 2014; Fernando et al.,
2016; Hamed et al,, 2016; Petrenko et al., 2017). Although

chitin has such a wide area of use, the studies are clearly
demonstrated that it is generally obtained from macro-
sized organisms and microscopic creatures are neglected.

One of the most abundant invertebrates living in forest
ecosystems are mites and more than 50,000 species have
been described (Manu et al., 2018). Especially, Uropodina
mites are one of the most widespread and diverse groups
of mites living in soil (Kontschan, 2010, 2013; Kontschan
et al,, 2013). Besides, soil mites are known to play an im-
portant ecological role in the forest. For instance, they are
reported to participate in soil formation processes and
affect productivity (Manu et al, 2018). In the genus
Trachytes Michael within the family Trachytidae, up to 30
species have been identified, 23 of which are from Central
European countries such as Germany, the Czech Republic,
Austria, Poland, Slovakia, Hungary, Ukraine and Romania
(Masan, 2003). Trachytes pauperior has a wide ecological
tolerance and lives in a variety of habitats (Masan, 2003).
This species has been recorded from Europe and Siberia
(Masan, 2003), and also reported form Turkey in a PhD
dissertation by Bal (2002) and later in MSc dissertation
by Ozen (2012), but these dissertations have not been
published yet. Until now, taxonomic and ecological stud-
ies have been conducted on the genus Trachytes in gen-
eral (Pecina, 1970a,b, 1980; Hutu, 1973, 1982; Zirngiebl-
Nicol, 1973; Bloszyk, 1980, 1999; Masan, 2003), but no
study has been carried out on the content of chitin. In the
current study, chitin isolation was performed for the first
time from Trachytes pauperior (Berlese), which was fol-
lowed out without damaging the 3D structure.
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MATERIALS AND METHODS
Sample Collection

The mite specimens identified as Trachytes pauperior
were extracted from soil and litter under Quercus sp.,
Pultimiir Valley, TURKEY, 39°35'18.72"N 39°51'09.35"E,
1459 m a.s.l, 30 January 2019, using Berlese funnels.

Chitin Extraction

In total, 100 specimens were washed with distilled water
for chitin extraction, any remaining particles were re-
moved and dried at 60 °C for 3 days for extraction. It was
treated at 60 °C in 2M 250 mL HCI solution for 6 hours to
remove the minerals in the structure. At the end of this
period, the samples were washed with pure water until
they reached neutral pH by keeping their shape. Subse-
quently, samples were treated with 2M NaOH solution at
85 °C for 8 hours to remove protein residues in their
structure. At the end of the treatment, the samples were
washed again with pure water until they reached neutral
pH and dried for 3 days at 60 °C.

Fourier Transform Infrared Spectroscopy (FT-IR)

The infrared spectra of the chitin isolates obtained from
the species T. pauperior in 3D were recorded using Perkin
Elmer Spectrometer in the range 4000-650 cm! at 8 cm'!
resolution in the wavelength range of 600-4000 cm™.
Besides, the 64 scans were averaged to improve the sig-
nal-to-noise ratio.

Scanning Electron Microscopy (SEM) and Light microsco-
py image

The surface morphology of the isolates of the 3D chitin
was demonstrated with the ZEISS LS-10 Life Science
Scanning Electron Microscopy device. To get better imag-
es, the material was gold-plated before the analysis via
Cressington sputter-coated 108 Auto, TED PELLA, INC.
The 3D chitin produced from T. pauperior was also ob-
served by light microscopy in 5X-60X magnification
(Leica DM4000 B LED). The chitin was imaged in ambient
conditions using glass slide. Besides, the natural T. pau-
perior structure (without chitin isolation) was examined
by light microscopy (Leica Z6 APO).

RESULTS
FTIR

FTIR spectrum of chitin isolates obtained from the species
T. pauperior in 3D was given in Figure 1 and Table 1. It is
clearly observed that the Amide I band is divided into two
peaks in the FTIR spectrum of the 3D chitin isolate from T.
pauperior (Fig. 1 and Table 1), which shows the compati-
bility of this chitin with a-form. The second important
band for the chitin is the Amide II band, which is found
around 1552 cm-! for a pure chitin. The recorded Amide
I1 band for the 3D chitin isolate from T. pauperior is 1556
cm-L. Thus, the Amide II band was also compatible with
the literature and reveals the purity of the 3D chitin ob-
tained from T. pauperior as an alpha chitin.

SEM and Light microscopy image

SEM images recorded to illuminate the surface morpholo-
gy of the chitin isolated from T. pauperior in 3D were
shown in Figure 2. It was clearly seen in the recorded
images that the 3D structure was preserved during the
isolation of the chitin and formed a large part of the or-
ganism's structure (Figs 2A-C). Looking at the images
recorded at different magnifications, it was clearly
demonstrated that the structure consists of tubercles with
nanofibers and pores, which looks like the pattern of the
cuticular cover is the nanoscale images of the chitin inside
the cuticle. The same phenomenon can be observed using
white light microscopy. The chitin isolated from T. pau-
perior as described above, possess 3D arrangement (Figs
3A, B). It is worth noting that these specific structures of
mite chitin are extremely sensitive to drying at room
temperature. Thus, to prevent degradation of 3D mor-
phology, the samples were immediately scanned.

Transmittance (%)

L 1 L 1 1
3900 3400 2900 2400 1900 1400 900 400
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Figure 1. FTIR spectrum of the 3D chitin isolate from T.
pauperior.

DISCUSSION

For the first time, 3D chitin was successfully isolated from
the body structure of the species T. pauperior in the cur-
rent study. As a result, it has been demonstrated that the
3D isolated chitin constitutes a large part of the organ-
ism's body structure. The presence of chitin in the peri-
trophic membrane of Acarus siro (Acari: Acaridae) has
only been confirmed so far by Sobotnik et al. (2008).
However, the study of Sobotnik et al. (2008) was not con-
ducted on the characterization of chitin, only showing
that the presence of chitin in the peritrophic membrane
provides an opportunity for the application of chitin effec-
tors as acaricides. As it is known, one of the pathways of
chitin synthesis in Acari is found in the hypodermis under
the cuticle (Mothes and Seitz, 1981). The mite cuticle
consists of a wax-containing epicuticle and a thin procuti-
cle (Mothes and Seitz, 1982, 1984). In other words, the
nano-sized imaging of the 3D chitin was obtained from
the procuticle region of the cuticle layer of the integu-
ment.

FTIR spectroscopy is one of the powerful tools for struc-
tural analysis of poly-saccharides, including the chitin
(Z6ttowska-Aksamitowska et al., 2018). Vibration spectra
are also sensitive to intramolecular and intermolecular
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Table 1. FTIR spectra of the chitin obtained from Trachytes pauperior.

Functional groups and
vibration modes

Classification

Wavenumber (cm-1) frequency

Chitin from

Commercial a-

Trachytes pauperior chitin
ytes paup (Kaya etal., 2017)
O-H stretching - 3421 3433
N-H stretching 3260 3104 -3260
CH3 sym. stretch and CHZ2asym. Aliphatic compounds 2920 2940
stretch
CH3 sym. stretch Aliphatic compound 2852 2875
C=0 secondary amide stretch Amide I 1651 1652
C=0 secondary amide stretch Amide I 1621 1620
N-H bend, C-N stretch Amide II 1556 1552
CH2 bending and CH3 defor- - 1417 1420
mation
CH bend, CH3 sym. deformation - 1373 1375
CH2 wagging Amide III, components 1308 1307
of protein

Asymmetric bridge oxygen 1154 1154
stretching
Asymmetric in-phase ring 1112 1112
stretching mode
C-0-C asym. stretch in phase Saccharide rings 1065 1067
ring
C-0 asym. stretch in phase ring - 1009 1008
CH3 wagging along chain 951 951
CH ring stretching Saccharide rings 896 892

interactions as well as to the geomolecular molecule. Re-
cently, this method has been successfully applied to iden-
tify three known isomorphs of chitin (o,  and y) (Kaya et
al,, 2017). There are two characteristic peaks for the chi-
tin. The first one is the Amide I band. Looking at the in-
formation in the literature, if this peak is an undivided
peak around 1640 cm-1, the chitin is called 3-form, how-
ever; the two sharp peaks divided around 1660 and 1620
cm-! are called a-form (Jang et al, 2004; Kaya et al,
2017). In the FTIR analysis, it was detected that the iso-
lated chitin both was in a-form and included peaks that
were quite compatible with the literature. The Amide I
band can be sharply shown at 1651 and 1621 cm-tin the
spectrum of the chitin isolate, almost completely con-
sistent with the literature (Table 1).

Generally, the chitin can be grouped in four different ways
according to the surface morphology (Kaya et al., 2014b).
The first form is a smooth surface morphology without
any nanofibers and pores. The second form consists of

nanofibers but does not contain pores. The third form has
nanofibers and co-pores. The fourth form exhibits two
types of pores of different sizes (one large and one small)
in combination with nanofibers. In this study, the SEM
analysis revealed that the 3D chitin isolated by consists of
nanofibers and nanopores, which consistent with the
other Arachnida species (Kaya et al., 2016). Similarly, it
has been previously stated in the literature that the sur-
face morphology of a-chitin consists of nanofibers and
natural pores (Al Sagheer et al.,, 2009; Ifuku et al, 2011;
Kaya et al,, 2013; Mushi et al,, 2014). In the study of Sey-
yar and Demir (2020), the chitin from external skeleton of
an opilionid species, Phalangium opilio (Arachnida: Opil-
iones) was firstly extracted, and the chitin has been found
to have nanofiber and nanoporous surface and alpha
form. Additionally, the chitin characterization of two spi-
der specimens demonstrated similar surface morphology
(Kaya et al. 2014b). In 2020, Machatowski and co-
workers obtained chitin from spider source retaining its
unique shapes, including the 3D tubular architecture.
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Figure 2. SEM images of chitin isolates from T. pauperior
in 3D.

Figure 3. Purified chitin of T. pauperior of light microsco-
py modus (0-60X).

In addition to SEM images, the light microscopy clearly
showed that the 3D structure was preserved without
damaging. These part that looks like the pattern of the
cuticular cover is the nanoscale images of the chitin inside
the cuticle. Although we could not give the ratio of the
chitin because it is very small organism, we predict that
the content of the chitin is close to the Arthropoda, since
we can isolate the 3D structure without deterioration.
Thus, the results of the current study demonstrated that
as a microscopic organism, T. pauperior, could be an al-
ternative source of chitin for future applications. We sug-
gest that the discovery of chitin within other representa-
tives of the mite species is the next step.
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ABSTRACT: Species diversity of zerconid mites was investigated in Buharkent, Karacasu and Kuyucak counties of Aydin
province during February 2019 until February 2020. Seven species of the family Zerconidae were found in the research
area, two of which belong to the genus Prozercon and remaining five species belong to the genus Zercon. A new species, Z.
karacasuensis sp. nov., was collected from pine habitats (Pinus sp.) and described. In addition, altitute and habitat pref-
erences of all zerconid mites collected from the research area, were given.

Keywords: Mesostigmata, new species, preference, Buharkent, Karacasu, Kuyucak.
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INTRODUCTION

Members of the family Zerconidae constitute a large
group of soil-inhabiting mites in the order Mesostigmata.
However, all records of genera and species of zerconids
have been only known from the Holarctic region. In terms
of the species richness of zerconid mites, Turkey is one of
the well studied countries. Although, two genera (Prozer-
con and Zercon) and 130 species from the country have
been recorded, there are many areas that have not been
studied hitherto (Urhan and Karaca, 2019, 2020; Urhan et
al,, 2020a,b; Karaca, 2021; Kegeci et al,, 2021). Systema-
tics and ecological researches are still ongoing on this
family both in Turkey and the other countries in Northern
hemisphere. Therefore, new occurrences of zerconid mi-
tes are being increased day by day, especially with local
systematic studies in these areas (Marchenko, 2018,
2019, 2021; Kaczmarek et al., 2020; Moghimi et al., 2021).

Aydin, one of the provinces in the Aegean region, includes
17 counties. Conditions of the Mediterranean climate and
topographical structure caused the development of two
separate plant communities (maquis and forest) in Aydin
and its surroundings. In the present study, three counties
(Buharkent, Karacasu and Kuyucak) of Aydin Province
were selected for the reveal of species diversity of zerco-
nid mites. According to literature records, no studies
about zerconid mites have been performed in these coun-
ties so far. Also, it is aimed that to research about altitudi-
nal and habitat preferences of zerconids as well as the
species diversity.

For these purposes, species diversity of zerconid mites in
Buharkent, Karacasu and Kuyucak counties were investi-
gated. A species list for the family found in the research
area were presented, their previous records were noted,
and altitudinal and habitat preferences of the species

were revealed. In addition, description of a new species,
Zercon karacasuensis sp. nov. was given.

MATERIALS AND METHODS

Mite specimens were collected from different localities
(especially from forestland areas) in Buharkent, Karacasu
and Kuyucak counties, Aydin Province, between February
2019 and February 2020. Soil, litter and moss samples
were taken from 98 sites, and totally 407 samplings were
made in the research area. The Garmin GPSmap 62s was
used for taking information of sampling sites (coordinates
and altitudes). All collected materials were carried to the
laboratory and later processed using Berlese-Tullgren
funnel with 25 Watt fluorescent bulb for one week.

Zerconid mites were extracted using a stereo microscope
(Nikon SMZ 745T), then cleared in 60% lactic acid and
transferred to glycerine medium. A light microscope
(Olympus CX41) was used for identification of zerconids.
The Olympus DP25 camera integrated into light micro-
scope was used to transfer living images to the computer
system. Illustrations of specimens of Zercon karacasuensis
sp. nov. were made by pencil drawing. The DP2-BSW
(ver.2.1) software was used for measurement of various
body parts and setae of the species. The holotype and
paratypes of the new species, as well as the other zerco-
nid specimens were deposited in the Acarology Labora-
tory of the Department of Biology, Faculty of Science and
Arts, Pamukkale University, Denizli, Turkey.

Terminology of idiosomal setation follows Lindquist and
Evans (1965), with modifications for the caudal region as
given by Lindquist and Moraza (1998). Terminology of
idiosomal adenotaxy and poroidotaxy follows that of
Johnston and Moraza (1991). All measurements were
given as micrometers (um). Abbreviations of DN and PN
were used for deutonymph and protonymph specimens,
respectively.
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RESULTS

After examination of zerconid mites collected from the
research area, two Prozercon and five Zercon species were
identified. All the species were listed below, and some
information about each species, e.g. numbers and locali-
ties of examined specimens, distributions of the species in
Turkey and the world, altitude and habitat preferences of
the specimens were given in alphabetical order herein.
With the new species, the number of zerconid mites
known from Turkey has increased to 131.

Family Zerconidae Canestrini, 1891

Genus Prozercon Sellnick, 1943

Type species: Zercon fimbriatus C. L. Koch, 1839
Prozercon demirsoyi Urhan and Ayyildiz, 1996

Materials examined: One male: soil and litter samples
under common fig tree (Ficus carica), 37°54'10.68" N,
28°32'37.50" E, 94 m a.s.l, Obam roadhouse, vicinity of
Pamukoéren neighborhood (Kuyucak), 3 February 2019.
Three females: soil and litter samples under rockrose
(Cistus sp.), 38°2'53.76" N, 28°38'25.68" E, 860 m as.l,
vicinity of Tasoluk neighborhood (Kuyucak), 6 October
2019. Seven females and four males: soil and litter samp-
les under black pine tree (Pinus nigra), 37°59'16.62" N,
28°41'1.08" E, 450 m a.s.l, Karacadren graveyard (Kara-
casu), 7 October 2019. Four females and two males: soil
and litter samples under kermes oak tree (Quercus cocci-
fera), 37°48'52.26"" N, 28°39'17.16" E, 755 m a.s.l, vici-
nity of Karacadéren neighborhood (Karacasu), 7 October
2019. Four females and two males: moss samples,
37°59'16.62" N, 28°41'1.08" E, 450 m a.s.l., Gelenbe ne-
ighborhood (Buharkent), 22 January 2020. Five females:
soil and litter samples under kermes oak tree (Quercus
coccifera), 37°58'39.96" N, 28°36'56.04" E, 701 m as.l,
Derekoy neighborhood (Kuyucak), 22 January 2020.
Three females and four males: soil and litter samples
under Mount Tabor oak tree (Quercus ithaburensis),
37°58'45.96" N, 28°36'46.38" E, 771 m a.s.l, Derekoy
neighborhood (Kuyucak), 22 January 2020. Five females
and one male: soil and litter samples under Mount Tabor
oak tree (Quercus ithaburensis), 37°58'25.62" N,
28°40'31.14" E, 377 m ass.l, Feslek neighborhood (Bu-
harkent), 22 January 2020.

Turkish distribution: Artvin (Urhan and Ayyildiz, 1996),
Giresun (Karaca and Urhan, 2015), istanbul (Duran and
Urhan, 2017) and Aydin (present study).

Known distribution: Turkey (Urhan and Ayyildiz, 1996).
Prozercon yavuzi Urhan, 1998

Materials examined: Two females: soil and litter samples
under olive tree (Olea europaea), 37°54'45.84" N,
28°34'46.26" E, 103 m a.s.l,, vicinity of Horsunlu neigh-
borhood (Kuyucak), 3 February 2019. Four females: soil
and litter samples under kermes oak tree (Quercus cocci-
fera) and Turkish pine tree (Pinus brutia), 37°54'20.22"
N, 28°29'40.50" E, 83 m a.s.l, Buharkent-Karacasu-

Kuyucak road junction (Kuyucak), 3 February 2019.
Three females: soil and litter samples under Aleppo oak
tree (Quercus infectoria), 37°41'20.46" N, 28°37'9.90" E,
667 m as.l, Yazir neighborhood (Karacasu), 7 October
2019. One female: moss samples, 37°40'31.14" N,
28°38'32.64" E, 638 m a.s.l, vicinity of Yazir neighbor-
hood (Karacasu), 7 October 2019.

Turkish distribution: Mugla (Urhan, 1998), Denizli, Aydin
(Karaca, 2015), Istanbul (Duran and Urhan, 2017) and
Balikesir (Karaca, 2021).

Known distribution: Turkey (Urhan, 1998) and Greece
(Ujvari, 2008, 2011).

Genus Zercon C. L. Koch, 1836
Type species: Zercon triangularis C. L. Koch, 1836
Zercon colligans Berlese, 1920

This species was the most abundant zerconid species in
terms of number of individuals in the study area.

Materials examined: 187 females, 146 males, 79 DN and
40 PN: soil, litter and moss samples under various plants
(see Table 4), 37°57'20.70" N, 28°45'38.52" E, 151 m
a.s.l, Savcilli neighorbood (Buharkent), 2 February 2019.
140 females, 82 males, 45 DN and 24 PN: soil, litter and
moss samples under various plants (see Table 4),
37°56'18.66" N, 28°48'21.72" E, 203 m a.s.l, Kizildere
neighorbood (Buharkent), 2 February 2019. 156 females,
112 males, 56 DN and 21 PN: soil, litter and moss samples
under various plants (see Table 4), 37°58'35.94" N,
28°48'24.66" E, 361 m a.s.l, vicinity of Kizildere ne-
ighorbood (Buharkent), 2 February 2019. 61 females, 30
males and 13 DN: soil, litter and moss samples under
various plants (see Table 4), 38°0'10.02" N, 28°43'2.10"
E, 839 m a.s.l, Muratdagi neighorbood (Buharkent), 5
October 2019. 63 females, 23 males, 16 DN and four PN:
soil, litter and moss samples under various plants (see
Table 4), 38°58'25.62" N, 28°40'31.14" E, 377 m as.l,
Feslek neighorbood (Buharkent), 22 January 2020. 408
females, 233 males, 123 DN and 75 PN: soil, litter and
moss samples under various plants (see Table 4),
37°49'40.86" N, 28°33'59.58" E, 206 m a.s.l, vicinity of
Bahgekoy neighorbood (Karacasu), 4 February 2019. 129
females, 74 males, 68 DN and 35 PN: soil, litter and moss
samples under various plants (see Table 4), 37°44'58.50"
N, 28°37'6.36" E, 366 m a.s.l, Kuyucak-Karacasu road
junction (Karacasu), 4 February 2019. 249 females, 183
males, 110 DN and 53 PN: soil, litter and moss samples
under various plants (see Table 4), 37°42'41.64" N,
28°43'48.78" E, 536 m a.s.l, vicinity of Aphrodisias Anci-
ent City, Geyre graveyard (Karacasu), 4 February 2019.
161 females, 184 males, 92 DN and 53 PN: soil, litter and
moss samples under various plants (see Table 4),
37°51'25.92" N, 28°39'33.42" E, 464 m a.s.l, vicinity of
Aksaz neighorbood (Karacasu), 27 June 2019. 180 fema-
les, 95 males, 75 DN and 27 PN: soil, litter and moss
samples under various plants (see Table 4), 37°49'38.82"
N, 28°34'23.22" E, 205 m a.s.l, vicinity of Bah¢ekdy ne-
ighorbood (Karacasu), 22 January 2020. 249 females, 179
males, 118 DN and 70 PN: soil, litter and moss samples

Acarological Studies 3 (2): 73-81, 2021

74



under various plants (see Table 4), 37°54'10.68" N,
28°32'37.50" E, 94 m a.s.l, Obam roadhouse, vicinity of
Pamukoren neighborhood (Kuyucak), 3 February 2019.
521 females, 289 males, 75 DN and 41 PN: soil, litter and
moss samples under various plants (see Table 4),
37°53'19.02" N, 28°38'53.64" E, 170 m a.s.l, Yamalak
neighborhood (Kuyucak), 3 February 2019. 161 females,
133 males, 76 DN and 51 PN: soil, litter and moss samples
under various plants (see Table 4), 37°52'15.96" N,
28°39'27.48" E, 254 m a.s.1,, vicinity of Yamalak and Aksaz
neighborhoods (Kuyucak), 3 February 2019. 101 females,
32 males, 17 DN and two PN: soil, litter and moss samples
under various plants (see Table 4), 38°57'4.20" N,
28°36'46.92" E, 424 m a.s.l, Kurtulus neighborhood (Ku-
yucak), 22 January 2020.

Turkish distribution: Afyonkarahisar, Artvin, Aydin, Bali-
kesir, Canakkale, Denizli, Edirne, Erzurum, Giresun, [stan-
bul, Kirklareli, Kiitahya, Tekirdag and Usak (Karaca, 2015,
2021; Karaca and Urhan, 2016; Urhan and Duran, 2019).

Known distribution: Austria, France, Iran, Ireland, Italy,
Russia, Sweden, Swiss and Turkey (Karaca and Urhan
2016; Karaca et al,, 2017; Karaca, 2021).

Zercon cretensis Ujvari, 2008

Materials examined: 36 females, 21 males and 30 DN: soil
and litter samples under Turkey oak tree (Quercus cerris),
olea tree (Olea europaea), garland thorn (Paliurus spina-
christi) and rockrose (Cistus sp.), 37°44'58.50" N,
28°37'6.36" E, 366 m a.s.l., Kuyucak-Karacasu road junc-
tion (Karacasu), 4 February 2019. Five females, two males
and three DN: soil and litter samples under juniper tree
(Juniperus sp.), 37°45'18.06" N, 28°37'23.40" E, 355 m
a.s.l, Gocglikbas1 neighorbood (Karacasu), 4 February
2019. One male: soil and litter samples under Turkish
pine tree (Pinus brutia), 37°42'27.24" N, 28°36'40.98" E,
628 m a.s.l, vicinity of Yazir neighorbood (Karacasu), 4
February 2019. Four females and three males: moss
sample, 37°51'34.44" N, 28°40'0.72" E, 383 m a.s.l,, vici-
nity of Aksaz and Kayabasi neighorboods (Kuyucak), 6
October 2019.

Turkish distribution: istanbul (Duran and Urhan, 2017)
and Aydin (present study).

Known distribution: Greece (Ujvari, 2008) and Turkey
(Duran and Urhan, 2017).

Zercon denizliensis Urhan, 2011

Materials examined: 12 females, five males and seven DN:
soil and litter samples under rockrose (Cistus sp.) and
garland thorn (Paliurus spina-christi), 37°44'58.50" N,
28°37'6.36" E, 366 m a.s.l., Kuyucak-Karacasu road junc-
tion (Karacasu), 4 February 2019. Five females, two males
and three DN: soil and litter samples under juniper tree
(Juniperus sp.), 37°45'18.06" N, 28°37'23.40" E, 355 m
a.s.l, vicinity of Gogiikbasi neighorbood (Karacasu), 4

February 2019. Four females and three males: moss
samples, 37°51'34.44" N, 28°40'0.72" E, 383 m a.s.l,, vici-
nity of Aksaz neighorbood (Kuyucak), 6 October 2019.
One male: soil and litter samples under Turkish pine tree
(Pinus brutia), 37°42'27.24" N, 28°36'40.98" E, 628 m
a.s.l, vicinity of Yazir neighorbood (Karacasu), 7 October
2019. Three males: soil and litter samples under Aleppo
oak tree (Quercus infectoria), 37°41'20.46" N, 28°37'9.90"
E, 667 m a.s.l., Yazir neighorbood (Karacasu), 7 October
2019. 10 females, five males and six DN: moss samples,
37°40'31.14" N, 28°38'32.64" E, 638 m a.s.l, vicinity of
Yazir neighorbood (Karacasu), 7 October 2019. Nine fe-
males and one male: soil and litter samples under rockro-
se (Cistus sp.) and Mount Tabor oak tree (Quercus itha-
burensis), 37°58'25.62" N, 28°40'31.14" E, 377 m as.l,
Feslek neighorbood (Buharkent), 22 January 2020. Six
females and three males: soil and litter samples under
Turkish pine tree (Pinus brutia), 37°50'17.28" N,
28°34'34.74" E, 193 m a.s.l, Yenice neighorbood (Karaca-
su), 22 January 2020. Two males: soil and litter samples
under kermes oak tree (Quercus coccifera), 37°49'18.36"
N, 28°34'33.00" E, 203 m a.s.l, Camkoy neighorbood (Ka-
racasu), 22 January 2020.

Turkish distribution: Denizli (Urhan, 2011), Afyonkarahi-
sar, Kitahya, Usak (Urhan and Duran, 2019), Balikesir
(Karaca, 2021) and Aydin (present study).

Known distribution: Turkey (Urhan, 2011).
Zercon huseyini Urhan, 2008

Materials examined: Four females, three males and one
DN: soil and litter samples under kermes oak tree (Quer-
cus coccifera), 37°58'35.94" N, 28°48'24.66" E, 361 m
a.s.l, vicinity of Kizildere neighorbood (Buharkent), 2
February 2019. One female: soil and litter samples under
olive tree (Olea europaea), 37°57'47.64" N, 28°48'36.84"
E, 256 m a.s.l, vicinity of Kizildere neighorbood (Buhar-
kent), 2 February 2019. Seven females and one male: soil
and litter samples under sage-leaved rockrose (Cistus
salviifolius), 37°58'27.18" N, 28°48'8.16" E, 415 m a.s.l,
vicinity of Kizildere neighorbood (Buharkent), 2 February
2019. Eight females, three males and two DN: soil and
litter samples under Turkish pine tree (Pinus brutia) and
rockrose (Cistus sp.), 37°46'24.54" N, 28°37'5.04" E, 350
m a.s.l, Glizelkdy neighorbood (Karacasu), 7 October
2019. Two females: soil and litter samples under oleaster-
leafed pear tree (Pyrus elaeagrifolia), 37°51'11.52" N,
28°34'45.24" E, 219 m a.s.l,, Basaran neighorbood (Kara-
casu), 22 January 2020. Three females and two males: soil
and litter samples under black pine tree (Pinus nigra),
38°3'20.52" N, 28°37'25.26" E, 894 m a.s.l, Musakolu
neighorbood (Kuyucak), 22 January 2020.

Turkish distribution: Denizli (Urhan, 2008), Afyonkarahi-
sar, Kiitahya, Usak (Urhan and Duran, 2019) and Aydin
(present study).

Known distribution: Turkey (Urhan, 2008).

Acarological Studies 3 (2): 73-81, 2021

75



. A ‘ .. ¢ J 5
Lo SA et

LTS "0
.

3

[y
—

".%“
7

Figures 1-4. Zercon karacasuensis sp. nov. 1. Dorsal view of holotype female, 2. Ventral view of holotype female, 3. Dor-

sal view of male, 4. Ventral view of male. Scale bar 100.
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Zercon karacasuensis sp. nov. (Figures 1-4)

Zoobank: http:/zoobank.org/361001AE-0C37-4BB0-
8A61-ECEB1B52D081

Type material. Holotype (female), soil and litter samples
under Turkish pine tree (Pinus brutia), 37°47'15.90" N,
28°37'39.30" E, 459 m a.s.l,, vicinity of Derekdy and Gii-
zelkdy neighorboods, Karacasu County, Aydin Province, 7
October 2020. Paratypes: One female, one male, same
data as holotype.

Diagnosis. Anterior margin of ventrianal shield with one
pair of setae (JV1). All podonotal setae short, smooth and
needle-like (except seta jI). Seta j1 slightly elongated,
finely barbed apically. Great majority of opisthonotal
setae short, smooth and needle-like. Setae Z5 and S5 lon-
ger than other opisthonotal setae, finely barbed with hya-
line endings. Pores gdS2 located between setae Z2 and S3,
gdZ3 located between setae J4 and Z4. Dorsal cavities
distinct and strongly developed. Podonotum and anterior
margin of opisthonotum covered with tile-like pattern,
mid-area to posterior margin of opisthonotum covered by
irregular punctate pattern.

Female (Figs 1, 2) (n= 2). Lenghts (without gnathosoma)
437-460 and widths 310-330.

Dorsal side (Fig. 1). Twenty pairs of setae present on po-
donotum: setae in j series with six pairs, z series with five
pairs, s series with six pairs and r series with three pairs.
All of them short, equal in size, smooth and needle-like
(except seta j1). Setae j1 slightly elongated, finely barbed
apically. Twenty one pairs of setae present on opisthono-
tum: setae in J series with five pairs, Z series with five
pairs, S series with five pairs and R series with six pairs.
Most of opisthonotal setae short, smooth and needle-like
(except setae J5, Z4-5 and S5). Setae J5 and Z4 short, but
hyaline endings without finely barbed. Setae Z5 and S5
longer than others, finely barbed with hyaline endings
and reaching to beyond of opisthonotum. None of setae in
J, Z and S series reaching the bases of the following seta.
Seta JV5 similar in length and shape to marginal R setae.
All marginal setae (S1 + RI-R6) situated as vertically to
lateral margin of opisthonotum. The intervals between
setae Z5 and Z5 101-107, setae Z5 and JV5 26-29, respec-
tively. Lengths of the opisthonotal setae and distances
between setal bases within longitudinal J, Z and S rows
are given in Table 1 for female and male specimens.

Pores (Fig. 1). On podonotum, pores gdj2 located on the
line connecting setae j3-s1, closer to s1. Pores gdj4 loca-
ted on the line connecting setae j4-z4, closer to z4. Pores
gds4 located on the line connecting setae s4-s5, closer to
s4. On opisthonotum, pores gdZ1 located above the inser-
tions of setae Z1. Pores gdS2 located on the line connec-
ting setae Z2-S3. Pores gdZ3 located on the line connec-
ting setae J4-Z4, closer to J4. Pores gdS5 located below to
the insertions of setae S5.

Ventral side (Fig. 2). Chaetotaxy and shape of the perit-
rematal shields normal for the genus Zercon. Posterolate-
ral tips of peritrematal shield reaching the level of setae
S1-R1. Peritrematal shield with two pairs of setae (r1 and

r3), seta r1 short, smooth and needle-like, seta r3 elonga-
ted and finely barbed apically. Peritremes similar to re-
verse comma. Sternal shield with three pairs of setae
(st1-st3), epigynal shield with one pair of setae (st5), and
one seta (st4) located between sternal and epigynal shi-
elds; all of them (st1-st5) short, smooth and needle-like.
Glands gv2 present between posterior section of epigynal
shield and anterior section of ventrianal shield. Ventrianal
shield with nine pairs of setae (JV1-JV5, ZV2-ZV4 and Ad)
and one single postanal seta (Pa); all of them short, smo-
oth and needle-like. Seta ZV1 absent. Postanal seta as the
longest on the ventrianal shield. Anterior margin of vent-
rianal shield with one pair of setae (JV1).

Male (Figs 3, 4) (n= 1). Lenght (without gnathosoma) 334
and width 228. Chaetotaxy of idiosoma, location of pores
on idiosoma and ornamentation of dorsal shields similar
to the females (except opisthonotal setae J5 and Z4). Alt-
hough these setae are hyaline endings without finely bar-
bed in female specimens, they are smooth and needle-like
in male specimen. The intervals between setae Z5 and Z5
88, setae Z5 and JV5 20, respectively.

Immature stages. Not found.

Etymology. The specific epithet ‘karacasuensis’ refers to
the Karacasu County (Aydin Province) where the new
species was collected.

Remarks. Zercon karacasuensis sp. nov. is quite similar to
Z. hispanicus Sellnick, 1958, Z. kastamonuensis Urhan and
Karaca, 2019 and Z. lepurus Btazsak, 1979. The morpho-
logical distinguishing characters of these four species
were given in Table 2.

Altitude preferences of zerconid mites in the research
area

All materials of zerconid mites were collected from sui-
table forestland areas at the altitude from 0 to 1200 m
a.sl. All sampling areas were divided according to 100
meters elevation ranges. After identification processes in
the laboratory, the altitudinal distribution results of the
Prozercon and Zercon species were marked in Table 3.

According to Table 3, Z. karacasuensis sp. nov. was only
found at 400-500 m a.s.l. Zercon colligans was found at all
altitudinal zones, from 0 to 1200 m a.s.l. Remaining spe-
cies have no clear preference in terms of altitudinal ran-
ges.

Habitat preferences of zerconid mites in the research
area

All materials of zerconid species were collected from 98
sites in the research area and the following 41 habitat
types, mostly tree species, were noted: alder (Alnus sp.),
almond (Prunus sp.), broom (Genista sp.), chestnut (Cas-
tanea sativa), citrus (Citrus sp.), dog rose (Rosa canina),
elm (Ulmus sp.), eucalypt (Eucalyptus sp.), fig (Ficus cari-
ca), grape (Vitis vinifera), hawthorn (Crataegus sp.), ivy
(Hedera sp.), juniper (Juniperus sp.), mastic (Pistacia sp.),
milkvetch (Astragalus sp.), moss (unspecified), mullein
(Verbascum sp.), oaks: Aleppo oak (Quercus infectoria),
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evergreen oak (Q. ilex), kermes oak (Q. coccifera), Mace-
donian oak (Q. trojana), Mount Tabor oak (Q. ithaburen-
sis), Turkey oak (Q. cerris), oleander (Nerium oleander),
olive (Olea europaea), pear (Pyrus sp.), pines: black pine
(Pinus nigra), stone pine (Pinus pinea), Turkish pine (Pi-
nus brutia), pomegranate (Punica granatum), poplar (Po-
pulus sp.), raspberry (Rubus sp.), rockrose (Cistus sp.),
shrub (Sytrax officinalis), spurge (Euphorbia sp.), sycamo-
re (Platanus sp.), tamarisk (Tamarix sp.), thorn (Paliurus
spina-christi), vitex (Vitex agnus-castus), walnut (Juglans
regia) and willow (Salix sp.). Habitat preferences of the
Prozercon and Zercon species were marked in Table 4.

According to Table 4, Zercon colligans was found in samp-
les taken from 36 different habitat types. On the other
hand, Z. karacasuensis sp. nov. was found only in Turkish
pine (Pinus brutia) habitat. In addition, the most richness
habitats in terms of species diversity of zerconids are
follow: kermes oak, moss, rockrose and Turkisk pine.
Specimens belonging to five zerconid species were found
in all of these habitats. In contrary of these richness habi-
tats, no specimens of zerconid mites were found in the
following habitats: citrus, dog rose, hawthorn, mullein
and spurge.

Table 1. Lengths of opisthonotal setae and the distances between their insertions in J, Z, and S rows of Zercon karacasu-

ensis Sp. nov.

Setae Q Setae Q Setae Q

J1 10-12 6 Z1 15-18 6 51 17-20 9
J1-j2 51-54 34 Z1-72 60-62 35 51-52 65-72 51
J2 10-13 6 z2 15-19 6 52 10-14 5
J2-]3 39-41 20 Z2-73 29-33 14 52-53 38-41 20
J3 19-22 9 zZ3 18-24 18 53 10-16 5
J3-J4 29-30 18 Z3-74 36-38 23 $3-54 42-47 28
J4 18-19 8 Z4 11-12 13 54 12-19 5
J4-J5 28-33 26 Z4-7Z5 59-63 37 54-S5 56-57 33
J5 10-16 9 Z5 12-19 12 S5 44-48 44

Table 2. Morphological distinctive characters among Z. karacasuensis sp. nov., Z. hispanicus, Z. kastamonuensis and Z.

lepurus.

Z. karacasuensis Z. hispanicus

Characters

Z. kastamonuensis Z. lepurus

Sp. nov.

Sellnick, 1958

Urhan and Karaca, 2019

Btazsak., 1979

Setae r4-r5, s6

short, smooth, needle like

short, smooth, needle like

short, finely barbed without
hyaline ending

elongated, finely barbed
without hyaline ending

Seta J3

short, smooth, needle like

elongated, finely barbed
without hyaline ending

short, finely barbed without
hyaline ending

short, smooth, needle like

Setae J4-]5

short, smooth, needle like

elongated, finely barbed
without hyaline ending

short, finely barbed with hyali-

ne ending

short, smooth, needle like

Seta Z3

short, smooth, needle like,
not reaching the base of
seta Z4

elongated, finely barbed
without hyaline ending,
reaching the base of seta Z4

short, finely barbed without
hyaline ending, not reaching
the base of seta Z4

short, smooth, needle-like,
reaching the base of seta Z4

Seta Z4

short, smooth, needle like,
not reaching the base of
seta S5

elongated, finely barbed
without hyaline ending,
reaching the base of seta S5

elongated, finely barbed with
hyaline ending, reaching the
base of seta S5

elongated, finely barbed with
hyaline ending, reaching the
base of seta S5

Seta $4

not reaching the margin of
opisthonotum

not reaching the margin of
opisthonotum

not reaching the margin of
opisthonotum

reaching the margin of opist-
honotum

Setae S1, R1-R2

short, smooth, needle like

short, smooth, needle like

short, finely barbed without
hyaline ending

short, smooth, needle like

Seta JV5

short, smooth, needle like

short, smooth, needle like

short, finely barbed without
hyaline ending

elongated, smooth, needle like

Table 3. Altitude preferences of zerconid mites in Buharkent, Karacasu and Kuyucak counties (Aydin).

=) do do do oo do do do do 48 8 8 8 8
&3 S] &8 SRS SHT] 33 B8R R 8 88 &9 S.4d D9
P. demirsoyi + + + + +
P. yavuzi + + T
Z. colligans + + + + + + + + + + + +
Z. cretensis + +
Z. denizliensis + + + +
Z. huseyini + + + +
Z. karacasuensis sp. +
nov.
1 Altitudes in m a.s.l.
__________________________________________________________________________________________________]
Acarological Studies 3 (2): 73-81, 2021 78



|
Table 4. Habitat preferences of zerconid mites in Buharkent, Karacasu and Kuyucak counties (Aydin).

P. demirsoyi
P. yavuzi

Z. cretensis

Z. denizliensis
Z. huseyini

Z. karacasuensis
sp. nov.

Alnus sp.

Astragalus sp.

Castanea sativa

tl++| * Z colligans

Cistus sp. +

Citrus sp.

Crataegus sp.

+

Eucaliptus sp.

Euphorbia sp.

Ficus carica +

Genista sp.

Hedera sp.

Juglans regia

Juniperus sp.

Moss (unspecified) + +

Nerium oleander

Olea europaea +

Paliurus spina-christi

Pinus brutia

P. nigra + +

P. pinea

Pistacia sp.

Platanus sp.

Populus sp.

Prunus sp.

Punica granatum

Pyrus sp.

Quercus cerris

Q. coccifera + +

Q. ilex

Q. infectoria +

Q. ithaburensis +

R R R I R R R R R R R R R R R R A R R R R s

Q. trojana

Rosa canina

Rubus sp.

Salix sp.

Sytrax officinalis

Tamarix sp.

+|+| +] +] +

Ulmus sp.

Verbascum sp.

+

Vitex agnus-castus

Vitis vinifera

Authors’ contributions

Davut Riza Bulut: Investigation, collection of specimens
(lead), methodology (equal), writing- original draft (sup-
porting), preservation. Rasit Urhan: Funding acquisition,
methodology (equal), project administration, supervision
(lead), collection of specimens (supporting), identifica-
tion, illustration. Mehmet Karaca: Data curation, formal
analysis, methodology (equal), supervision (supporting),
writing - original draft (lead), writing - review & editing,
collection of specimens (supporting).

Statement of ethics approval
Not applicable.
Funding

This study was financially supported by the Scientific and
Technological Research Council of Turkey (TUBITAK)
with 1187101 project number.

Acarological Studies 3 (2): 73-81, 2021

79



Conflict of interest

No potential conflict of interest was reported by the aut-
hors.

Acknowledgments

We would like to express our sincere gratitude to TUBI-
TAK for their financial support to this study. Also, we are
grateful to the “Republic of Turkey Ministry of Agriculture
and Forestry General Directorate of Nature Conservation
and National Parks” that provided the necessary permis-
sions for field surveys. This paper was prepared based on
first author’s M.Sc. thesis and summary of this study was
presented as oral presentation and published as an abst-
ract at the 2nd Annual International Turkic World Cong-
ress on Science and Engineering (TURK-COSE 2020),
which was held on 14-15 November 2020 at the L.N. Gu-
milyov Eurasian National University, Nur-Sultan (Ka-
zakhstan).

REFERENCES

Duran, E.H. and Urhan, R. 2017. Zerconid mites (Acari:
Zerconidae) in istanbul with four new records for the
Turkish fauna. Turkish Journal of Zoology, 41 (5): 931-
939.

Johnston, D.E. and Moraza, M.L. 1991. The idiosomal ade-
notaxy and poroidotaxy of Zerconidae (Mesostigmata:
Zerconina). In: Dusbabek, F. and Bukva, V. (Eds). Mo-
dern Acarology. Academia, Prague, Czech Republic, 2:
346-356.

Kaczmarek, S., Marquardt, T. and ]Jangazieva, B. 2020.
Zercon utemisovi sp. n. — a new species of Zerconidae
(Parasitiformes, Mesostigmata) from Kazakhstan with
notes on Zercon karadaghiensis Balan, 1992. Internati-
onal Journal of Acarology, 46 (1): 52-59.
doi: 10.1080/01647954.2019.1704867

Karaca, M. 2015. Systematic studies on zerconid mites
(Acari, Mesostigmata, Zerconidae) of Thrace Region
(Turkey). PhD Dissertation. Department of Biology,
Institute of Sciences, Pamukkale University, Denizli,
Turkey, 288 pp. [In Turkish]

Karaca, M. 2021. Zerconid mites (Acari: Mesostigmata:
Zerconidae) of the Kazdag1 National Park, Turkey, with
altitude and habitat preferences of the species. Biha-
rean Biologist, 15(1): 6-13.

Karaca, M. and Urhan, R. 2015. The diversity of zerconid
mites (Acari, Zerconidae) in Giresun province, with a
new record for the Turkish fauna. Opuscula Zoologica
Budapest, 46 (2): 199-2009.
doi: 10.18348/0pz001.2015.2.199

Karaca, M. and Urhan, R. 2016. Five new species of Zercon
C. L. Koch, 1836 (Acari: Zerconidae) from northwes-
tern Turkey. Zootaxa, 4127 (1): 31-59.
doi: 10.11646/zootaxa.4127.1.2

Karaca, M., Ordoukhanian, C., Ahadiyat, A. and Urhan, R.
2017. New occurrences of zerconid mites (Acari: Zer-
conidae) from Iran, with checklist and a key to the Ira-
nian species. International Journal of Acarology, 43
(8): 603-611.
doi: 10.1080/01647954.2017.1373857

Kegeci, B., Urhan, R. and Karaca, M. 2021. Mites of the
genus Prozercon (Acari, Zerconidae) in Dilek Peninsu-
la-Biiyiik Menderes Delta National Park (Turkey), with
desription of a new species. Acarological Studies, 3
(1): 37-42.
doi: 10.47121/acarolstud.837286

Lindquist, E.E. and Evans, G.0. 1965. Taxonomic concepts
in the Ascidae, with a modified setal nomenclature for
the idiosoma of the Gamasina (Acarina: Mesostigma-
ta). Memoirs of the Entomological Society of Canada,
47:1-64.

Lindquist, E.E. and Moraza, M.L. 1998. Observations on
homologies of idiosomal setae in Zerconidae (Acari:
Mesostigmata), with modified notation for some pos-
terior body setae. Acarologia, 39: 203-226.

Marchenko, L.I. 2018. A new species of Halozercon (Acari:
Zerconidae) from South Siberia (Russia) with additio-
nal information on Halozercon karacholana Wisniews-
ki et al,, 1992. Zootaxa, 4394 (3): 347-370.
doi: 10.11646/zootaxa.4394.3.2

Marchenko, I.I. 2019. Three new species of Halozercon
(Acari: Mesostigmata: Zerconidae) from Altai Mounta-
ins in South Siberia (Russia). Zootaxa, 4568 (3): 401-
434,
doi: 10.11646/zootaxa.4568.3.1

Marchenko, LI. 2021. Four new species of Halozercon
(Acari: Mesostigmata: Zerconidae) from South Siberia
Mountains (Russia) with a key to all known species.
Zootaxa, 4941 (2): 151-185.
doi: 10.11646/zootaxa.4941.2.1

Moghimi, F., Ahadiyat, A, Karaca, M., Kiadaliri, H. and
Urhan, R. 2021. Description of Prozercon caspiansis sp.
nov. (Acari: Mesostigmata: Zerconidae) from Iran,
with descriptions of male and larva of P. dominiaki
Btaszak, 1979. Systematic and Applied Acarology, in
press.

Ujvari, Z. 2008. Zerconid mites (Acari: Mesostigmata:
Zerconidae) from Crete, Greece, with description of
two new species. Opuscula Zoologica Budapest, 39:
99-108.

Ujvari, Z. 2011. Six new species of Prozercon Sellnick,
1943 (Acari, Mesostigmata, Zerconidae) from Greece,
with remarks on the genus. Zootaxa, 2785: 1-31.
doi: 10.11646/zootaxa.2785.1.1

Urhan, R. 1998. Some new species of the family Zerconi-
dae (Acari: Mesostigmata) from Turkey. Journal of Na-
tural History, 32 (4): 533-543.
doi: 10.1080/00222939800770291

Acarological Studies 3 (2): 73-81, 2021

80


https://www.tandfonline.com/doi/full/10.1080/01647954.2019.1704867
http://opuscula.elte.hu/PDF/Tomus46_2/Op_Karaca_Urhan_zerconid_mites.pdf
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.4127.1.2
https://www.tandfonline.com/doi/full/10.1080/01647954.2017.1373857
https://doi.org/10.47121/acarolstud.837286
https://www.mapress.com/j/zt/article/view/zootaxa.4394.3.2
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.4568.3.1
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.4941.2.1
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.2785.1.1
https://www.tandfonline.com/doi/abs/10.1080/00222939800770291

Urhan, R. 2008. Two new species of Zercon (Acari: Zerco-
nidae) from Turkey. Biologia, 63 (3): 395-401.
doi: 10.2478/s11756-008-0057-4

Urhan, R. 2011. Two new species of zerconid mites (Acari,
Mesostigmata) from Honaz Mountain National Park
(Turkey). Turkish Journal of Zoology, 35 (2): 163-174.

Urhan, R. and Ayyildiz, N. 1996. Two new species of genus
Prozercon Sellnick from Turkey (Acari: Zerconidae).
Genus, 7 (3): 569-580.

Urhan, R. and Duran, E.H. 2019. Zerconid mites (Acari,
Zerconidae) in Inner Aegean Region, with a new re-
cord for the Turkish fauna. Zootaxa, 4568 (2): 323-
336.
doi: 10.11646/zootaxa.4568.2.7

Urhan, R. and Karaca, M. 2019. A new species of the genus
Zercon (Acari, Mesostigmata, Zerconidae) from Kasta-
monu, Turkey. Acarological Studies, 1 (1): 3-10.

Urhan, R. and Karaca, M. 2020. First finding of Prozercon
bulgariensis Ujvari, 2013 (Acari, Zerconidae) from
Turkey. International Journal of Scientific and Techno-
logical Research, 6 (7): 91-97.
doi: 10.7176/JSTR/6-07-10

Urhan, R., Duran, E.H. and Karaca, M. 2020a. Three new
species of Zercon C. L. Koch, 1836 (Acari: Zerconidae)
from Coastal Aegean Section of Turkey. Journal of Na-
tural History, 54 (35-36): 2323-2341.
doi: 10.1080/00222933.2020.1844328

Urhan, R,, Karaca, M. and Duran, E.H. 2020b. Description
of Prozercon miraci sp. nov. (Acari: Mesostigmata: Zer-
conidae) from Coastal Aegean Section in Turkey, with
a key to the Turkish species. Acarological Studies, 2
(1): 18-23.

Edited by: Salih Dogan
Reviewed by: Three anonymous referees

Citation: Bulut, D.R., Urhan, R. and Karaca, M. 2021. Zerconid mites (Acari, Zerconidae) from eastern parts of Aydin Prov-
ince (Turkey), with description of Zercon karacasuensis sp. nov. Acarological Studies, 3 (2): 73-81.

Acarological Studies 3 (2): 73-81, 2021

81


https://link.springer.com/content/pdf/10.2478/s11756-008-0057-4.pdf
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.4568.2.7
https://www.iiste.org/Journals/index.php/JSTR/article/view/52595/54339
https://www.tandfonline.com/doi/full/10.1080/00222933.2020.1844328

Acarological Studies
Vol 3 (2): 82-88
doi: 10.47121/acarolstud.915447

CJ)

RESEARCH ARTICLE \‘(

First record of the genus Leonardiella in China, with the description of the Leonardiella pappi
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ASBTRACT: Leonardiella pappi sp. nov. is described based on six females and two males collected from soil under Machi-
lus sp., in Tai Po Kau Nature Reserve, in Hong Kong. The new species differs from the other species from the congeners in
the shape of dorsal and ventral setae and dorsal and ventral sculptural pattern. A new diagnosis to the genus Leonardiella

and a new catalog to all known species are given.

Keywords: Mite, new species, South-East Asia.

Zoobank: http://zoobank.org/B02CF959-16EB-47B3-855A-2223DA11D129

INTRODUCTION

The family Trachyuropodidae (Acari: Mesostigmata) is
one of the well-recognized groups of the suborder Uropo-
dina. Their body is usually large, strongly sclerotized, and
covered by depressions and ridges in dorsal and ventral
sides. Internal malae on gnathosoma are divided into
numerous, apically pilose or smooth branches (like a
mustache), characteristic T-shaped setae with a short
stem and long cross-bar can be observed on the body of
majority of the known species (Kontschan, 2007; Lind-
quist et al., 2009).

The genus Leonardiella Berlese, 1904 is a very character-
istic group within this family by having a triangular or
pentagular shape of the idiosoma and the presence of a
pair of ventral depression posterior to coxae IV
(Kontschan, 2011b). The genus contains thirteen species
described from the Holactis and tropical realms
(Kontschan, 2011a).

During the last visit of the author to Geneva’s Natural
History Museum some soil samples from Hong Kong were
investigated. One of the samples contained several speci-
mens of a new Leonardiella species described herein as
first report of this genus from Hong Kong and from China.

MATERIALS AND METHODS

The female and male specimens were cleared in lactic
acid for a week and later, they were investigated on half-
covered deep slides with a Leica 1000 microscope. Draw-
ings were made with the aid of a drawing tube on a Leica
1000 microscope. All specimens are stored in 75% etha-
nol and deposited in the Natural History Museum in Ge-
neva. Abbreviation: h = hypostomal setae. All measure-
ments and the scale bars in the figures are given in mi-
crometres (um).

RESULTS

Leonardiella Berlese, 1904

Trachyuropoda (Leonardiella) Berlese, 1904: 367.

Diagnosis. Shape of idiosoma triangular or pentagonal.
Dorsal shield with lateral decision at level of coxae IV.
Dorsal shield with strongly sclerotized straight, undulate
or ring-like grooves. One pair of transversal furrows bor-
dered by setae situated posterior to coxae IV on ventral
idiosoma. Genital shield of female scuti- or linguliform.
Leg I with claws.

Type species: Uropoda canestriniana Berlese, 1891: 4, by
original designation.

List of the known Leonardiella species

Leonardiella athiasae (Hirschmann, 1975)
Trachyuropoda athiasae Hirschmann, 1975: 103.

Occurrence and habitat: Chad, from gallery forest
(Hirschmann, 1975).

Leonardiella canestriniana (Berlese, 1891)
Uropoda canestriniana Berlese, 1891: (without page
number).

Occurrences and habitat: Italia, French, Great-Britannia,
from nests of ants (Wisniewski and Hirschmann, 1993).

Leonardiella cistulata (Hirschmann, 1975)
Trachyuropoda cistulata Hirschmann, 1975: 103-104.

Occurrence and habitat: Sri Lanka, without information
about the habitat (Hirschmann, 1975).

Leonardiella constricta (Banks, 1916)
Trachyuropoda constricta Banks, 1916: 231.

Occurrence and habitat: Australia, together with ants
(Wis$niewski and Hirschmann, 1993).

Leonardiella cubana Kontschan, 2011
Leonardiella cubana Kontschan, 2011b: 211-213.
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Occurrence and habitat: Cuba, from leaf litter of a coffee
plantation (Kontschan, 2011b).

Leonardiella harteni Kontschan, 2011
Leonardiella harteni Kontschan, 2011a: 29-31.

Occurrence and habitat: United Arab Emirates, from leaf
litter of a garden (Kontschan, 2011a).

Leonardiella koreana Kontschan, Park, Yoon and Choi,

2012

Leonardiella koreana Kontschan, Park, Yoon and Choi,
2012:173-175.

Occurrence and habitat:
(Kontschan et al., 2012).

North-Korea, from soil

Leonardiella machadoi Kontschén, 2006
Leonardiella machadoi Kontschan, 2006: 4-7.

Occurrence and habitat: Angola, without information
about the habitat (Kontschan, 2006).

Leonardiella matsuurai (Hiramatsu, 1980)
Trachyuropoda matsuurai Hiramatsu, 1980: 25.

Occurrence and habitat: from forest soil

(Hiramatsu, 1980).

Japan,

Leonardiella riccardiana (Leonardi, 1895)
Uropoda riccardiana Leonardi, 1895: 318.

Occurrence and habitat: Austria, Romania, Czech Repub-
lic, Slovakia, Italia, Hungary, Iran, from nests of ants
(Wi$niewski and Hirschmann, 1993, Arjomandi and
Kazemi, 2014).

Leonardiella septentrionalis (Berlese, 1904)
Trachyuropoda (Leonardiella) canestriniana (Berlese,
1891) var. septentrionalis Berlese, 1904: 369.

Occurence and habitat: Russia, from nests of ants
(Wisniewski and Hirschmann, 1993).

Leonardiella similiathiasae (Hiramatsu, 1979)
Trachyuropoda similiathiasae Hiramatsu, 1979: 106.

Occurrence and habitat: from forest soil

(Hiramatsu, 1979).

Japan,
Leonardiella whitkombi (Hirschmann, 1975)
Trachyuropoda whitkombi Hirschmann, 1975: 103.

Occurrence and habitat: Brazil, from nests of ants
(Hirschmann, 1975).

Leonardiella pappi sp. nov.

Zoobank: http://zoobank.org/02B52A0E-478F-414F-
AC04-D3AEF6F0609F

(Figures 1-10)

Diagnosis. Dorsal shield with one pair of U-shaped,
strongly sclerotized lateral incision at level of coxae IV on
dorsal shield, and a strongly sclerotized ring-like groove

situated between two lateral incisions. Dorsal shield cov-
ered by oval pits but reticular sculptural pattern situated
anterior and posterior to ring-like groove. Female genital
shield linguliform covered by oval pits. One pair of deep
and lateral furrow with smooth and needle-like setae on
their margins situated posterior to coxae IV on ventral
idiosoma.

Material examined. Holotype. Female. Hong Kong, New
Territories, Tai Po Kau Nature Reserve, forest along “Tai
Po Kau Trail”, soil sample under Machilus sp., 160 m;
14.111.2000; leg. B. Hauser (Berlese extraction in Geneva).
Paratypes. Five females and two males, collection data as
in holotype.

Description
Female (n=6).

Description. Length of idiosoma 650-690, width 380-440.
Shape pentagonal, posterior margin rounded, colour red-
dish brown.

Dorsal idiosoma (Fig. 1). Marginal and dorsal shields com-
pletely separated. Majority of dorsal setae T-shaped with
a short stem and long cross-bar (ca 14-17), some long,
wide and marginally pilose setae (ca 23-33 long) placed
around lateral incision of dorsal shield. One pair of U-
shaped, strongly sclerotized, 71-80 long and 44-52 wide
lateral incision situated at level of coxae IV on dorsal
shield. A strongly sclerotized, 43-47 long and 78-85 wide
ring-like groove situated between two lateral incisions.
Dorsal shield covered by oval pits (ca 4-5x3-6), but re-
ticular sculptural pattern situated anterior and posterior
to ring-like groove. Two pairs of pores placed posterior to
lateral incisions. Marginal shield wide, without sculptural
pattern and setation.

Ventral idiosoma (Fig. 2). Sternal shield covered by some
oval pits (ca 2-4x2-5) close to apical margin, other parts
smooth. Ten pairs of sternal setae T-shaped, their cross-
bar ca 10-11 long. Seven sternal setae situated close to
anterior and lateral margin of genital opening, three pairs
between coxae Il and IV. One pair of deep and lateral
furrow (46-50 long and 110-120 wide) with smooth and
needle-like (ca 23-27 long) setae on their margins situat-
ed posterior to coxae IV. Surface of ventral shield smooth.
First pair of ventral setae wide and pilose (ca 27-30 long),
other ventral setae T-shaped, their crossbar ca 20-23
long. Setae around anal opening similar in shape to ven-
tral setae, but shorter (their crossbar ca 10-13).

One pair of large (85-90x80-90) rounded holes situated
at caudal edges on ventral idiosoma, surface of holes cov-
ered by reticulate sculptural pattern. Anal opening small,
ca 15-18 long and ca 4-5 wide. One pair of large pores
situated anterior to anal opening and one pair of small
pores lateral to anal opening. Peritremes (Fig. 3) without
poststigmatid part and with a long and hairpin-like pres-
tigmatid part. Stigmata situated between coxae Il and III.
Genital shield wide, linguliform (206-210 long and 105-
109 wide), without apical process. Surface of genital
shield covered by oval pits (ca 4-6x3-5).
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Figure 1. Dorsal view of Leonardiella pappi sp. nov. female
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Figure 2. Ventral view of Leonardiella pappi sp. nov. female, holotype.
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Figures 3-10. Leonardiella pappi sp. nov. female, holotype. 3. Peritreme. 4. Gnathosoma, tritosternum, palp and leg I in
ventral view. 5. Apical part of epistome. 6. Lateral view of chelicera. 7. Leg Il in ventral view. 8. Leg III in ventral view. 9.

Leg IV in ventral view. 10. Intercoxal area of male paratype.

Pedofossae deep, their surface smooth, separate furrows
for tarsi IV present. Base of tritosternum narrow, vase-
like, tritosternal laciniae divided into two smooth lateral
and two apically pilose central branches (Fig. 4).

Gnathosoma (Fig. 4). Corniculi horn-like, internal malae
longer than corniculi and divided into numerous smooth
branches. Hypostomal setae h1 situated on apical margin

of gnathosoma, ca 19-23 long, smooth and needle-like, h2
apically bifurcated and ca 15-17 long, h3 very long (ca 37-
40) smooth and needle-like, h4 ca 17-18 long and mar-
ginally pilose. Two rows of denticles between h3 and h4
present. Palp setae smooth and needle-like. Episome api-
cally pilose (Fig. 5). Fixed digit of chelicerae as long as
movable digit with one-one central tooth on both digits.
Internal sclerotized nodes present (Fig. 6).
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Legs (Figs 7-9). Majority of setae on legs smooth and nee-
dle-like, except four pilose setae trochanter of leg I and
one large serrate ventral seta on femur of leg I. Claws on
first leg smaller than on other legs. All femora bearing
flap-like ventral processes. Leg I 230-240, leg I1 215-220,
leg 111 205-210, leg IV 230-240.

Male (n=2).
Length of idiosoma 650-690, width 380-440.

Dorsal idiosoma. Ornamentation and chaetotaxy of dorsal
shield as for female.

Ventral idiosoma (Fig. 10). Sternal shield with nine pairs
of T-shaped setae, their crossbar ca 12-15 long. Sternal
shield covered by oval pits (ca 4-5x4-5). Genital shield
oval (45-47x50-52) and situated between coxae II. Other
characters as in female.

Larva and nymphs. Unknown.

Etymology. The new species is dedicated to the excellent
Hungarian fly specialist and zootaxonomist, Prof. Dr.
Laszlé Papp (1946-2021), who passed away this year.

Remark. Till today only four species are reported from
East- and South-East Asia, namely Leonardiella cistulata,
L. koreana, L. matsuurai and L. similiathiasae.. The new
species differs from these four ones in the presence of the
strongly sclerotized ring-like dorsal groove, which is ab-
sent in these four species. One pair of U-shaped, strongly
sclerotized lateral incision at the level of coxae IV on dor-
sal shield are visible only on the new species and on the L.
similiathiasae, but the reticulate sculptural pattern on
dorsal shield absent on L. similiathiasae (this character is
visible on the new species) and setae around horizontal
furrow on ventral idiosoma are pilose on L. similiathiasae,
contrary they are smooth on the new species.
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ABSTRACT: Exotic snakes may harbour numerous parasites and play an important role in the spreading of parasites.
Ophionyssus natricis (Gervais) (Acari: Macronyssidae) has been found in natural conditions on a wide variety of snakes in
Africa, but this mite has been distributed by exotic pet trade in various parts of the world. In the present study, O. natricis
was reported on the captive corn snake, Pantherophis guttatus (L.) (Squamata: Colubridae), in Turkey, for the first time.
Male and protonymph stage of 0. natricis were also first time reported in Turkey. In addition, some setal variations in the

pygidial shield of protonymphs were documented.

Keywords: Infestation, parasitic mites, pest animal, Reptilia.
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INTRODUCTION

Both legal and illegal trade of numerous exotic species is
constantly increasing throughout the world. This can be a
serious global problem in biodiversity conservation and
affecting entire ecosystems out of balance (Petrossian et
al,, 2016; Setiyani and Ahmadi, 2020). Also, the trade of
exotic pets is responsible for the invasion of non-native
species that are harming native species and ecosystems
around the world. Reptiles have a big percentage in the
exotic pet trade and over 35% of reptile species are trad-
ed on numerous online platforms (Marshall et al., 2020).
Exotic snakes may harbor numerous ecto- and endopara-
site and play an important role in the spreading of para-
sites (Pérez, 2009; Mendoza-Roldan et al., 2020).

The genus Ophionyssus Mégnin (Mesostigmata: Macronys-
sidae) is represented currently by 17 species in the world
(Moraza et al., 2009). One of them, Ophionyssus natricis
(Gervais) is naturally lizard and snake hosts in Africa (Till,
1957; Evans and Till, 1966), but it has been distributed by
pet trade in various parts of the world (Miranda et al.
2017; Norval et al., 2020). Individual herpetocultures,
especially, have a big risk due to the ability to spread fast
of this mite from a single infested animal to others.

Ophionyssus natricis can cause several disorders like
anemia, dehydration, and dermatitis (Wozniak and De-
Nardo, 2000). Several blood-borne infectious diseases in
reptiles have been related to this mite and it is a mechani-
cal vector of Aeromonas hydrophila, the causative agent of
hemorrhagic disease in reptiles (Mitchell, 2007; Mendoza-
Roldan et al., 2020). In addition, the presence of Anaplas-
ma sp. and Rickettsia sp. in O. natricis has been documen-
ted (Reeves et al.,, 2006; Mendoza-Roldan et al., 2021).
This mesostigmatid mite may also accidentally infest
humans and even also can cause severe mite-associated
dermatitis (Schultz, 1975; Amanatfard et al., 2014).

In this study, the presence of O. natricis on the captive
corn snake, Pantherophis guttatus (L.), additionally male
and protonymph stage of O. natricis were first time re-
ported in Turkey. Besides, setal variations in the pygidial
shield of protonymphs were documented.

MATERIALS AND METHODS

Mites were collected from the body surface of a captive
corn snake by its owner in Tokat province and sent to the
Parasitology Laboratory, Department of Biology, Tokat
Gaziosmanpasa University, Tokat, Turkey for species
identification. Mites were cleared in 70% lactic acid and
mounted on microscopic slides in the Hoyer medium.
Mites were examined and photographed with micro-
scopes (Olympus CX41, Leica DM4000), and they were
identified based on keys and descriptions given by Evans
and Till (1966) and Moraza et al. (2009). All specimens
were deposited in the Parasitological Collection of the
Parasitology Laboratory, Department of Biology, Tokat
Gaziosmanpasa University, Tokat, Turkey.

RESULTS

A total of 134 mite specimens were collected from a cap-
tive female corn snake (Fig. 1). All mites were identified
as O. natricis (115 females 1 male and 18 protonymphs).
The female of O. natricis can be separated by the following
combination of characters: (1) dorsal shield divided into a
large anterior and minute pygidial shields (Fig. 24), (2)
podonotal shield with 10 pairs of setae, (3) two pairs of
minute mesonotal scutellae, (4) pygidial shield without
setae, (5) sternal shield ratio width/length: 2.5 (Fig. 2B),
(6) anal shield pear-shaped with three setae (Fig. 2C), (7)
peritreme extending to posterior margin of coxa II (Fig.
2D), (8) tritosternum with hyaline membrane; laciniae
two times nearly longer than the base (Fig. 2E). The male
of 0. natricis can be separated by the following combina-
tion of characters: (1) holoventral shield absent, (2) ven-
tral spur on femur III absent, (3) sternogenital shield with
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Figure 1. The corn snake, Pantherophis guttatus (L.), female.

2 pairs of setae (st1, st2), (4) femora III and IV without
modified ventral setae, (5) dorsal shield with 17 pairs of
setae. Unfortunately, the male specimen could not be
photographed because the specimen folded during the
mounting process. The protonymph of O. natricis can be
separated by the following combination of characters: (1)
podonotal shield bearing 11 pairs of setae (Fig. 3A); (2)
two pairs of minute mesonotal scutellae; (3) pygidial
shield with 3 pairs of setae (J4, Z4, Z5) (Fig. 3B), (4) setae
Z5 three times longer than of j4, (5) setae Z4 two times
longer than of j4, (6) setae zZ on podonotal shield, (7)
anal shield pear-shaped with three setae.

DISCUSSION

Acariasis, an infestation of ticks and mites, is a great and
nuisance problem for both wild and captive reptiles.
When ticks and mites were detected on a snake, these
parasites should be promptly eradicated. Several tick
species and more than 250 mite species were naturally
parasitized on reptiles (Fitzgerald and Vera, 2006; Gug-
lielmone et al., 2014). The ticks can be manually removed
from snakes using tweezers or forceps; however, other
parasitic mites should be treated with several chemical
agents by veterinarians. To remove mites from the rep-
tiles, topical ivermectin (0.2 mg/kg) was recommended
three times at two-week intervals (Wozniak and DeNardo,
2000). Permethrin spray (0.5%) was advised to elimina-
tion of mites from the cage (Mitchell, 2007). After perme-
thrin application, we recommended that the peat should
be changed and the cage should be washed with luke-
warm water to remove possible toxic effects of perme-
thrin.

Acariasis cases in both wild and captive reptiles are rarely
reported in Turkey. Three tick species (Ixodida, Ixodidae),
Haemaphysalis sulcata Canestrini and Fanzago, Hyalomma
aegyptium (L.), Ixodes ricinus (L.), infesting some wild
reptiles have been only documented in Turkey (Bursali et
al, 2012; Keskin et al, 2013), whereas several chigger
mite species were reported from some wild reptiles
(Kepka, 1962, 1966; Kaluz, 2011; Stekolnikov and Daniel,
2012). In addition, Hirstiella sp. (Prostigmata, Pterygoso-
matidae), was reported from green iguanas (Iguana igua-
na (L.)) in Turkey (Gazyagc et al, 2011; Altinok-Yipel,
2014).

In the present study, O. natricis on the captive corn snake,
P. guttatus, were reported in Turkey for the first time. In
addition, male and protonymph stage of O. natricis were
first time reported in Turkey. The corn snake, P. guttatus,
is a non-venomous and unaggressive snake species native
to the south-eastern United States. Many of its bites occur
when the snake is intentionally molested. The corn snakes
are highly adaptive, living in the forest, semi-desert, and
grassland habitats, and even populating urban areas.
They have also widely different color morphs such as
orangish-brown with black-bordered orange, red, or
brownish blotches. Therefore, P. guttatus is a very popu-
lar pet and has been distributed to many parts of the
world for the pet trade (Fisher and Csurhes, 2009; Fonse-
ca et al,, 2014; McFadden et al.,, 2017; Alves et al.,, 2019;
Kubiak, 2020).

Ophionyssus natricis is one of the most problematic para-
sites infested captive snakes and has been reported from
numerous native and captive reptiles and lizards in many
countries of the world (Yunker, 1956; Till, 1957; Miranda
et al, 2017; Norval et al, 2020). However, we have
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Figure 2. Ophionyssus natricis (female) A. Podonotal shield (pod. sh.) and mesonotal scutellae (mes. sc.), B. Sternal shield
(st. sh.), C. Anal shield (an. sh.), D. Peritreme (per.), E. Tritosternum (trt).

currently very limited information on the presence and
the prevalence of O. natricis infestations on the native and
captive snakes and lizards in Turkey. To date, there are
only two reports on the presence of 0. natricis from cap-
tive snakes. The first report of O. natricis in Turkey was
given by Kurtdede et al.,, (2009). They collected more than
a hundred female specimens of O. natricis from Boa con-
strictor L. Afterward, Dik (2012) documented presence of
0. natricis in a captive dice snake, Natrix tessellata (Lau-
renti) based on six female specimens. Apart from these
studies, a Ph.D. dissertation about the ectoparasitic mites

on some wild lizards of Turkey was compiled by Jabbar-
pour (2016), and three Ophionyssus species (Ophionyssus
saurarum (Oudemans), O. natricis, and Ophionyssus sp.)
were reported in this study; but, this dissertation, unfor-
tunately, has not been published in a journal, yet.

On the other hand, the patterns of chaetotaxy are typically
considered constant within a species, but intraspecific
variation in chaetotaxy have been reported in some mites
(Glowska and Skoracki, 2009; Seniczak et al., 2012; Bingil
et al., 2017, 2018). The variations may lead to some
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Figure 3. Ophionyssus natricis (protonymph) A. Podonotal shield (pod. sh.) and mesonotal scutellae (mes. sc.), B. Pygidial
shield (pyg. sh.), C. Anal shield (an. sh.).
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Figure 4. Ophionyssus natricis (protonymh), numerical variations in the pygidial setae A. Additional seta, B. Absence of

left seta J4.

problems with species identification, and even cause tax-
onomic mistakes. In the present study, setal variations in
the pygidial shield of two protonymphs were detected. An
addition seta is found in one specimen in its pygidial
shield (Fig. 4A), while left seta /4 was absent in the pygid-
ial shield of the other specimen (Fig. 4B). To the best of
our knowledge, such a variation was detected in the pro-
tonymphs of O. natricis for the first time.

Consequently, ectoparasitic mites associations of both
captive and wild reptiles have been poorly studied and
studied and understood in Turkey. Therefore, future stud-
ies should be focused on the ectoparasitic mites associa-
tions of both captive and wild reptiles in Turkey.
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ABSTRACT: Poecilochirus necrophori Vitzthum, 1930 is a Palearctic distributed species, which deutonymphs are phoretic
on some burying beetles (Coleoptera: Silphidae). The mites use adult beetles for transport to carcasses where the deu-
tonymphs moult into adults and both mites and beetles feed and reproduce. A life cycle of Poecilochirus species is syn-
chronized with their phoronts and they can be used in a forensic acarology as indicators of post mortem interval. We
present the first record of P. necrophori from Turkey. Phoretic deutonymphs of P. necrophori were found on the beetle
Nicrophorus vespillo (L.) (Coleoptera: Silphidae) in Sakarya province. The deutonymphs were also found on carcasses of
marten (Marten sp.) and mole (Talpa sp.) from Sakarya, Turkey. Moreover, a significance of Poecilochirus species in fo-

rensic acarology is briefly discussed.

Keywords: Parasitidae, Poecilochirus necrophori, phoretic mites, carcasses, Turkey

Zoobank: http://zoobank.org/B0359A97-7806-4A39-889B-4540972977F6

INTRODUCTION

Poecilochirus necrophori Vitzthum, 1930 is a phoretic mite
species living in association with carrion and burying
beetles (Baker and Schwarz, 1997). Adults can be found
on animal and human carcasses, while deutonymphs are
phoretic on adult beetles. Deutonymphs can also be found
on the carcasses, until they attach to their phoront
(Schwarz and Walzl, 1996). The deutonymphs of this
species prefer a beetle Nicrophorus vespillo (L.) as a host,
however, they can use different beetle species if their
preliminary host is not available (Nehring et al, 2017).
The nature of a relationship between Poecilochirus mites
and their host beetles depends on a number of conditions
and can vary from parasitic or competitive through com-
mensal to mutualistic (Nehring et al,, 2017; Sun et al,
2019).

Due to their specificity, abundance, diversity, and fre-
quent occurrence on carcasses, Poecilochirus species are
of great importance to be used as indicator species in
forensic acarology (Perotti et al., 2009, Pérez-Martinez et
al,, 2019). Despite the knowledge regarding the presence
of mites in corpses, and their role in the decomposition of
carcasses for a long period of time, their importance in
forensic research has only been recognized in recent dec-
ades (Braig and Perotti, 2009; Medina et al., 2013, Salofia-
Bordas and Perotti, 2014; Salofia-Bordas and Perotti,
2019). The only way for Poecilochirus species to get to the
carcass is a phoresy (Perotti et al., 2009). They can change
hosts on the carcass and even feed and reproduce on the
carcass when there is no host present. However, as the
mites cannot move to new carrion on their own, the off-
spring must reach the phoretic stage before the corpse
rots and must attach to new host insects (Schwarz and
Koulianos, 1998). Therefore, mites reproduce much faster

than their carriers which makes them better timeline
markers than insects in forensic research (Perotti et al,,
2009).

Hyatt (1980) synonymized this species with Poecilochirus
carabi G. et R. Canestrini, 1882 due to variability of char-
acters (e.g. shape of a transverse sclerotized sternal band,
size of dorsal shields, length of setae) used for identifica-
tion of these species. However, subsequent studies (Miil-
ler and Schwarz, 1990, Schwarz et al., 1991, Schwarz and
Walzl, 1996) have shown, that both species are behavior-
ally and reproductive isolated and Baker and Schwarz
(1997) reviewed the taxonomic status of both species.

Poecilochirus necrophori is known from Europe and Asia
(Karg, 1993), it is probably a Palearctic species with the
same distribution as its main host N. vespillo, although it
may accidentally be found on other silphid beetles
(Springett, 1968). Canitz et al. (2021) found this species
in Europe and Kazakhstan.

The aim of the current study is to report P. necrophori
based on the materials collected on animal carcasses of
Martes sp. (Carnivora: Mustelidae) and Talpa sp. (Eulipo-
typhla: Talpidae) and beetle (N. vespillo) for the first time
in Turkey.

MATERIALS AND METHODS

Mites were collected from animal carcasses (Martes sp.
and Talpa sp.) and from host beetle (N. vespillo). The
mites and phoretic carrier were photographed on the spot
with a camera (Nikon P610). Subsequently, the samples
were preserved in 70% ethanol. The mite samples were
kept in formaldehyde for 24 hours to be translucent, then
identified under a Fluorescence Upright Microscope (Ni-
kon Eclipse 80i). Photographs were taken with the Mdx4-t
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model microscope camera. The measurements of setae,
podonotum and opisthonotum were taken by the MShot
Image Analysis System program.

Identifications of beetle and mites were done according to
the keys published by Ciftci et al. (2018) and Masan
(1999), respectively. The specimens are deposited in the
Parasitology Laboratory of Department of Parasitology,
Faculty of Veterinary Medicine of Ondokuz Mayis Univer-
sity (Samsun, Turkey).

Material examined: Poecilochirus necrophori, 25 deu-
tonymphs phoretic on N. vespillo, 13.07.2019, Sakarya,
41°3'54.06"N, 30°39'19.00" E, altitude 60 m, leg. G. Eren;
11 deutonymphs on carcasses, ibidem, collected on ani-
mal carcasses (Martes sp. and Talpa sp.) and on beetle (N.
vespillo that was feeding on carcass).

RESULTS

The phoretic deutonymphs of P. necrophori were found
attached to the host beetle N. vespillo (Figs 1, 2). Deu-
tonymphs of P. necrophori differ from other Poecilochirus
species by having a dark sclerotized transverse band lo-
cated in the area between setae st1 and st2 in the sternal
shield (Fig. 1C). In addition, they also differ by the pres-
ence of a membranous process at the tip of cheliceral
fixed digit (Fig. 1D) (MaSan, 1999). P. necrophori can be
separated from its sibling species P. carabi, based on the
length of dorsal setae and the opisthonotal shield (Fig.
1A) (Baker and Schwarz, 1997).

Figure 1. Poecilochirus necrophori (Deutonymph) A. Dorsal viewl, B. Ventral view (scale bars = 500 um), C. Sclerotized
transverse sternal bands (scale bar = 50 pm), D. Cheliceral digitus fixus (scale bar = 40 um).
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Figure 2. Poecilochirus necrophori (Deutonymph) on its phoront Nicrophorus vespillo (from the marten (Martes sp.) car-

cass).
DISCUSSION

Carcasses are dynamic and temporary ecosystems with a
relatively short duration, which are attractive for differ-
ent trophic groups of mites. All those mites had to develop
strategies to migrate to new carcasses after the first one is
reduced and the phoresy is one of these strategies. Most
of the mites regularly found on carcasses belong to fami-
lies Ascidae, Laelapidae, Macrochelidae, Parasitidae and
Uropodidae and they can be used as indicator species in
forensic studies (Pérez-Martinez et al., 2019). Over 100
species of mites associated with human and animal car-
casses have been reported so far (Perotti et al,, 2009).
Poecilochirus species are one of the most abundant
gamasid mites found in carcasses, however, different
species may occur at the different stages of the decompo-
sition (Pérez-Martinez et al, 2019, Salofia-Bordas and
Perotti, 2019). Several Poecilochirus species (P. aus-
troasiaticus, P. carabi, P. davydovae and P. subterraneus)
have been already reported on human carcasses, P. mrci-
aki on a pig carcass, P. necrophori on a mouse carcass and
Poecilochirus sp. on seal, rat and rabbit carcasses (Lord
and Burger, 1984; De Jong and Chadwick, 1999; Braig and
Perotti, 2009; Medina et al, 2013; Salofia-Bordas and
Perotti, 2014; Salofia-Bordas and Perotti, 2019).

In this study, the mites were collected together with N.
vespillo feeding from marten (Martes sp.) and mole (Talpa
sp.) carcasses, as well as mites walking directly on the
carcass.

The observations and measurements of collected speci-
mens are in agreement with those reported by Baker and
Schwarz (1997) (Table 1). In addition to morphological
and molecular methods (which couldn’t be used in this
case due to the fact that our material was processed in
formaldehyde), behavioral methods can be used to identi-
fy this species among others Poecilochirus species. Many
studies (Miiller and Schwarz, 1990, Schwarz et al,, 1991,
Nehring et al,, 2017, Canitz et al.,, 2021) have confirmed
that the species P. necrophori is specialized to the beetle
species N. vespillo, on which our individuals were found.

Table 1. Length of dorsal setae and dorsal shields of Poe-
cilochirus necrophori (Deutonymph)

Seta / shield Range (um) Mean
Z1 150-150 150
s4 160-180 167.5
J1 110-135 134.5
s5 150-165 152.7
z5 260-280 272
r3 350-365 353
opisthonotum 420-475 449.5
podonotum 575-600 595
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Till now, only four Poecilochirus species were known and
described from Turkey (Ramaraju and Madanlar, 1998).
None of them was found on the carcass and none of these
species possesses apomorphies, which are characteristic
for Poecilochirus deutonymphs. These characters include
the sternal shield with the sclerotized transverse sternal
band and the membranous process at the tip of the fixed
digit of chelicerae (Hyatt, 1980).

In the present study, Poecilochirus mites are evaluated in
terms of forensic acarology in Turkey and P. necrophori is
reported from Turkey for the first time. Additionally,
further studies are essential in order to obtain more de-
tailed knowledge for the use of these mites in forensic
acarology in Turkey.
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