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ABSTRACT: The Andean bear or spectacled bear, Tremarctos ornatus (Cuvier), inhabits the Andes and is considered an
endangered species due to anthropogenic factors. The aim of this study was to identify the tick species parasitizing the
Andean bears in the evergreen shrubland and paramo grassland ecosystem in the Andes Mountain Range of Ecuador.
Twenty-six ticks were removed from five Andean bears and morphologically identified as Amblyomma multipunctum
Neumann, Ixodes boliviensis Neumann and Ixodes montoyanus Cooley. One specimen of each species was also molecularly
analyzed and confirmed by BLAST. This study confirms the presence of I boliviensis parasitizing T. ornatus and adds new
records of A. multipunctum and I. montoyanus in its distribution. The parasite-host relationships are new in all cases for

Ecuador.
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INTRODUCTION

Ticks are a group of Acari that parasite endothermic and
ectothermic vertebrates, distributed in various tropical,
subtropical and temperate environments (Guglielmone et
al,, 2020). In Ecuador, 34 species of hard ticks have been
reported from the Galapagos Islands, the coastal region of
the country, the Amazon Basin, and across an altitudinal
gradient encompassing different types of forests and par-
amos in the Andes Mountain Range (Enriquez et al., 2020;
Guglielmone et al., 2021; Paucar et al., 2022; Guglielmone
et al,, 2023). Other studies show the presence of ticks in
anthropogenic and wilderness areas, as well as the patho-
gens detected in those ticks and the control measures
(Labruna et al., 2013; Pesquera et al., 2015; Diaz et al,
2016; Rodriguez-Hidalgo et al,, 2017; Gioia et al., 2018;
Enriquez et al,, 2020; Maya-Delgado et al., 2020; Aguilar-
Dominguez et al, 2021; Paucar et al, 2022; Pilatasig,
2022).

The taxonomy and ecology of Ecuadorian ticks remain
poorly understood, especially of those species inhabiting
remote areas and parasitizing wild vertebrates. One of
these wild vertebrates is the Andean or spectacled bear,
Tremarctos ornatus (Cuvier), which inhabits the Andes,
from Venezuela to northern Argentina, at elevations rang-
ing from 800 to over 4500 meters (Sandoval-Guillén and
Yanez-Moretta, 2019). In Ecuador, the distribution of this
bear occurs in evergreen shrubland and paramo grass-
land ecosystem (paramo) (Galeas et al., 2013), temperate
and subtropical forests between 1000 and 4300 meters,

and prefers to inhabit cloud forests (Castellanos, 2010).
According to the International Union for Conservation of
Nature (IUCN, 2022), the conservation status of T. ornatus
is Vulnerable (VU) at the global level, but in Ecuador, it is
considered as an endangered species (EN) due to the loss
and fragmentation of its habitats, the expansion of the
agricultural frontier, mining, forest fires and hunting
(Tirira, 2017).

The interaction between ticks and Andean bears is poorly
understood throughout their entire distribution area and
until now only Ixodes boliviensis Neumann was reported
on this bear in Colombia (Anonymous, 1998; Guglielmone
et al, 2021). Recently Carvajal and Castellanos (2021)
reported Amblyomma mixtum Koch (1 female and 9 “fe-
male nymphs”) and Ixodes fuscipes Koch (13 females) in T.
ornatus from Ecuador.

The aim of this study was to identify morphologically and
molecularly the tick species parasitizing T. ornatus of
Ecuador and to re-evaluate the identification of ticks re-
ported by Carvajal and Castellanos (2021).

MATERIALS AND METHODS
Ticks collections and morphological re-identification

Ticks identified in this study were removed from Andean
bears following the protocol used by Castellanos et al.
(2018). Bears examined and released were part of the
Research Projects: “Systematics, Ecology, Reproductive
Biology and Genomics of the Mammals of Ecuador” and
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Table 1. Descriptions of localities of Ecuador.

Province Locality Altitude Number of bears
Pichincha Papallacta, Cayambe-Coca National Park (CCNP) 3600 m 1

Napo Cosanga, Antisana National Park (ANP) 2000 m

Tungurahua Patate, Valle Manteles-Leito, Llanganates National Park (LNP) 3190 m

“National Mammal Collection Program”, which were ap-
proved through via Collection Permits: No. MAE-DNB-CM-
2019-0126, No. MAAE-ARSFC-2020-0642, and No. MAAE-
ARSFC-2021-1644 (Ministry of Environment and Water of
Ecuador). The description of the sample localities is
shown in Table 1.

All ticks identified by Carvajal and Castellanos (2021) (24
individuals) were again reviewed by one of us (SE) plus
two newly collected ticks. Ticks were identified morpho-
logically with a stereo microscope (NIKON model
SMZ745T, Tokyo, Japan) (magnifications x0.67-5), using
the taxonomic keys for adult Amblyomma (Onofrio et al.,
2006a) and Ixodes (Onofrio et al., 2006b), and the original
descriptions of Ixodes montoyanus Cooley (Cooley, 1944;
Keirans, 1973) and Amblyomma multipunctum Neumann
nymphs (Labruna et al, 2013). Tick photographs were
taken by a stereomicroscope (NIKON model SMZ745T,
Tokyo, Japan) with a camera (Mshot model MS60, Guang-
zhou, China) and edited with Adobe Photoshop CC 2019.

Molecular identification

Due to the morphological differences found during the re-
identification of the material collected from T. ornatus, 11
ticks were identified molecularly (nine from the Carvajal
and Castellanos collections and two new specimens col-
lected). Individual ticks were bisected longitudinally us-
ing sterile scalpels and washed with distilled water to
remove ethanol. DNA was extracted using the commerecial
kit Gene]ET Genomic DNA Purification Kit (Thermo Scien-
tific, Lithuania) following manufacturer instructions. To
compare with other Neotropical ticks, the specimens
were analyzed through PCR amplification of a ~460 base
pair (bp) fragment of the tick mitochondrial 16S rRNA
gene (Black and Piesman, 1994). Amplicons of the ex-
pected size of two Ixodes females and one Amblyomma
nymph identified by Carvajal and Castellanos (2021) were
purified, and Sanger sequenced (Macrogen, South Korea).
Obtained sequences were edited using MEGA 7 (Kumar et
al,, 2016), and comparisons with GenBank available se-
quences were made by the basic local alignment search
tool (BLAST) (Altschul et al., 1990).

RESULTS
Morphological and molecular identification

Twenty-six ticks were morphologically identified, corre-
sponding to A. multipunctum (11 nymphs), I boliviensis (5
females and 1 male), and I montoyanus (9 females); of
these, all ticks identified by Carvajal and Castellanos
(2021) were re-evaluated plus two newly collected ticks
(Table 2). The principal morphological characteristics to
identify A. multipunctum nymphs were described by

Labruna et al. (2013). Moreover, some characteristics of L.
montoyanus females were compiled with the works of
Cooley (1944), Onofrio et al. (2006b), Apanaskevich and
Bermudez (2017) and Onofrio et al. (2020).

Females of 1. boliviensis were recognized when compared
with the characteristics presented by Onofrio et al.
(2006b) because is the more precise work to identify
Ixodes specimens of South America. In the case of the
male, we present here a preliminary description of the
unique exemplar collected on one Andean bear in this
study. In this sense, our specimen was 3.0 mm long (from
the apical part of the hypostome to posterior body mar-
gin), a maximum breadth of 1.5 mm; oval idiosoma; dor-
sal basis of capitulum without cornua, hypostome short,
broad, and apically rounded with dentition 4/4 arranged
in transversal rows; auriculae small and sharp; scutum
with deep punctuations distributed at the margins and in
the posterior region; coxa [ with two spurs, the internal
spur long, extending beyond the middle of coxa II and the
external spur triangular small; coxa II with two triangular
small spurs; coxae III-IV with a small triangular external
spur; genital aperture situated at the level of the third
coxa; median plate with deep punctuations evenly dis-
tributed, adanal and anal plates with fine punctuations;
spiracular plate broadly oval; a ventral region with nu-
merous long white setae (Figs 1-3).

The sequence obtained of one Amblyomma nymph (Al-
AmuN30) showed 98.30% (404/411 bp) and 98.29%
(402/409) identity with A. multipunctum from Ecuador
(GenBank KC677673 and K]J584366). Regarding Ixodes
ticks, one sequence (Co-lboH33) showed 99.03%
(408/412 bp) identity with L boliviensis (GenBank
KMO077437), and the sequence obtained from the female
of I. montoyanus (Al-lImH28) showed 100% (409/409 bp)
identity with Ixodes sp. AMP-2014 isolate 8C1, both from
sequenced reports of Ecuador (GenBank KMO077438).
Sequences from the 16S rDNA gene for this study are
available in GenBank for A. multipunctum (accession
number 0Q557626); I boliviensis (accession number
0Q557627) and I montoyanus (accession number
0Q557628). These whole or partially dissected specimens
were deposited in the National Reference Collection of
Arthropods of Importance in Zoonoses (CONRAZ) of the
Zoonosis Research Institute (CIZ), Central University of
Ecuador, Quito.

DISCUSSION

Due to the analysis of several factors such as the difficulty
of identifying sex in immature stages (larvae and nymphs)
of hard ticks (Polanco-Echeverry and Rios-Osorio, 2016),
the presence of an ornate scutum in females of the species
A. mixtum, its altitudinal distribution (Nava et al., 2014),
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Table 2. Morphological and molecular identification of ticks parasitizing Andean bears from Ecuador.

Locality SampleID* Ticksstage Morphological ID Molecular ID (GenBank Accession)
CCNP Da-AmuNO1  Nymph* Amblyomma multipunctum

CCNP Da-AmuNO2  Nymph* Amblyomma multipunctum

CCNP Da-AmuNO3  Nymph* Amblyomma multipunctum

CCNP Da-AmuN04  Nymph* Amblyomma multipunctum

CCNP Da-AmuNO5  Nymph* Amblyomma multipunctum

CCNP Da-AmuNO6  Nymph* Amblyomma multipunctum

CCNP Da-AmuNO7  Nymph* Amblyomma multipunctum

CCNP Da-AmuN0O8  Nymph* Amblyomma multipunctum

CCNP Da-AmuN09  Nymph* Amblyomma multipunctum

CCNP Da-AmuN10  Nymph* Amblyomma multipunctum

ANP Co-IboH31 Female* Ixodes boliviensis

ANP Co-IboH32 Female* Ixodes boliviensis

ANP Co-IboH33 Female* Ixodes boliviensis Ixodes boliviensis (0Q557627)
ANP Co-IboH34 Female* Ixodes boliviensis

LNP Al-ImH23 Female* Ixodes montoyanus

LNP Al-ImH24 Female* Ixodes montoyanus

LNP Al-ImH25 Female* Ixodes montoyanus

LNP Al-ImH26 Female* Ixodes montoyanus

LNP Al-ImH27 Female* Ixodes montoyanus

LNP Al-ImH28 Female* Ixodes montoyanus Ixodes montoyanus (0Q557628)
LNP Al-ImH29 Female* Ixodes montoyanus

LNP Al-AmuN30 Nymph* Amblyomma multipunctum Amblyomma multipunctum (0Q557626)
LNP De-ImHO01 Female* Ixodes montoyanus

LNP De-ImHO02 Female* Ixodes montoyanus

LNP P4-IbolH35 Female* Ixodes boliviensis

LNP P4-1bolM36 Male* Ixodes boliviensis

*Each letter represents a captured Andean bear individual, *Samples identified by Carvajal and Castellanos (2021) and re-identified by

the authors, *Samples identified only by the authors.

and its type of hosts (Guglielmone et al, 2021), arose
doubts about the identification of Carvajal and Castella-
nos (2021). For these reasons, it was necessary to review
again the identification of these ticks, including the use of
molecular analysis.

During this study, the presence of I boliviensis parasitiz-
ing T. ornatus is confirmed and new records of A. mul-
tipunctum and 1. montoyanus are added to its distribution,
this increments the parasite-host relationships, which are
new in all cases for Ecuador. Consequently, the molecular
identifications of A. multipunctum nymphs, L. boliviensis,
and 1. montoyanus adults, replace the identifications of A.
mixtum and I fuscipes reported by Carvajal and Castella-
nos (2021).

It is essential to highlight that A. mixtum is an eclectic
species with a wide distribution from the southern United
States (Texas) to west-northern South America and some
Caribbean Islands (Guglielmone et al., 2021). In Ecuador,
this species is known from western Ecuador (provinces of
El Oro, Guayas, Los Rios, Manabi and Pichincha, see Nava
et al, 2014 and Paucar et al., 2022), in environments such
as dry, semiarid, and riparian forests, or savanna low-
lands instead of Andean cloud forests or paramo envi-
ronments (Estrada-Pefia et al., 2014; Aguilar-Dominguez

et al,, 2021). Regarding I fuscipes, its distribution is re-
stricted to three southern Brazilian states (Parang, Rio
Grande do Sul and Sao Paulo) and Uruguay (Cerro Largo,
Florida, Lavalleja, Maldonado, Rocha and Tacuarembd)
(Guglielmone et al., 2021). This tick has been widely con-
fused with Ixodes spinosus Neumann, while and Ixodes
aragaoi Fonseca is a synonym of I fuscipes (Guglielmone
et al, 2020; Labruna et al., 2020).

On the other hand, A. multipunctum occurs in highlands,
humid montane forest areas, associated with the distribu-
tion of its primary host the mountain tapir, Tapirus
pinchaque (Roulin) (Labruna et al., 2013; Pesquera et al.,
2015; Guglielmone et al., 2021). This tapir species inhab-
its montane forests and paramos (from 1500 to 4800 m)
of Colombia, Ecuador and Peru (Castellanos-Penafiel et
al, 2021) sharing habitat with the spectacled bear; for
this reason, A. multipunctum might have parasitized both
host species, particularly by the immature stages of this
tick. The nymph analyzed here, showed more than 98%
of identity with the DNA sequences of adults from Ecua-
dor. This is the first host record for A. multipunctum
nymphs on Andean bears. Regarding I. boliviensis, molec-
ular differences between Central America and Southern
America populations, indicate the presence of at least two
different species (Bermudez et al., 2021).
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In the present study, there is a preliminary sketch of
males and females from Ecuador, which also show some
morphological differences regarding the size and dental
formula, but without genetic differences. Previously in
Ecuador, Pesquera et al. (2015) found one female of I
boliviensis on cattle in Papallacta (paramo) at 3300 m of
altitude, one of the areas where the exemplars of this
study were collected. In addition, Paucar et al. (2022)
found females of I boliviensis parasitizing cattle in three
farms of Quijos River Valley (Napo province) and North-
west Pichincha province. These areas are in the east and
west foothills of the Andes Mountains, respectively at
ranging altitudes from 800 to 1600 m. Thus, this geo-
graphical and biological information suggests the identifi-
cation of I boliviensis in Ecuador, although new research
is still necessary to define the current status of this spe-
cies. Also, it will be necessary to carry out exhaustive
studies for the formal description of the male of this spe-
cies.

We report for the first time the presence of I. montoyanus
on two Andean bears of Ecuadorian paramo. Previously
this tick was reported from cattle in the same areas where
L boliviensis was found (Paucar et al., 2022). This infor-
mation contributes to extending the list of hosts of I. mon-
toyanus adults because until now just mammals of fami-
lies Cervidae and Procyonidae were considered as hosts
(Guglielmone et al., 2021). It should be noted that a mor-
phological characteristic to identify specimens of I. mon-
toyanus is the presence of membranous areas (syncoxa)
and the absence of external spur in the coxae I-II. The
syncoxae was not mentioned in the original description
by Cooley (1944) and Keirans (1973) but is notified by
Apanaskevich and Bermudez (2017) and Onofrio et al.
(2020). Due to these structures, females of I. montoyanus
resemble Ixodes tapirus Kohls, Ixodes lasallei Méndez &
Ortiz, Ixodes venezuelensis Kohls, Ixodes guatemalensis
Kohls, Ixodes bocatorensis Apanaskevich & Bermudez, and
Ixodes catarinensis Onofrio & Labruna but differs from
those species by the long and hooked auriculae, scutal
punctuations, size, and form of the porose areas (Apa-
naskevich et al,, 2017; Onofrio et al., 2020). The DNA se-
quence of I. montoyanus is the first sequence verified for
this species. With this morphological, biological, and mo-
lecular information, we confirm the presence of this tick

Figures 1-3. Ixodes boliviensis (male)—1. Dorsal view, 2. Ventral view, 3. Ventral view of capitulum and idiosoma.

. . v\,, ' -7 .

on the Andean bear from the paramo of Ecuador. Finally,
in addition to an adequate taxonomic and morphological
review of ticks, many aspects of their distribution and
ecology should be assessed.
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ABSTRACT: Phytoseiid mites are important for biological control of some pest species including phytophagous mites and
small insects. The species, Phytoseius corniger Wainstein is one of the most abundant predatory mite in fruit orchards and
urban green spaces in Razavi Khorasan province, Iran. Biological parameters of this predatory feeding on the two-spotted
spider mite Tetranychus urticae Koch was studied for the first time under the laboratory conditions (25+2 2C, 55+5 % RH
and 16L: 8D photoperiod). The results indicated that the mean developmental periods for egg, larva, protonymph and
deutonymph were 1.12+0.09, 0.73+£0.03, 1.01+0.03, and 3.05£0.09 days for females, and 0.95+0.37, 0.67+0.39, 1.05+0.88,
and 3.05%0.85 days for males, respectively. The pre-oviposition, oviposition, post-oviposition periods and adult longevity
for females were 4.63+0.11, 11.63+0.16, 7.93+0.13 and 24.18+0.21 days, respectively. The females laid an average of 0.48
eggs per day, and 5.60 eggs during their life span. In addition, larvae of P. corniger may molt to the protonymph stage
without feeding. Consumption rate during nymphal stage was 1.95 prey per day. The highest rate of prey consumption was
recorded during the oviposition period, with an average of 3.35 prey items prey per day. Regarding life-history traits, the
intrinsic rates of increase (rm) of this predatory mite 0.064+0.02 (??/?/day) and its finite rate of increase (), net repro-
duction rate (Ro), generation time (T), and doubling time (DT) were 1.066+0.23 (day), 3+0.07 (?%/?/generation),
17.14+0.11 (days), and 10.83+0.65 (days), respectively. Further laboratory and field studies regarding its diet preference
and predation capacity are needed.

Keywords: Demographic parameters, predatory mite, Phytoseius corniger.

Zoobank: https://zoobank.org/A592E6B4-62A2-441C-BB72-C2AD26BD0676

INTRODUCTION these predators in biological control are only rarely ad-
dressed. The present study aimed to obtain preliminary in-
formation regarding the biology and life table parameters
of P. corniger by feeding on the two-spotted spider mite,

Tetranychus urticae Koch (Acari: Tetranychidae).

The family Phytoseiidae (Acari: Mesostigmata) with more
than 2800 described species (Demite et al., 2023) have di-
verse feeding habits, ranging from specializing on spider
mites to general consumption of a wide variety of foods,
including plant materials (McMurtry and Croft, 1997). Ac-
cording to the latest catalogue of Phytoseiidae fauna of
Iran, so far, five species belonging to the genus Phytoseius
have been reported in the country (Kazemi et al., 2022).
Among them, Phytoseius corniger Wainstein, 1959 is
mostly known in the Palearctic region and reported from
India, Iran, Kazakhstan, Kyrgyzstan, Lebanon, Moldova, Pa-
kistan, Serbia, Tajikistan and Turkmenistan (Demite et al.,
2023). In Iran, this species has been the most abundant
with wide distribution in both fruit orchards (Panahi
Laeen et al, 2014) and in urban green spaces in Razavi
Khorasan province (Namaghi, 2010). Despite being one of
the most common predatory phytoseiids in the region, no
study on its basic biological characteristics such as devel-
opment, reproduction, and predation capacities have been
carried out. However, the potential role of the generalist
phytoseiids in suppressing spider mite densities has been

MATERIALS AND METHODS
Stock culture of the prey, Tetranychus urticae

The prey, T. urticae was originally collected from an in-
fested cauliflower plants in vicinity of Mashhad and trans-
ferred to Department of Plant Protection at Faculty of Ag-
riculture, Ferdowsi University of Mashhad, Iran. The stock
culture of the prey, T. urticae was stablished on potted cau-
liflower plants (Brassica oleracea cv. Romanesco). The
plants used in this study, were grown in plastic pots (25 cm
diameter x 40 cm depth) filled with a commercial soil of
Cocopeat: Perlit (60%: 40%) and kept at a greenhouse con-
ditions set at 25+2°C, 50+10% RH and 16:8 (L: D) h photo-
period. The rearing of cauliflower plants started two
months before the experiments.

reported by some researchers (McMurtry and Croft, 1997).
According to Pappas et al. (2013) phytoseiid mites of the
genus Phytoseius are natural enemies of tetranychid and
eriophyid mites and they are mostly found on plants with
pubescent leaves where they feed on prey, as well as on
pollen. Nevertheless, the nutritional ecology and the role of

Stock culture of the predatory mite, Phytoseius corniger

The adults of predatory mite were initially obtained from
the hackberry tree (Celtis sp., Ulmaceae) in Ferdowsi Uni-
versity campus in August 2022 and transferred to rearing
units consisting of clean succulent cauliflower leaves, in an
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incubator at 25+2 2C, 55+5 % RH and 16L: 8D hour photo-
period. Clean leaf discs were placed underside facing up on
a wet sponge layer in plastic containers (20 x 10 x 5 cm).
The borders of leaf discs were surrounded with moistened
tissue papers to provide water supply for phytoeiids and
to prevent them from escaping. Every day, a mixture of all
stages of T. urticae from the stock culture were supplied as
food.

Biology, predation and life table parameters of Phytoseius
corniger

This study was conducted using experimental units made
of discs of cauliflower leaf discs (2 cm diameter) placed up-
side down on water saturated sponge in a plastic Petri dish
(9 cm in diameter by 1.5 cm in height). The Petri dish was
kept permanently open. Leaf discs were bordered with wet
tissue paper strips to prevent mites from escaping. A total
of 30 females from the stock colony were transferred to the
individual arenas with the help of fine camel hair brush
and left for 24 h to lay eggs. After egg deposition, females
were removed and individual deposited eggs with less
than 24 hours old were used for studying the biological at-
tributes of the predator. The newly hatched protonymphs
were supplied daily with prey at densities of 10-15 individ-
uals of different motile stages of the two-spotted spider
mite. The number of preys supplied to each rearing unit
was determined according to preliminary experiments.
Each day the number of consumed prey in each rearing
unit was recorded and the unconsumed ones were re-
moved and replaced by fresh prey. After the last molting,
an adult male, randomly taken from the stock colony, was
introduced to each leaf disc containing a newly emerged
female. After copulation, males were transferred to stock
culture. Mated females were observed to determine the
pre-oviposition, oviposition, and post-oviposition periods
as well as gathering data on fecundity. Observations on the
development were done twice a day and reproduction, sur-
vival and prey consumption once a day. Every 4-5 days, the
predator was transferred to new arenas, while its eggs
were removed daily from the arenas. This procedure was
continued until the last predatory mite died. The data ob-
tained on surviving and duration of life stages were rec-
orded and statistically analyzed to work out standard de-
viation. The fecundity was worked out by recording total
number of eggs laid by individual females during their life
span. Sex ratio was obtained based on rearing 27 eggs until
reaching maturity.

Life table parameters including mean generation time (T),
net reproduction rate (Ro), intrinsic rate of increase (rm),
finite rate of increase (A), doubling time (DT) were esti-
mated based on the age-stage and two-sex life table (Chi,
1988; Chi and Liu, 1985) using the computer program
TWOSEX-MSChart (Chi, 2015, version 10.23). To take both
sexes into consideration, the age-specific survival rate (lx)
and the age-specific fecundity (mx) in the age-stage two-
sex life table were calculated (Chi and Liu, 1985). Boot-
strap method (Huang and Chi, 2012) was used to calculate
Standard Errors (SE) of the life table parameters.

RESULTS
Developmental periods

Similar to the most of other phytoseiid species, the life cy-
cle of Phytoseius corniger includes egg, larva, protonymph,
deutonymph and adult stages. Individuals of the predatory
mite, P. corniger were able to develop and reproduce on
the two-spotted spider mite, but not on honey bee pollen.
This is in contrast with our field observation on P. corniger
on leaves of hackerberry tree (Celtis sp.) without any phy-
tophagous mite as possible prey. Also, cannibalism was not
noted when there was prey scarcity. The adult females and
males of P. corniger had an average life span of 29.41+0.43
and 27.32+0.32 days, respectively. After 12-18 hours from
the emergence, the adults mated and females start to ovi-
posit after four days (Figure 2). The mean immature devel-
opmental time was 5.91 days for females and 5.70 days for
males. Unmated females did produce eggs. Duration in
days (Mean+SE) of the stages and reproductive parame-
ters of P. corniger are given in Table 2.

The adults were shiny at the time of emergence. The males
can be distinguished from the female by their more elon-
gated body. The pre-oviposition, oviposition and post-ovi-
position periods includes 19.12%, 48.07% and 32.79% of
female longevity, respectively.

Predation rate

Predation data of P. corniger immature and adult stages is
given in Table 3. Larvae of P. corniger molt to protonymph
stage without feeding. The predation rate during nymphal
stage was 1.95 prey per day. Adult females consumed more
prey than adult males. The highest rate of prey consump-
tion was recorded during the oviposition period, with the
female consuming an average of 3.35 prey per day. The
higher prey consumption by females compared to males on
T. urticae has been reported in several cases for other phy-
toseiid species (e.g., Rasmy et al., 1991; Naher et al., 2005;
Khalequzzaman et al., 2007).

Population parameters

Life table parameters are appropriate indexes of popula-
tion growth under a defined set of conditions that provide
a valuable tool to determine the potential of a biocontrol
agent under different local and seasonal conditions. The
population parameters of P. corniger were calculated
based on a cohort of 27 individuals. The calculated param-
eters (Mean+SE) are shown in Table 4. The population of
P. corniger reared on T. urticae in a controlled environment
could complete a generation within 17.14+0.08 days. The
probability that an individual will survive to age x and
stage j is shown by the parameter sy (Figure 1). There was
clear overlapping in the age-stage survival curves between
successive stages, demonstrating the variable develop-
mental rates occurring among P. corniger individuals of
both sexes. The age-specific survival rate (Ix), fecundity
(mx) of P. corniger are plotted in Figure 2. It was observed
that the survival rate (Ix) and fecundity (mx) of P. corniger
decreased with as the age increased.
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Table 1. Duration in days (Mean+SE) of various life stages of Phytoseius corniger reared on the two-spotted spider mite,
Tetranychus urticae under laboratory conditions (252 2C, 55+5 % RH and 16L: 8D h photoperiod).

Developmental stages Sex! N2 Minimum Maximum Mean (+SE)
Egg Female 16 0.83 2 1.12+0.09
Male 8 0.83 1 0.95+0.365
Larva Female 16 0.5 1 0.73+0.03
Male 8 0.62 0.75 0.67+0.39
Protonymph Female 16 0.5 1.16 1.01+0.03
Male 8 1 1.16 1.05+0.88
Deutonymph Female 16 2.5 4.50 3.05+0.09
Male 8 291 3.25 3.05+0.85
Egg-Adult Female 16 4.33 8.66 6.495+0.06
Male 8 5.36 6.16 5.76+0.33
Longevity Female 16 19.25 27.75 24.18+0.21
Male 8 20.75 22.75 21.60+0.21

1Sex ratio (female: male) was approximately 2: 1 and obtained based on rearing 27 eggs which 24 of them (88.9%) devel-
oped successfully to the adult stage. 2N = Number of specimens observed.

Table 2. Duration in days (Mean+SE) of the stages and egg production of Phytoseiuus corniger at 25 + 2 °C, 55 + 5% RH,
and 16L: 8D h photoperiod, when fed Tetranychus urticae.

Stages and reproductive parameters N1 Minimum Maximum Average (+SE)
Pre-oviposition period (Days) 16 3.25 6.00 4.62+0.11
Oviposition period (Days) 16 11.00 12.50 11.62 +0.16
Post-oviposition period (Days) 16 5.00 9.25 7.93+0.13
Number of eggs per female 16 2.70 7.00 5.06+0.38

IN = Number of specimens observed.

Table 3. Predation of the predatory phytoseiid mite, Phytoseius corniger on Tetranychus urticae at laboratory conditions
(25%2 °C, 55+5 % RH and 16L: 8D h photoperiod)

Life stage Sex Minimum Maximum Mean+SE
Larvae Female 0.00 0.00 0.00
Male 0.00 0.00 0.00
Protonymph Female 1.00 3.00 2%0.191
Male 0.00 3.00 1.68+0.21
Deutonymph Female 3.00 8.00 5.85+0.37
Male 3.00 8.00 5.85+0.34
Pre oviposition 4.00 13.00 8.05+0.64
Oviposition 18.00 46.00 39.35+1.59
Post oviposition 14.00 31.00 25.95+1.22

Table 4. Population parameters (Mean+SE) of Phytoseius corniger reared on Tetranychus urticae under laboratory condi-
tions (25+2 2C, 55+5 % RH and 16L: 8D h photoperiod).

Life table parameters Mean+SE
Net reproductive rate (Ro) 3.00+£0.07*
Mean generation time (T) 17.14+0.11
Intrinsic rate of increase (r) 0.06+0.02
Finite rate of increase (1) 1.07+0.23
Doubling time (DT) 10.83+0.45

Note: Ro, net reproductive rate (?%/%/generation); T, mean generation time (days); r, intrinsic rate of increase (??/%/day);
A, finite rate of increase (day1); DT, Doubling time (days); *-the number of observed individuals were 27.
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Figure 1. Age-stage specific survival rate (sjx) of the parent cohort of bisexual Phytoseius corniger fed on Tetranychus urti-
cae under laboratory conditions (25 * 2 °C, 55 = 5% of RH, and 16L: 8D h photoperiod). Note: L stands for larva, N1 for

protonymph, and N2 for deutonymph, respectively.
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Figure 2. The age-specific survival rate (Ix), and fecundity (mx) of Phytoseius corniger fed on Tetranychus urticae under
laboratory conditions (25 + 2 °C, 55 = 5% of RH, and 16L: 8D h photoperiod).

DISCUSSION

Despite the extensive practical use of phytoseiids for bio-
logical control of some phytophgous mites, the microhabi-
tat and food preference of vast majority of the species still
remains to be unknown (McMurtry et al., 2013). Although,
several studies have been reported about the association
of Phytoseius species with tetranychid, eriophyid, tar-
sonemid and tenuipalpid mites (Vassiliou et al., 2012;
McMurtry et al., 2013), there has been no study on the bi-
ology, predation and life table parameters of the P. corniger
feeding on T. urticae. So, the preliminary results obtained
from this study are not comparable to the other studies on
other species of the genus Phytoseius. Among the few
works carried out on predation capacity of the species of
the genus Phytoseius, Duso and Vettorazzo (1999) stated
that Phytoseius finitimus (Ribaga) is a potentially useful for
the control of Panonychus ulmi Koch on grape. In labora-

tory experiments, Pappas et al. (2013) observed that P. fi-
nitimus may feed and reproduce on larvae of T. urticae, as
well as on crawlers of the greenhouse whitefly, Trialeu-
rodes vaporariorum Westwood. Also, the phytoseiid Phyto-
seius plumifer (Canestrini and Fanzago) have been men-
tioned as predator of tetranychid and eriophyid mites on
various crops in Iran (Hajizadeh et al., 2002; Nadimi et al.,
2009; Gorji et al.,, 2012; Khodayari et al., 2013). In a study
on the life table parameters of P. plumifer on T. urticae,
Goriji et al. (2012) showed that the net reproduction rate
(Ro) was 29.6 females/female and the finite rate of in-
crease (A) was noted to be the highest at 30°C (1.29 day-1).
Results of a study by Al-Azazzy and Alhewairini (2020)
suggest that P. plumifer has the ability to maintain
eriophyid and tetranychid mite densities below damaging
levels. In the present study, the net reproductive rate (Ro)
of P. corniger was 3.00+£0.07 which is very lower than those
reported by Gorgi et al. (2012) and Al-Azazzy and
Alhewairini (2020) for Phytoseius plumifer, respectively. It
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seems that P. plumifer has higher fecundity P. corniger.
This difference, could be explained by differences in rear-
ing conditions such as a higher temperature and differ-
ences in diet preference of these conspecies. It is more
likely that other preys such as tydeoid mites maybe more
preferred than T. urticae by P. corniger. The temperature
and the type of food are the main factors that affects the
population parameters considerably such as development,
fecundity and efficiency of predatory mites.

Based on our field observations as well as the laboratory
experiments, it is suggested that P. corniger is a generalist
predator and belongs to the subtype Illa, since it was found
frequently on pubescent leaves of hackerberry tree (Celtis
sp.) where there were no or only a few tydeoid mites per
leaf. Observing 4-5 individuals of P. corniger on a leaf of
hackerberry tree suggests that this phytoseiid mite might
be able to feed on pollen or can utilize plant exudates and
honeydew as survival food in the absence of prey, or as
complementary food, as has been stated by McMurtry and
Croft (1997).

Feeding P. corniger on T. urticae resulted into an intrinsic
rate of increase of 0.18 (females/female/day). The rm is a
value that is one of the basic criteria for evaluating the ef-
fectiveness of a biological control agent on their prey. The-
oretically, when a predator has a population growth rate
higher than its prey, it can regulate the population of its
prey. As the present study did not measure the rm value of
the prey, T. urticae at the same experimental conditions, it
is not possible to judge on the effectiveness of P. corniger
against T. urticae population. Further studies will reveal
more details regarding its diet preference and predatory
potential of this phytoseiid mite.
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ABSTRACT: Feather mites (Astigmata: Analgoidea and Pterolichoidea) are commensal ectosymbionts permanently living
on avian hosts. The study was based on parasitological examination of 59 bird specimens representing 28 species from
the orders Accipitriformes, Apodiformes, Columbiformes, Passeriformes, Pelecaniformes, and Strigiformes collected in
Artvin, Samsun, and Sakarya, Tiirkiye. We recovered 18 feather mite species from the families Avenzoariidae, Eustathi-
idae, Gabuciniidae, Kramerellidae, Proctophyllodidae and Pterolichidae. Among them, 11 species are recorded for the
first time in Tirkiye: Ardeacarus ardeae (Canestrini, 1878), Chauliacia securigera (Robin, 1877), Eustathia cultrifera
(Robin, 1877), Gabucinia delibata (Robin, 1877), Kramerella aluconis (Lonnfors, 1937), K. lunulata (Haller, 1878), Michae-
lia heteropus (Michael, 1881), Neochauliacia minuscula Gaud and Atyeo, 1967, Proctophyllodes musicus Vitzthum, 1922,

Pterodectes rutilus Robin, 1877 and Scutomegninia phalacrocoracis Dubinin and Dubinina, 1940.

Keywords: Acari, avian parasites, bird parasites, fauna, first record.

Zoobank: https://zoobank.org/D7E54A9B-B8C4-456F-903C-C1F752225C61

INTRODUCTION

Feather mites (Acari: Astigmata) are small arthropods
that live permanently as parasitic or commensal ecto-
symbionts on birds and can inhabit the wing, tail, and
body feathers (plumicoles), cavities of feather quills (sy-
ringicoles), feather follicles and skin (dermicoles) of their
hosts (Gaud and Atyeo, 1996; Dabert and Mironov, 1999;
Proctor, 2003). These mites are currently arranged into
two superfamilies (Analgoidea and Pterolichoidea) and
altogether include over 2500 described species (Proctor
and Owens, 2000; Mironov, 2016).

The effect of feather mites on birds is a phenomenon that
varies between parasitism and commensalism. Up to now,
studies conducted have shown that feather mites con-
sume as a food such substances as uropygial oil, cer-
atinous content of rachis, skin residues, and also, by
chance, spores, pollen, fungi and other organic materials
stuck to feathers (Walter and Proctor, 2013). Unlike ar-
thropods such as ticks, chiggers, chewing lice, fleas and
louse flies that parasitize birds, the mouth structure of
feather mites is not chewy or bloodsucking, but has a
gnawing structure (Proctor and Owens, 2000).

In several past decades, the studies on feather mites in
the world increased day by day, but when we look at the
acarological literature, there are only a few works on
feather mites in Tirkiye (Eren and Agici, 2022). The first
information about feather mites in Tiirkiye begins with
the report of Diplaegidia columbae (Buchholz, 1869) (as
Megninia columbae) and Falculifer rostratus (Buchholz,
1869) on the rock pigeons Columba livia in the book
"Turkey Parasites and Parasitological Publications (In

Turkish: Tirkiye Parazitleri ve Parazitolojik Yayinlari)"
(Merdivenci, 1970). In the subsequent years, except for
two studies (Glrler et al, 2013; Per and Aktas, 2018),
mostly narrow-scoped studies were conducted and only
45 feather mites have been reported so far from a small
number of bird species (Eren and Acici, 2022; Eren et al.,
2022). The aim of this study is to contribute to the
knowledge on feather mite diversity in Tiirkiye.

MATERIALS AND METHODS

The present study is based on parasitological examination
of dead bird carcasses brought to the Parasitology De-
partment of the Faculty of Veterinary Medicine, the On-
dokuz Mayis University (Samsun, Tirkiye), in 2022 (as
shown in Table 1). Feather mite specimens were collected
manually under a stereomicroscope using point tip twee-
zers and preserved in tubes with 70% ethanol. For identi-
fication, a representative number of mites from collected
samples were cleared 48 hours with lactophenol (Karate-
pe and Karatepe, 2015) and then mounted on microscope
slides in the Hoyer’s medium (Evans, 1992). Although
Hoyer's medium possesses cleaning properties, the well-
developed integument of the mites can preclude the de-
sired clearing. Therefore, feather mite samples can be
more easily identified by clearing them with lactophenol
before mounting (see also: Atyeo and Braasch, 1966; Or-
wig, 1967). Mite species were identified under a light
microscope (Nikon Eclipse 80i, Nikon, Tokyo, Japan) us-
ing corresponding diagnostic keys and careful descrip-
tions (Atyeo and Braasch, 1966; Atyeo and Peterson,
1967; Kwanyuen, 1973; Gaud and Atyeo, 1976, 1982;
Mironov, 1989, 1990; Gaud and Barre, 1992; Valim and
Hernandes, 2006; Peterson et al,, 2007; Han et al., 2016;
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Table 1. The identified feather mites and their hosts.

Bird species Bird family Number of Number of Mite species
examined infected
birds birds
Strigiformes
Athene noctua Strigidae 1 1 Kramerella lunulata
Strix aluco 3 1 Kramerella aluconis
Tyto alba Tytonidae 1 1 Proctophyllodes troncatus™*
Apodiformes
Apus apus Apodidae 4 2 Chauliacia securigera
Eustathia cultrifera
Neochauliacia minuscula
Charadriiformes
Chroicocephalus ridibundus Laridae 1 1 Zachvatkinia larica
Scolopax rusticola Scolopacidae 1 1 Proctophyllodes scolopacinus
Pelecaniformes
Ardea alba Ardeidae 1 1 Ardeacarus ardeae
Ardea cinerea 1 1 Scutomegninia phalacrocoracis*
Suliformes
Phalacrocorax carbo Phalacrocoracidae 1 1 Michaelia heteropus
Columbiformes
Columba livia Columbidae 7 2 Diplaegidia columbae
Falculifer rostratus
Streptopelia decaocto 1 1 Falculifer rostratus
Passeriformes
Corvus cornix Corvidae 3 1 Gabucinia delibata
Delichon urbicum Hirundinidae 1 1 Pterodectes rutilus
Phoenicurus ochruros Muscicapidae 1 1 Proctophyllodes mesocaulus
Sylvia atricapilla Sylviidae 1 1 Proctophyllodes sylviae
Turdus merula Turdidae 2 1 Proctophyllodes musicus

Number (n) of examined and no infected birds: Buteo buteo (n: 4), Buteo rufinus (n: 5) and Pernis apivorus (n: 1) from the order
Accipitriformes; Larus michahellis (n: 3) from the order Charadriiformes; Ardea purpurea (n: 1) and Ciconia ciconia (n: 7) from the
order Pelecaniformes; Rallus aquaticus (n: 1) from the order Gruiformes; Spilopelia senegalensis (n: 1) from the order Colum-
biformes; Erithacus rubecula (n: 1), Parus major (n: 1), Passer domesticus (n: 2) and Turdus philomelos (n: 1) from the order Passer-

iformes.
*Contamination.

Negm and Hassan, 2019). Mite specimens were photo-
graphed with a microscope integrated camera (Mshot
Mdx4-t, Guangzhou, China). The scale bars on all the mite
images are given in as micrometers (um). In addition, all
remaining specimens of examined feather mite samples
are preserved in Eppendorf tubes with 70% ethanol in
the Parasitology laboratory museum where the study has
been carried out.

RESULTS AND DISCUSSION

Superfamily Analgoidea Trouessart and Mégnin, 1884
Family Analgidae Trouessart and Mégnin, 1884
Subfamily Megniniinae Gaud and Atyeo, 1982

Genus Diplaegidia Hull, 1932

Diplaegidia columbae (Buchholz, 1869)

Materials examined. 4 males and 4 females from flight
feathers of the rock pigeon, Columba livia Gmelin, 1789
(Columbiformes: Columbidae), Artvin, Tiirkiye, 14 June
2022, coll. G. Eren; 4 males and 4 females from the same

host species, Samsun, Tiirkiye, 22 February 2022, coll. M.
Oztiirk.

Remarks. The genus Diplaegidia has included seven spe-
cies so far, and all of them are associated with birds of the
order Columbiformes (Cern}'l, 1975; Gaud, 1976).
Diplaegidia columbae, which we report in this study, has
been reported several times from the rock pigeons, Co-
lumba livia, and its domestic form, Columba livia domesti-
ca, in previous studies in Tiirkiye (Merdivenci, 1970). In
addition to the studies in Tirkiye, D. columbae, has been
reported so far on birds of the genera Columba Linnaeus,
1758 and Streptopelia Bonaparte, 1855 in Africa (Gaud
1976), Zenaida Bonaparte, 1838 in North and South
America (Goulart et al.,, 2011; Grossi and Proctor, 2021)
and also on the Columba livia in Europa (Rézsa 1990). The
feather mite, D. columbae, is a potential source of aller-
gens for domestic pigeon breeders or people who have
close contact with pigeons (Ferndndez-Caldas et al,
2020).

Family Avenzoariidae Oudemans, 1905

Subfamily Bonnetellinae Atyeo and Gaud, 1981
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Genus Scutomegninia Dubinin, 1951

Scutomegninia phalacrocoracis Dubinin and Du-
binina, 1940

Materials examined. 1 male and 1 tritonymph from flight
feathers of the grey heron, Ardea cinerea Linnaeus, 1758
(Pelecaniformes: Ardeidae), Samsun, Tiirkiye, 7 February
2022, coll. M. Oztiirk (as shown in Fig. 1).

Remarks. The genus Scutomegninia includes fourteen
described species associated with birds of the order Pele-
caniformes (Anhingidae, Phalacrocoracidae, Sulidae Pele-
canidae, and Threskiornithidae) (Mironov, 2000). In fact,
Scutomegninia phalacrocoracis is associated with the
great cormorant, Phalacrocorax carbo, and its finding on
the grey heron in this study is certainly a case of acci-
dental contamination. As a matter of fact, S. pha-
lacrocoracis has been reported a few on cormorant Pha-
lacrocorax hosts in African, Asia, and Europe (Atyeo and
Peterson, 1967; Mironov, 1990).

Genus Zachvatkinia Dubinin, 1949
Zachvatkinia larica Mironov, 1989

Materials examined. 2 males and 1 tritonymph from flight
feathers of the black-headed gull, Chroicocephalus ridi-
bundus (Linnaeus, 1766) (Charadriiformes: Laridae),
Samsun, Tiirkiye, 1 January 2022, coll. M. Oztiirk.

Remarks. The genus Zachvatkinia currently includes
eighteen species that are associated with birds belonging
to the order Charadriiformes (Dromadidae, Laridae, Ster-
corariidae and Sternidae) and Procellariiformes (Dio-
medeidae, Hydrobatidae, Oceanitidae, and Procellariidae)
(Negm et al., 2013). In studies conducted to date, Zach-
vatkinia larica has been reported from over 20 species
and subspecies of gulls worldwide (Asia, Europe, and
America) (Mironov, 1989; Han et al.,, 2016). In Tiirkiye,
this mite species has been reported so far only from the
yellow-legged gull, Larus michahellis Naumann, JF, 1840
(Erenetal, 2022).

Family Proctophyllodidae Mégnin and Trouessart, 1884
Subfamily Pterodectinae Park and Atyeo, 1971

Genus Pterodectes Robin, 1877

Pterodectes rutilus Robin, 1877

Materials examined. 4 males from flight feathers of the
common house martin, Delichon urbicum (Linnaeus,
1758) (Passeriformes: Hirundinidae), Samsun, Tiirkiye,
21 June 2022, coll. M. Oztiirk (as shown in Fig. 2).

Remarks. The genus Pterodectes is monotypic, and its only
representative, Pterodectes rutilus, is a cosmopolitan mite
occurring on swallows (Hirundinidae) worldwide (Asia,
Africa, Europe, and South America). Although this mite

species most commonly occurs on the barn swallow, Hi-
rundo rustica Linnaeus, 1758, in the studies conducted so
far, it has also been reported on the following of hirundi-
nids: Atticora melanoleuca (Wied, 1820), D. urbicum (Lin-
naeus, 1758), H. nigrita Gray, 1845, Riparia riparia (Lin-
naeus, 1758), R. paludicola (Vieillot, 1817), and Stelgydop-
teryx ruficollis (Vieillot, 1817) (Valim and Hernandes,
2008). In our study, P. rutilus from D. urbicum has been
reported for the first time in Tirkiye.

Subfamily Proctophyllodinae Mégnin and Trouessart,
1884

Genus Proctophyllodes Robin, 1877

Remarks. The genus Proctophyllodes with 184 described
species is most species-rich genus among all feather mite
families (Mironov, 2012; 2019; Pedroso and Hernandes,
2021). Mites of this genus are mainly associated with
birds of the order Passeriformes, with a few species from
birds of the orders Apodiformes, Charadriiformes and
Piciformes (Atyeo and Braasch, 1966; Mironov and Hal-
lan, 2022). In studies previously conducted in Tiirkiye, ten
species of this genus, Proctophyllodes cetti Badek,
Mironov and Dabert, 2008, P. clavatus Fritsch, 1961, P.
doleophyes Gaud, 1957, P. lusciniae Burdejnaja and Ki-
vganov, 2009a, P. mesocaulus Mac-Fira and Cristea, 1968,
P. rubeculinus (Koch, 1941), P. scolopacinus Vitzthum,
1929, P. stylifer (Buckholz 1869), P. sylviae Gaud, 1957
and P. troncatus Mégnin, 1877, have been reported so far
(Eren and Acici, 2022).

Proctophyllodes mesocaulus Mack-Fira and Cristea-
Nastasescu, 1968

Materials examined. 4 males and 4 females from flight
feathers of the black redstart, Phoenicurus ochruros
(Gmelin, 1774) (Passeriformes: Muscicapidae), Artvin,
Tirkiye, 21 January 2022, coll. G. Eren.

Remarks. The feather mite Proctophyllodes mesocaulus
was previously known only from the common redstart,
Phoenicurus phoenicurus (Linnaeus, 1758), in Europe
(Romania) (Mack-Fira and Cristea-Nastasescu, 1968;
Mironov et al., 2022). The finding of Proctophyllodes mes-
ocaulus on Ph. ochruros is a new host record for this mite.

Proctophyllodes musicus Vitzthum, 1922

Materials examined. 4 males and 4 females from flight
feathers of the common blackbird, Turdus merula Linnae-
us, 1758 (Passeriformes: Turdidae), Artvin, Tirkiye, 22
June 2022, coll. G. Eren (as shown in Fig. 2).

Remarks. The feather mite Proctophyllodes musicus is
restricted to thrushes of the genus Turdus (Turdidae) and
it has been reported from birds of this genus in Africa,
Asia, and Europe (Atyeo and Braasch, 1966). Proctophyl-
lodes musicus on the common blackbird, Turdus merula, is
reported herein for the first time in Ttrkiye.
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Figure 1. Scutomegninia phalacrocoracis—A. Male, B. Tritonymph (scale bars: 200).

Figure 2. Mites of the family Proctophyllodidae—A. Pterodectes rutilus, male (scale bar: 100), B-C. Proctophyllodes musi-

cus, male (scale bar: 200) and female (scale bar: 100).
Proctophyllodes scolopacinus (Koch, 1842)

Materials examined. 4 males and 4 females adult from
flight feathers the Eurasian woodcock, Scolopax rusticola
Linnaeus, 1758 (Charadriiformes: Scolopacidae), Samsun,
Tiirkiye, 27 January 2022, coll. M. Oztiirk.

Remarks. The feather mite Proctophyllodes scolopacinus is
associated with the Eurasian woodcock, S. rusticola, in
Europe and Asia, and the American woodcock, Scolopax
minor, in North America and (Atyeo and Braasch, 1966).
In studies previously conducted in Tiirkiye, P. scolopaci-
nus from the Eurasian woodcock, S. rusticola has been
reported (Giirler et al., 2013).

Proctophyllodes sylviae Gaud, 1957

Materials examined. 4 males and 4 females from flight
feathers of the Eurasian blackcap, Sylvia atricapilla;
(Passeriformes: Sylviidae), Samsun, Tiirkiye, 30 May
2022, coll. M. Oztiirk.

Remarks. The feather mite Proctophyllodes sylviae is asso-
ciated with the Eurasian blackcap, Sylvia atricapilla, in

Europa and Africa (Gaud, 1957; Atyeo and Braasch,
1966). In studies previously conducted in Tiirkiye, P. syl-
viae from the common reed warbler Acrocephalus scir-
paceus, the Cetti's warbler Cettia cetti, the common chiff-
chaff Phylloscopus collybita, the Eurasian blackcap Sylvia
atricapilla, the garden warbler S. borin, the common
whitethroat S. communis, the lesser whitethroat S. curru-
ca, and the Sardinian warbler S. melanocephala has been
reported (Giirler et al., 2013; Per and Aktas, 2018).

Proctophyllodes troncatus Robin, 1877

Materials examined. 1 male and 1 tritonymph from flight
feathers the barn owl, Tyto alba (Strigiformes: Tytonidae),
Samsun, Tiirkiye, 1 January 2022, coll. by M. Oztiirk.

Remarks. The feather mite Proctophyllodes troncatus is
associated with the sparrows of the genus Passer
(Passeridae) in worldwide (Europa, Asia, Africa, and
America) (Atyeo and Braasch, 1966; Gaud and Atyeo,
1976), and the finding on the barn owl, Tyto alba, in this
study is most probably a case of contamination most
probabaly caused by the interaction between prey and
predator. In studies previously conducted in Tirkiye, P.
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troncatus from the house sparrow Passer domesticus and
the Spanish sparrow P. hispaniolensis has been reported
(Giirler et al., 2013).

Superfamily Pterolichoidea Trouessart and Mégnin, 1984
Family Eustathiidae Oudemans, 1905

Remarks. The family Eustathiidae is restricted to swifts
(Apodiformes: Apodidae and Hemiprocnidae). Up to now,
this family has included 63 described species in 16 genera
(Kwanyuen, 1973; Peterson et al.,, 1980). In studies con-
ducted so far, three aforementioned eusththiid species,
Eustathia cultrifera, Chauliacia securigera, Neochauliacia
minuscula, and also Thysanocercus cypseli (Canestrini and
Berlese, 1881) (Analgoidea: Thysanocercidae) are known
to be common on Apus apus (Kwanyuen, 1973; Peterson
et al,, 1980; Gaud and Peterson, 1987).

Genus Chauliacia Oudemans, 1905
Chauliacia securigera (Robin, 1877)

Materials examined. 2 males from flight feathers of the
common swift, Apus apus (Linnaeus, 1758) (Apodiformes:
Apodidae), Samsun, Tiirkiye, 10 May 2022, coll. M. Oztiirk
(as shown in Fig. 3).

Remarks. The genus Chauliacia includes six described
species associated with birds of the order Apodiformes in
the Old World (Europe, Africa, and Asia) and the New
World (North America and South America). In the previ-
ous studies conducted in world, C. securigera has been
reported on the common swift Apus apus, the white-
rumped swift A. caffer, the Horus swift A. horus, the Pacific
swift A. pacificus, the pallid swift A. pallidus, the plain
swift A. unicolor, and the African palm swift Cypsiurus
parvus (Kwanyuen, 1973; Peterson et al, 1980). In the
present study, three eustathiid species detected on A.
apus, are new records for feather mite fauna in Tiirkiye.

Genus Eustathia Oudemans, 1905
Eustathia cultrifera (Robin, 1877)

Materials examined. 2 males from flight feathers of the
common swift, Apus apus (Linnaeus, 1758) (Apodiformes:
Apodidae), Samsun, Tiirkiye, 10 May 2022, coll. M. Oztiirk
(as shown in Fig. 3).

Remarks. The genus Eustathia includes nine described
species associated with birds of the order Apodiformes in
the Old World (Europe, Africa, and Asia) and the New
World (North America and South America). In the previ-
ous studies conducted in world, Eustathia cultrifera has
been reported on the African black swift Apus barbatus,
the common swift Apus apus, the little swift A. affinis, the
white-rumped swift A. cafferhas, the Horus swift A. horus,
the Pacific swift A. pacificus, and alpine swift Tachy-
marptis (Apus) melba been reported (Kwanyuen, 1973;
Peterson et al., 1980).

Genus: Neochauliacia Gaud & Atyeo, 1967

Neochauliacia minuscula Gaud and Atyeo, 1967

Materials examined. 2 males from flight feathers of the
common swift, Apus apus (Linnaeus, 1758) (Apodiformes:
Apodidae), Samsun, Tiirkiye, 10 May 2022, coll. M. Oztiirk
(as shown in Fig. 3).

Remarks. The genus Neochauliacia includes sixteen de-
scribed species associated with birds of the order Apodi-
formes in the Old World (Europe, Africa, and Asia) and
the New World (North America and South America). In
the previous studies conducted in world, N. minuscula has
been reported on the common swift Apus apus, the Afri-
can black swift A. barbatus, the pallid swift A. pallidusthe,
and alpine swift Tachymarptis (Apus) melba has been
reported (Kwanyuen, 1973; Peterson et al., 1980).

Family Falculiferidae Oudemans, 1905
Genus Falculifer Railliet, 1896
Falculifer rostratus (Buchholz, 1869)

Materials examined. 4 males and 4 females from flight
feathers of the rock pigeon Columba livia Gmelin, 1789
(Columbiformes: Columbidae), Artvin, Tirkiye, 14 June
2022, coll. G. Eren; 2 males and 2 females from the same
host species, Samsun, Turkiye, 22 February 2022, coll. M.
Oztiirk; 4 males and 4 females from flight feathers of the
Eurasian collared dove, Streptopelia decaocto (Frivald-
szky, 1838) (Columbiformes: Columbidae), Sakarya, Ti-
rkiye, 20 July 2022, coll. G. Eren.

Remarks. The genus Falculifer includes ten described
species associated with birds of the order Columbiformes
in the Old World (Europe, Africa, and Asia) and the New
World (North America, South America, and the West In-
dies) (Trouessart, 1898; Gaud, 1976; Gaud and Atyeo,
1976; Gaud and Barré, 1992). In the previous studies
conducted in Tiirkiye, Falculifer rostratus has been re-
ported on the rock pigeons, Columba livia, and its domes-
tic form, C. L domestica (Eren and Agici, 2022). The Eura-
sian collared dove Streptopelia decaocto is a new host
record for Falculifer rostratus in Tirkiye, although for-
merly it was reported from doves Streptopelia spp. and
pigeons Columba spp. in the Africa (Egypt and Morocco),
America (Brazil, Chile, and United States of America), Asia
(China, India, Korea, and Russia), Europe (Bulgaria,
France, Greece and Italy) (Gaud and Atyeo, 1976).

Family Freyanidae Dubinin, 1953

Subfamily Michaelichinae Gaud and Mouchet, 1959
Genus Michaelia Trouessart, 1884

Michaelia heteropus (Michael, 1881)

Materials examined. 2 males and 2 females from flight
feathers of the great cormorant, Phalacrocorax carbo
(Linnaeus, 1758) (Pelecaniformes: Phalacrocoracidae),
Samsun, Tiirkiye, 19 January 2022, coll. M. Oztiirk (as
shown in Fig. 4).

Remarks. The genus Michaelia includes five described
species, and all of them are associated with
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Figure 3. Mites of the family Eustathiidae—A. Chauliacia securigera, male, B. Neochauliacia minuscula, male, C. Eustathia

cultrifera, male (scale bars: 100).

Figure 4. Michaelia heteropus—A. Male, B. Female (scale bars: 200).

cormorants (Phalacrocoracidae) in Africa, America, Asia,
and Europe (Dubinin, 1953; Gaud and Atyeo, 1982; Her-
nandes et al,, 2016). In the present study, Michaelia het-
eropus on the great cormorant, Phalacrocorax carbo, is
reported for the first time in Turkiye.

Family Gabuciniidae Atyeo and Gaud, 1975
Genus Gabucinia Oudemans, 1905
Gabucinia delibata (Robin, 1877)

Materials examined. 1 female and 1 tritonymph from
flight feathers of the hooded crow, Corvus cornix Linnae-
us, 1758 (Passeriformes: Corvidae), Samsun, Tirkiye, 22
February 2022, coll. M. Oztiirk (as shown in Fig. 5).

Remarks. All three presently known species of the genus
Gabucinia —Gabucinia delibata (Robin, 1877), G.
gladiscapulata Gaud, 1960 and G. neotropica Hernandes,
2020— are associated with crows Corvidae (Passer-
iformes) (Mironov et al., 2014). Gabucinia delibata, has
been reported so far on hosts belonging to the genera
Corvus, Coloeus, and Pica across the Holarctic region

(Negm and Hassan, 2019; Hernandes, 2020); in the pre-
sent study, it is reported on the hooded crow, Corvus
cornix, for the first time in Tirkiye.

Family Kramerellidae Gaud and Mouchet, 1961
Genus Kramerella Trouessart, 1916
Kramerella aluconis (Lonnfors, 1937)

Materials examined. 3 males and 3 females from flight
feathers of the tawny owl, Strix aluco Linnaeus, 1758
(Strigiformes: Strigidae), Artvin, Tiirkiye, 22 March 2022,
coll. G. Eren (as shown in Fig. 6).

Kramerella lunulata (Haller, 1878)

Materials examined. 1 male and 1 tritonymph from flight
feathers of the little owl, Athene noctua (Scopoli, 1769)
(Strigiformes: Strigidae), Samsun, Tirkiye, 20 February
2022, coll. M. Oztiirk (as shown in Fig. 6).

Remarks. The genus Kramerella currently includes 10
species associated with birds of the orders Strigiformes
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Figure 5. Gabucinia delibata—A. Female, B. Tritonymph (scale bars: 100).

Figure 6. Kramerella species—A-B. Kramerella aluconis, male and female, C. Kramerella lunulata, male (scale bars: 100).

Figure 7. Ardeacarus ardeae—A-B. Male and female (scale bars: 200).

(Dubinin, 1953; Gaud, 1980; Gaud and Atyeo, 1996; Cerny
and Wiesner, 1992). In the previous studies in Africa and
Eurasia, Kramerella aluconis was found on Strix aluco, and
K. lunulata was formally reported from several owl spe-
cies, Athene noctua (Scopoli, 1769), Bubo lacteus (Tem-
minck, 1820), Otus scops (Linnaeus, 1758), and Tyto alba

(Scopoli, 1769), as was summarized by Philips (2000).
However, all subspecies, formerly recognized in K. lunula-
ta and restricted to particular genera of owls (Dubinin,
1953), at present are considered full species (Gaud,
1980). Therefore, the reports of K. lunulata on hosts other
than owls of the genus Athene, quite probabaly represent
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records of other Kramerella species. Kramerella aluconis
on S. aluco and K. lunulata on its type host, A. noctua, are
reported herein for the first time in Tiirkiye.

Family Pterolichidae Trouessart and Mégnin, 1884
Subfamily Ardeacarinae Gaud, 1981

Genus Ardeacarus Dubinin, 1951

Ardeacarus ardeae (Canestrini, 1878)

Materials examined. 1 male and 1 female from flight
feathers of the great egret, Ardea alba Linnaeus, 1758
(Pelecaniformes: Ardeidae), Samsun, Tiirkiye, 2 February
2022, coll. M. Oztiirk (as shown in Fig. 7).

Remarks. The genus Ardeacarus includes only one spe-
cies, Ardeacarus ardeae, having a cosmopolitan distribu-
tion (Africa, Asia, Europe, and America), has been report-
ed so far on herons of the genera Ardea, Bubulcus, Buto-
rides, Egretta, Ixobrychus, and Nycticorax (Pelecaniformes:
Ardeidae) (Dubinin, 1956; Cerny, 1967; Gaud, 1981; Han
et al., 2016). Ardeacarus ardeae on the great egret, Ardea
alba, is reported herein for the first time in Tirkiye.

Considering the investigations of the feather mite fauna
conducted in Tirkiye, it is remarkable that these studies
were mainly carried out in coastal provinces of the Black
sea, especially Samsun province (Glirler et al., 2013; Per
and Aktas, 2018). Other countries bordering the Black Sea
seem to have similar ornithofauna with Tiirkiye according
to checklists provided by the Avibase - World Bird Data-
base (Lepage, 2022), and therefore it would not be wrong
to predict that the feather mites faunas of the countries
around the Black Sea will also show similarity. The stud-
ies carried out so far in these countries reported: about
300 feather mite species in entire Russia and the former
USSR (Dubinin, 1953; 1956; Mironov, 1996; Mironov et
al,, 2022), including 146 species from only passerines in
the coastal areas of Russian Black sea (Mironov et al,
2022); over 160 species in Ukraine (Burdejnaja and Ki-
vganov, 2009a-c; 2011ab; Kivganov and Chernichko,
2007; 2009a,b; 2012); over 150 species in Bulgaria (Ko-
larova, 2015; Kolarova and Ilieva, 2021), over 30 species
in Romania (Constantinescu et al, 2013), and only 2
feather mites in Georgia/Sakartvelo (Bauer, 1939). The
diversity of feather mite fauna in Tirkiye, including to
date 56 species in 34 genera and 15 families, takes the
fourth places among the countries having a coast to the
Black Sea (Eren and Agici, 2022; Eren et al., 2022; present
study). De facto, when is compared the number of bird
species in ornithoofaunas of the relevant countries ac-
cording to the eBird database (2022), Tirkiye places the
second, with 496 bird species (versus Russia: 690; Bul-
garia: 389; Georgia: 361; Ukraine: 361; Romania: 324).
The main reason for the relatively low number of recov-
ered feather mite fauna in Tiirkiye, comparing to the rich-
ness of its ornithofauna, is the incomparably limited
number of parasitological studies of avian hosts conduct-
ed in this country. Although the first feather mite report
in Tiirkiye dates back to the 1970s, the number of studies
conducted in the past 50 years does not exceed a dozen.
With this study, which is a continuation of the feather

mite fauna studies in Tiirkiye, we aimed to contribute to
ornitho-parasitological investigations.
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OZET: Eustigmaeus absens Dogan (Acari: Stigmaeidae) akar tiiriinden kimyasal yontemle 3D kitin elde edildi ve elde edi-
len kitin iizerine glimiis nanopargaciklar: dekore edildi. Elde edilen kitinler seyreltilmis toplam yansima-fourier donii-
stimli infrared spektroskopisi (ATR-FTIR), taramali elektron mikroskobu (SEM), enerji dagilimli X-1s1n1 spektrometresi
(EDX) ve gecirimli elektron mikroskobu (TEM) analizleriyle karakterize edildi ve antibakteriyel aktiviteleri degerlendi-
rildi. Elde edilen kitinin yapisinda karbon (C), azot (N), oksijen (0) elementlerinin yer aldig, eser miktarda kalsiyum (Ca)
elementinin bulundugu belirlendi. ATR-FTIR analiziyle a-kitin i¢in karakteristik olan amid-I ve amid-II bantlar1 gézlem-
lendi. SEM goritintiileri kitin ylizeyinin makro gozenekler, mikro gozenekler ve kesik nanoliflerden olustugunu agiga ¢i-
kardi. TEM analizleri giimiis nanoparcaciklarin boyutlarinin 6-20 nm arasinda degistigini gosterdi. Stereo mikroskop ve
faz-kontrast donanimli 151k mikroskobundan alinan goriintiilerle organizmanin ii¢ boyutlu yapisini bozmadan kitinin elde
edildigini gosterdi. Ayrica giimiis nanoparcacikl kitinin Escherichia coli ATCC 25922 ve Staphylococcus aureus ATCC
29213 bakterilerine karsi antibakteriyel aktivite sergiledigi tespit edildi.

Anahtar Kelimeler: Akar, 3D kitin, glimus-kitin nanokompozit, SEM, TEM, FTIR, antibakteriyel aktivite.
Zoobank: https://zoobank.org/203D72D5-9722-4357-8F74-3CC75A208AA1

Chitin and Ag-decorated chitin nanocomposite obtained from Eustigmaeus absens (Acari:
Stigmaeidae): Isolation, characterization and antibacterial activity

ABSTRACT: 3D chitin was obtained from the mite species Eustigmaeus absens Dogan (Acari: Stigmaeidae) by chemical
method and silver nanoparticles were decorated on the obtained chitin. The resulting chitins were characterized by using
attenuated total reflectance-Fourier Transform infrared spectroscopy (ATR-FTIR), scanning electron microscope (SEM),
energy dispersive X-ray spectrometry (EDX) and transmission electron microscopy (TEM) and their antibacterial activi-
ties were evaluated. It was determined that the obtained chitin from E. absens contains carbon (C), nitrogen (N), oxygen
(O) elements and trace amount of calcium (Ca) element. The characteristic amide-I and amide-II bands for a-chitin were
observed by ATR-FTIR analysis. SEM images revealed that the surface of the chitin consists of macropores, micropores
and broken nanofibers. TEM analysis showed that the sizes of silver nanoparticles differed between 6-20 nm. Images
taken from the stereo microscope and the phase-contrast equipped light microscope showed that the chitin was obtained
without disturbing the 3D structure of the organism. In addition, it was defined that silver nanoparticle decorated chitin
exhibited antibacterial activities against the bacteria Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC
29213.

Keywords: Mite, 3D chitin, silver-chitin nanocomposite, SEM, TEM, FTIR, antibacterial activity.

GIRIS

Kitin, Yunanca zirh anlamina gelen “kiton” kelimesinden
gelmektedir ve ilk kez Fransiz bilim insani Henri Bracon-
not tarafindan 1811 yilinda mantardan kesfedilmistir.
Daha sonra 1823’de Fransiz bilim insani Odier, bocek
kutikulasini potasyum hidroksit ile muamele ederek bo-
ceklerde kitini kesfetmistir (Kocer, 2015). Kitin, tabiatta
seliilozdan sonra en bol bulunan; sert, beyaz, elastik ol-
mayan, azotlu bir biyopolimerdir ve canlilarin %70’inden
fazlasinin yapisinda bulunmaktadir (Kumar, 2000). Kitin,

yengec, karides ve 1stakoz gibi bir¢ok organizmanin dis
kabuklarindan, mantarlarin ve alglerin hiicre duvarlarin-
dan, mercan, siinger ve boceklerin ise dis iskeletlerinden
izole edilebilmektedir (Cakmak ve Koc¢ Bilican, 2021).
Kitin hidrofobik yapidadir ve giiclii hidrojen baglar igerir.
Bu sebeple her tiirlii ¢oziiclide ¢éziinmez. Mineral asitle-
rin seyreltik ¢cozeltileriyle birlesen hekzafloroaseton, klo-
roalkoller ve hekzafloroizopropanol ile %5-8 lityum klo-
riir iceren dimetilasetamit gibi toksik 6zelligi yiiksek olan
coziiciilerde ¢ozlniir (Koger, 2015). Dogada ¢ok yaygin
olarak bulunan ve bir aminopolisakkarit olan Kkitinin,
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ticari amaclarla seliiloz kadar iiretildigi diisiiniilmektedir.
Kitin, biyolojik olarak parg¢alanabilmesi, dogal bir kaynak
olmas1 ve c¢evre Kkirliligine sebebiyet vermemesi, hem
hayvan hem de bitki dokular1 i¢in uygun olmas, toksik
etkisinin olmamasi, biyolojik olarak fonksiyonel bir bile-
sik olmasi, molekiil yapisinin dontstiriilebilmesi nede-
niyle endiistriyel alanda aktif bir sekilde kullanilmaktadir
(Seyyar ve Demir, 2020). Bu o6zelliklerin sonucu olarak
kozmetikte, atik su aritiminda, ameliyat ipligi imalatinda,
yenilebilir biyofilm iiretiminde, saglikli zayiflama hapla-
rinda ve kontrollii ila¢ saliniminda yaygin olarak kulla-
nilmaktadir. Kitin ayrica antimikrobiyal, antioksidan,
antitlimor ve antikanser ¢alismalarinda da yer almaktadir
(Kaya vd., 2014a).

Eustigmaeus absens Dogan (Sekil 1) Stigmaeidae familya-
sinda yer almakta ve sadece Tiirkiye’den bilinmektedir.
Trombidiformes takiminin Raphignathoidea st familya-
sinda yer alan bu familya raphignatoidlerin en zengin
grubu olup, oldukca genis bir yayilis gostermektedir. Ttir-
lerinin ¢ogu Nearktik, Palearktik, Oryantal, Afrotropikal
ve Avustralya bolgelerinden kaydedilmistir (Fan ve
Zhang, 2005; Dogan ve Dogan, 2020). Stigmaeid akarlar
gliniimiizde 33 cins ve 600’den fazla tiirle temsil edilmek-
tedir (Fan vd., 2016, 2019; Dogan ve Dogan, 2020). Su ana
kadar Tiirkiye’den bu familyanin 11 cinsi tespit edilmis
olup, Eustigmaeus (Berlese) cinsinden 28 tiirtin kay-
di/tanim1 verilmistir (Dogan, 2019; Dogan ve Dogan,
2020).

Sekil 1. Eustigmaeus absens (disi). Dorsal gériiniim.

Eustigmaeus absens ilk defa Dogan (2005) tarafindan
Erzurum’dan tanimlanmis daha sonra Kelkit (Donel ve
Dogan, 2011) ve Harsit Vadilerinden (Dilkaraoglu vd,
2016) kaydi verilmistir. Su ana kadar sadece iilkemizden
bilinen ve baz1 katalog ve kontrol listelerinde (Dogan,
2007, 2019; Erman vd., 2007; Fan vd., 2016) gecen bu tiir,

histerozoma plaginin 5 ¢ift kil tasimasiyla cinsin diger
tiirlerinden ayrilmaktadir. Ayrica III. bacagin trokanterin-
de bir kil bulunmasi ve sirt plaklarinin ¢okgenimsi desen-
lere sahip olmasiyla yakin tiirlerden kolayca ayirt edilebi-
lir (Dogan, 2005). Yasama alani olarak daha ¢ok nemli ve
¢imenli yosunlar1 tercih eden bu tiiriin beslenme sekli
bilinmemekle birlikte, cinsin diger ¢ogu iiyesi gibi preda-
tor oldugu diistiniilmektedir.

Bu calismada; Eustigmaeus absens tiriinden kimyasal
yontemle kitin elde edildi, elde edilen kitin giimiis nano-
parcaciklarla dekore edilerek kitin-nanokompozit sentez-
lendi. Daha sonra kitinin ve giimiis (Ag)-dekore edilmis
kitin-nanokompozitin yapisal ve morfolojik o6zellikleri
aydinlatildi ve bunlarin Escherichia coli ATCC 25922 ve
Staphylococcus aureus ATCC 29213 bakteri tiirlerine karsi
antibakteriyel aktiviteleri arastirildi. Bu ¢alisma ile daha
once Kkitin eldesi ile ilgili tizerinde hi¢ ¢alisilmamis olan E.
absens tiirtintin kitin 6zellikleri a¢iga ¢ikarilarak sonraki
calismalara 151k tutmasi amaglanmistir.

MATERYAL VE YONTEM

Eustigmaeus absens Dogan oOrneklerinden elde edilen
kitin, calismanin ana materyalini olusturmaktadir. Calis-
ma siiresince kullanilan malzemelere asagida yer veril-
mistir.

Kullanilan kimyasal malzemeler

o Laktik asit, akar orneklerinin agartilmasi ve temiz-
lenmesinde %60 saflikta kullanildi.

e Hoyer eriyigi; 50 ml saf su, 200 g kloralhidrat, 20 ml
gliserin ve 30 g kristal arap zamki karistirilarak elde
edildi. Akarlarin preparasyon isleminde kullanildi.

e Degistirilmis Hoyer eriyigi, kitinlerin preparatini
yapmak i¢in saf suyla %50 seyreltilmis Hoyer kulla-
nildu

e AgNOs, elde edilen kitinler lizerinde glimiis nanopar-
tikiller bliytitmek icin 10 mM kullanildi.

o Etil alkol, akarlarin elde edilmesi asamasinda %70
saflikta, muhafaza edilmesinde %95 saflikta kulla-
nmldi.

e HC], kitin eldesi asamasinda akarlarin yapisinda bu-
lunan minerallerin uzaklastirilmasi i¢in 0,1 M, 0,5 M,
1M, 1,5Mve 2 M kullanild1.

e Kloroform-metanol-su karisimi, organizmanin yapi-
sindaki lipitlerin uzaklastirilmasi igin kullanildi.

e NaOH, akarlarin yapisinda bulunan proteinlerin
uzaklastirilmasi icin 0,1 M, 0,5M,1 M, 1,5 Mve 2 M
kullanildi.

e Saf su, akarlarin partikiillerinden arindirilmasinda
ve elde edilen Kkitinlerin sirali islemler yapilana dek
muhafaza edilmesinde kullanildi.

Kullanilan cihazlar

e Akarlarin ayiklanmasi Leica EZ4 stereo mikroskopta
yapildi
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e Preparatlar1 yapilan akar orneklerinin teshisi i¢in
Leica DM500 model 151k mikroskobu kullanild1.

e Elde edilen kitinler JSON-100 markal etiivde kuru-
tuldu.

e Tartim islemleri i¢in Ohaus markali hassas terazi
kullanildu.

e Elde edilen kitinlerin morfolojik goriintiileri Nikon
SMZ25 stereo mikroskoba entegre DS-Ri2 model diji-
tal kamera araciligi ile alindi.

e Kitinlerin preparatlar1 DM 4000B model faz-kontrast
donanimli 151k mikroskobunda incelendi.

e Elde edilen kitinlerin {izerine glimiis nanopartikiille-
rin dekore edilmesi i¢in 8 watt giiciinde 6 adet UVA
lambali Luzchem LZC-4X fotoreaktor kullanildi.

e Elde edilen kitinlerin ayrintili ylizey morfolojisi hak-
kinda bilgi saglamak icin Quanta FEG 450-FEI alan
emisyon kaynakli taramali elektron mikroskobu
(SEM) ve HITACHI HT-7700 gecirimli elektron mik-
roskobu (TEM) kullanild1.

e Kitinlerin element analizi enerji dagilimh X-Isini
spektofotometresiyle (EDX) ile belirlendi.

o Kitinlerin ATR-FTIR spektrumlari Thermo Nicolet
6700 spektrometresiyle kaydedildi.

Akarlarin eldesi, preparasyonu ve teshisi

Bu calismada, daha 6nce FBA-2019-642 numarali proje
kapsaminda Sansa Bogazi'ndan toplanan Eustigmaeus
absens ornekleri kullanildi. E. absens tiirtiniin Sansa Boga-
zi'nin  smirlar1  icinde, bir akarsu yakinlarinda
(39°33'30,9"K 40°07'11,4"D) nemli, ¢cimenli ve yosunlu
alanlarda yasadig1 belirlendi. Arazide naylon torbalara
konularak etiketlenip, laboratuvara getirilen ornekler
birlestirilmis Berlese-Tullgren hunilerinden olusan ayik-
lama diizenegine yerlestirildi. Isik kaynag1 en az 7 giin
stireyle acik birakildi. Berlese-Tullgren hunilerinin alt
tarafina yerlestirilen ve icinde %70°lik etil alkol iceren
toplama siselerine biriktirilen organizmalar Petri kaplari-
na bosaltildiktan sonra stereo mikroskop altinda ayiklan-
du.

Akarlarin eldesi ve preparasyonu konusunda Walter ve
Krantz (2009)’'un eserinden yararlanildi. Tiir teshisi icin
orneklerin agartilmasi ve temizlenmesinde %60’lik laktik
asit ¢ozeltisi kullanildi. Agartilmis 6rneklerin daimi pre-
paratlar1 Hoyer ortaminda yapildi. Teshis islemleri Dogan
(2005) ve Fan ve Zhang (2005)’e gore gercgeklestirildi.
Teshis islemleri tamamlandiktan sonra akar ornekleri
kitin eldesi icin sayilarak, etiketlenip %96’lik etil alkol
icinde ve -24°C’de muhafaza edildi.

Kitin eldesi

Kitin eldesi asamasinda organizmanin yapisindaki mine-
ralleri uzaklastirmak icin HCI ¢6zeltisi kullanild1 (Majtan
vd., 2007; Liu vd., 2012; Kim vd., 2017; Cakmak ve Kog¢
Bilican, 2021). Eustigmaeus absens i¢in uygun HCI ¢dzelti
derisimini belirlemek amaciyla, 0,1 M, 0,5M, 1,0 M, 1,5 M
ve 2,0 M HCI ¢ozeltileri hazirlandi. Hazirlanan bu farkh

derisimlerdeki asitler 0,5 mL olacak sekilde saklama tiip-
lerine konuldu. Ayni derisime sahip asitlerin farkl siire-
lerde isleme tabi tutulmasi amaciyla her bir ¢ozeltiden iki
saklama tiipii olusturuldu. Bir sonraki asamada, %96’lik
etil alkolde muhafaza edilen numuneler, Petri kaplarina
dokiilip, partikiillerinden arindirilana kadar saf su ile
yikandi. Yikanan numuneler sayilip, her biri esit sayida
olacak sekilde 10 gruba ayrildi. Bu islem sayesinde hazir-
lanan farkl derisimlerdeki asitler i¢ine esit sayida numu-
ne konulmasi saglandi. Partikiillerinden arindirilan ve
sayllan numuneler, icinde farkl derisimlerde HCI ¢o6zeltisi
bulunan saklama tiiplerine konuldu. HCI ¢6zeltisi icindeki
numuneler 60°C etiivde 6 ve 8 saat stireyle bekletildi.
Etlivden cikarilan 6rnekler noétr pH degerine ulasana ka-
dar saf su ile birka¢ kez yikandi. Her yikama isleminden
sonra pH kagidi ile kontrol edilip nétr pH degerine ulasa-
na kadar bu islem tekrar edildi. Sonrasinda her tiipte kag
numune oldugu sayildi. Sayma islemi sayesinde, drnekle-
rin hangi derisimlerde ve hangi siirede zarar goérdiigii
tespit edildi. Notr pH degerine ulasan ve sayllan numune-
ler, siradaki asama uygulanana kadar saf suda 4°C'de
buzdolabinda muhafaza edildi.

HCI ¢ozeltisinde islem géren numunelerin, yapisinda bu-
lunan proteinlerin giderilmesi i¢cin NaOH kullanild1 (Kaya
vd., 2014b; Seyyar ve Demir, 2020; Cakmak ve Kog Bili-
can, 2021). E. absens i¢cin uygun NaOH derisimini belirle-
mek amaciyla, 0,1 M, 0,5M, 1,0 M, 1,5 M ve 2,0 M derisim-
lerde NaOH c¢ozeltileri hazirlandi. Hazirlanan farkli deri-
simlerdeki bu bazlar 0,5 mL olacak sekilde saklama tiiple-
rine konuldu. Ayni derisime sahip bazlarin farkl siireler-
de isleme tabi tutulmasi amaciyla her bir ¢dzeltiden iki
saklama tiipli olusturuldu. Hazirlanan farkhi derisimler-
deki bazlarin her birine saf su ile yikanip partikiillerinden
arindirllmis E. absens numuneleri koyuldu. Numuneler,
80°C etiivde 8 ve 11 saat bekletildi. Etiivden ¢ikarilan
numuneler nétr pH degerine ulasana kadar saf su ile y1-
kandi. Sonrasinda her tiipte ka¢ numune oldugu sayildi.
Notr pH degerine ulasan ve sayillan numuneler, siradaki
asama uygulanana kadar saf suda 4°C’de buzdolabinda
muhafaza edildi.

Eustigmaeus absens’in yapisindaki yaglar1 uzaklastirmak
icin kloroform-metanol-su karisimi, hacimce 1:2:4 ora-
ninda olacak sekilde hazirland1 (Kaya vd., 2014b). Numu-
neler, belirlenen orandaki karisima koyularak, oda sicak-
higinda 30 dk. siireyle bekletildi. Karisimdan c¢ikarilan
numuneler nétr pH degerine ulasana kadar saf su ile y1-
kandi. Gerekli analizler yapilana kadar saf su icinde
4°C’'de buzdolabinda muhafaza edildi.

Elde edilen kitinler; FTIR, TEM, SEM ve EDX analizlerinin
alinmasj, 151k ve stereo mikroskopta goriintii alinimi, an-
tibakteriyel aktivite ve kitinlerin dekorasyon isleminin
yapimi i¢in kurutulmadan saf su icinde 4°C’de buzdola-
binda muhafaza edildi. FTIR analizi i¢in kitinler 6l¢iim
alinmadan dnce 3 giin 60°C’de kurutuldu.

Kitin lizerine glimiis nanoparcaciklarinin dekorasyonu

Buzdolabinda saf su iginde muhafaza edilen kitinler, dort
farkli Petriye esit sayida konuldu. Kitin numunelerinin
iizerine, kitinleri kapatacak sekilde 10 mM glimiis nitrat
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(AgNOs) cozeltisi eklendi (Hong vd., 2006; Guin vd,
2007). Daha sonra 4 Petri kab1 fotoreaktorde ultraviyole
A (UVA) 1sinlar (365 nm) altina konuldu. Birinci Petri
UVA 1sinlaria 30 dk., ikinci Petri 1 saat, ii¢iincii Petri 2
saat ve dordiincii Petri 3 saat maruz birakild.

Kitinin antibakteriyel aktivitesinin incelenmesi

Antibakteriyel aktivite deneyleri bir Gram-negatif (Esche-
richia coli ATCC 25922) ve bir Gram-pozitif (Staphylococ-
cus aureus ATCC 29213) bakteri tiirii lizerine gerceklesti-
rildi. Bakteriler Luria-Bertani sivi besiyeri icerisinde 37
2C’de, 150 rpm’de 18 saat inkiibe edilerek on kiiltiirleri
hazirlandi. Bu kiiltlirlerden ODeoo degerleri E. coli ATCC
25922 igin 0,4, S. aureus ATCC 29213 icin 0,25 olacak
sekilde taze besiyeri icerisinde diliisyonlar1 hazirlandi.
Hazirlanan bu diliisyonlardaki bakteri sayisi yaklasik
olarak 1,5 x 108/mL’dir. Kultiiriin 1 mL’si Eppendorf tiip-
lere aktarilarak santrifiij (13.000 rpm, 2 dk.) edildi. Ust
faz uzaklastirilarak pelet steril fizyolojik tuzlu su (% 0,9
NaCl) ile 1 kez yikandi. Bakteriler 108 cfu/mL olacak
sekilde steril fizyolojik tuzlu su i¢erisinde sulandirildi ve
boylece bakteriyel ¢calisma soliisyonlari hazirlanmis oldu.
Steril inokiilasyon ¢ubugu bakteri ¢alisma soliisyonlarina
daldirildiktan sonra (yaklasik 100 pL) bakteriler, Petri
kaplarinda bulunan LB agar besiyeri lizerine her noktasi-
na esit olacak sekilde yayildi. Steril agar delici (cork bo-
rer) kullanilarak agar yilizeyinde 7 mm kuyular acildu
Kuyularin igerisine aktivitesine bakilacak maddelerden
100 pL (100 uM) ilave edildi. Petri kaplar1 37 °C'de 24
saatlik inkiibasyonun ardindan kontrol (K) (¢6ziicii), saf
kitin (A) ve giimiis nanopargaciklar1 dekore edilmis kitin
(C) maddelerinin bulundugu kuyularin etrafindaki inhi-
bisyon zonlarinin ¢aplar 6l¢tldi. Ayrica kiiltiirden seri
sulandirma yapilarak canl hiicre sayimi yapildi. Canh
hiicre sayilari li¢ tekrarin ortalamasi alinarak hesaplandu.

Kitin numunelerinin karakterizasyonu

Elde edilen numunelerin yapisal ve morfolojik 6zellikleri
Fourier dontisimli kizilotesi (FTIR) spektroskopisi, ta-
ramali elektron mikroskobu-enerji dagilimli X-1s1in1 analizi
(SEM-EDX) ve gecirimli elektron mikroskobu (TEM) tek-
nikleri kullanilarak aydinlatildi.

Elde edilen kitinler, 3 giin 60°C etiivde kurutulduktan
sonra FTIR analizlerinin gergeklestirilmesi i¢in iki farkl
teknige tabii tutuldu. ilk teknikte toz haldeki kitinler ile
KBr (Potasyum bromiir) homojenlik saglanana kadar
oguitiildii. Daha sonra bu karisim yaklasik 10.000 psi’lik
basing altinda sikistirilarak saydam bir disk hazirlandi.
Elde edilen disk nemden uzak tutularak spektroskopi
cihazinda o6l¢timii alindi. Diger teknikte ise KBr ile pelet
hazirlanmadan IR cihazinin elmas yiizeyine toz haldeki
kitinler sikistirilarak ATR teknigi ile 6l¢tim alind1 (Made-
jova, 2003). Farkl iki teknikten elde edilen analiz sonug-
larina bakildiginda, ATR teknigi ile elde edilen piklerin,
pelet hazirlanarak elde edilen piklere gore daha net oldu-
gu gorildi.

Elde edilen kitinlerin SEM ve EDX analizleri gerceklestiri-
lirken, kitinlerin farkli kisimlarinin birbirine yapismasini
engellemek i¢cin numuneler kurutulmadan kullanildi. Ana-

lizlerden 6nce su hazirliklar yapildi: Karbon bant 2-3 mm
biiytikliiglinde kesilip staba yapistirildi. Saf su i¢ginde buz-
dolabinda muhafaza edilen kitinlerden analizleri yapila-
cak olan numuneler, alkole alindi. Alkole alinan numune-
ler pipet yardimiyla stab {izerine yerlestirildi. Alkoliin saf
suya gore daha hizli buharlasma 6zelligi kullanilarak stab
iizerinde sivi birikmesi engellendi. Boylelikle numunele-
rin karbon banda yapismasi saglandi. SEM, EDX analizle-
rinden dnce numunelerden daha iyi goriintii elde etmek
icin numuneler altin ile kaplandi. Altin ile kaplanan nu-
muneler SEM cihazina yerlestirildi ve kitinin farkli kisim-
larindan, farkl biliylitmede goriintiiler alind1 (Kaya vd.,
2014b, 2017).

Numunelerin Gegirimli elektron mikroskobu (TEM) go-
riintiileri, 120 kV'luk bir hizlanma voltaji altinda HITACHI
HT-7700 elektron mikroskobu ile alind1.

BULGULAR VE TARTISMA

Kitinin stereo mikroskop goriintiilerinin degerlendirilmesi

Eustigmaeus absens’in kimyasal muamele gérmemis hali-
nin iistten goriintiisii Sekil 2a’da ve yapisindaki mineral-
lerin, proteinlerin ve yaglarin uzaklastirilmasi islemlerine
tabii tutulduktan sonra elde edilen kitininin tistten goriin-
tiisti Sekil 2b’de verilmistir. Sekil 3’te ise yine E. absens’in
islemsiz ve islemli hallerinin lateral gorintiisii verilmek-
tedir.

Sekil 2. Eustigmaeus absens’in Ustten goriinimi (a) is-
lemsiz (b) islemli.

Islemsiz E. absens'in yapisinda; mineral, protein ve yaglar
mevcut oldugundan stereo mikroskop goriintiisiiniin
renkli ve viicuttaki ags1 yapilarin i¢lerinin nokta desenli
oldugu anlasilmaktadir. Yapisindaki mineral, yag ve pro-
tein uzaklastirma islemlerine tabii tutulduktan sonra
icyapisimin yok edilmesi sonucu stereo mikroskop goriin-
tiislinlin seffaf oldugu goriilmektedir. Goriintiilerden an-
lasilacag1 tizere, yapilan islemler organizmanin viicut
icerigini yok ederek kitin eldesinin saglandigini goster-
mektedir.

Sekil 3. Eustigmaeus absens’in yandan gorinimi (a)
islemsiz (b) islemli.
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Kitinin faz-kontrast donanimli 151k mikroskobu goriintii-
lerinin degerlendirilmesi

Elde edilen Kitinin asir1 derecede seffaf olmasi nedeniyle
151k mikroskobundaki goriintiilerde parlama meydana
gelmistir. Aslinda bu durum, elde edilen kitinde kalinti
olmadigini, E. absens’in iceriginin (yapisindaki mineral,
yag ve protein tiirlerinin) basarili bir sekilde uzaklastiril-
digin1 morfolojik olarak ispatlamaktadir. Calismalar,
Trachytes pauperior (Acari: Mesostigmata) tiiriinden elde
edilen kitin disinda higbir kitinin 151k mikroskobu gériin-
tiisiiniin alinmadigini gostermektedir (Cakmak ve Kog
Bilican, 2021).

Gliimiis nanoparcaciklari dekore edilmis Kitinin faz-
kontrast donanimli 151k mikroskobu goriintiilerinin deger-
lendirilmesi

Glimiis nanoparcaciklarinin dekore edildigi kitinin, faz-
kontrast donanimli 151k mikroskobundaki goriintiisii Sekil
4’te verilmistir. Gorilintllerdeki sari, mavi, turuncu ve
beyaz renkli noktalar glimiis nanopargaciklarini goster-
mektedir. Elde edilen goriintiiler glimiis nanopargacikla-
rinin kitin yiizeyinde homojen bir dagilim sergiledigini
gostermektedir.

Sekil 4. Giimiis nanopargaciklar1 dekore edilmis Kitinin
faz-kontrast donaniml 151k mikroskobu goérintiileri (a)
genel goriiniim, (b) giimiis nanopargaciklarin yakindan
gorunimiu.

Yapilan ¢alismalara bakildiginda, daha dnce kitin tizerine
glimilis nanoparcaciklarin dekore edilmedigi gériilmekte-
dir. Bu ¢alisma ile kitin tizerine ilk kez giimiis nanoparca-
ciklar1 dekore edilmis ve 151k mikroskobunda goriintiisii
alinmistir.

Kitinin SEM-EDX verilerinin degerlendirilmesi

Eustigmaeus absens’ten elde edilen kitinin EDX spektrumu
Sekil 5’te, kiitlece ve atomik element yiizdeleri Tablo 1'de
verilmistir. Buna gore elde edilen Kkitinin yapisinda agir-
likl1 olarak karbon (C), oksijen (0) ve azot (N) elementle-
rinin bulundugu ve eser miktarda kalsiyum (Ca) elemen-
tinin yer aldig1 goriilmektedir. C, N ve O elementlerinin
varligr kitinin protein yapisinda oldugunu gdsterirken,
eser miktarda Ca elementinin disindaki farkl elementlere
rastlanmamasi elde edilen kitinin neredeyse %100 saflik-
la elde edildigini gostermektedir. Akarlarda diger eklem-
bacaklilarda oldugu gibi kutikula tabakasi farkli gruplara
gore degisik derecelerde sertlesmistir yani sklerotize
olmustur (sklerotizasyon). Sertlesmede kitin lifleri pro-
tein yapisindaki bir matriks i¢cine gémiilerek hem saglam
hem de esnek bir karisim olusturur. Ayrica bu yapiya
kalsiyum ve diger inorganik tuzlarin eklenmesi ile sertli-
gin derecesi artmistir (Dogan ve Ayyildiz, 2023). Calisma

kapsaminda elde edilen kitindeki kalsiyumun varligi bunu
desteklemektedir.

C Ka1

Intensity (a.u.)

Ca Kp2
Ca Ka
7.2 9.0 10.8

Energy (keV)
Sekil 5. Eustigmaeus absens kitininin EDX spektrumu.

Tablo 1. Eustigmaeus absens Kkitininin element analiz
verileri.

C N 0 Ca
Kiitle (%) 56,04 8,7 35,05 0,21
Atomik (%) 62,35 8,3 29,27 0,07

E. absens'ten elde edilen kitinin SEM goriintiileri Sekil
6’da verilmistir. Kitinin ylizeyi incelendiginde, makro
gozenekler, mikro go6zenekler ve ylizeyin tamaminda
kesik nanolifler goriilmektedir. Makro gozeneklere daha
yakindan bakildiginda, kesintisiz nanoliflerin bir araya
gelerek farkli boyutlarda gézenekler olusturdugu anlasil-
maktadir.

Literatiire bakildiginda, kitin yiizeyinin canl gruplarina
gore farkliliklar gosterdigi goriilmektedir. Mantarlardan
elde edilen kitinin yiizey morfolojisinde genellikle nanolif-
li yapilarin, gézeneklerin goriilmedigi ve yiizey morfoloji-
sinin diiz oldugu anlasilmaktadir (Yen ve Mau, 2007).
Karides (Crustacea: Malacostraca) kabugundan elde edi-
len kitin yiizeyinin pliriizsiiz ve ¢ok sayida gozenege sahip
oldugu bilinmektedir (Abdel-Rahman vd., 2015). Ote yan-
dan Ariolimax califoinicus (Gastropoda: Stylommatopho-
ra) stimiikliboceginden elde edilen kitinde lifli ylizey
morfolojisi goriiliirken (Montroni vd., 2019), Hogna radi-
ata ve Geolycosa vultuosa (Arachnida: Araneae) adindaki
farkli iki ortimcekten elde edilen kitinlerde makro ve
mikro gozeneklerle birlikte nanoliflere rastlanmistir.
(Kaya vd., 2014b). Farkl eklembacaklilardan elde edilen
kitinlerde de farkli boyutlarda gézenekler, kesik nanolif-
ler ve piriizsiiz lifler gorilmiistiir (Sajomsang ve Gonil,
2010; Kaya vd., 2017; Seyyar ve Demir, 2020). Vespa
crabro (Hexapoda: Hymenoptera) yaban arisindan elde
edilen kitinde ise gozeneklere ve liflere ek olarak balik
pulu seklinde nano lifli yapilar gorilmistir (Kaya vd.,
2016). Ixodes ricinus (Acari: Ixodida) sert kene tiiriinden
elde edilen kitinin yiizey morfolojisinde i¢ ice karisik lifler
gozlenmistir (Kaya vd., 2015). Trachytes pauperior akar
tirtinden elde edilen Kitinin yiizey morfolojisinin de na-
nolifler ve gozeneklere sahip oldugu gorilmiustir (Cak-
mak ve Kog Bilican, 2021).
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Sekil 6. Eustigmaeus absens kitininin SEM goriintiisii: (a)
kitinin genel goriintiisi, (b) makro gézenekler, (c) makro
gozenekler ve cevresindeki mikro gozenekler, (d) makro
gozeneklerin yakindan gériiniimi.

Akarlarin yasam sekli ile derinin yapisi arasinda siki bir
iliski vardir. Deride katlanmalar, kirisikliklar, ¢izgilenme-
ler, ags1 yapilar, kiigiik yumrular, tiimsekler, ¢okiintiiler
ve gozenekler bulunabilir. Calisma sonucunda elde edilen
goruntiiler ayrintih olarak incelendiginde; Kkitinsi lifli
yapinin kesik kesik oldugu, bazi kisimlarda paralel bazi
kisimlarda ¢apraz dizayn edildigi gériilmiistiir. Bu durum
literatlirle uyum ig¢indedir (Sajomsang ve Gonil, 2010;
Kaya vd., 2014b; Kaya vd., 2015; Kaya vd., 2017; Seyyar
ve Demir, 2020; Cakmak ve Kog Bilican, 2021).

Derideki baz1 epidermis hiicreleri salgi yapacak sekilde
0zellesmistir. Bunlarin baglandig1 kanallar, viicut ve ba-
caklar ilizerinde degisik sekillerde olan gozeneklerle son-
lanir. Gozenek agikliklar1 yuvarlak veya elips seklinde
olabilir (Dogan ve Ayyildiz, 2023). Calisma kapsaminda
goruntiileri alinan gozeneklerin yuvarlaga yakin oldugu
anlasilmaktadir. Akarlarda dermal bezlerin islevleri hala
tam olarak bilinmemekle birlikte salgi tiriinlerinin semio-
kimyasal iretimiyle ilisikli olabilecegi ve dehidrasyona
kars1 koruma saglayabilecegi diistiniilmektedir (Dogan ve
Ayyildiz, 2023).

Gilimiis nanopargaciklar1 dekore edilmis kitinin SEM-EDX
verilerinin degerlendirilmesi

E. absens’ten elde edilen ve ilizerinde giimiis nanoparga-
ciklarin dekore edildigi kitinin SEM-EDX spektrumu Sekil
7 ve 8'de, kiitlece ve atomik element yiizdeleri Tablo 2’de
verilmistir.

Tablo 2. Giimiis nanoparcaciklar1 dekore edilmis kitinin
element analiz verileri.

C N 0 Ag
Kiitle (%) 31,67 4,79 23,17 40,37
Atomik (%) 54,92 7,12 30,17 7,79

Kitinin protein yapisindan kaynaklanan C, O ve N ele-
mentlerine ilaveten basarili bir dekorasyon islemini ispat-
layan Ag elementinin varligi gézlenmistir. Bu elementlere

ilaveten bagka elementlerin tespit edilmemesi Ag nano-
pargaciklarinin saf olarak elde edilen kitinin tizerine de-
kore edildigini ispatlamaktadir. Buna ilaveten giimiisiin
metalik halde oldugu ve farkl tuz yapilarinin bulunmadi-
gin1 gostermektedir.

Ag La
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Sekil 7. Giimiis nanopargaciklar1 dekore edilmis kitinin
EDX spektrumu.

Seil . Glimis nanopargacikli itinn SEM g('jrl'itiileri.

SEM gorintiileri sonucunda kitin tizerine dekore edilen
glimiislerin, kitin yiizeyinin tamaminda farkhi araliklarla
bulunduklar1 gérilmistiir (Sekil 8a-d). Giimiislerin boyut-
lar1 dlgtldiigiinde, 4 nm ile 37 nm arasinda farkliliklar
gosterdigi anlasilmaktadir (Sekil 8d).

Glimis nanoparcacikli kitinin TEM verilerinin degerlendi-
rilmesi

E. absens’ten elde edilip lizerine giimiis nanoparcaciklarin
dekore edildigi kitinin TEM goriintiileri Sekil 9’da veril-
misgtir.

TEM gorintiilerinde gorildigii gibi numunenin Kkitin
bolimii seffaf gériiniimde olup, glimiis nanopartikiillerin
ise kitin Uzerine dekore oldugu agik bir sekilde anlasil-
maktadir. Gimiis nanoparcaciklarinin kitin yiizeyindeki
dagilimi bazi bélgelerde kismi yigilmalar seklinde olmakla
beraber nispeten homojen dagilim sergiledigi goriilmek-
tedir. Dekore olan giimiis nanopargaciklari kiiresel yapiya
sahip olup parcacik ¢aplari 6 ile 20 nm arasinda degisim
gostermektedir. Yapilan calismalara bakildiginda elde
edilen higbir kitinin ve kitin ytlizeyine dekore olmus gii-
miis nanoparcaciklarinin TEM goriintiilerinin alinmadigi
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gorilmistiir. Bu ¢alisma ile giimiis nanoparcaciklari de-
kore edilmis kitinin ilk kez TEM goriintiisi alinmistir.
Kitin yiizeyindeki giimiis nanoparcaciklarin boyutunun
literatiirdeki farkl platformlar yiizeyine dekore olmus
glimiis nanopargaciklarinin boyutlariyla uyum igerisinde
olup, olduke¢a kii¢ciik nanopargacik ¢apina sahip oldugu
tespit edilmistir (Kim vd., 2005; Nazeruddin vd., 2014; Xu
vd., 2014; Niu vd., 2020). Bilindigi gibi nanoyapilarin par-
cacik boyutu kiciildiikce mikrobiyal aktivitesinde artis
gozlenmektedir (Nazeruddin vd., 2014). Calismamizdaki
glimiis nanopargaciklarinin da kiiciik boyutta olmasi anti-
bakteriyel aktivite i¢in avantajh bir durumdur.

Sekil 9. Gﬁmﬁs nanopargac1klikitinin TEM gbriintﬁleri.
Kitininin ATR-FTIR verilerinin degerlendirilmesi

Eustigmaeus absens turiinden elde edilen kitinin ATR-
FTIR spektrumu Sekil 10’da, 6nemli karakteristik titresim
bantlar1 ve dalga sayilari ise Tablo 3’te verilmistir.

FTIR kitinin protein yapisinin molekiiler konformasyonu-
nu arastirmak i¢in kullanilan en 6nemli tekniklerden biri-
sidir (Shao vd., 1999; Nimmen vd., 2008). Molekiiler kon-
formasyonun tayininde protein yapisinda bulunan amid
gruplarina ait amid-I, amid-II ve amid-III bantlar1 olarak
adlandirilan ve 1200-1700 cm™ araliginda gelen titresim
pikleri esas alinir. Amid-I bantlar1 C=0 gerilmesinden
kaynaklanir ve genellikle 1590-1700 cm! aralifinda goz-
lenir. Amid-I bandinin ikili pik halinde goériilmesi kitinin
alfa formda oldugunu ifade ederken, tek pik halinde gorii-
len amid-I bandi ise kitinin beta formda oldugunu ifade
eder (Jang vd., 2004). Amid-II bandi ise N-H ve C-N egilme
titresimleri ve amid-III bandi ise C-H egilme titresimle-
rinden meydana gelir ve 1460-1590 cm! araliginda goz-
lenirler (Koperska vd., 2014).

E. absens kitininin ATR-FTIR spektrumunda 3260, 2919,
1653, 1622, 1553, 1371, 1306, 1066 ve 1010 cm-de pik-
ler gézlenmistir. 3260 cmV'de gozlemlenen pik protein
yapisindaki N-H gerilme titresiminden kaynaklanirken,
2919 ve 2854 cm'de gozlemlenen pikler ise sirasiyla

asimetrik ve simetrik alifatik C-H gerilme titresimine
karsilik gelir. 1653 ve 1622 cm'de gozlenen IR pikleri
amid-I bandin ifade etmektedir. Amid-I bandinin ikiye
ayrilmis sekilde gozlenmesi kitinin alfa formda oldugunu
gostermektedir (Jang vd., 2004). 1553 cm''de gozlenen
pik amid-II bandinin varhgin gosterirken, 1371 cm de
gozlenen pik C-H egilmesini, 1306 cm-! amid-III bandinin
varligini, 1066 cm! C-O-C gerilmesini, 1010 cm? C-O
egilmesini ifade etmektedir.
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Sekil 10. Eustigmaeus absens’ten elde edilen kitinin ATR-
FTIR spektrumu.

Tablo 3. Eustigmaeus absens’ten elde edilen kitinin ATR-
FTIR titresim bantlari.

Dalga Sayis1  Titresim Tirii

(cm)

3260 N-H gerilme

2919 Alifatik C-H gerilme

1653 Amid-I band1 (C=0 gerilme)
1622 Amid-I bandi (C=0 gerilme)
1553 Amid-II bandi (N-H egilme, C-N egilme)
1371 C-H egilmesi

1306 Amid-III band1 (C-H egilme)
1066 C-0-C gerilmesi

1010 C-0 egilmesi

Bocekler (Hexapoda) iizerine yapilan ¢alismalar incelen-
diginde, Leptinotarsa decemlineata (Coloeptera) tiiriinden
elde edilen kitinin amid-I bandi 1620-1654 cm'de ikili
pik halinde ve amid-II bandi1 1542 cm''de (Kaya vd.,
2014a); Blattella germanica (Blattodea), Anoplotrupes
stercorosus (Coleoptera), Blaps tibialis (Coleoptera), Ceto-
nia aurata (Coleoptera), Geotrupes stercorarius (Coleopte-
ra), Calliphora vicina (Diptera), Coreus marginatus (He-
miptera), Lygaeus equestris (Hemiptera), Pyrrhocoris ap-
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terus (Hemiptera), Bombus lapidarius (Hymenoptera),
Formica clara (Hymenoptera), Cordulia aenea (Odonata),
Libellula quadrimaculata (Odonata) tiirlerinden elde edi-
len Kitinlerin amid-I bantlar1 1620-1654 cm'de ikili pik
halinde ve amid-II bantlar1 1553 cm'de gozlenmistir
(Kaya vd., 2014a; Kaya vd., 2015). Oriimceklerden (Ara-
neae) Hogna radiata ve Geolycosa vultuosa’dan elde edilen
kitinlerin amid-I bantlar1 1619-1654 cm-''de ikili pik ha-
linde ve amid-II bantlar1 1542 cm-'de (Kaya vd., 2014b),
Argiope bruennichi, Chaetopelma olivaceum tiirlerinden
elde edilen kitinlerin amid-I bantlar1 1620-1654 cmde
ikili pik halinde ve amid-II bantlar1 1553 cm'de go6zlen-
mistir (Kaya vd., 2015). Akarlardan (Acari) Ixodes rici-
nus’dan (Ixodida) elde edilen kitinin amid I band1 1620-
1654 cmVde ikili pik halinde ve amid-II band1 1553 cm-
de (Kaya vd., 2015) ve Trachytes pauperior’dan (Mesos-
tigmata) elde edilen kitinin amid-I band1 1621-1651 cm-
Vde ikili pik halinde ve amid-II band1 1556 cmY'de goz-
lenmistir (Cakmak ve Kog Bilican, 2021). Buna ilaveten bu
calismalarda, kitine ait N-H gerilmesi, alifatik C-H gerilme-
leri, C-H egilmeleri, Amid-III bandi, C-O-C gerilmesi ve C-O
egilmesini karsilik gelen IR piklerinin degerlerinin calis-
mamizla uyumlu oldugu goériilmiistiir. Elde edilen Kkitinle-
rin hepsinin alfa forma sahip oldugu tespit edilmistir (Ka-
ya vd., 2014a, b; Kaya vd., 2015; Cakmak ve Kog Bilican,
2021). Tim bunlar, ¢galisma kapsaminda elde edilen Kiti-
nin yiiksek saflikta oldugunu ortaya koymaktadir.

Kitinin asetilasyon derecesinin degerlendirilmesi

Asetilasyon derecesi (AD), gesitli organizmalardan elde
edilen kitinin safligin1 ortaya koyan énemli bir paramet-
redir ve NMR, XRD, elemental analiz ve FTIR analizlerin-
den hesaplanmaktadir (Majtan vd., 2007; Yen vd., 2009;
Kaya vd., 2014a; Kaya vd., 2015). FTIR'dan hesaplanan AD
degeri, 16551 ve 3450 'deki IR piklerinin absorbans
degerlerinin kullanilmasi ile asagidaki esitlikten bulunur:

Asetilasyon derecesi (AD): (A1sss / As4s0) X 100

Bu calismada elde edilen kitinin AD degeri, yukaridaki
esitlik kullanilarak hesaplanmis ve %117 bulunmustur.
Yapilan ¢alismalara bakildiginda; Blattella germanica’dan
(Hexapoda: Blattodea) elde edilen kitinin AD degeri ele-
mental analiz ile hesaplandiginda %94,5 bulunurken FTIR
ile hesaplandiginda %127, Cetonia aurata’dan (Hexapoda:
Coleoptera) elde edilen kitin AD degeri elemental analiz
ile hesaplandiginda %70,1 bulunurken FTIR ile hesaplan-
diginda %128, Coreus marginatus’tan (Hexapoda: Hemip-
tera) elde edilen kitinin AD degeri elemental analiz ile
hesaplandiginda %79,1 bulunurken FTIR ile hesaplandi-
ginda %150 bulunmustur (Kaya vd., 2015). Tiim bunlar,
Eustigmaeus absens’ten elde edilen kitinin AD degerinin
literatiirle uyum icinde oldugunu ve elde edilen kitinin
yuksek saflik gosterdigini desteklemektedir. Literatiirde,
FTIR ile hesaplanan AD degerinin elemental analiz ile
hesaplanan AD degerine gore daha yiiksek ¢iktig1 ve bu
degerin ¢ogunlukla %100’in tUzerinde oldugu yapilan
calismalarla ortaya konmustur (Majtan vd., 2007; Yen vd.,
2009; Kaya vd., 2014a; Kaya vd., 2015). Bu durum ele-
mental analiz analizinin kantitatif, FTIR analizinin ise yari
kantitatif olmasindan kaynaklanmaktadir.

Kitin ve glimiis nanoparcaciklar1 dekore edilmis Kkitinin
antibakteriyel aktivite verilerinin degerlendirilmesi

Petri kaplarindaki inhibisyon zonlari incelendiginde (Se-
kil 11) kontrol ve saf kitin her iki bakteriye karsi antibak-
teriyel aktivite gostermemesine ragmen glimiis nanopar-
caciklar1 dekore edilmis kitine ait kuyularda E. coli ATCC
25922 i¢in 15 mm, S. aureus ATCC 29213 i¢in 11 mm
capinda etkinlik zonlar1 tespit edilmis olup giimiis nano-
parcaciklari dekore edilmis kitinin her iki mikroorganiz-
maya karsi antibakteriyel aktivitesinin bulundugu anla-
silmistir. Literatiirde 6nerilen olasi mekanizma g6z 6niine
alinarak, glimiis nanoparcaciklarin inkiibasyonu sirasinda
Ag* iyonlan ekilen kuyucuklarda kademeli olarak dagilir
ve ardindan bu Ag* iyonlar1 bakteri hiicre duvarina yapi-
sir ve metabolik aktiviteyi bozar. Boylece hiicre zarinin
deformasyonuna bagh olarak zar gecirgenliginin artma-
siyla beraber gerek Ag* iyonlar1 gerekse glimiis nanopar-
caciklar1 bakteri hiicresine difiize olarak DNA hasarina
sebep olurlar (Slavin vd., 2017; Dogan, 2022; Poudel ve
Kim, 2023).

S.aureus

Sekil 11. Saf kitin ve giimiis nanoparg¢aciklar1 dekore
edilmis kitinin E. coli ATCC 25922 ve S. aureus ATCC
29213’e kars1 antibakteriyel aktivitelerinin kuyu difiizyon
goriintiileri. K (Kontrol), A (Kitin), C (Glimiis nanoparga-
cikl kitin.

Glimiis nanoparcaciklar1 dekore edilmis kitinin, Gram-
negatif (E. coli ATCC 25922) bakterinin antibakteriyel
aktivitesinin Gram-pozitif (S. aureus ATCC 29213) bakte-
riye karsi olan antibakteriyel aktiviteden daha fazla oldu-
gu gorilmistir. Bu durum Gram-negatif (E. coli ATCC
25922) bakterideki negatif yiike sahip yapilar pozitif ytik-
1ii Ag* iyonlarini elektrostatik olarak ¢ekerek bakteri hiic-
resine diffiizyonlarim1 ve hiicreye alinimlarini arttirarak
daha fazla hasara sebep olmalariyla iliskilendirilebilir
(Slavin vd., 2017; Dogan, 2022).

Maddelerin antibakteriyel aktiviteleri ayrica sivi besiyeri
ortaminda da test edilmistir. Bunun i¢in yukarida bahse-
dildigi gibi bakteri calisma soliisyonlar1 hazirlanmistir.
Soliisyonlarin 500 pL’si steril Eppendorf tiipiine aktaril-
mis ve Ustlerine kimyasallar konsantrasyonlar1 100 uM
olacak sekilde ilave edilmistir. Eppendorf tiipler 37
°C’de,150 rpm’de 18 saat inkiibe edilmistir. inkiibasyon
sonunda Kkiiltlirden seri sulandirma yapilarak canl hiicre
sayim1 yapilmistir. Canli hiicre sayilari li¢ deneyin ortala-
masi alinarak hesaplanmistir. Kontrol (¢6ziicii), saf kitin
(A) ve giimis nanopargaciklar1 dekore edilmis kitin (C)
100puM kontsantrasyonlar: ile yapilan deneylerde elde
edilen canli bakteri sayisindaki azalma grafikleri Sekil
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12’de verilmistir. Sekil 12’de goriildiigii gibi saf kitin ge-
rek Gram-negatif (E. coli ATCC 25922) gerekse Gram-
pozitif (S. aureus ATCC 29213) bakterisine karsi ihmal
edilecek bir antibakteriyel aktivite sergilerken, giimiis
nanoparcaciklar: dekore edilmis kitin canli bakteri sayi-
sinda her iki bakteri icin logaritmik olarak yaklasik 105
inhibisyona sebebiyet verdigi anlasilmistir. Bu sonuglara
gore giimiis nanoparcaciklar1 dekore edilmis kitinin hem
E. coli ATCC 25922 hem de S. aureus ATCC 29213 bakteri
tiirleri lizerine antibakteriyel aktivitesi tespit edilmistir.

1,00E+09
1,00E+08
1,00E+07
1,00E+06
1,00E+05

W E. coli

1,00E+04
W S. aureus

Hiicre sayisi (Log,,)

1,00E+03
1,00E+02
1,00E+01

1,00E+00

Kontrol Kitin Ag-Kitin

Sekil 12. Saf kitin ve giimiis nanopargaciklar1 dekore
edilmis kitinin E. coli ATCC 25922 ve S. aureus ATCC
29213’e kars1 bakteri sayisindaki azalma grafikleri.

Gimiis nanoparcaciklarinin antibakteriyel 6zellikleri
gecmisten gilinlimiize ¢ok uzun yillardir bilinmekte olup
literatiirde bir¢cok arastirma grubu tarafindan da c¢alisil-
mistir (Dogan, 2022). Giimiis nanopragaciklarinin sekille-
ri ve boyutlar1 bu nanoparcaciklarin antibakteriyel 6zel-
liklerini 6nemli Ol¢lide etkileyen parametrelerdendir.
Literatiirde verildigi gibi daha kii¢iik boyutlu giimis na-
noparcaciklarinin bakterinin membranindan gegisinin
kolay olmasi ve Ag* iyonlarinin ortama saliniminin daha
kolay olmasindan 6tiirii kii¢iik boyuta sahip giimiis nano-
pargaciklar biliyiik nanopargaciklara nispeten daha iyi
antibakteriyel etki sergilemektedir (Valgas vd., 2007;
Kanmani ve Lim, 2013; Acharya vd., 2018; Premkumar
vd., 2018; Sharma vd., 2019). Buna ilaveten literatiirde
yapilan ¢alismalarda farkli sekillere sahip olan (kiiresel,
kiibik, licgen, altigen ve nanogubuk) giimiis nanoparcacik-
larinin da farkli antibakteriyel aktivite sergiledikleri tes-
pit edilmistir (Dogan, 2022). Mevcut ¢alismada giimiis
nanoparcaciklarin boyutunun 6-20 nm arasinda farklilik
gosterdigi ve kiiresel sekilde oldugu belirlenmistir. Gu-
miis nanopargaciklarin oldukga kii¢iik boyutlanmasi anti-
bakteriyel aktivitesini artirdig1 anlasilmaktadir.

SONUCLAR VE ONERILER

Bu calisma ile ilk defa, bir akar tiirii olan Eustigmaeus
absens’in 3 boyutlu yapisi korunarak basarili bir sekilde
kitin elde edilmis, elde edilen Kkitin iizerine giimiis nano-
pargaciklar1 dekore edilmis ve hem kitin hem de giimiis
nanoparcacikli kitinlerin bazi fiziksel ve kimyasal 6zellik-
leri; stereo mikroskop, faz-kontrast donaniml 1s1k mik-
roskobu, SEM, EDX, ATR-FTIR ve TEM teknikleri kullani-
larak ortaya cikarilmaya calisiimistir. Bu numunelerin

ayrica antibakteriyel aktivitelerinin degerlendirilmesi de
yapilmistir.

Arastirma sonucunda, FTIR ve EDX analizlerinden yola
cikarak; E. absens’ten kitin eldesi icin en uygun HCI ¢6zelti
derisiminin 1,5 M ve HCI ¢ozeltisinde islem gorme siiresi
6 saat, NaOH derisimi 1,0 M ve NaOH c¢ozeltisinde islem
gorme siiresi ise 8 saat olarak belirlenmistir. Kitin tizerine
glimis nanopargaciklarinin dekorasyonu i¢cin SEM ve TEM
analizleri sonuclarindan faydalanilarak, 10 mM AgNOs3
cozeltisi icindeki kitinlerin UVA 1sinlar1 altinda bekleme
siiresi 1 saat olarak belirlenmistir.

Yapilan FTIR analizi ile elde edilen Kkitinin alfa formda
oldugu ve yapilan diger calismalarla olduk¢a uyumlu pik-
ler sergiledigi gdzlemlenmistir (Zhang vd., 2000; Paulino
vd., 2006; Majtan vd., 2007; Sajomsang ve Gonil, 2010; Liu
vd., 2012; Kaya vd., 2014a; Kim vd., 2017). Gézlemlenen
piklerin keskinligi elde edilen kitinin saf oldugunu kanit-
lamaktadir. EDX verileri ile kitinin saf olarak elde edildigi
desteklenmistir. Elde edilen kitinin asetilasyon derecesi-
nin %117 bulunmasi da kitin safligin1 yansitmaktadir.
Yapilan SEM, TEM, stereo mikroskop, faz-kontrast dona-
nimli 151k mikroskobu analizleri ile kitinin ve giimiis na-
nopargaciklart dekore edilmis kitinin yiizey o6zellikleri
incelenmis ve elde edilen yiizey morfolojisinin literatiirle
benzerlik gosterdigi ortaya konmustur (Yen vd. 2009;
Kaya vd., 2015; Ibitoye vd., 2018; Cakmak ve Kog¢ Bilican,
2021). Yapilan antibakteriyel aktivite calismalar1 giimiis
nanoparcaciklar1 dekore edilmis kitinin hem E. coli ATCC
25922 hem S. aureus ATCC 29213 bakterilerine karsi
etkili oldugunu gostermistir.

Literatiir, kitin eldesinin daha ¢ok makro organizmalar-
dan yapildigini, akarlardan kitin eldesi ile ilgili sadece
dort ¢alismanin (Sobotnik vd., 2008; Choi vd., 2016; Kaya
vd., 2015; Cakmak ve Kog Bilican, 2021) mevcut oldugunu
gostermektedir. Akarlarin mikro boyutta olmasi ve elde
edilmelerinin zahmetli olusu akarlar iizerindeki ¢alisilma-
lar1 kaginilir hale getirmektedir. Bu ¢alisma ile daha dnce
lizerinde hi¢ calisiimamis bir akar tiiriinden elde edilen
kitin verileri bu alanda ve temel bilimler diizeyinde litera-
tiir eksigini bir dl¢lide giderecek ve katki saglayacak nite-
liktedir.

Calismada kullanilan ydntemler kitinin ve glimiis nano-
pargacikli kitinin antibakteriyel, goriintiilleme ve yapisal
analizleriyle sinirlidir. Akarlardan elde edilen Kkitinin op-
tik, termik ve mekanik o6zelliklerinin agiga ¢ikarilmasi
literatiire yeni bilgiler saglayacaktir. Ayrica mevcut ¢alis-
mada kullanilan akar tiiriiniin farkl evrelerinde ve dahil
oldugu familyanin (Stigmaeidae) diger iiyelerinde Kkitin
eldesi ¢alismalar1 yapilarak, kitin 6zelliklerinin daha ay-
rintili ve karsilastirmali olarak agiga ¢ikarilmasi saglana-
bilir.

Kitinin dogal bir kaynak olmasi, biyolojik olarak parcala-
nabilmesi, toksik olmamasi, antimikrobiyal ve antioksi-
dan olusu tarim, tip, gida endistrisi, tekstil ve kozmetik
gibi alanlarda kullanimini saglar. Bu ¢alisma sonucu elde
edilen saf ve giimiis nanoparcacikl kitin bahsi gecen alan-
larda kullanilabilir.
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ABSTRACT: Ticks are obligate blood-sucking ectoparasites of vertebrate animals, including mammals, birds, reptiles, and
even amphibians. As a suitable host, birds may carry and spread ticks and serve as reservoirs for some tick-borne patho-
gens. The present study reports an impressive tick infestation on a long-legged buzzard, Buteo rufinus (Cretzschmar), in
Tiirkiye. One hundred fifty-nine engorged nymphal ticks were removed with tweezers from a B. rufinus in the Wildlife
Rescue Rehabilitation, Training, Practice, and Research Center (AKUREM), Afyon Kocatepe University, Afyonkarahisar
province, Tiirkiye. All ticks were morphologically identified as the Hyalomma marginatum group. For accurate species
identification, a molecular study on randomly selected two engorged nymphs was performed through Polymerase Chain
Reaction (PCR) amplification of a ~460 bp fragment of the mitochondrial 16S rRNA gene. Comparing our mitochondrial
16S rRNA sequences with those from the NCBI Genbank database showed that our ticks have a significant genetic similarity
over 99% with Hyalomma marginatum Koch. Further, the extracted tick DNAs were also screened for the presence of Rick-
ettsia, Borrelia and Bartonella bacteria targeting the rickettsial citrate synthase (gltA, ~750 bp), flagellin B (flaB, ~659 bp),
NADH dehydrogenase gamma subunit (nuoG, ~346) genes, respectively; but samples were negative for these bacteria. To
our knowledge, this is the first report of H. marginatum infesting B. rufinus in Tiirkiye and the first observation of the

massive infestation of H. marginatum on B. rufinus.

Keywords: Biodiversity, fauna, birds, parasites, vectors, wild animals.

Zoobank: https://zoobank.org/3683C863-40D0-40F2-A787-4FCC02BF4B11

INTRODUCTION

Ticks (Ixodidae) are ectoparasites that have to suck blood
throughout all developmental stages in terrestrial verte-
brates, mainly mammals and birds. Today, there are a
thousand tick species in three living families: Ixodidae
(778 species), Argasidae (221 species) and Nuttalliellidae
(1 species). In addition, the extinct families Deinocrotoni-
dae (2 species) and Khimairidae (1 species) were de-
scribed based on fossil materials from Burmese amber in
Northern Myanmar (Dantas-Torres, 2018; Chitimia-Do-
bler et al,, 2022; Guglielmone et al., 2023). Due to its geo-
graphical location and climatic characteristics, Tiirkiye has
vegetation, habitats and rich wildlife, allowing a suitable
habitat for various tick species. In studies conducted in the
country, more than 50 tick species belonging to the Ixodi-
dae and Argasidae families have been reported (Bursali et
al,, 2012; Keskin et al.,, 2014; Keskin and Selguk, 2021).

Ticks serve as a reservoir of various pathogenic organisms
and play an important role in transmitting many patho-
gens to their hosts, animals, and humans (Jongejan and
Uilenberg, 2004; Stafford, 2007; Dantas-Torres et al,
2012). In addition, many ticks may infest a single host ani-
mal, cause anaemia and weight loss in animals, and even

cause death if they can suck blood excessively (Uilenberg,
1992).

Tirkiye has a rich bird fauna, but ectoparasites of birds are
unfortunately poorly studied. Although various studies on
ticks infesting birds, mainly passerines, have been recently
conducted (Keskin et al., 2014; Keskin and Erciyas-Yavuz,
2016, 2019); there is still limited information about the
ticks infesting many bird species in Tiirkiye. In previous re-
ports, more than twenty tick species belonging to the
genera Amblyomma, Argas, Dermacentor, Haemaphysalis,
Hyalomma, Ixodes, Ornithodoros and Rhipicephalus in-
fested on birds have been reported in Tiirkiye (Bursali et
al, 2012; Keskin et al., 2014; Keskin and Erciyas-Yavuz,
2016, 2019; Eren and Agici, 2021). One of the tick species
infested birds in Tiirkiye is Hyalomma marginatum. The
tick species is the primary vector of the Crimean-Congo
Hemorrhagic Fever Virus (CCHFV), which is endemic in Af-
rica, southern Europe, the Middle East and Asian countries
(Ergoniil, 2009). It has high ecological plasticity and can
adapt to regions where low or moderate humidity and a
long dry season. All active stages of the tick typically live in
the steppe, savannah and scrubland hill and valley bio-
types in North Africa and Western Asia (Santos-Silva and
Vatansever, 2017).
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In the present study, we reported the massive infestation
of Hyalomma marginatum Koch on the long-legged buz-
zard, Buteo rufinus (Cretzschmar), in Tirkiye.

MATERIALS AND METHODS
Collection and morphological identification of ticks

One hundred fifty-nine engorged nymphal ticks were re-
moved with tweezers from a B. rufinus in the Wildlife Res-
cue Rehabilitation, Training, Practice, and Research Center
(AKUREM), Afyon Kocatepe University, Afyonkarahisar
province, Turkiye. Ticks were placed in glass tubes con-
taining 70% ethanol and sent to the Parasitology Research
Laboratory, Department of Biology, Tokat Gaziosmanpasa
University, Tokat province of Tiirkiye. Ticks were morpho-
logically identified using keys by Apanaskevich and Horak
(2008) and Estrada-Pefa et al. (2017).

A molecular study was performed on randomly selected
two engorged nymphs for accurate species identification.

DNA isolation and Polymerase Chain Reaction (PCR)

DNA isolation of ticks was performed by a commercial DNA
extraction kit (PureLink™ Genomic DNA Mini Kit, Invitro-
gen, Carlsbad, CA, USA) with minor modifications, accord-
ing to the manufacturer’s protocol. Briefly, ticks were
rinsed in absolute ethanol and dried in a 1.5 ml plastic tube
before DNA isolation. After the samples were dried en-
tirely, the tick was mechanically crushed in 180 pl of Diges-
tion Buffer, and 40 pl of Proteinase K was added and incu-
bated overnight at 55 °C. The samples were centrifuged at
max speed for 3 minutes, and the supernatant was trans-
ferred to a clean tube. 20 pl of RNase A was added to the
lysate, mixed well by brief vortexing, and incubated at
room temperature for two minutes. 200 pl of Lysis/Bind-
ing buffer was added, and then 200 pl of 96% ethanol was
added to the lysate. The lysate was transferred to a spin
column and centrifuged at 10000 rpm for one minute. The
collection tube was discarded, and the spin column was
placed in a clean collection tube. 500ul of Wash Buffer 1
was added and centrifuged at 10000 rpm for one minute.
The collection tube was discarded, the spin column was
placed in a clean collection tube, and 500 pl of Wash Buffer
2 was added and centrifuged at 14000 rpm for three
minutes. The column was placed in a sterile 1.5 ml micro-
centrifuge tube, 50 pl of Elution Buffer was added, and the
isolation process was completed by centrifuging at 14000
rpm for 90 seconds. DNA concentration was evaluated us-
ing a spectrophotometer (Multiskan Go, Thermo Scientific,
Vantaa, Finland) at 260/280 wavelength, and ticks’ DNAs
were stored at -20 °C until the PCR.

For the molecular identification of ticks, DNAs of randomly
selected two engorged nymphs were screened by Polymer-
ase Chain Reaction (PCR) (Bio-Rad T100™ Thermal Cycler,
Hercules, CA, USA) amplification of a ~460 bp fragment of
the mitochondrial 16S rRNA gene using primers set 16S+1
and 16S-1. The extracted tick DNAs were also examined for
the presence of Rickettsia, Borrelia and Bartonella bacteria
by PCR using specific primers targeting the rickettsial cit-
rate synthase (gltA, ~750 bp), flagellin B (flaB, ~658 bp),

NADH dehydrogenase gamma subunit (nuoG, ~346 bp)
genes, respectively. The primer sequences are shown in
Table 1.

PCR conditions for all assays were as follows; denaturation
at 94 °C for 5 min, then 35 cycles of 40 s at 94 °C, 60 sat 51
°C, and 60 s at 72 °C, followed by 10 min at 72 °C. The PCR
reaction mixture (50 pl) contained 25 pl Dream Taq™ PCR
Master Mix 2x (Thermo Fisher Scientific, Vilnius, Lithua-
nia), 2 pl forward primer, 2 pl reverse primer, 2 pl of DNA
template and 19 pl molecular grade water.

PCR products were verified by electrophoresis in a 1% aga-
rose gel, pre-stained with ethidium bromide and visualized
using a gel documentation system (UVP, Upland, CA, USA).
Double distilled water was used as a negative control. Pu-
rified DNAs were sequenced by Macrogen Inc. (Amster-
dam, The Netherlands). For editing raw sequences and
generating consensus sequences, BioEdit Sequence Align-
ment Editor (version 7.0.1.5) was used (Hall, 1999).

RESULTS

In the present study, we collected 159 engorged nymphal
ticks from a B. rufinus (Fig. 1) in the AKUREM, Afyon
Kocatepe University, Afyonkarahisar province. All ticks be-
longed to the Hyalomma marginatum complex. Due to a
lack of reliable external characters for differentiating the
immature stages of H. marginatum complex, the morpho-
logical identification of these ticks is currently not possi-
ble; therefore, we performed a molecular study on ran-
domly selected two engorged nymphs.

According to BLAST comparisons with the NCBI GenBank
database, our sequences (0Q975264-0Q975265) obtained
in nymphal Hyalomma were 99.78% similar to Hyalomma
marginatum isolate Hymrl (KT391060) from Israel,
99.55% Hyalomma marginatum isolate HM-Z384US 2017
(MW172439) from Italy, and 99.56% Hyalomma margina-
tum isolate 1 (OL347853) from Tiirkiye.

For the presence of Rickettsia, Borrelia and Bartonella bac-
teria, the tick DNAs obtained from two Hyalomma speci-
mens were also screened by PCR; but both two samples
were negative for these bacteria.

This is the first report of H. marginatum infesting B. rufinus
in Tiirkiye and the first case of the massive infestation of H.
marginatum on B. rufinus.

DISCUSSION

Wild birds play a significant role in the dispersal of both
ticks and various tick-borne diseases such as Anaplasma
phagocytophilum, Borrelia spp., Rickettsia spp. Babesia
spp., and Neoehrlichia mikurensis from one region to an-
other region (Hoogstraal et al., 1961, 1963; Dubska et al.,
2009; Movilla et al., 2012; Capek et al., 2014; Leblebicioglu
etal.,, 2014; Morozov et al,, 2022).
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Table 1. The nucleotide sequences of primers, target genes and product size were used for the PCR gene amplification.

Target Target Nucleotide sequence (5’ - 3") Productsize References

organism gene (~bp)

Ticks 16S rDNA CTGCTCAATGATTTTTTAAATTGCTGTGG 460 Black and Piesman (1994)
CCGGTCTGAACTCAGATCAAGT

Rickettsia  gltA CCTATGGCTATTATGCTTGC 750 Roux et al. (1997)
ATTGCAAAAAGTACAGTGAACA

Borrelia flaB ACATATTCAGATGCAGACAGAGGT 658 Barbour et al. (1996)
GCAATCATAGCCATTGCAGATTGT

Bartonella nuoG GGCGTGATTGTTCTCGTTA 346 Colborn et al. (2010)
CACGACCACGGCTATCAAT

Figure 1. The long-legged buzzard, Buteo rufinus, presents massive infestation by nymphs of Hyalomma marginatum ticks.
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Buteo rufinus is a medium-sized and wide-winged predator
bird seen in almost every region of our country; they are
much more common in the Inner Aegean, Central Anatolia
and Eastern Anatolia of Tiirkiye. The small and medium-
sized mammals, birds and reptiles are main foods of B. ru-
finus. The European B. rufinus are mainly migratory, but
others reside and breed in the Balkans, southern Greece
and Tiirkiye. Also, stragglers, juveniles and subadults mi-
grate to the north and west of the breeding range before
autumn (Forsman, 1999).

Like the other birds, B. rufinus is a suitable host for the
many ectoparasite species. Early studies conducted in Tii-
rkiye shown that many parasite species, including ticks
[Haemaphysalis parva (Neumann), Hyalomma spp. and
Rhipicephalus sanguineus (Latreille)] (Orkun et al., 2014,
2017) and lice [Colpocephalum nanum Piaget, Craspedor-
rhynchus platystomus (Burmeister), Degeeriella fulva
(Giebel), Kurodaia fulvofasciata (Piaget) and Laemoboth-
rion maximum (Scopoli)], could be infested on B. rufinus
(Dik and Ozkayhan, 2007; Dik and Kandir, 2021; Dik et al,,
2022).

In the present study, we reported H. marginatum ticks on
B. rufinus in Tiirkiye for the first time. Hyalomma margina-
tum is a two-host tick completed one generation per year
in nature. Its immatures mainly feed on wild small mam-
mals and ground-feeding birds, but adults prefer to feed on
artiodactyls (Guglielmone et al., 2014). In Tiirkiye, H. mar-
ginatum is one of the most common tick species on domes-
tic animals, including cattle, goats, sheep, donkeys and
horses. The tick species is responsible for the majority of
tick infestations on humans (Bursali et al., 2011; Karaer et
al,, 2011; Keskin et al,, 2015; Karasartova et al., 2018).

In the present study, we also investigated the presence of
some pathogenic bacteria, such as Rickettsia, Borrelia and
Bartonella, in two tick specimens collected from B. rufinus,
but these ticks were negative for these bacteria.

Our examination findings suggest that further studies
should be conducted to reveal the ectoparasite fauna of the
native and migratory populations of B. rufinus.
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OZET: Bu calisma Erzincan ilindeki rehabilitasyon merkezlerinde bakim ve destek hizmeti almakta olan zihinsel engelli
bireylerde D. folliculorum ve D. brevis prevalansi ve yogunlugunu belirlemek amaciyla yapilmistir. Calismaya Erzincan il
merkezinde faaliyet gosteren 7 ayri rehabilitasyon merkezinde bakim ve destek hizmeti almakta olan 217 zihinsel engelli
katilimc dahil edildi. Ornek materyalleri her bir katilimcinin yanak, nazolabial ve ¢cene bélgesinden Standart Yiizeyel Deri
Biyopsisi yontemi ile alind1 ve 1s1k mikroskobunda Demodex akar varligi ve sayisi bakimindan incelendi. Calismada zihin-
sel engellilerin %58’inde D. folliculorum (ortalama 8,34 /cm?), %25’inde D. brevis (ortalama 1,26/cm?2) olmak tlizere top-
lam %61’'inde Demodex akar (ortalama 9,59/cm?) tespit edildi. Katihmcilar Demodex prevalansi bakimindan degerlendi-
rildiginde D. folliculorum’un D. brevis’e gore yaklasik 2,3 kat daha yaygin oldugu belirlendi. Benzer sekilde cm?'deki orta-
lama akar sayis1 bakimindan degerlendirildiginde D. folliculorum’un, D. brevis’ten yaklasik 7 kat daha yogun oldugu tespit
edildi. Diger taraftan zihinsel engel siddeti arttikca Demodex akar prevalansinin arttig1 belirlenirken, Demodex yogunlu-
gunun en fazla orta diizey zihinsel engele sahip katilimcilarda oldugu tespit edildi. Sonug olarak gerek saglikli bireylerde
gerek bircok hasta grubunda oldugu gibi zihinsel engelli bireylerde de D. folliculorum ve D. brevis’in yaygin ve yogun ol-
dugu tespit edildi. Calismamizda elde edilen bulgularin dermatolojik sikayetleri olan zihinsel engelli bireylerin klinik
degerlendirme siirecinde goz dniinde bulundurulmasinin faydal olabilecegi diistiniildii.

Keywords: Demodex, epidemiyoloji, Erzincan, mental retardasyon.

Zoobank: https://zoobank.org/157C8B64-373E-4B24-852E-4F64D9952533

Prevalence and density of Demodex mites (Acari: Demodecidae) in mentally disabled
individuals

ABSTRACT: This study was conducted to determine the prevalence and intensity of D. folliculorum and D. brevis in men-
tally disabled individuals receiving care and support services in rehabilitation centers in Erzincan province. The study
included 217 mentally disabled participants who were receiving care and support services in 7 separate rehabilitation
centers operating in the provincial center of Erzincan. Sample materials were taken from the cheek, nasolabial and chin
area of each participant by Standard Superficial Skin Biopsy method and examined for the presence and number of De-
modex mites under a light microscope. In the study, D. folliculorum (mean 8.34/cm?) was detected in 58% of mentally
disabled people, D. brevis (mean 1.26/cm?) in 25%, and Demodex mites (mean 9.59/cm?) was detected in 61% of the all
participants. When the participants were evaluated in terms of Demodex prevalence, it was determined that D. folliculo-
rum was approximately 2.3 times more common than D. brevis. Similarly, when evaluated in terms of the average number
of mites per cm?, it was found that D. folliculorum was about 7 times denser than D. brevis. On the other hand, it was de-
termined that the prevalence of Demodex mites increased as the severity of intellectual disabilities increased, while it was
found that the intensity of Demodex was highest in participants with moderate mentally disabled. As a result, it was found
that D. folliculorum and D. brevis were widespread and intense in both healthy individuals and mentally disabled individ-
uals, as well as in many patient groups. It was thought that the findings obtained in our study might be useful to consider
mentally disabled individuals with dermatological complaints during the clinical evaluation process.

Keywords: Demodex, epidemiology, Erzincan, mental retardation.

GIRIS

Demodex akarlar (Acari), Trombidiformes (Reuter, 1909)
takiminin Demodecidae (Nicolet, 1855) familyasina ait
olan eklembacakli (Arthropoda) mikroskobik organizma-
lardir. Sadece memelilerde parazit olarak yasayabilen
Demodex akarlarin insanlarda yasayabilen iki tiirii tanim-
lanmistir: Demodex folliculorum Simon, 1842 ve Demodex
brevis Akbulatova (Desch ve Nutting, 1972; Rufli ve Mum-

cuoglu, 1981). Uzun opisthozomaya sahip olan D. follicu-
lorum kil folikiillerinde tek veya gruplar halinde yasarken,
kisa opisthozomaya sahip olan D. brevis sebase bezlerde
genelde tek olarak yasamaktadir (Rufli ve Mumcuogluy,
1981). Erginleri yasadig1 habitata uygun olarak puro sek-
linde bir viicuda, kitin yapida bir dis iskelete, delici agiz
pargalarina ve terminal ucunda birer cift tirnak bulunan
dort cift bacaga sahiptir. Erginlerinin ortalama yasam
siireleri 15 giin kadar olan bu organizmalar 0,3-0,4 mm
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vicut bliyiiklige sahiptir. Sahip olduklar delici agiz par-
calar1 ve ¢esitli enzimleri sayesinde folikiiler epitel hiicre-
lerin icerigi ve sebum ile beslenirler (Desch ve Nutting,
1977; Rufli ve Mumcuoglu, 1981). Demodex akarlar sag-
likh kisilerin kil folikiiliinde bazen hicbir patojenik etki
yapmadan kalabildigi halde, cilt hijyeninin iyi yapilamadi-
g1 hallerde, bagisiklik sisteminin baskilandig1 veya zayif-
ladig1 durumlarda firsat¢i patojen olabilmekte akne, roza,
perioral dermatit, seboreik dermatit ve blefarit patogene-
zinde rol oynayabilmektedir (Zeytun, 2017; Zeytun ve
Olmez, 2017; Zeytun vd., 2017; Tilki vd., 2017; Karakurt
ve Zeytun, 2018; Sar1 vd.,, 2019; Zeytun ve Yazici, 2019,
2022; Zeytun ve Karakurt, 2019).

Genel zeka islevlerine gore belirli bir diizeyin altinda olma
durumu olan zihinsel engellilik, dogumda ya da gelisimsel
donemde kendini gostermektedir Zihinsel engellilik teri-
mi genel olarak zeka geriligini (mental retardasyon) ta-
nimlamak icin kullanilir. Mental retardasyon, 18 yasindan
once ortaya cikan gelisimsel bir bozukluktur. Zeka gerili-
ginde, zihinsel islevlerde normallerden 6nemli derecede
gerilik olmasinin yani sira, giinliik yasami idame ettirme-
de gerekli olan uyumsal becerilerde yetersizlik s6z konu-
sudur. Uyumsal beceriler; beslenme, giyinme, yikanma,
tuvalet ihtiyacin1 giderme gibi 6z bakim becerileri, ev
temizligi gibi ev yasami becerileri, dili konusma ve anla-
ma ile beraber iletisim kurma becerisi, sosyal beceriler,
toplumsal yararlilik ve mesleki beceriler gibi beceri alan-
larin1 kapsamaktadir (Kémerik vd., 2012).

Giliniimiize kadar gerek Tiirkiye’de gerekse diger tlkeler-
de ¢esitli dermatolojik (akne vulgaris, rosacea, pityriasis
folliculorum, perioral dermatit, seboreik dermatit), oftal-
molojik (blefarit ve dandruf gibi) ve diger hasta grupla-
rinda (diyabet, renal yetmezlik, kanser gibi) ve saglikli
bireylerde Demodex akar prevalansini belirlemeye yone-
lik cok sayida epidemiyolojik calisma yapilmistir. Bununla
birlikte zihinsel engelli bireylerde bu konuda yapilmis
herhangi bir ¢alisma bulunmamaktadir. Bu ¢alisma Erzin-
can ilindeki rehabilitasyon merkezlerinde bakim ve des-
tek hizmeti almakta olan zihinsel engelli bireylerde D.
folliculorum ve D. brevis prevalansi ve yogunlugunu belir-
lemek amaciyla yapilmistir.

MATERYAL VE YONTEM

Calisma Erzincan il merkezinde faaliyet gosteren 7 ayri
rehabilitasyon merkezinde yiiriitildi. Calismaya bu reha-
bilitasyon merkezlerinde bakim ve destek hizmeti almak-
ta olan 217 zihinsel engelli katilimci dahil edildi. Katilim-
cilarin zihinsel engel diizeyleri rehabilitasyon merkezle-
rindeki dosya bilgilerinden alindi. Calisma igin gerekli
izinler Erzincan Binali Yildinnm Universitesi Etik Kurulu
(Karar no: 2015-1/6), Erzincan Aile ve Sosyal Hizmetler il
Miidiirliigii (Karar no: 2015-100724) ve Erzincan i1 Milli
Egitim Mudurligiinden (Karar no: 2015-4444452) alindi
ve tim katilimcilara veya vasilerine Helsinki Deklarasyo-
nu dogrultusunda bilgilendirilmis onam formu okunarak
imzalatild1.

Ornek materyalleri herbir katiimcinin yanak, nazolabial
ve cene bolgesinden Standart Yiizeyel Deri Biyopsisi
(SYDB) yontemi ile alindi. Ornek alinacak bolgeler alkol

ile temizlenip kurulandi. Temiz bir lam alinarak iizerine
bir cm?’lik alan ¢izildi. Lamin diger yiiziine bu alanin orta-
sina gelecek sekilde bir damla siyanoakrilat (Best, Anka-
ra) damlatilarak 6rnek alinacak yiizeye hafifce bastirildi
ve yaklasik bir dakika sonra yavasca kaldirildi. Ornek
materyallerinin {izerine katilimcinin adi-soyadi ve drne-
gin alindig1 bolge yazildi.

Ornek materyallerinin iizerine Hoyer eriyigi damlatilarak
lamel ile kapatildi ve preparat haline getirildi. Preparatlar
1 saat icinde 151k mikroskobunda (Leica DM750, Isvicre)
4X, 10X, 40X buyiitmelerde incelendi. Akarlarin tiir teshisi
ilgili literatiir 1s181inda (viicut uzunluguna; opisthozoma-
nin idiozoma'ya olan oranina; opistozomanin terminal
kisminin sivri veya yuvarlak olusuna; gelisim asamalari-
na; bacak ve agiz pargalarina vb. bakilarak) yapildi (Desch
ve Nutting, 1972, 1977). Preparatlarda D. folliculorum
veya D. brevis'in larva, nimf veya erginine rastlanilmasi
durumunda 6rnek materyali Demodex bakimindan pozitif
olarak kabul edildi. 1 cm?'deki ortalama Demodex sayisi;
toplam Demodex sayisinin, Demodex rastlanan katilimci
sayisina boliinmesi ile hesaplandi.

Verilerin istatistiksel degerlendirmesi SPSS 23.0 (Sosyal
Bilimler icin Istatistik Programi) (Chicago, IL, USA) prog-
ram1 kullanilarak yapildi. Degiskenlerin normal dagilima
uygunlugu Kolmogorov-Smirnov testi kullanilarak ince-
lendi. Gruplar arasi karsilastirmalar yapilirken nonpara-
metrik testlerden Mann-Whitney U ve Kruskall Wallis
testi kullanildi. Kategorik verilerin degerlendirilmesinde
ise Ki kare testi kullanildi. Demodex prevalansi ve yogun-
luk oranlar1 %95 gliven araliklari ile maksimum olabilirlik
tahmini yontemi kullanilarak hesaplandi. “P” degerinin
0.05'den kii¢iik olmas1 durumunda istatistiksel olarak
anlamli kabul edildi.

BULGULAR VE TARTISMA

Zihinsel engellilik terimi genel olarak zeka geriligini
(mental retardasyon) tanimlamak i¢in kullanilir. Mental
retardasyon, standardize edilmis testler vasitasiyla zeka
katsayisi (Intelligence Quotient, 1Q) bulunarak odl¢iilmek-
tedir. Ortalama puani 100 olan IQ seviyesinin 70’in altin-
da olmasi zeka geriligi olarak kabul edilir. Amerikan Psi-
kiyatri Birligi dort zeka geriligi diizeyi belirlemistir: hafif
derecede zeka geriligi (IQ 50-70 arasi), orta derecede
zeka geriligi (1Q 35-55 arasi), agir zeka geriligi (IQ 20-40
arasi) ve derin zeka geriligi (IQ 20-25’in altinda) (Kéme-
rik vd., 2012). Calismaya Erzincan il merkezinde faaliyet
gosteren 7 ayri rehabilitasyon merkezinde bakim ve des-
tek hizmeti almakta olan 217 zihinsel engelli katilimci
dahil edildi (135 kadin, 82 erkek, ortalama yas 25,69 +
12,82). Katilimcilarin rehabilitasyon merkezindeki dosya
bilgilerine goére 80’inin hafif (%36,9), 96’sinin orta
(%44,2) ve 41’inin agir diizeyde (%18,9) zihinsel engele
sahip oldugu ve herhangi bir dermatolojik sikayeti bu-
lunmadig tespit edildi (Tablo 1).

Calismada zihinsel engellilerin %58’'inde D. folliculorum
(ortalama 8,34/cm?), %Z25'inde D. brevis (ortalama
1,26/cm?) olmak lizere toplam %61’inde Demodex akar
(ortalama 9,59/cm?) tespit edildi.
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Tablo1. Katilimcilarin yas ve cinsiyetleri.

Zihinsel Engel Diizeyi
Hafif Orta Agir Toplam
(n: 80/217) (n: 96/217) (n: 41/217) (n: 217)
(%36,9) (%44,2) (%18,9) (%100)
Yas (y1l)
Ortalama * Standart sapma 19,51+ 7,52 28,01 + 14,42 32,29+12,13 25,69 + 12,82
Ortanca (en az - en ¢ok) 17 (10-60) 25 (11-60) 29 (14-60) 22 (10-60)
Cinsiyet
Kadin 51/80 (%64) 60/96 (%63) 24/41 (%59) 135/217 (%62)
Erkek 29/80 (%36) 36/96 (%37) 17/41 (%41) 82/217 (%38)

Tablo 2. Katilimcilarda Demodex akar prevalansi ve yogunlugu.

Zihinsel Engel Diizeyi
Hafif Orta Agir Toplam
(n: 80/217) (n: 96/217) (n: 41/217) (n: 217) p
(%36,9) (%44,2) (%18,9) (%100)
Demodex
Prevalansi
. 38/80 (%48) 59/96 (%61) 28/41 (%68) 125/217 (%58) .
D. folliculorum (GA: %36-59) (GA: %52-71) (GA: %53-83) (GA: %51-64) 0,054
0, 0, 0, 0,
D brevis 14/80 (%18) 34/96 (%35) 7/41 (%17) 55/217 (%25) 0,010
(GA: %9-26) (GA: %26-45) (GA: %5-29) (GA: %20-34)
42/80 (%53) 63/96 (%66) 28/41 (%68) 133/217 (%61) .
Demodex spp. (GA: %41-64) (GA: %56-75) (GA: %53-83) (GA: %55-68) 0.122
Ortalama Demodex
Yogunlugu 2
. 6,29 10,30 7,00 8,34
D. folliculorum (GA: 0,45-12,12)  (GA:4,92-15,68)  (GA: 2,33-11,77) (GA:5,00-11,58)  008°
. 0,95 1,65 0,82 1,26
D. brevis (GA: 0,33-1,57)  (GA:0,83-247)  (GA:0,02-1,63) (GA: 0,80-1,72)  2030°
Demodex spp. 7,24 11,95 7,82 9,59 0,002 ¢

(GA: 0,91-13,56)

(GA: 5,86-18,04)

(GA: 2,35-13,30) (GA: 5,96-13,23)

GA: %95 giiven aralig.

aDemodex/cm? yogunlugunun hesaplanmasinda sadece Demodex pozitif katilimcilar hesaba katilmistir.

b Ki-kare testi
¢Kruskal-Wallis testi

Katilimcilar Demodex prevalansi bakimindan degerlendi-
rildiginde D. folliculorum’un D. brevis’e gore yaklasik 2,3
kat daha yaygin oldugu belirlendi. Benzer sekilde
cm?’deki ortalama akar sayis1 bakimindan degerlendiril-
diginde D. folliculorum’un, D. brevis'ten yaklasik 7 kat
daha yogun oldugu tespit edildi. Diger taraftan zihinsel
engel siddeti arttikca Demodex akar prevalansinin arttig
belirlenirken, Demodex yogunlugunun en fazla orta diizey
zihinsel engele sahip katilimcilarda oldugu tespit edildi.
Zihinsel engelli gruplar1 Demodex yogunlugu bakimindan
karsilastirildiginda aradaki farklar istatistiki bakimdan
anlamli bulundu (Tablo 2).

Giinlimiize kadar gerek Tiirkiye’de gerekse diger tlkeler-
de dermatolojik ve oftalmolojik gibi, hasta gruplarinda ve
saglikli bireylerde Demodex akar prevalansini belirlemeye
yonelik ¢ok sayida epidemiyolojik ¢alisma yapilmistir.
Ancak zihinsel engelli bireylerde bu konuda giiniimiize
kadar yapilmis herhangi bir ¢alisma bulunmamaktadir.
Ulkemizde yapilan ¢alismalara bakildiginda; Gaziantep’te

rozaseli 38 hastanin %26,3’tinde ortalama 6,68/cm?, 38
kontroliin %13,1'inde ortalama 2,86/cm? tane D. folliculo-
rum saptandig belirtilmistir (Erbagc ve Ozgoztasi, 1998).
Malatya’da bobrek yetmezligi olan 67 hastanin
%40,2’sinde ortalama 6,12/cm?, 67 kontroliin %29,8’inde
0.31/cm? tane D. folliculorum bildirilmistir (Karincaoglu
vd.,, 2005). Aydin’da iniversitede 6grenim goren 102
6grencinin %34,8’inde ortalama 1,41/cm? tane D. follicu-
lorum bildirilmistir (Okyay vd., 2006). Diyarbakir'da 87
hemodiyaliz hastasinin %19,54’tinde ortalama 5,11/cm?,
87 kontroliin %10,34’linde ortalama 2,55/cm? tane D.
folliculorum tespit edilmistir (Dlizgiin ve Aytekin, 2007).
Sivas'ta kronik bobrek yetmezligi bulunan 47 hasta ve
aktif spor yapan 38 saglikli bireyin sirasi ile %25,53’1 ve
%18,42’sinde D. folliculorum tespit edilmistir (Ozgelik vd.,
2007). Afyonkarahisar’da romatoit artritli 41 hasta ve 27
kontrolde D. folliculorum yayginlig1 sirasi ile %12 ve %8
olarak bildirilmistir (Ciftci vd., 2007).
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Tablo 3. Katilmcilarin yas ve cinsiyetleri ile Demodex prevalansi ve yogunlugu arasindaki iligki.

Demodex Prevalansi p Ortalama Demodex yogunlugu p
Yas (y11)
10 - 20 55/104 (%53) 4,93
(GA: %43-63) (GA: 3,03-6,82)
_ 58/85 (%68) b 13,16 .
21-40 (GA: %58-78) 0.049 (GA: 5,47-20,84) 0,046
41-60 20/28 (%71) 12,10
(GA: %54-89) (GA: 3,94-20,26)
Toblam 133/217 (%61) 9,59
P (GA: %55-68) (GA: 5,96-13,23)
Cinsiyet
86/135 (%64) 9,57
Kadmn (GA: %55-72) (GA: 5,68-13,46)
0.349b 0,6424
47/82 (%57) 9,64
Erkek (GA: %46-68) (GA: 1,99-17,29)
Toblam 133/217 (%61) 9,59
p (GA: %55-68) (GA: 5,96-13,23)
GA: %95 giiven aralig.
aDemodex/cm? yogunlugunun hesaplanmasinda sadece Demodex pozitif katilimcilar hesaba katilmistir.
b Ki-kare testi
¢ Kruskal-Wallis testi
dMann-Whitney U testi
Afyonkarahisar’da yapilan baska bir calismada fototerapi %90,2’sinde  ortalama  2,03/cm?, 92  kontroliin

alan 45 hastanin %28,9’'unda ortalama 3,22/cm?, 43 kont-
roliin %7’sinde 0,97/cm? D. folliculorum bildirilmistir
(Kulag vd., 2008). Yine Afyonkarahisar’da tip fakiiltesinde
6grenim goéren 100 dgrencinin %11’'inde D. folliculorum
saptanmistir (Miman vd., 2008). Ordu’da yapilan bir ¢a-
lismada devlet hastanesindeki laboratuvar galisanlari,
mutfak personeli, temizlik iscileri ve hemsirelerden ali-
nan 95 oérnekten %74,7’sinin Demodex spp. bakimindan
pozitif oldugu belirtilmistir (Firat vd., 2010). Elazig’'da
258 tniversite 6grencisinin %10,07’sinde Demodex spp.
saptanmistir (Kaplan vd.,, 2012). Ordu’da yapilan baska
bir ¢calismada 300 iiniversite 6grencisinin %37’sinde De-
modex spp.'ye rastlanilmistir (Karaman vd. 2014). Ha-
tay’da 63 depresyon hastasi ve 63 kontroliin sirasi ile
%23,8'i ve %9,5'inde Demodex spp. tespit edilmistir (Ko-
kacya vd., 2014). Hatay'da yapilan baska bir ¢alismada
polikistik over sendromlu 30 hasta ve 30 kontrolde D.
folliculorum pozitifligi sirasi ile %30 ve %6,7 olarak bildi-
rilmistir (Benk Silfeler vd., 2015). Giresun’da saglik bilim-
leri fakiiltesinde 06grenim goéren 270 06grenciden
%29,7’sinde D. folliculorum, %19,5’inde D. brevis olmak
lizere %47,4’tinde Demodex spp. saptanmistir (Ozdemir
vd., 2015). Erzincan’da tniversitede 6grenim goren 385
6grencinin %80,3’iinde ortalama 6,6/cm2 D. folliculorum,
%3,6’sinda ortalama 1,3/cm? D. brevis, %50,1'inde orta-
lama 7,1/cm? Demodex spp. bildirilmistir (Zeytun vd.,
2017). Erzincan’da yapilan baska bir calismada kronik
obstriiktif akciger hastaligi (KOAH)olan 101 hastada
%82,2 D. folliculorum (ortalama 21,78/cm?), %40,6 D.
brevis (ortalama 4,70/cm?) olmak iizere %87,1 Demodex
spp. (ortalama 22,74/cm?) pozitifligi rapor edilmistir
(Zeytun ve Olmez, 2017). Diger iilkelerde yapilan calisma-
lara bakildiginda ise; Yunanistan’da rozaseli 92 hastanin

%?11,9’unda ortalama 0,16/cm? D. folliculorum saptandigl
belirtilmistir (Georgala vd., 2001). Meksika’da herhangi
bir saglik problemi olmayan 315 bireyin %16,2’sinde D.
folliculorum, %11,1'inde D. brevis olmak {lzere
%27,3'tinde Demodex spp. pozitifligi bildirilmistir (Hana
vd., 2004). Meksika’da baska bir ¢alismada rozaseli 30
hastanin %80’inde ortalama 1,90/cm?, 30 Kkontroliin
%30’'unda ortalama 0,71/cm? D. folliculorum tespit edil-
mistir (Rios-Yuil ve Mercadillo-Perez, 2013). Slovenya’da
perioral dermatitli 82 hastanin %62,2’sinde ortalama
3,23/cm?, 70 kontroliin %31,4'inde ortalama 0,66/cm?
tane D. folliculorum bildirilmistir (Dolenc Voljc vd., 2005).
Misir, Kahire’de dermatozlu 40 hastanin %82’sinde orta-
lama 11,82/cm?, 40 kontroliin %47,5’inde ortalama
1,77 /cm? D. folliculorum bildirilmistir (el-Bassiouni vd.,
2005). Cin’de 756 iiniversite 6grencisinin %60,3’tinde D.
folliculorum, %30,7’sinde D. brevis olmak {izere
%67,6’sinda Demodex spp. saptanmistir (Zhao vd., 2011).
Malezya’'da tip fakiiltesinde 6grenim goren 390 6grenci-
nin %17,2’sinde Demodex spp. saptandig1 bildirilmistir
(Isa vd., 2011). Fransa’da rozaseli 50 hastanin %96’sinda
ortalama 4,9/cm?, 47 kontroliin %74’linde ortalama
0,84/cm? D. folliculorum bildirilmistir (Casas vd., 2012).
iran’”da rozaseli 34 hastanin %47,1'inde ortalama
8,78/cm?, 34 kontroliin %20,6’sinda ortalama 4,11/cm?
tane Demodex spp. saptandig1 bildirilmistir (Talghini vd.,
2015).

Yukarida 6zetlenen ¢alismalar dikkate alindiginda D. folli-
culorum, D. brevis ve Demodex spp. prevalansi ve cm? deki
ortalama akar yogunlugu degisim araliginin sirasiyla %7 -
96 (ortalama 0,16-21,78/cm?), %3,6 - 40,6 (ortalama 1,3-
4,70/cm?2) ve %9,5 - 87,1 (ortalama 4,11-22,74/cm?) ol-
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dugu goriilmektedir. Calismamamizda D. folliculorum, D.
brevis ve Demodex spp. prevalansi ve cm?deki ortalama
akar yogunlugu bakimindan elde edilen bulgular yapilan
diger calismalarin verileri ile uyumluluk géstermektedir.
Bununla birlikte ¢alismamizda ve diger ¢alismalarda D.
folliculorum’un, D. brevis'ten daha yaygin ve yogun oldugu
tespit edilmistir. Bunun sebebi D. brevis’in cilt yiizeyinden
daha derinlerde (kil folikiillerinin altindaki sebase bez-
lerde) yasamasi, D. folliculorum’un ise kil folikillerinin
disa bakan kisminda (cilt yiizeyine daha yakin bdlgede)
yasamasl ve dolayisiyla daha kolay izole edilebilir olma-
sindan kaynaklaniyor olabilir (Tilki vd. 2017; Zeytun
2017; Zeytun ve Olmez, 2017; Zeytun ve Yazici, 20109;
Zeytun ve Karakurt, 2019).

Katilimcilarin yas ve cinsiyet 6zellikleri ile Demodex pre-
valansi ve yogunlugu arasindaki iliski Tablo 3’te ayrintili
olarak verilmistir. Calismada Demodex yogunlugunun
erkek ve kadin katilimcilarda hemen hemen ayni oldugu,
ancak Demodex prevalansinin kadinlarda erkeklerden
daha fazla oldugu tespit edildi. Diger taraftan yas artisi ile
birlikte Demodex prevalansinin arttigl belirlenirken, De-
modex yogunlugunun da benzer sekilde arttig1 ancak en
fazla yogunluga 21-60 yaslardaki katilimcilarin sahip
oldugu belirlendi. Yas gruplari Demodex prevalansi ve
yogunlugu bakimindan karsilastirildiginda aradaki farklar
istatistiki bakimdan anlamli bulundu. Yapilan diger c¢alis-
malarda Demodex prevalansinin; erkeklerde daha fazla
(Roihu ve Kariniemi, 1998; Okyay vd., 2006; Yazar vd.,
2008; Isa vd., 2011; Kaplan vd., 2012; Karaman vd., 2014;
Durmaz vd., 2015; Zeytun vd., 2017; Tilki vd., 2017; Zey-
tun ve Olmez., 2017; Sar1 vd. 2019; Zeytun ve Yazicl,
2022), kadinlarda daha fazla (Firat vd., 2010; S6nmez vd.,
2013; Ozdemir vd., 2015; Kokagya vd., 2014; Zeytun,
2017) ya da erkek ve kadinlarda esit oldugu bildirilmek-
tedir (Hana, 2004; Zhao vd., 2011b). Bununla birlikte pek
cok calismada Demodex prevalansi ve yogunlugunun yas
artisi ile birlikte arttig1 rapor edilmistir (Aycan vd., 2007;
Zhao vd. 2011; Zeytun vd., 2017; Tilki vd., 2017; Zeytun,
2017; Zeytun ve Olmez., 2017; Sar1 vd., 2019; Zeytun ve
Karakurt., 2019; Zeytun ve Yazici., 2019).

Sonug olarak gerek saglikli bireylerde gerek bir¢ok hasta
grubunda oldugu gibi zihinsel engelli bireylerde de D.
folliculorum ve D. brevis’in yaygin ve yogun oldugu tespit
edildi. Calismamizda elde edilen bulgularin dermatolojik
sikayetleri olan zihinsel engelli bireylerin klinik deger-
lendirme siirecinde goéz 6niinde bulundurulmasinin fay-
dal olabilecegi diisiintildi.
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ABSTRACT: The genus Rhinothrombium (Tanaupodidae) is represented in the world by three species: R. nemoricola (Ber-
lese, 1886), R. inopinum Hull, 1918 and R. wuxiensis Zhang, 1993. In this study, morphological characters, micrographs of
various organs and distribution of postlarval forms of R. nemoricola are given. This is the first record of the genus Rhino-

thrombium from Tiirkiye.

Keywords: Acari, biodiversity, distribution, first record, Parasitengonina.
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INTRODUCTION

Tanaupodidae Thor, 1935 comprise nine genera: two fossil
(Atanaupodus Judson and Makol, 2009, Propolyssenia
Makol, Konikiewicz and Klug, 2018) and seven extant (Eo-
thrombium Berlese, 1910, Lassenia Newell, 1957, Neota-
naupodus Garman, 1925, Polydiscia Methlagl, 1928, Rhino-
thrombium Berlese, 1910, Tanaupodus Haller, 1882, and
Tignyia Oudemans, 1937) (Makol and Featherstone, 2021).
Members of the family are mainly distributed in the Palae-
arctic region, where they are found in decomposing or-
ganic matter and soil. The fauna of Tiirkiye represents only
two known tanaupodid species; Lassenia hemsinensis Noei,
Saboori and Cobanoglu, 2018 and Eothrombium siculum
Berlese, 1910 (Sevsay, 2017; Noei et al., 2018; Karakurt
and Sevsay, 2020). The genus Rhinothrombium has the
fewest species in the family and includes three species: R.
nemoricola (Berlese, 1886), R. inopinum Hull, 1918, and R.
wuxiensis Zhang, 1993 (Makol and Wohltmann, 2012). Rhi-
nothrombium can be easily identified by the following
characteristics: Scutum with naso, and idiosoma cuticle
striate (Zhang, 1993). We here introduce a new record to
contribute to the knowledge to mite diversity of Tiirkiye.

MATERIALS AND METHODS

Mite specimens were collected from Erzincan and Tunceli
provinces of Eastern Tiirkiye. The specimens were ex-
tracted by Berlese-Tullgren funnels. The examined materi-
als were preserved in 70% ethanol and cleared in 9% KOH.
Specimens for microscope studies were fixed on slides in
Hoyer’s medium (Walter and Krantz, 2009). The morpho-
logical terminology follows those of Makol (2007) and
Saboori et al. (2009). For measurements and micrographs
an Olympus BX63 and Leica 3000 microscope were used.
Micrometers (um) is used for all measurements. The slides
are deposited in the Acarology Laboratory of Erzincan Bi-
nali Yildirim University, Erzincan, Tiirkiye (EBYU).

RESULTS

Family: Tanaupodidae Thor, 1835

Genus: Rhinothrombium Berlese, 1910
Rhinothrombium nemoricola (Berlese, 1886)

Larva. Unknown.

Adult (n=2): Colouration reddish to brown. Idiosoma
slightly elongate, length 1553-1650 and width 989-1075.
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Figur 1. Rhinothrombium nemoricola (adult). Ventral
view of gnathosoma.

One pair of nude galealae (cs, 47-49), two pairs of nude an-
terior hypostomalae (asz, 10-12 and asz, 30-34), one pair of
nude subcapitular setae (bs, 58-72), bs longer than cs (Fig.
1). Cheliceral blade serrated along the inner edge. Palp tar-
sus slightly narrowing towards the end, rounded distally
and extending behind the termination of palp tibial claw,
covered with numerous solenidia at the top (Fig. 2A).
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Figure 2. Rhinothrombium nemoricola (adult). A) Palp tarsus, B) Posterior dorsal idiosomal setae, C) Crista metopica,
D) An unpaired sclerite in front of the genital opening.

D

Figure 3. Rhinothrombium nemoricola (deutonymph). A) Crista metopica, B) The genital opening.
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Table 1. Leg measurements.

Adult-1 Adult-2 Deutonymph
Legl
Ta_l (L/W) 310/150 284/147 147/72
Ti_l 225 214 102
Ge_l 183 163 86
Tf 156 145 72
Bf I 164 157 47
Tr.l 96 68 35
Cx_I 179 175 100
Leg Il
Ta_ll 215 192 92
Ti_ll 134 127 58
Ge Il 115 98 47
Tf 11 95 88 45
Bf II 96 94 48
Tr_ Il 71 63 35
Cx_II 198 181 87
Leg II1
Ta_Ill 208 198 90
Ti_Ill 163 133 59
Ge_lII 124 100 43
TE_II1 103 88 37
Bf_III 99 86 40
Tr_Ill 102 89 47
Cx_II1 172 164 89
Leg IV
Ta_IV 272 247 119
Ti_IV 250 236 100
Ge_1V 173 181 68
TE IV 139 153 44
Bf_1V 113 110 48
Tr_IV 154 136 49
Cx_IV 217 229 98
1P 4424 4199 1935

Dorsal opistosomal setae simple (49-66), uniform, slightly
thickened stem, narrowing towards tip, spine-like, without
setulose, inserted on prominent sclerites (Fig. 2B). Crista
metopica strongly sclerotized. The border of the anterior
region of the crista metopica not clear. Scutum with pro-
jecting naso (45-52) with two setae. Posterior region
prominent (113-117) shorter than anterior region (132-
135). Two pairs of sessile eyes laterally to crista metopica
on ocular sclerites. Anterior lenses (20-26) shorter than
posterior lenses (30-35). Middle part of crista widened at
the level of sensillary area. Sensillae smooth (125-137)
(Fig. 2C). Genital opening at level of coxae IV with three
pairs of acetabulae, surrounded by paired sclerites of sim-
ilar shape. Anterior to genital opening an unpaired round
sclerite (Fig. 2D).

Legs stout, shorter than idiosoma. Tarsus I oval in shape.
All tarsi terminated with double claws. The length of the
leg segments are given in Table 1.

Deutonymph (n=1): Body smaller than adult. Idiosoma
length 902 and width 595. Other characters as in adults.
Gnathosoma. One pair of nude galealae (cs, 23), two pairs
of nude anterior hypostomalae (ass, 8 and asz, 23), one pair

of nude subcapitular setae (bs, 38). Palps not as robust as
in adults. Dorsal opisthosomal setae similar to those in
adults but shorter (35-42) (Fig. 3A). Two pairs of genital
acetabula present (Fig. 3 B).

Specimens examined

Esenyurt Village, Uziimlii district, Erzincan, Tiirkiye
39°38'28"N 40°03'19”E, 2007 m a.s.l, 11 October 2021,
one adult and one deutonymph from mossy soil (Leg. A. To-
runlar). Mutu district, Tunceli, Tirkiye, 39°32'41"N
39°54'40"E, 1511 m a.s.l, 29 July 2018, one adult from
moss on stone (Leg. E. Buga). The adults were kept in the
glass vials, but no larvae were observed.

DISCUSSION

Two genera of the family Tanaupodidae are known from
Turkiye: The genus Eothrombium; E. siculum Berlese 1910
and the genus Lassenia; L. novoseljensis Haitlinger and
Sundié¢ from Aydin and L. hemsinensis Noei et al. from Rize
(Noeietal.,, 2018; Oner etal., 2021). In our country, the first
record of the genus Rhinothrombium is given. All species of
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Rhinothrombium are rather rare, their biology remains al-
most unknown. Rhinothrombium is exclusively known
from mountainous areas. The specimens obtained in this
study are grassy, moss, litter plain areas. Species of Tanau-
podus inhabit lowlands and seem confined to hygric bio-
topes (Wohltmann et al., 2007). Members of the family
were known only from Europe (Berlese 1887) until found
in Iran (Yazdanpanah et al,, 2013). Three species of the ge-
nus Rhinothrombium are known to date:

Rhinothrombium inopinum Hull, 1918 [Postlarvae]
Distribution: Great Britain (Makol and Wohltmann, 2012).
Rhinothrombium nemoricola (Berlese, 1886) [Postlarvae]

Distribution; Austria, France, Germany, Great Britain, Hun-
gary, Italy, Norway, Poland, Romania, Spain (Makol and
Wohltmann, 2012). It is newly recorded species for fauna
of Tiirkiye.

Rhinothrombium wuxiensis Zhang, 1993 [Postlarvae]
Distribution: China (Makol and Wohltmann, 2012).

Karakurt (2016) gave some of specimens as Rhinothrom-
bium nemoricola in his PhD thesis and later this species
was published as Eothrombium siculum due to the struc-
ture of the anterior part of the crista (Karakurt, 2016;
Karakurt and Sevsay, 2020). The members of Eothrom-
bium separate from other postlarval of Rhinothrombium by
the shape of the anterior part of crista. While end of ante-
rior part of crista is bifurcate in Eothrombium, it is linear in
Rhinothrombium. Also, naso is absent in Eothrombium
while Rhinothrombium has naso.

The knowledge of the systematics and biology of the group
tanaupodids is still fragmentary, and is caused mainly by
the rarity of occurrence of these mites, and the consequent
limited material that has been published about them
(Makol and Featherstone, 2021). The number of individu-
als in two sexes is very low. As specimens number of both
deutonymph and adult stages increases, the differences be-
tween them will be more understandable.
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ABSTRACT: Invasions by alien plant species are rapidly increasing in both their extent and intensity, leading to the wide-
spread degradation of terrestrial and aquatic ecosystems across the world. One of the most widely dispersed, invasive,
alien plant species in Europe, North America and many other countries, including Tiirkiye, is the tree of heaven, Ailanthus
altissima. Numerous potential biological control agents, including eriophyoid mites, have been reported from this plant
within its native range. A widespread collection of leaf specimens from the tree of heaven in Tiirkiye yielded only the
eriophyoid, Aculus taihangensis (=A. mosoniensis), a new record for Tiirkiye. No obvious damage was observed on any of
the leaf specimens. It appears highly unlikely that A. taihangensis is currently playing a meaningful role in the biological

control of the tree of heaven in Tiirkiye.

Keywords: Ailanthus altissima, Aculus mosoniensis, eriophyid mite, new record, invasive species.

Zoobank: https://zoobank.org/297499EC-D59A-4DA3-BCBB-F488A5CB1562

INTRODUCTION

Invasions by alien plant species are rapidly growing in
their extent and severity across the world, leading to an
alarming level of degradation of both terrestrial and
aquatic ecosystems. One of the most widely distributed, in-
vasive, alien plant species in Europe and North America,
and in many other countries, is the tree of heaven [4ilan-
thus altissima (Mill.) Swingle, 1916] (Sapindales: Simarou-
baceae). It is native to northern and central China, Korea
and Vietnam and is considered one of the worst invasive
plants in Europe (Ding et al,, 2006; Nava, 2014; Sladonja et
al,, 2015; EPPO, 2023). The tree of heaven is cultivated as
an ornamental plant in many towns across Tiirkiye and has
become naturalized (Cullen, 1967; Uludag, 2015; Ulus et
al,, 2021). That means that this plant has been invading the
landscape of Tiirkiye for more than 55 years.

Kashefi et al. (2022) did a short review of the history of the
spread of the tree of heaven, its pest status in various juris-
dictions, and potential biological control agents. They at-
tributed the invasiveness of the tree of heaven to five char-
acteristics, namely, tolerance of extreme environmental
conditions, production of numerous allelopathic sub-
stances, high production and viability of seeds, clonal pro-
liferation with copious sprouting after cutting, and limited
herbivory by insects. Apart from its negative ecological im-
pacts, the plant has also been reported to harm human
health; the pollen of the tree causes sensitization, allergic
rhinitis and asthma (Mousavi et al, 2017; Samei et al.,
2020; Werchan et al., 2023).

In a literature review of natural enemies of the tree of
heaven in China, Ding et al. (2006) listed 46 phytophagous
arthropods, 16 fungi and one potyvirus, some apparently
causing substantial damage, with the arthropods including

three eriophyid mite species, Aculops ailanthi Lin, Jin &
Kuang, 1997, Aculops taihangensis Hong & Xue, 2005 and
Aculus altissimae Xue & Hong, 2005. Aculops ailanthi has
since been reported from the tree of heaven in the United
States of America (Gardner, 2008; Skvarla et al., 2021).

Later, Aculus mosoniensis (Ripka, 2014) was described
from the tree of heaven in Hungary (Ripka and Ersek,
2014; de Lillo et al,, 2017). However, the suggested synon-
ymy between Aculops taihangensis and Aculus mosoniensis
(de Lillo et al., 2017) was supported by the recent work of
de Lillo et al. (2022) who stated that, based on new mor-
phological and molecular data, A. mosoniensis has to be
considered a junior synonym of Aculus taihangensis (Hong
& Xue, 2005) new combination, with Aculops taihangensis
reassigned to the genus Aculus. de Lillo et al. (2022) also
described the deutogyne of Aculus taihangensis. In Europe,
only A. taihangensis (=A. mosoniensis) has been reported
from the tree of heaven; it has now been reported from at
least 13 European countries (Ripka and Ersek, 2014; de
Lillo et al., 2017, 2022; Marini et al., 2021; Kashefi et al.,
2022).

Aculus taihangensis can form dense populations on the un-
der surface of the leaflets of the young compound leaves of
the tree of heaven, causing the leaf edges to curl upwards
and turn yellowish. Drying of the upper parts of the stem
can occur on heavily infested plants, and young plants can
become water stressed and lose leaves prematurely (de
Lillo et al,, 2017). Host range tests on A. taihangensis indi-
cated that it is a safe biological control agent that could
help to control this highly invasive tree (Marini et al,,
2021).

MATERIALS AND METHODS
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Leaf samples were collected during the vegetation period
of tree of heaven in many parts of Tiirkiye in 2022 and
2023 (Table 1, Fig. 1). Apart from some trees in parks, most
of the plants were on disturbed sites, especially along road-
sides in both urban and rural areas. Almost all were self-
seeded plants that were often growing in small clumps or
thickets. Four or five young compound leaves were ran-
domly collected at each site. They were wrapped in paper,
labelled, and then kept in cold storage until they were pro-
cessed. Both surfaces of the leaflets were observed under a
stereomicroscope (Olympus® SZ 61) at 45x magnification.
The collected eriophyoid mites were stored in 70% ethyl-
alcohol until they were identified. For that purpose, they
were mounted in Hoyer’s medium without the use of fi-
bers, and then kept on a heating plate for two hours at 80
°C. The permanent slides were examined under an Olym-
pus® BX51 phase-contrast microscope for identification
which was made following Ripka and Ersek (2014) and de
Lillo et al. (2010, 2017, 2022). All morphological measure-
ments were done according to de Lillo et al. (2017, 2022).
Measurements are given in micrometers (um). Images
were taken with a digital camera (Toupcam

E31SPM20000KPA). The examined specimens are in the
mite collection of the Acarology Laboratory, Department of
Plant Protection, Faculty of Agriculture, Ondokuz Mayis
University, Samsun, Tiirkiye.
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Figure 1. Map of Tirkiye showing the provinces from
which leaf samples were collected from the tree of heaven
in 2022 and 2023 (* indicates the site in Canakkale
Province at which the eriophyid mite, Aculus taihangensis,
was collected).

Table 1. Collection dates and locations for leaf sampling from the tree of heaven in Tiirkiye in 2022 and 2023.

Collection Date Location Collection Date Location

(Town/Province) (Town/Province)
09.08.2022 Hekimhan/Malatya 12.06.2023 City center/Kirsehir
11.08.2022 City center/Bingol 12.06.2023 Urgiip/Nevsehir
13.08.2022 City center/Sirnak 12.06.2023 Uchisar/Nevsehir
15.08.2022 City center/Sanliurfa 12.06.2023 Giilpinar/Giilagag/Aksaray
09.09.2022 Koparan/Corum 13.06.2023 University campus/Nigde
09.09.2022 Delice/Kirikkale 13.06.2023 Acikuyu/Eregli/Konya
10.09.2022 Tepebasi/Eskisehir 13.06.2023 Pozanti/Adana
11.09.2022 City center/Balikesir 13.06.2023 Karacalar/Osmaniye
12.09.2022 Burhaniye/Balikesir 14.06.2023 Altingag/Dortyol/Hatay
13.09.2022 Adatepe/Ayvacik/Canakkale 14.06.2023 Ceyhan/Adana
14.09.2022 Kilitbahir/Canakkale 15.06.2023 Darisekisi/Toroslar/Mersin
14.09.2022 Uzunkoéprii/Edirne 17.06.2023 Caybasi/Muratpasa/Antalya
15.09.2022 Atasehir/Istanbul 19.06.2023 Palm Center/Kdycegiz/Mugla
16.09.2022 Sapanca/Sakarya 19.06.2023 Doéglisbelen/Koycegiz/Mugla
17.09.2022 City center/Bolu 20.06.2023 Selguk/izmir
17.09.2022 Ilgaz/Cankir1 20.06.2023 University campus/Aydin
05.10.2022 Cihanbeyli/Konya 21.06.2023 Baklaci/Alasehir/Manisa
05.10.2022 Tavsancali/Konya 21.06.2023 Giire/Usak
09.10.2022 City center/Isparta 21.06.2023 Aliaga/Gediz/Kiitahya
09.10.2022 Kargi/Bucak/Burdur 22.06.2023 Adapazari/Sakarya
09.10.2022 Avsar/Afyonkarahisar 22.06.2023 Daridere/Boziiyiik/Bilecik
10.10.2022 Polatli/Ankara 22.06.2023 Dongelli/Akg¢akoca/Diizce
10.10.2022 Elmadag/Kirikkale 23.06.2023 Safranbolu/Karabiik
10.05.2023 flkadim/Samsun 23.06.2023 City center/Zonguldak
13.05.2023 Atakum/Samsun 24.06.2023 Asagicayli/Iinebolu/Kastamonu
11.06.2023 Yerkoy/Yozgat 30.06.2023 Yilgin/Tirebolu/Giresun
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Table 2. Morphological measurements of Aculus taihangensis females.

Characters Protogyne Deutogyne Protogyne Deutogyne
(n=5) (n=3) (n=7) (n=18)
(de Lillo et al,, (de Lillo et al,,
2017) 2022)
Body (including 242-290 216-222 237-275 194-292
gnathosoma)
Body thickness 64-67 45-58 54-70 42-60
Body width 56-60 42-58 55-57 42-56
Gnathosoma 21-22 21-22 - 21-25
Palp 21-23 22 22-27 -
Chelicerae 19-20 19-20 17-18 16-19
Shield length (includ- 5 4 35-36 40-45 35-40
ing anterior lobe)
Shield width 46-48 34-46 47-49 35-45
Anterior lobe 4-6 - 4-7 -
Setae sc 68-77 42-43 68-81 36-43
Spacing sc 27-30 22-24 27-29 22-26
Legl 42-44 40-45 40-45 41-46
Tibial setae I 5-7 5-7 5-7 4-7
Tarsal setae ft’ 20-21 21-23 19-21 21-23
Tarsal setae ft”” 24-26 25-28 23-27 24-29
Empodium 6-7 6-7 6 6-7
Empodium rays 5 5 5 5
Solenidion 8-9 10 8-9 9-10
LegII 38-40 38-41 37-41 36-42
Tarsal setae ft’ 6-7 6-7 6-7 5-8
Tarsal setae ft”” 21-25 25-29 22-27 24-32
Empodium 6-7 6-7 6 6-7
Empodium rays 5 5 5 5
Solenidion 8-9 10 8-9 9-10
Setae 1b 12-13 10-13 12-15 10-14
Setae 1a 26-32 34-47 27-38 32-45
Setae Za 37-45 52-59 38-42 51-63
Dorsal semiannuli 44-46 66-75 45-50 66-76
Ventral semiannuli 71-79 77-80 73-85 67-80
Semiannuli bejcwe.en 7.8 5.6 7 5.6
coxae and genitalia
Setae c2 26-27 22-29 22-28 17-26
Location c2 9-10 8-9 9-10 8-10
Setae d 72-88 68-82 73-85 52-83
Location d 24-25 22-25 24-27 23-27
Setae e 27-32 22-27 32-37 22-27
Location e 41-49 43-48 49-52 42-48
Setae f 38-39 45-47 36-39 36-47
Location f 67-74 71-73 68-77 63-75
5annulito therear  5annulitotherear  5annulitotherear 5 annulito the rear
Genitalia width 21-22 22-24 21-22 21-25
Genitalia length 10-12 10-12 10-12 10-14
Coverflap ridges 10 10 10 8-10
Setae 3a 22-26 28-29 19-29 20-28
Spacing 3a 21-22 17-18 21-22 14-17
Setae h2 102-124 107-142 92-134 62-150
Setae h1 4-5 4-5 4 4-5

]
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RESULTS

Eriophyid mites were found on leaf samples of the tree of
heaven, Ailanthus altissima, collected at only one site,
Adatepe (39°34'12.3"N 26°37'10.7"E) on 13.09.2022 in
Canakkale Province, in northwest Tiirkiye, of a total of 52
sites across 42 provinces of Tiirkiye, despite the large
number of leaves checked (Table 1, Fig. 1). Fifty seven
slides, that included protogynes, deutogynes and males,
were prepared. The specimens were identified as Aculus
taihangensis (Hong & Xue, 2005), which is a new record for
Tiirkiye. Both the protogynes and deutogynes that were
examined had very similar morphological characters and
measurements to the specimens of de Lillo et al. (2017,
2022) (Figs 2-5, Table 2).

Protogyne (n=5). Body fusiform, prodorsal shield includ-
ing rounded anterior lobe; shield pattern composed of a
network of lines with a short median line and complete
admedian lines; three transverse lines on the shield, first
two transverse lines from the rear connect the median line
with the admedian lines, forming four cells; the third trans-
verse line joins the admedian lines, forming two median
cells; third transverse line continues as arched submedian
lines, forming five cells between the submedian lines and
the anterior edge of the shield; five more pairs of cells be-
tween the rear margin of the shield and the admedian and
submedian lines. Setae sc directed posteriorly, tubercles
subcylindrical, on rear shield margin; solenidia distally ta-
pered and empodium simple and 5-rayed on both legs;
opisthosoma dorsally arched, dorsal semiannuli almost
half the number of ventral semiannuli; dorsal opisthosoma
with elliptical, elongated microtubercles, last 6-7 ventral
semiannuli with elongated and linear microtubercles; gen-
ital coverflap with longitudinal striae (Fig. 2A, Table 2).

Figure 2. Aculus taihangensis. Prodorsal shield and part of
dorsal opisthosoma: A. Protogyne, B. Deutogyne.

Deutogyne (n=3). Body vermiform, prodorsal shield in-
cluding rounded anterior lobe; shield pattern indefinite,
lines thinner than those of the protogyne; complete me-
dian and admedian lines connected by three transverse
lines, forming cells; scapular setae sc directed posteriorly,
tubercles sc subcylindrical, on rear shield margin;
solenidia distally rounded, empodium simple and 5 rayed
on both legs, same as protogyne; opisthosoma dorsally
arched, number of the dorsal semiannuli and ventral sem-

iannuli almost same; dorsal opisthosoma with not well de-
fined microtubercles, last 5 dorsal and ventral semiannuli
with elongated microtubercles; genital coverflap with lon-
gitudinal striae (Figs 2B, 3A-B, Table 2).

A

Figure 3. Aculus taihangensis - Deutogyne: A. Coxigenital
region, B. Internal genitalia.

On the infested leaflets, there were quite dense aggrega-
tions of eggs, nymphs and adults of A. taihangensis along
the midribs on the lower surfaces of the leaflets but no leaf
curling, yellowing or other damage was observed (Fig. 5).

A ‘ B

Figure 4. Aculus —taihangensis ~ Male: A. Prodorsal shield
and part of dorsal opisthosoma, B. Coxigenital region.

Figure 5. Dense aggregation of Aculus taihangensis along
the midrib of a leaflet of the tree of heaven.
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DISCUSSION

The tree of heaven, Ailanthus altissima, is an invasive plant
in Tiirkiye where it has colonized forest edges, agricultural
areas, historical sites and railway corridors, and its plant-
ing continues, without consideration of its invasiveness.
Therefore, it will become a much bigger problem in the fu-
ture, considering climate change scenarios for Tiirkiye
(Uludag, 2015). That point was reinforced by Ulus et al.
(2021) who stated that there is no regional or national
strategy for the management and control of A. altissima in
Tirkiye, even though it is accepted as an invasive plant
species. The current study, which was focused on the col-
lection of potential eriophyoid biological control agents of
the tree of heaven, further confirmed its invasiveness in
that large numbers of individual plants and clumps were
observed in disturbed areas in 42 provinces across Tiirkiye
in 2022 and 2023.

In Europe, A. taihangensis (=A. mosoniensis), was first re-
ported from the tree of heaven in Hungary (Ripka and
Ersek, 2014), and later in another 12 countries, namely Al-
bania, Austria, Bulgaria, Croatia, Greece, Italy, Macedonia,
Montenegro, Romania, Serbia, Slovenia and France (Cris-
tofaro et al., 2018; Marini et al., 2021; de Lillo et al., 2022).
The current study reports A. tathangensis from Tiirkiye for
the first time.

With the presence of the tree of heaven confirmed in 27
countries in Europe (EPPO, 2023), and the presence of A.
taihangensis (=A. mosoniensis) confirmed in 13 European
countries, including two of its neighbouring countries, Bul-
garia and Greece (Marini et al., 2021; de Lillo et al., 2022),
it was not surprising to find the eriophyid, A. taihangensis,
in Tiirkiye. However, despite the collection of a substantial
number of leaf samples from A. altissima at numerous sites
across Tirkiye, A. taihangensis was detected at only one
site, Adatepe, in Canakkale Province.

It is possible that A. taihangensis may have been present in
small numbers in some areas but inactive during the hot,
dry summer period. However, there was no evidence of
leaf curl or other evidence of damage on the collected
leaves. A detailed study on the population dynamics of A.
taihangensis during the entire vegetation period, and con-
sidering its protogyne and deutogyne forms, would elicit
useful information on its biology and ecology.

Conclusions

The eriophyid mite, Aculus taihangensis (=A. mosoniensis),
was detected on the leaves of the tree of heaven, Ailanthus
altissima, at only one site, despite a widespread collection
of samples across Tiirkiye. Also, no evidence of leaf damage
was observed. It therefore seems highly unlikely that A. tai-
hangensis is presently playing a meaningful role in the bio-
logical control of the tree of heaven in Tiirkiye.
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ASBTRACT: A total of 38 ticks were collected on black spiny-tailed iguana, Ctenosaura similis, in a secondary dry forest
from northern lowlands of Guanacaste, Costa Rica. At the time of finding, the animal has not mobility of the hind legs and
tail. Ticks were identified morphological and molecularly as Amblyomma scutatum. PCR amplification tests to Rickettsia,

Anaplasmataceae and Borrelia were negative. Possible caused of the lack of mobility is discussed.

Keywords: Ctenosaura similis, Amblyomma scutatum, lowland dry forest, Costa Rica.
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Amblyomma scutatum Neumann, 1899 is a tick species
that maintains a distribution through dry areas in north-
ern Mexico, Guatemala, Honduras, El Salvador, Nicaragua,
and Costa Rica (Guglielmone et al., 2021). All stages of this
species are parasites of Iguanidae (Iguana and Cteno-
saura) (Guglielmone et al.,, 2021). Even so, there is one
report of a female parasitizing a Cane toad, Rhinella mari-
na L. 1758 (Romero et al., 2021). The identification of this
species is difficult, since there are morphological differ-
ences found in ticks from different countries, mainly in
the shape of the scutum, the ornamentation patterns, the
presence and form of spurs in the coxae, and the dentition
of the hypostoma (Guglielmone et al., 2021). Therefore,
molecular tools are being used for more accurate taxo-
nomic identification. Romero et al. (2021) reported Can-
didatus Rickettsia colombianensi in A. scutatum in El Sal-
vador. However, limited information about distribution
and host data presents a challenge to this tick records.

In Costa Rica, A. scutatum has been previously reported
on the black spiny-tailed iguana Ctenosaura similis (Gray,
1831) and Ctenosaura sp. under the name garrobos in 10
sites of the Puntarenas and Guanacaste provinces (Alva-
rez-Calderén et al, 2005; U.S. National Tick Collection
(USNTC) records). The aim of this paper is to present new
information about A. scutatum in Costa Rica, based on
morphological and molecular identification.

Host locality and observation: In June 2021 a C. similis
female was observed without mobility in its pelvic limbs
and flaccid tail in Daria (10.231453 N, -85.546432 W),
Santa Cruz, Guanacaste province, Costa Rica (Fig. 1). This
region is in a secondary lowland dry forest at 75 meters
above sea level. During the observation, the iguana only
moved using its front limbs, with no movement at the

pelvic limbs and tail. Despite the efforts, the animal could
not be trapped for veterinary examination. Ninety days
later the animal was found dead with severe injuries due
to the bites and scratches caused by other animals; in
addition, many ticks were observed on its body (Fig. 2).
The ticks were collected, placed in 70% alcohol, and
transported to the Parasitology Laboratory of the Veteri-
nary School, Universidad Nacional de Costa Rica (VS-UNA-
CR).
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Figure 1. Distribution of Amblyomma scutatum in Costa
Rica. Past collection sites in descending order: Santa Rosa,
Hacienda la Norma, Liberia, Parque Nacional Palo Verde,
Bebedero, Monteverde, Puntarenas, Curt, Jacd, Quepos
(red circles), and current collection site: Diria (white tri-
angle).

DergiPark

AKADEMIK


https://dergipark.org.tr/en/pub/acarolstud
https://doi.org/10.47121/acarolstud.1225185
https://dergipark.org.tr/en/pub/@sbermudez
mailto:ana.jimenez.rocha@una.ac.cr
mailto:sbermudez@gorgas.gob.pa
https://zoobank.org/urn:lsid:zoobank.org:pub:C5A85DFD-4743-4244-BF7D-CCA9CD5FDEE7
https://orcid.org/0000-0001-5416-9029
https://orcid.org/0000-0003-1830-3133
https://orcid.org/0000-0001-7774-8306
https://orcid.org/0000-0003-0576-0167
https://orcid.org/0000-0001-6113-6970
https://orcid.org/0000-0002-9566-5130

Figure 2. Ctenosaura similis parasitized by Amblyomma scutatum. A. Group of ticks at the ventral base of the tail, B. Par-
tially and fully engorged females on the left side of the neck.

Morphological and molecular identification: The ticks was
carried out using the taxonomic key of Guzman-Cornejo et
al. (2011), using a Nikon SMZ 800 stereo microscope and
photographed with a 12 MP camera. DNA was extracted
from three male and one female ticks using the Blood and
Tissue kit (Qiagen, Hilden, Germany) according to the
manufacturer's instructions, and molecular identification
was performed through PCR amplification of a ~460 base
pair (bp) fragment of the tick mitochondrial 16S rRNA
gene using CCGGTCTGAACTCAGATCAAGT and
GCTCAATGATTTTTTAAATTGCTGTGG sequences pro-
posed by Norris et al. (1996). In addition, DNA from ticks
were subjected to PCR assays targeting bacteria of the
genera Rickettsia, Borrelia and the family Anaplasma-
taceae (Table 1). Amplifications were visualized in 1%
agarose gels stained with GelRed™ Nucleic Acid Gel Stain
(Biotium, 5 pg/ml). Positive samples were sent to Macro-
gen (Seoul, Korea) for sequencing. The sequences were
edited and aligned using the Biological Sequence Align-
ment Editor (BioEdit version 7.2.5) (Hall 1999) and com-
pared with sequences of the NCBI (National Center for
Biotechnology Information) database using the BLASTn
algorithm.

A total of 38 ticks (13 males and 25 females, out of which
22 engorged) were morphologically identified as A. scuta-
tum, with few different morphological characteristics as
compared to those reported by of Guzman-Cornejo et al.
(2011). Previously, several authors have highlighted the
morphological differences reported throughout the dis-
tribution of A. scutatum (Guglielmone et al., 2021). In our
specimens, we found slight differences in the shape of the
ornamentation of the scutum and size of the spurs of the
coxa | (Fig. 3). According to some authors, these differ-
ences may be due to variations in the population or their
distribution (see Guglielmone et al., 2021); however this
fact should be better evaluated. In this sense, there are
few sequences to compare this species, and include only

the 16s rRNA gene, thus it is necessary to develop new
analysis that allow a better morphological and molecular
comparison that helps to define this species. In the pre-
sent study the molecular analysis showed a 99.02%
(403/407 bp) of similarity to A. scutatum from El Salva-
dor (MW369633). The present partial sequence of 16S
rRNA gene was deposited in GenkBank under the acces-
sion number GM OM691677, which correspond the first
sequence of A. scutatum in Costa Rica. Voucher specimens
of the ticks were deposited in VS-UNA-CR (PA-127-121).
The DNA of Rickettsia, Borrelia or those of the Anaplasma-
taceae family could not be detected in our samples.

Although the lack of mobility of the C. similis female was
not analyzed in this work, some hypotheses could be as-
sociated with lesions seen on the first day of observation
of this animal, as such injury, pathology, climate, or a case
of tick paralysis. This last assumption is supported by the
literature, and in our case, the number of ticks found on
the host. Tick paralysis is triggered by neurotoxins from
the saliva of the ticks, particularly engorged females. Ex-
posure to these neurotoxins can affect the host mobility
and even cause the death of the hosts (Mans et al., 2004;
Hanson et al., 2007). Because paralysis is associated with
the presence of ticks on the host, the signs are reversible
by removal of the ticks (Baeza, 1979; Hanson et al.,, 2007).
This type of paralysis has been reported both in cold and
warm-blooded animals, including humans (Dunn, 1918;
Baeza, 1979; Mans, 2004; Hanson et al, 2007). Of the
more than 70 species of ticks that have been associated
with tick paralysis, Amblyomma dissimile Koch, 1844,
Amblyomma rotundatum Koch, 1844, and Robertsicus
elaphensis (Price 1959) (cit. as Amblyomma elaphense)
have been implicated in paralysis in reptiles and amphib-
ians in the Americas (Gothe and Neitz, 1991; Mans et al,,
2004). Future studies are required to clarify the role of A.
scutatum on C. similis in natural conditions.

Acarological Studies 5 (2): 105-108, 2023

106



Table 1. Details of the PCR protocols used for amplifying selected tick-borne agents.

Agent Gene Primers (Sequence 5’-3’) Fragment References
(PCR method) length (bp)
Anaplas- 16S rRNA ECHSYBR-F 145-153 Lietal. (2001)
mataceae  (real time PCR) (AACACATGCAAGTCGAACGG)
ECHSYBR-R
(CCCCCGCAGGGATTATACA)
Borrelia Spacer region between  23SN1 226 Rijpkema et al.
spp- the 5S and 23S rRNA (ACCATAGACTCTTATTACTTTGAC) (1995)
(nested PCR) 23SC1
(TAAGCTGACTAATACTAATTACCC)
23SN2
(ACCATAGACTCTTATTACTTTGACCA)
5SCB
(GAGAGTAGGTTATTGCCAGGG)
Rickettsia  gltA CS78 401 Labruna et al.
spp- (PCR) (GCAAGTATCGGTGAGGATGTAAT) (2004)
CS323

(GCTTCCTTAAAATTCAATAAATCAGGAT)

Figure 3. Amblyomma scutatum A. Dorsal view, female, B. Ventral view, female. C. Dorsal view, male, D. Ventral view,
male.
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