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The species composition and distribution of the genus Nematodirus have not been studied in Uzbekistan for a long time,
even though nematodes are widespread in the digestive tract of domestic and wild ruminants and are one of the main compo-
nents of the Molineidae fauna.The article presents the results of a study on the morphometric and molecular analysis of the
genus Nematodirus Ransom, 1907, nematodes of the digestive system of ruminant ungulates living in the territory of Uzbekis-
tan. In the study, the species of Nematodirus identified from domestic sheep and goats can mainly be distinguished by the
shape of the male spicules and the structure of the bursa. Nematodirus abnormalis can be distinguished from other species
because the tip of the spicule is slightly curved and covered with an asymmetrical lanceolate membrane, N. oiratianus has a
fused tip and a thin tube-like shape, and N. spathiger has a slightly curved distal tip of the spicule. Furthermore, based on the
nucleotide sequence results of the rDNA ITS-2 region, the N. abnormalis samples studied were found to match Nematodirus
sp. in the GenBank database, while the N. oiratianus and N. spathiger samples were 98-99% similar to the respective species.
Phylogenetic analysis using ITS-2 nucleotide sequences revealed that N. oiratianus and N. abnormalis are closely related and
sister species and N. spathiger and N. helvetianus are also phylogenetically close. The species N. abnormalis was deposited for

the first time in the GenBank database.
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Introduction

Nematodes of the genus Nematodirus Ransom, 1907, are distri-
buted worldwide, and more than 40 species are known to science
(Taylor et al., 2016). Nematode species belonging to this genus are
also widespread in ruminants, mainly in Great Britain, Norway, New
Zealand, Canada, and the United States (Oliver et al., 2016). Nemato-
dirus are an important group of nematodes that parasitize the small
intestine of all ruminant ungulates (Anderson, 2000; Hoberg et al.,
2005; Abramatov et al., 2022).

Khrustalev (2011) analyzed 28 Nematodirus species recorded in
the Commonwealth of Independent States (CIS) region and found
that 19 of them were true species, 5 were synonyms, and 4 were listed
as non-existent or incongruous species. In a subsequent work by this
author, he suggested that the species N. skryabini Mizkewitsch, 1980
and N. tarandi Hadwen, 1922, which are widespread in deer, are mor-
phologically indistinguishable and that N. skryabini Mitzkewitsch, 1929
should be reconsidered as a synonym of N. tarandi Hadwen, 1922.

Lichtenfels & Pilitt (1983) identified six species of the genus Ne-
matodirus that parasitize domestic ruminants in North America
through morphological studies. In addition to distinguishing species
by the shape, length, and shape of the male bursa, light and scanning
electron microscope images were also crucial for identifying them by
their cuticular lines. Nematodirus males are morphologically distinct
from each other by the presence of bursa and spicules on the tail, and
by the long and slender spicules with different shapes at the tip (Ra-
shid et al., 2019). The different shapes of the bursa and spicules are
necessary for morphological identification of species (Soulsby, 1968,
Rickard & Hoberg, 2000).

Alejandro et al. (2017) first identified N. helvetianus May, 1921
in cattle in Southern Chile, and provided morphological and mor-
phometric data in their study. Melnychuk et al. (2021) studied the
morphometric characteristics of adult male and female nematodes of
N. spathiger Railliet, 1896 found in sheep in Ukraine. They proposed
the use of 40 morphometric characteristics to identify male nemato-

des. Of these, 11 characteristics were related to the size of the body,
24 characteristics to the size of the tail, and bursa, and 5 characteris-
tics to the size of the spicules and the covering membrane. They pro-
posed the use of 25 morphometric characteristics to help identify
female N. spathiger.

The identification of Nematodirus is determined based on classi-
cal morphological characteristics. However, such classical methods
often cause difficulties in determining the species of nematodes, espe-
cially for larvae and female nematodes. Therefore, in recent years,
molecular genetic methods have been widely used in species identifi-
cation. The ITS-2 region of ribosomal DNA is mainly used for mole-
cular genetic identification of nematode species (Kuchboev et al.,
2015; Kuchboev & Kruchken, 2022; Mirzaev et al., 2024). In particu-
lar, the ITS-2 region of ribosomal DNA has been used as a useful
marker for species identification and differentiation of species of the
genus Nematodirus. The nucleotide sequence of the ITS region of
rDNA of the species N. battus, N. davtiani, N. europaeus, N. filicollis,
N. helvetianus, N. oiratianus, N. spathiger and N. rupicaprae belong-
ing to this genus allows phylogenetic analysis of species and allows
precise identification of species (Gasser et al., 1999). Newton et al.
(1998) experimentally demonstrated that the nucleotide sequence of
the ITS-2 region of four species of the genus Nematodirus is useful
for precise identification of species. The sequence differences bet-
ween the nucleotides of N. spathiger, N. helvetianus, N. fillicolis, and
N. battus were 3.9-24.7% (Newton et al., 1998). The experiment
revealed that the most genetically close species of these species are
N. spathiger and N. helvetianus. The results of the study indicate that
ITS-2 sequence data can be useful in studying the systematics of
nematodes of the Molineoidea family.

In several countries around the world, including China, the com-
plete mitochondrial DNA (mtDNA) genomes of N. oiratianus and
N. spathiger nematode species found in small ruminant animals have
been analyzed, with nucleotide sequences of 13,765 and 13,519 bp
obtained, respectively. The total mtDNA sequence difference bet-
ween N. oiratianus and N. spathiger was 16.29%. Phylogenetic anal-
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ysis of N. oiratianus and N. spathiger samples showed a close phylo-
genetic relationship with the Dictyocaulidae family (Zhao et al.,
2014). Petrigh & Fugassa (2014) obtained an 849 bp identical nucleo-
tide sequence of Nematodirus larvae from guanaco llama feces in
Argentina’s Perito Moreno National Park using the rDNA ITS-2 mar-
ker. When compared with species in the NCBI GenBank database, it
showed 99% similarity with N. spathiger and 97% with N. helvetia-
nus. In the study by Alhaboubi et al. (2021), N. helvetianus was iden-
tified from the digestive system of camels in Iraq. The obtained re-
sults, when analyzed with samples from the GenBank database, indi-
cated that these samples were very close to N. helvetianus.

Molecular analysis of invasive larvae of the genus Nematodirus
in sheep raised on natural pastures in the Inner Mongolia Autonomo-
us Region of China revealed that they belonged to the species Nema-
todirus oiratianus and were grouped with N. oiratianus in the phylo-
genetic tree (Liu et al., 2023). Similar studies have shown that nema-
tode eggs found in fecal samples of Australian llamas are N. spathi-
ger, N. filicollis, N. helvetianus, and N. abnormalis when examined
by molecular genetic methods (Rashid et al., 2019).

In the study of the phylogenetic relationships of species in the ge-
nus Nematodirus, when the nucleotide sequences of the ITS region of
rDNA were analyzed for the species N. battus, N. helvetianus,
N. spathiger, and N. filicollis, N. helvetianus and N. spathiger formed
the innermost monophyletic group. In subsequent phylogenetic gro-
ups, N. filicollis and N. battus were very close. The results of this stu-
dy show that the ITS-1 and ITS-2 regions can provide valuable infor-
mation not only for species identification but also for the phylogenetic
analysis of representatives of the genus Nematodirus (Audebert et al.,
2000). Similar analyses were performed by Nadler et al. (2000) on the
sequence of the rDNA 18S, ITS-1, 5.8S, ITS-2 and 28S regions
among N. helvetianus, N. spathiger, N. filicollis and N. battus. Nine-
teen changes were detected between the genes of N. battus in samples
collected from different regions (Nadler et al., 2000).

In addition to the morphological characteristics of the species, the
availability of PCR identification methods is important in the diagno-
sis of diseases. Based on the information given above, it is necessary
to conduct experiments on species of Nematodirus that have not been
studied from the molecular-genetic point of view because it is impor-
tant in studying their phylogenetic relationships.

The study aims to conduct morphometric characteristics and mole-
cular genetic analysis of the nematodes N. abnormalis, N. spathiger,
and M. oiratianus obtained from the small intestine of sheep and goats.

Materials and methods

Samples of the parasitic Nematodirus species were collected from
domestic animals in the private sector of Jizzakh, Navoiy, Surkhan-
darya, Kashkadarya, Tashkent, Fergana and Namangan regions of
Uzbekistan in 2024. During the study, 80 domestic sheep (Ovis aries)
and 64 domestic goats (Capra hircus) were examined using helmin-
thological methods. The samples from the genus Nematodirus were
washed with 0.9% NaCl solution and stored in 70% ethanol solution
until research (Soulsby, 1968; Ivashkin et al., 1989; Taylor et al.,
2016; Rashid et al., 2019; Melnychuk et al., 2021). In total, 1200 adult
male and female nematodes of the species were collected, 280 males
and 920 females. A total of 112 male and 370 female nematode spe-
cimens of the species N. abnormalis, 82 male and 250 female speci-
mens of N. oiratianus, and 86 male and 300 female specimens of
N. spathiger were identified. The metric parameters of the adult male
and female nematodes were analyzed using photographs of the nema-
tode species taken using Nexcope NE930-FL microscopes in interac-
tive mode using x5, x10, x40 objectives, and x10 photo eyepiece.
Photomicrographs were taken using a digital camera mounted on a
NEXCAM-T5 20MP microscope (China) for the identification of
parasitic nematode species. Standard deviation (SD) and average
values (x) were calculated. The reliability of the differences in mean
values for the studied groups of nematodes was determined using the
one-way analysis of variance and F-test at a 95.0% confidence level.
Mature male and female nematodes found in each animal were ana-
lyzed morphologically. In species identification, the characteristics
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recommended in the literature were applied, especially focusing on the
shape and length of the spicules, as well as the shape of the dorsal ray.

In the study, genomic DNA was isolated from N. abnormalis,
N. spathiger, and N. oiratianus. DNA was isolated from nematodes
using the GeneJET Genomic DNA Purification KIT (Thermo Scien-
tific™, Lithuania) and the manufacturer's protocol. The DNA concen-
tration in genomic DNA samples was determined using a microspec-
trophotometer (NanoDrop Lite Plus, Thermo Fisher, USA). Polyme-
rase chain reaction was performed using a ProFlex PCR System
(China). The nucleotide sequence of the ITS-2 region for PCR was
forward NCI: 5-ACGTCTGGTTCAGGGTTGTT-3' and reverse
NC2: 5S“TTAGTTCTTTTCTCCGCT-3' primers (Gasser et al., 1993).
For the polymerase chain reaction, 0.4 uL. NTP Mix (10 mM), 2 pL.
buffer (DreamTaq Buffer), 2 pL primers, 0.4 uL polymerase (Dream-
Taq), 13.2 pL water, and 2 uL. DNA sample were added. The PCR
was performed for 35 cycles, initial denaturation for 2 min at 95 °C,
denaturation for 1 min at 95 °C, annealing for 1 min at 55 °C, synthe-
sis for 1 min at 72 °C, and final synthesis for 5 min at 72 °C (Kuch-
boev et al., 2020). The PCR products were analyzed by electrophore-
sis on a 2% gel and the samples were found to contain rDNA frag-
ments of 300 base pairs (bp) nucleotide sequence. The PureLink™
Quick Gel Extraction Kit (Thermo Fisher Scientific, Lithuania) was
used for purification of the PCR products.

For the sequencing reaction of the PCR products, 1 puL of Quan-
tum Dye Terminator v.3.1, 2 pL of 5X Sequencing Buffer, 2 uL of
purified PCR product, and 4 uL of water were added. The sequencing
reaction for the forward primer was performed with an initial denatu-
ration at 95 °C for 1 minute, denaturation at 95 °C for 30 seconds,
annealing at 58 °C for 30 seconds, synthesis at 72 °C for 1 minute,
and a final synthesis step at 72 °C for 5 minutes. For the reverse pri-
mer, the initial denaturation was at 95 °C for 1 minute, denaturation at
95 °C for 30 seconds, annealing at 54 °C for 30 seconds, synthesis at
72 °C for 1 minute, and the final synthesis step at 72 °C for 5 minutes.

For the phylogenetic analysis of species in the genus Nematodi-
rus, the ITS-2 domain data of this genus from the National Center for
Biotechnology Information (NCBI, GenBank) database were used.
The programs SnapGene Viewer and BioEdit v7.2.0 were used to ana-
lyze the obtained sequence data. For the phylogenetic analysis of spe-
cies in the genus Nematodirus, the programs Clustal W2, SeaView
5.0.5, Mega 12, IQ-TREE, FigTree 1.4.4 were used (Tamura et al.,
2006).

The nucleotide sequences obtained for the rDNA ITS-2 region of
molecular genetic studies were deposited in the National Center for
Biotechnology Information (NCBI) gene bank database under the
accession numbers Nematodirus spathiger — PV135955; PV135956,
N. abnormalis — PQ725622; PQ725609; PQ725599, and N. oiratia-
nus —PV124855; PV133512 (www.ncbi.nlm.nih.gov). In the study of
phylogenetic relationships, the out group Telodorsagia circumcincta
(ON004115) was used to construct a maximum likelihood phyloge-
netic tree.

Results

Morphological and morphometric analysis.Based on our re-
search and literature data, the species were accurately identified ac-
cording to morphological and morphometric characteristics. This
study presents the morphological characteristics and morphometric
measurements of N. abnormalis, N. spathiger, and N. oiratianus spe-
cies found in domestic sheep and goats.

The average body dimensions of N. abnormalis May, 1920 male
and female nematode specimens were determined. The total body
length of the male was 12.5-16.5 mm, with an average length of 15.1
+ 0.9 mm, the esophagus length is 0.462—0.577 mm, with an average
length of 0.52 + 0.02 mm, the head was surrounded by a vesicle, with
a length of 0.085-0.105 mm, with an average length of 0.102 + 0.004
mm, the tip of the spicule was slightly oblique, covered with an
asymmetrical lanceolate membrane, with a length of 0.90—-1.25 mm,
with an average length of 1.10 + 0.04 mm. The dorsal rays in the
bursa were separated from the external dorsal rays laterally, the aver-
age length of dorsal ray was 0.061 = 0.003 mm, the average length of
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external dorsal rays was 0.125 + 0.006 mm, and the tip was reduced.
The length of the bursa was in the range of 0.142-0.162 mm, the
average length was 0.154+ 0.01 mm, the width of the bursa was
0.515-0.542 mm, the average length was 0.52 £+ 0.02 mm. The aver-
age body length of the female was 20.10 £ 1.02 mm, the vesicle sur-
rounds the head, the average vesicle length was 0.105 £ 0.005 mm,
the average esophagus length was 0.52 + 0.02 mm The vulva of the
female nematodes was located slightly below the middle of the body.
The average length of the area of the vulva was 0.121 £ 0.005 mm.
The maximum body width corresponded to the vulva region, and the
body tapered from the vulva region onward. The average egg length
was 0.215 £ 0.008 mm, and the average egg width length was 0.110 +
0.004 mm (Table 1, Fig. A, B, C).

Table 1
Morphometric parameters of genus
of Nematodirus species (n= 10, x + SD, min—-max)

Parameters

of nematode N. abnormalis N. spathiger N. oiratianus
male nematodes

15109 157=1.0 177=1.10

Length of body (125-165)  (120-190)  (13.5-20.0)
) 0.13540.005  0.137+0.006  0.151+0.007
Width of body (0.120-0.160  (0.120-0.150)  (0.125-0.154)
Lengthof esophagus 032050020 04870024 0:6270030
(0450-0.570)  (0450-0.520)  (0452-0.624)
Length of vesicle 0.102+£0.004  0.108+0.004  0.126%0.006
(0.085-0.105)  (0.090-0.120)  (0.110-0.140)

Length of spicules 1.10+0.04 0.90 +0.04 1.01+0.04
(0.90-1.25) (0.90-1.20) (0.95-1.10)
Length of bursa 0.154+0010  0.161+£0.006  0.161+0.006
0.142-0.162)  (0.130-0.180)  (0.152-0.165)
Width of bursa 052040020  0.191+0010  0.485%0.020
(0515-0.542)  (0.162-0.192)  (0.465-0.485)
Lengthofdomsalay  0061£0003 006420030 0.062::0030
(0.058-0.064)  (0.058-0.065)  (0.053-0.064)
Length of external 0.1254£0.006  0.128+0.070  0.132%0.080
dorsal ray 0.115-0.138)  (0.124-0.142)  (0.125-0.138)
female nematodes @

201<10 182+08 247+05

Length of body (18.5-24.0) (14.0-22.0) (20.5-28.0)
Length of vesicle 0.105+0.005  0.109+0.004  0.126%0.005
(0.090-0.120)  (0.100-0.120)  (0.120-0.130)

Lengthofesophagus 05202 0.49 +0.02 0.66+0.03
(0.48-0.58) (0.45-0.57) (0.55-0.75)
Lengthoftheareaof ~ 0.121£0.005  0.118+0.005  0.126 % 0.004
vulva 0.115-0.128)  (0.110-0.121)  (0.115-0.132)
Distance from vulva to 6.40+0.23 5.80+0.24 7.10+0.25
anus (6.20-7.60) (5.20-6.40) (6.70-8.20)
Eoo lenath 021540008  0205+0008  0.248+0.007
ge lengt 0210-0230)  (0.190-0.220)  (0.220-0.270)
Eoe widh 0.110+£0004  0.103+£0005  0.125+0.001
e 0950-0.120)  (0.095-0.110)  (0.100-0.150)

The male nematodes of the species Nematodirus spathiger Rail-
liet & Henry, 1909 had the following morphometric characteristics:
body length 15.7 + 1.0 mm, body width 0.137 + 0.006 mm, esopha-
gus length 0.487 + 0.024 mm, vesicle length 0.1075 + 0.0043 mm,
spicule length 0.90 = 0.04 mm, and bursa length 0.1605 + 0.0064
mm. The average length of dorsal ray 0.064 + 0.030 mm and the
length of external dorsal ray 0.128 + 0.070 mm. The female N. spa-
thiger had a total body length of 18.2 + 0.8 mm, the vesicle length of
0.109 £ 0.004 mm, and esophagus length of 0.488 + 0.024 mm, the
length of the area of vulva 0.118 + 0.005 mm, and the distance from
vulva to the anus 5.80 = 0.24 mm (Table 1; Fig. 1D, 1E, 1F).

The average body length of male nematodes of the species Ne-
matodirus oiratianus Rajewskaja, 1929 was 17.65 £ 1.10 mm, the
average body width was 0.151 = 0.007 mm. The average spicule
length was 1.01 = 0.04 mm, and the spicules were fused and ended in
a thin lanceolate tip. The length of the male nematode esophagus was
0.627 + 0.030 mm. The width of the head without a vesicle was 0.039
+0.002 mm, and the length of the nematode bursa was 0.161 + 0.006
mm. The average width of bursa is 0.485 + 0.020 mm, the average
length of dorsal ray 0.062 + 0.030 mm and average length of external

dorsal ray 0.132 £ 0.080 mm. The average body length of N. oiratia-
nus females is 24.70 £ 0.52 mm, the average body width was 0.151 +
0.007 mm, and the width of the head with vesicle was 0.061 = 0.002
mm. The width of the head without vesicles was 0.041 + 0.002 mm,
the average length of the esophagus was 0.655 + 0.030 mm. The
average length of the area of the vulva was 0.126 + 0.004 mm, the
average distance from the vulva to the anus 7.10 + 0.25 mm (Table 1;
Fig. 1G, 1H, 1I).

In the conducted studies, only two parameters of the eggs of this
species of nematodes were used, width and length. The eggs of nema-
todes of the genus Nematodirus were distinguished by their large size
and prominent blastomeres compared to those of other genera of the
Molinidae family (Fig. 2). Also shown was the first stage of larvae
(L)) development from eggs of the genus Nematodirus (Fig. 2).

Nematodirus abnormalis, N. spathiger, and N. oiratianus, which
were identified in domestic sheep and goats, are morphologically
distinct from each other and can be distinguished mainly by the shape
of the spicule and the structure of the bursa. In N. abnormalis, the tip
of the spicule is slightly curved, covered with an asymmetrical lan-
ceolate membrane, and its length was on average 1.10 £ 0.04 mm.
The tip of the spicule of N. oiratianus is fused and ends in a thin tube.
N. spathiger can be distinguished from other species by the slightly
curved distal tip of the spicule. The females of N. abnormalis and
N. spathiger are extremely similar in the vulval region of these spe-
cies, so the males of these nematodes were used for differentiation.
The female N. oiratianus has a slit-shaped opening at the vulva, lo-
cated transversely and has two lips, with the anterior lip slightly bent
inward in the shape of a beak.

According to the PCR results, 300 bp fragments of tDNA ITS-2
region were isolated from samples of Nematodirus species. The iden-
tification of Nematodirus species was carried out by analyzing the
ITS-2 region samples obtained from the GenBank database (Table 1).
As a result, when the N. spathiger sample was compared with the
N. spathiger sequences (KC580741; KC998747; KY930440) in the
GenBank database using the Blast program, the nucleotide sequence
showed 96% similarity.

The next three samples of the N. abnormalis species were found
to have a 98% nucleotide sequence identity with the Nematodirus sp.
(HQ844230) in the GenBank database. The N. abnormalis species
and Nematodirus sp. (HQ844230.1) species differed by 6 nucleotide
pairs, namely, A-adenine instead of G-guanine at nucleotide 21, A-
adenine nucleotide instead of T-thymine at nucleotide 153, T-thymine
instead of A-adenine at nucleotide 157, G-guanine instead of C-cyto-
sine at nucleotide 229, A-adenine instead of T-tymine nucleotide 330,
and C-cytosine instead of A-adenine at nucleotide 327. The total,
N. abnormalis (PQ725622) and Nematodirus sp. (HQ844230) were
found to differ by 6 nucleotides. It should be noted that the nucleotide
sequence of the N. abnormalis species is not available in the Gen-
Bank database. The nucleotide sequence of the ITS-2 region of the
morphologically identified N. abnormalis species and its three sam-
ples was first placed in the NCBI database.

In our study, the sample of N. oiratianus (PV124855) showed
98% similarity with the N. oiratianus (OP879215) species in the
GenBank database. In this case, the N. oiratianus (PV124855) sample
showed the following nucleotide differences: at nucleotide 191, G-gu-
anine was replaced by A-adenine; at nucleotides 326-329, A-adenine
was replaced by C-cytosine; and at nucleotide 327, A-adenine was
replaced by T-thymine.

The phylogenetic relationships of the Nematodirus species were
analyzed by comparing the tDNA ITS-2 sequences of the species
N. spathiger, N. oiratianus, and N. abnormalis studied by us and the
existing species in the GenBank (NCBI) database (Table 2).

In the study, according to the phylogenetic tree constructed based
on the nucleotide sequence of the ITS-2 region, the species N. battus,
N. filicollis, N. helvetianus, N. spathiger, N. tarandi, N. andersoni,
N. rupicaprae, N. davtiani, N. abnormalis, Nematodirus sp. and
N. oiratianus belonging to the genus Nematodirus of the family Mo-
lineidae were analyzed and united into 10 distinct monophyletic gro-
ups (clades). The species T circumcincta of the genus Teladorsagia
was used as an outgroup in the study.
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Fig. 1. Microphotography of morphological characteristics of Nematodirus species at different magnifications:

A—head and of &' N. abnormalis; B — tail end of &' N. abnormalis; C — spicule of &' N. abnormalis; D —head end of &' N. spathiger;
E —tail end of & N. spathiger; F —spicule of &' N. spathiger: G —head and of & N. oiratianus; H— tail end of & N. oiratianus,

I—spicule of & N. oiratianus: abbreviation inside the figure; Es — esophagus, Oc — oral cavity, V' — vesicle,

Sp — spicule, B — bursa, Bm — bursa membrane, R — rays, Sp.m — spicule membrane

Table 2

Sources of sequences representing of Nematodirus from the Genbank

Fig. 2. Microphotography of morphological structure of Nematodirus sp. eggs (4) and the first stage
of larvae development of Nematodirus sp. (B): Bl — blastomere; Eg — eggs of Nematodirus sp; L1 — first stage of larvae

data base used in comparisons and identification (rDNA ITS2)

. GenBank Geographic

No. Nematode species accession, ITS Host range dis m%i It’ion

1. Nematodirus battus Y14010 sheep Australia

2. N. battus AY439023  soaysheep  United Kingdom

3. N.battus AF194132  sheep USA

4. N. battus JF345079  sheep Ireland

5. N. battus AF194124  sheep USA

6. N. battus AF194123  sheep Norway

7. N. battus AF194134  sheep Canada

8. N. battus AF194131  sheep USA

9. N. battus MZA78657  reindeer Norway

10. N. davtiani OP879218  bighorn sheep Canada

11. N. davtiani OP879217  bighom sheep Canada

12. N. davtiani OP879216  bighom sheep Canada

13.  N. davtiani alpinus AJ239113  chamois Ttaly
4

No. Nematode species acc(;::i]zgrs Host range 212218;3 Izil:)l;
14. N.filicollis AY439024  soaysheep  United Kingdom
15. N. filicollis AF194140  sheep USA
16. N . filicollis AF194139  sheep USA
17. N.filicollis KC998750  sheep New Zealand
18. N. filicollis KC998749  sheep New Zealand
19. N. helvetianus AF194142  cattle USA
20. N. helvetianus AF194141  cattle USA
21. N. helvetianus AF194127  cattle USA
22. N. helvetianus JQ828846  cattle Russia
23. N. helvetianus KC580751  sheep China
24. N. helvetianus KC580752  sheep China
25. N. oiratianus AJ239112  chamois Italy
26. N. oiratianus KR809574  sheep China
27. N. oiratianus OP879214  bighormn sheep Canada
28. N. oiratianus OP879215  bighom sheep Canada
29. N. oiratianus HQ389233  sheep Iran
30. M. oiratianus KC580732  sheep China
31. N. oiratianus MT193658  goat China
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. GenBank Geographic
No. Nematode species accession, ITS Host range dis m%i }Zion
32. N.tarandi MZA78655  reindeer Norway
33. N.tarandi MZA78654  reindeer Norway
34. N. tarandi MZA78653  reindeer Norway
35. N.tarandi MZA78652  reindeer Norway
36. N.tarandi MZA78651  reindeer Norway
37. N. andersoni OP879220  bighom sheep Canada
38. N. andersoni OP879219  bighorn sheep Canada
39. N.rupicaprae AJ239111  chamois Ttaly
40. Nematodirus sp. HQ844230  sheep China
41. N. spathiger KC998748  sheep New Zealand
42. N. spathiger KY930420  dorcas gazelle Tunisia
43. N. spathiger AF194128  sheep USA
44. N. spathiger KC998746  sheep New Zealand
45. N. spathiger AF194143  sheep USA
46. N. spathiger KF305647  guanaco Argentina
47. N. spathiger AF194144  sheep USA
45, [eladorsagia ON004115  sheep Iraq
circumcincta

In this phylogenetic tree analysis, in the first Clade the samples of
N. oiratianus from our study clustered with the samples of N. oiratia-
nus from the GenBank database into one group (Fig. 3). Their defi-
nitive hosts are wild and domestic sheep and goats. In Clade II of the
phylogenetic tree, three samples of N. abnormalis from our study
clustered with a sample of Nematodirus sp. (HQ844230) from the

Tree scale 0.1

GenBank database, forming a group with a high bootstrap value
(100%). It should be noted that the species studied as Nematodirus sp.
by Chinese researchers might be N. abnormalis. In the sixth phyloge-
netic clade, the available N. farandi species from the Genbank data-
base were placed, showing a high bootstrap value (98%). These spe-
cies have only been recorded in northern reindeer. The III-V clades of
the tree contained N. davtiani, N. davtiani alpinus, N. rupicaprae
N.andersoni, and which were considered to be close sister species.
The definitive hosts for N. andersoni and N. davtiani were bighom
sheep and for N. rupicaprae, wild goat (Rupicapra rupicapra).
The species in this group produced low bootstrap support (78%).
In the VIII clade of the phylogenetic tree, the samples of N. helvetia-
nus from the GenBank database were placed. It should be noted that
this resulted in a paraphyletic grouping with two subclades. This can
be attributed to their host associations: the samples of N. helvetianus
in the first subclade were found in sheep, while in the second sub-
clade, the species parasitizes cattle.

In our study, the analyzed Nematodirus spathiger species, along
with the N. spathiger samples from the GenBank database, formed
the VII clade, which is placed very close to the N. helvetianus species.
The Nematodirus spathiger species has a wide range of definitive
hosts, including sheep, llamas, and gazelles. The typical species of the
Nematodirus genus, N. filicollis, is located in clade IX of the phyloge-
netic tree, close to the outgroup in the phylogenetic tree. The defini-
tive hosts were mainly domestic sheep.

ia ci ON004115 Sheep
dirus battus AY439023 Soay sheep

100

dirus battus MZ478657 Reindeer

_ﬁ'i_: Nematodirus battus AF194124 Sheep
- Nematodirusbattus Y14010 Sheep

87.9

97

Nematodirus battus JF345079 Sheep X
923 Nematodirus battus AF194131 Sheep
dirus battus AF194123 Sheep
Nematodirus battus AF194134 Sheep
Nematodirus battus AF194132 Sheep
Nematodirus filicollis AF194139 Sheep
ﬂ Nematodirus filicollis AF194140 Sheep
00 dirus filicollis AY439024 Soay sheep X
5 Nematodirus filicollis KC998750 Sheep
Nematodirus filicollis KC998749 Sheep
T dirus i KC580752 Sheep
L diru: i KC580751 Sheep
I dirus h i JQ828846 Cattle VIII
5o | | dirus AF194141 Catlle
l dirus AF194127 Cattle
diru: i AF194142 Cattle
dirus higer KF305647 Guanaco
{ dirus AF194128 Sheep
dirus AF194143 Sheep
) VI irus KC998748 Sheep
'us sp KY930420 Dorcas gazelle
751 dirus spathiger KC998746 Sheep via
916 dirus higer AF194144 Sheep
76 irus iger PV135956 Sheep Uzb
us sp PV135955 Sheep Uzb
us tarandi MZ478653 Reindeer
585 [ dirus tarandi MZ478654 Reindeer
75T | irus tamndl. Rel.ndeer VI
dirus tarandi 1 Reindeer
I—Nemamdirus tarandi MZ478652 Reindeer
r dirus i OP879219 Bighorn sheep V
98.5 L irus i OP879220 Bighorn sheep
316 T irus rupicaprae AJ239111 Chamois v
78 irus davtiani alpinus AJ239113 Chamois
5 us davtiani OP879217 Bighorn sheep
% Nematodirus davtiani OP879216 Bighorn sheep 1
Nematodirus davtiani OP879218 Bighorn sheep
T dirus sp. HQ844230 Sheep
55 dirus ab lis PQ725599 Goat Uzb I
|_§IS_‘—{ irus is PQ725609 Sheep Uzb
7 dirus lis PQ725622 Sheep Uzb
di KC580732 Sheep
di MT193658 Goat
dirus KR809574 Sheep
9338 dirus HQ389233 Sheep
dirus AJ239112 Chamois 1
dirus oiritianus PV133512 Sheep Uzb
dirus oiritianus PV124855 Sheep Uzb
irus OP879214 Bighorn sheep
dirus oiratic OP879215 Bighorn sheep

Fig. 3. Phylogenetic tree based on the ITS-2 rRNA gene sequences for genera of the Nematodirus by maximum likelihood method

Discussion

Nematodirus species are the main components of the parasite fau-
na of ungulates, well adapted to environmental conditions. They are
parasites of the cranial part of the small intestine of ruminants.
The life cycle is direct. The invasion larvae develop within the egg up

to the third stage larvae. Species in this genus can be easily identified
by the fact that their eggs are twice as large as those of other tricho-
strongylids. According to the results of morphological studies, more
than 40 species of the genus Nematodirus are known in the world fau-
na (Taylor et al., 2016). However, molecular-genetic research has
been conducted on more than 10 species.
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By cuticular ridge patterns of N. helvetianus, N. oiratianus inter-
ruptus, N. abnormalis, and N. spathiger, share the characteristics of a
more posteriorly distributed pattern of ridges in the cervical region, 18
or more ridges near midbody, smaller dorsal and ventral ridges, a lar-
ger number (50-65) of perioral denticles, a longer cephalic expansion,
and a smaller bursa with separate dorsal lobes. N. helvetianus and
N. oiratianus interruptus have additional ridges in the cervical and
postcervical regions, and are characterized by having more than 18
ridges for most of their length; the males do not have additional ven-
tral ridges in the last quarter. N. helvetianus has more ridges (30-36 at
midbody) than any of the other species. N. oiratianus interruptus can
be easily separated from all other species by its discontinuous ridges
in the cervical region (Lichtenfels & Pillit, 1983). Morphometric
characteristics of sexually mature males and females of N. spathiger,
obtained from the small intestine of domestic sheep in Ukraine sho-
wed that nematodes of this species are morphologically characterized
by a thin filiform body, a vesicle at the head end, and a chitinous tooth
in a short oral capsule. Differential morphological features of male N.
spathiger nematodes include the structural features of the spicules,
their distal end, as well as the shape and arrangement of the rays of
the tail bursa; in females, these are the structural features of the vulva
and tail end (Melnychuk et al., 2021). N. abnormalis was distingui-
shed from the other species of Nematodirus by the twisted and asym-
metrical spicule tips of the male and by the discontinuities in the cer-
vical region of the lateral cuticular ridge pairs 2 and 8 (Louw, 1989).
According to the results of the morphometric study, male was identi-
fied based on the spicule shape, length, morphometric dimensions of
the dorsal rays and external-dorsal rays. Males of N. spathiger are
morphologically characterized by the presence of two long, filament-
ous spicules. The gubernaculum is absent. Characteristically, the dis-
tal parts of spicules are connected by a membrane, which seemingly
envelops the spicules and welds them together. The distal end of the
connected spicules has the shape of a spatula. Females of N. spathiger
nematodes are morphologically characterized by the presence of
thinner anterior and thicker posterior parts of the body. The tail end
bears a well-defined spike. The vulva is located in the posterior part of
the body. As for the male of N. abnormalis, the dorsal lobe is sepa-
rated from the lateral by a fairly deep notch. The externo-dorsal rib is
thin, with its middle third located almost at the edge of the bursa and
somewhat thinner than the distal end. The distal end of the spicules is
curved and covered with a membrane in the form of an asymmetrical
lancet. The maximum body width in females corresponded to the
vulva region, and the body tapered from the vulva region onward.
The length of a male nematode of N. oiratianus longer than both
other nematodes and is 17.65 + 1.10 mm. The bursa consists of two
large lateral lobes and two small dorsal ones. The spicules are equal,
long, tubular, slightly expanded at the proximal ends. Starting from
the middle third, both spicules are connected by a transparent mem-
brane, which at their free distal end is expanded in the form of a lan-
cet, protruding from the sides. Its anterior end is considerably thinner
and longer than the posterior end and is sometimes spirally twisted.
The cephalic end is slightly narrowed. Gradually expanding, the body
of females reaches its maximum width in the vulva area.

The phylogenetic analysis was performed on this phylogenetic
tree based on the available species of the genus Nematodirus in the
GenBank database. According to the results of the analysis, we can
see that the ITS-2 region is a useful marker for analyzing the phyloge-
netic relationships of Nematodirus species based on nucleotide sequ-
ences (Newton et al., 1998; Gasser, 1999; Audebert et al., 2000).
Sequence data from the ITS1-5.8S-ITS2 regions, 18S and 28S genes
of rDNA were used to investigate the sequence diversity of different
geographic samples of N. battus and to examine the phylogenetic re-
lationships of other Nematodirus species. Phylogenetic analysis of
these data well supports the relationships between species, with
N. helvetianus and N. spathiger as sister taxa in a clade of these two
species and Nematodirus filicollis. This tree is consistent with Capi-
nae as the ancestral host, with subsequent variation in the Bovinae
host of N. helvetianus. The N. battus sequences were unique with 19
variable regions among sequences representing the 5 geographic sam-

ples and they clustered together as a distinct clade in the phylogenetic
tree (Nadler et al., 2000).

In this study, we can see that the Nematodirus species formed 10
monophyletic groups. The species N. abnormalis clustered in a single
monophyletic group with the Nematodirus sp. in the phylogenetic
tree. It should be noted that the species studied as Nematodirus sp.
might actually be N. abnormalis. The phylogenetic analysis using
ITS-2 region nucleotide sequences revealed that N. oiratianus and
N. abnormalis are close species. The N. spathiger and N. helvetianus
species also phylogenetically close. As the result of the study, the
obtained nucleotide sequences were uploaded to the GenBank databa-
se (NCBI), and the corresponding accession numbers were obtained
for N. spathiger (PV135955; PV135956), N. abnormalis (PQ725622;
PQ725609; PQ725599), and N. oiratianus (PV124855; PV133512).
The samples of the N. abnormalis species, studied by us, were up-
loaded to the GenBank database for the first time.

Conclusion

The studied species of the genus Nematodirus differ from each
other morphologically, and they can be distinguished mainly by the
shape of the spicule and the structure of the bursa in the male individ-
ual. In the species N. abnormalis, the tip of the spicule is slightly cur-
ved, covered with an asymmetrical lanceolate membrane, the tip of
the spicule of the species N. oiratianus is connected and ends in a thin
tube, and the distal tip of the spicule of the species N. spathiger has a
slightly curved shape. At the same time, the tDNA ITS-2 region of
these species allows identification by nucleotide sequence and inters-
pecific and intraspecific phylogenetic analysis. The species 7. circum-
cincta of the outgroup Teladorsagia genus was used in the phyloge-
netic tree, and it can be seen from the phylogenetic tree that it origi-
nated in the same evolutionary direction as the nematodiruses. In the
phylogenetic analysis, the species N. oiratianus and N. abnormalis
studied in our samples were considered to be close species, and their
definitive hosts were wild and domestic sheep, goats and chamois.
The species N. helvetianus is mainly a parasite of cattle and formed
the innermost group with the species N. spathiger, which is found in
sheep, goats and cattle. At the same time, the species N. helvetianus
formed two subclades with paraphyletic grouping, which can be lin-
ked to their definitive hosts. The species N. andersoni, N. rupicaprae,
N. davtiani alpinus, and N. davtiani were located in the tree and they
were considered to be close sister species to each other. The species
N. filicollis and N. battus are found in sheep, goats and other rumi-
nants and are located close to the outer group in the phylogenetic tree.
N. oiritianus and N. abnormalis are very closely related. Three spe-
cimens of N. abnormalis (PQ725622; PQ725609; PQ725599) were
deposited in the GenBank database for the first time. The result of this
study confirm that the ITS-2 region is suitable not only for species
identification but also for phylogenetic analysis of Nematodirus genus
representatives.

We thank to scientific workers at the laboratory of Molecular Zoology of the
Institute of Zoology of the Academy of Sciences of Uzbekistan for help with
the technical work and collection of biological materials.

References

Abramatov, M., Kuchboev, A., Ruziev, B., & Sobirov, K. (2022). Diversity of
gastrointestinal nematodes in domestic ruminants of Uzbekistan. Pakistan
Journal of Zoology, 54(5), 445-448.

Alejandro, H. Z., Gaston, V. ., Flery, F. S., & Carlos, O. A. (2017). First record
of Nematodirus helvetianus May, 1920 (Nematoda: Molineidae) in cattle
from Southern Chile. Neotropical Helminthology, 11(1), 17-23.

Alhaboubi, A. R., Fadhil, A. 1., & Feidhel, S. R. (2021). Prevalence and mole-
cular identification of Nematodirus helvetianus in camels in Iraq, Veteri-
nary World, 14(5), 1299-1302.

Anderson, R. C. (2000) Nematode parasites of vertebrates: Their development
and transmission. 2nd ed. CAB Publishing, London.

Audebert, F., Durette-Desset, M. C., & Chilton, N. B. (2000). Internal transcri-
bed spacer rDNA can be used to infer the phylogenetic relationships of
species within the genus Nematodirus (Nematoda: Molineoidea). Interna-
tional Journal for Parasitology, 30(2), 187-191.

Biosystems Diversity, 2025, 33(2), 2524


http://doi.org/10.17582/journal.pjz/20210629120602
http://doi.org/10.17582/journal.pjz/20210629120602
http://doi.org/10.17582/journal.pjz/20210629120602
http://doi.org/10.24039/rnh2017111687
http://doi.org/10.24039/rnh2017111687
http://doi.org/10.24039/rnh2017111687
http://doi.org/10.14202/vetworld.2021.1299-1302
http://doi.org/10.14202/vetworld.2021.1299-1302
http://doi.org/10.14202/vetworld.2021.1299-1302
http://doi.org/10.4102/jsava.v71i4.729
http://doi.org/10.4102/jsava.v71i4.729
http://doi.org/10.1016/s0020-7519(99)00179-4
http://doi.org/10.1016/s0020-7519(99)00179-4
http://doi.org/10.1016/s0020-7519(99)00179-4
http://doi.org/10.1016/s0020-7519(99)00179-4

Biocca, E., Balbo, T., & Constantini, R. (1982). Su due nuove specie del genere
Nematodirus parassiti di stambecchi e camosci: Nematodirus ibicis sp. n. e
Nematodirus rupicaprae sp. n. Parassitologia, 24(2-3), 129-138.

Biocca, E., Balbo, T., & Costantini, R. (1974). Nematodirus davtiani alpinus
subsp. n. gastro-intestinal nematode from steinibock, Capra ibex, and
chamois, Rupicarpa rupicapra, of the Parco Nazionale del Gran Paradiso,
Italian Western Alps. Parasitologia, 16, 57-60.

Gasser, R. B., Chilton, N. B., Hoste, H., & Beveridge, 1. (1993). Rapid sequen-
cing of IDNA from single worms and eggs of parasitic helminths. Nucleic
Acids Research, 21(10), 2525-2526.

Gasser, R. B., Rossi, L., & Zhu, H. (1999). Identification of Nematodirus spe-
cies (Nematoda: Molineidae) from wild ruminants in Italy using ribosomal
DNA markers. International Journal for Parasitology, 29(11), 1809-1817.

Hoberg, E. P., Lichtenfels, J. R., & Rickard, L. G. (2005). Phylogeny for genera
of Nematodirinae (Nematoda: Trichostrongylina). Journal Parasitology,
91(2), 382-389.

Ivashkin, V. M., Oripov, A. O., & Sonin, M. D. (1989). Opredelitel gelmintov
melkogo rogatogo skota [Identification key to the helminths of small ru-
minants]. Nauka, Moscow (in Russian).

Khrustalev, A. V. (2011). Vidovoy sostav roda Nematodirus fauny Rossii i
sopredel nykh territoriy [Species composition of the genus Nematodirus in
the fauna of Russia and adjacent territories]. Teoriya i Praktika Bor’by s
Parazitarnymi Bolezniami, 12, 539-549 (in Russian).

Khrustalev, A. V. (2012). Nematodirus skrjabini vs N. tarandi: Samostoyatel’-
nye vidy ili sinonimy? [Nematodirus skrjabini vs N. tarandi: Separate spe-
cies or synonyms?] Teoriya i Praktika Bor’by s Parazitamymi Boleznya-
mi, 13,440-443 (in Russian).

Kuchboev, A. E., Kriicken, J., Ruziev, B. H., & Von Samson-Himmelstjerna,
G. (2015). Molecular phylogeny and diagnosis of species of the family
Protostrongylidae from caprine hosts in Uzbekistan. Parasitology Rese-
arch, 114(4), 1355-1364.

Kuchboev, A., Sobirova, K., Amirov, O., Karimova, R., Samson-Himmelstjer-
na, G., & Krucken, J. (2020). Molecular analysis of polymorphic species
of the genus Marshallagia (Nematoda: Ostertagiinae). Parasites and Vec-
tors, 13,411.

Kuchboev, A. E., & Kriicken, J. (2022). Prevalence, infection intensity and mo-
lecular diagnosis of mixed infections with Metastrongylus spp. (Meta-
strongylidae) in wild boars in Uzbekistan. Pathogens, 11(11), 1316.

Lichtenfels, J. R., & Pilitt, P. A. (1983). Cuticular ridge patterns of Nematodirus
(Nematoda: Trichostrongyloidea) parasitic in domestic ruminants of North
America, with a key to species. Proceedings of the Helminthological So-
ciety of Washington, 50(2), 261-274.

Liu, Y., Wang, P., Wang, R., Li, J., Zhai, B., Luo, X., & Yang, X. (2023). An
epidemiological investigation and drug-resistant strain isolation of Nema-
todirus oiratianus in sheep in Inner Mongolia, China. Animals, 13(1), 30.

Louw, J. P. (1989). Nematodirus abnormalis (May, 1920) in sheep in the
south-western part of the Cape Province. Onderstepoort Journal of Veteri-
nary Research, 56, 141-142.

Melnychuk, V., Yevstafieva, V., Pishchalenko, M., Reshetylo, O., & Antipov,
A. (2021). Morphological identification of Nematodirus spathiger nema-
todes (Nematoda, Molineidae) obtained from the small intestine of sheep.
Regulatory Mechanisms in Biosystems, 12(1), 121-127.

Mirzaev, U., Kuchboev, A., Mavlyanov, O., Amirov, O., & Narzullayev, S. B.
(2024). Morphometric and molecular characterization of root-knot nema-
todes from Zarafshan Valley in Uzbekistan. Biosystems Diversity, 32(1),
135-141.

Nadler, S. A., Hoberg, E. P., Hudspeth, D. S., & Rickard, L. G. (2000). Relati-
onships of Nematodirus species and Nematodirus battus isolates (Nema-
toda: Trichostrongyloidea) based on nuclear ribosomal DNA sequences.
Journal of Parasitology, 86(3), 588—601.

Newton, L. A., Chilton, N. B., Beveridge, 1., & Gasser, R. B. (1998). Differen-
ces in the second internal transcribed spacer of four species of Nematodi-
rus (Nematoda: Molineidae). International Journal for Parasitology, 28,
337-341.

Oliver, A. M., Pomroy, W., & Leathwick, D. (2016). Benzimidazole resistance
in Nematodirus spathiger and N. filicollis in New Zealand. New Zealand
Veterinary Journal, 64(4), 201-206.

Petrigh, R. S., & Fugassa, M. H. (2014). Molecular identification of Nematodi-
rus spathiger (Nematoda: Molineidae) in Lama guanicoe from Patagonia,
Argentina. Helminthologia, 51(2), 79-82.

Rashid, M. H., Stevenson, M. A., Vaughan, J. L., Saced, M. A., Campbell,
J. D., Beveridge, 1., & Jabbar, A. (2019). Epidemiology of gastrointestinal
nematodes of alpacas in Australia: II. A longitudinal study. Parasitology
Research, 118(3), 1031-1038.

Rickard, L. G., & Hoberg, E. P. (2000). Reassignment of Lamanema from
Nematodirinae to Molineinae (Nematoda: Trichostrongyloidea). Journal
of Parasitology, 86(3), 647-650.

Soulsby, E. L. (1968). Helminths, arthropods and protozoa of domesticated ani-
mals. Bailliére Tindall & Cassell Ltd., London.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., & Kumar, S. (2013).
MEGAG6: Molecular evolutionary genetics analysis Version 6.0. Molecu-
lar Biology and Evolution, 30(12), 2725-2729.

Taylor, M. A., Coop, R. L., & Richard, L. W. (2016). Veterinary parasitology.
4th ed. Wiley Blackwell.

Zhao, G. H., Jia, Y. Q., Cheng, W. Y., Zhao, W., Bian, Q. Q., & Liu, G. H.
(2014). Characterization of the complete mitochondrial genomes of Nema-
todirus oiratianus and Nematodirus spathiger of small ruminants. Para-
sites Vectors, 7, 319.

Biosystems Diversity, 2025, 33(2), 2524


http://doi.org/10.1093/nar/21.10.2525
http://doi.org/10.1093/nar/21.10.2525
http://doi.org/10.1093/nar/21.10.2525
http://doi.org/10.1016/s0020-7519(99)00123-x
http://doi.org/10.1016/s0020-7519(99)00123-x
http://doi.org/10.1016/s0020-7519(99)00123-x
http://doi.org/10.1645/GE-3408
http://doi.org/10.1645/GE-3408
http://doi.org/10.1645/GE-3408
http://doi.org/10.1007/s00436-015-4313-6
http://doi.org/10.1007/s00436-015-4313-6
http://doi.org/10.1007/s00436-015-4313-6
http://doi.org/10.1007/s00436-015-4313-6
http://doi.org/10.1186/s13071-020-04265-1
http://doi.org/10.1186/s13071-020-04265-1
http://doi.org/10.1186/s13071-020-04265-1
http://doi.org/10.1186/s13071-020-04265-1
http://doi.org/10.3390/pathogens11111316
http://doi.org/10.3390/pathogens11111316
http://doi.org/10.3390/pathogens11111316
http://doi.org/10.3390/ani13010030
http://doi.org/10.3390/ani13010030
http://doi.org/10.3390/ani13010030
http://doi.org/10.15421/022119
http://doi.org/10.15421/022119
http://doi.org/10.15421/022119
http://doi.org/10.15421/022119
http://doi.org/10.15421/012413
http://doi.org/10.15421/012413
http://doi.org/10.15421/012413
http://doi.org/10.15421/012413
http://doi.org/10.1645/0022-3395(2000)086%5b0588:RONSAN%5d2.0.CO;2
http://doi.org/10.1645/0022-3395(2000)086%5b0588:RONSAN%5d2.0.CO;2
http://doi.org/10.1645/0022-3395(2000)086%5b0588:RONSAN%5d2.0.CO;2
http://doi.org/10.1645/0022-3395(2000)086%5b0588:RONSAN%5d2.0.CO;2
http://doi.org/10.1016/S0020-7519(97)00150-1
http://doi.org/10.1016/S0020-7519(97)00150-1
http://doi.org/10.1016/S0020-7519(97)00150-1
http://doi.org/10.1016/S0020-7519(97)00150-1
http://doi.org/10.1080/00480169.2016.1149117
http://doi.org/10.1080/00480169.2016.1149117
http://doi.org/10.1080/00480169.2016.1149117
http://doi.org/10.2478/s11687-014-0213-z
http://doi.org/10.2478/s11687-014-0213-z
http://doi.org/10.2478/s11687-014-0213-z
http://doi.org/10.1007/s00436-019-06237-6
http://doi.org/10.1007/s00436-019-06237-6
http://doi.org/10.1007/s00436-019-06237-6
http://doi.org/10.1007/s00436-019-06237-6
http://doi.org/10.1645/0022-3395(2000)086%5b0647:ROLFNT%5d2.0.CO;2
http://doi.org/10.1645/0022-3395(2000)086%5b0647:ROLFNT%5d2.0.CO;2
http://doi.org/10.1645/0022-3395(2000)086%5b0647:ROLFNT%5d2.0.CO;2
http://doi.org/10.1093/molbev/mst197
http://doi.org/10.1093/molbev/mst197
http://doi.org/10.1093/molbev/mst197
http://doi.org/10.1186/1756-3305-7-319
http://doi.org/10.1186/1756-3305-7-319
http://doi.org/10.1186/1756-3305-7-319
http://doi.org/10.1186/1756-3305-7-319


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



