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ABSTRACT. Based on both morphological and mo-
lecular data, the genus Carinostoma Kratochvíl, 1958 is 
recorded for the first time from Turkey. Detailed illustra-
tions of the dorsal body structure, chelicera, and pedipalp 
are provided. Additionally, an 835 bp fragment of the 28S 
rRNA gene was sequenced. The systematic position of the 
species and its genus within the family Nemastomatidae 
was determined based on Maximum Likelihood (ML) 
and Bayesian (BEAST) analyses. 
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РЕЗЮМЕ. На основании морфологических и 
молекулярных данных, род сенокосцев Carinostoma 
Kratochvíl, 1958 впервыве отмечен в фауне Турции. 
Детально проиллюстрированы структура тела с 
дорсальной стороны, хелицеры и педипальпы. До-
полнительно, проведен сиквенс фрагментов 835 bp и 
гена 28S rRNA. При помощи методов максимального 
правдоподобия (ML) и Байесова (BEAST) определено 
систематическое положение видов и самого рода в 
семействе Nemastomatidae. 

Introduction 

The genus Carinostoma belongs to the family Nemas-
tomatidae (Simon, 1872) and was established by Krato-
chvíl in 1958. This genus is widely distributed across 
Europe and currently includes three recognized species: 
C. carinatum (Roewer, 1914), C. elegans (Sørensen, 
1894), and C. ornatum (Hadži, 1940). However, neither 
the genus nor its species have been recorded in Turkey to 
date [Bayram et al., 2010; Kurt et al., 2010; Kurt, 2014; 
Kury et al., 2023, 2024].

Carinostoma carinatum was first described by Ro-
ewer in 1914, from Bosnia and Herzegovina (Jablanica). 
Martens [1978] provided detailed information on the spe-
cies’ morphological characteristics and genital structures. 
Subsequently, the nuclear 28S rRNA and mitochondrial 
cytochrome b (cytb) gene regions of specimens collec-
ted from Italy were studied, and the resulting data were 
uploaded to the NCBI GenBank database [Schönhofer, 
Martens, 2010].

This study aims to document the first record of the 
genus Carinostoma and the species C. carinatum from 
Turkey, and to confirm its identity based on both morp-
hological characteristics and molecular data from the 28S 
rRNA gene region. Furthermore, this record extends the 
known distribution range of C. carinatum and contributes 
to the biodiversity knowledge of the region.

Material and methods

Sample collection 
The specimens used in this study were collected by hand and 

using forceps in Sinop province of Turkey in 2014. The samples 
examined were preserved in 70% ethanol and were kept in the 
collection of the Arachnological Laboratory of Şiran Vocational 
School, Gümüşhane University (GUSAL), Gümüşhane, Turkey. 
Photographs were taken with an Olympus SZ61 stereomicrosco-
pe equipped with an Olympus LC20 digital camera. The images 
were then combined using Combine ZM soft ware and edited 
with Adobe Photoshop CS3.

DNA extraction
The samples stored in 70% ethanol were first removed and 

air-dried to allow the alcohol to evaporate completely. They 
were then washed with distilled water and dried again. Due to 
the small size of the samples, the entire bodies and legs were 
used for DNA extraction. DNA extraction was performed 
using the GeneAll, ExgeneTM Animal Tissue kit according to 
manufacturer’s protocols (GeneAll, Biotechnology Co., Ltd., 
Seoul, Korea).
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PCR amplification and DNA sequencing
Polymerase chain reaction (PCR) was performed using 

specific primers to amplify the target 28S rRNA region. The 
following primers were used to amplify the 28S rRNA gene regi-
on: ZX1 (5’-ACCCGCTGAATTTAAGCATATAT-3’) and ZR2 
(5’-GCTATCCTGAGGGAAACTTCGG-3’) [Mallatt, Sullivan, 
1998]. The PCR reaction was performed in a total volume of 
20 μL and contained 2 μL of template DNA, 10 μL of 2× master 
mix (GeneAll, Seoul, Korea), 7 μL of sterile distilled water, and 
0.5 μL of each primer. The amplification conditions included an 
initial denaturation step at 95 °C for 5 min, followed by 30 cyc-
les of denaturation at 95 °C for 30 s, annealing at 51 °C for 30 s, 
and extension at 72 °C for 30 s. A final extension was performed 
at 72 °C for five min. The PCR amplicons were visualized on 
a 1% agarose gel stained with ethidium bromide. Successfully 
amplified products were purified using a WizPure™ DNA Gel 
Extraction Kit and were then subjected to nucleotide sequencing. 
Subsequently, DNA sequencing was performed using the Sanger 
sequencing method in both directions.

Molecular phylogenetic analyses
The 28S rRNA gene sequences resulting from this study 

were edited using BioEdit v7.2.5 [Hall, 1999] soft ware. These 
sequences were then uploaded to the NCBI (National Center for 
Biotechnology Information) GenBank database, and BLAST 
(Basic Local Alignment Search Tool) searches were performed 
to identify the most closely related species. Reference sequences 
from similar species were downloaded from the NCBI database 
for use in phylogenetic analyses. Data and accession numbers of 

similar species were obtained from NCBI and are listed in Table 
1. Alignment of sequences was done using MUSCLE algorithm 
[Edgar, 2004]. The most appropriate evolutionary model was de-
termined using the Akaike Information Criterion [Akaike, 1974] 
in MEGA 12 [Kumar et al., 2024], and the GTR+G+I model 
was selected. Maximum likelihood analyses were conducted in 
MEGA 12 with 1,000 bootstrap replicates. Uncorrected pair-wise 
sequence divergence was calculated among 28S rRNA genes 
using the MEGA 12 software [Kumar et al., 2024]. 

Bayesian phylogenetic analyses were performed in BEAST 
X v10.5.0 [Suchard et al., 2018]. The input XML file was 
prepared in BEAUti v10.5.0 using the GTR+G+I substitution 
model. We selected an uncorrelated lognormal relaxed clock 
model  [Drummond et al., 2006] and used a Yule process as the 
tree prior [Yule, 1925; Gernhard, 2008]. The MCMC analysis 
was run for 10 million generations, sampling every 1,000 gen-
erations. A maximum clade credibility (MCC) tree was gener-
ated using TreeAnnotator, discarding the first 10% of trees as 
burn-in. The resulting phylogenetic tree was visualized in iTOL 
[Letunic, Bork, 2021].

Results
Genus Carinostoma Kratochvíl, 1958

Carinostoma carinatum (Roewer, 1914)
Figs 1, 2; Tables 1, 2.

Material examined. 1 ♀, 3 juveniles (GUSAL), Turkey, Sinop 
Province, Sarıkum District (42°00′46.8″N, 34°53′59.1″E), 80 m a.s.l., 
4 May 2014, leg. H. Koç.

Table 1. List of GenBank accession numbers for harvestmen species included in this study.
Таблица 1. Номера Генбанка для исследованных в данной работе видов сенокосцев. 

Taxon name Accession numbers References 
Carinostoma carinatum (Turkey) OM049505.2 In this study
Carinostoma carinatum GQ466280.1 Schönhofer, Martens, 2010
Carinostoma elegans GQ466281.1 Schönhofer, Martens, 2010
Histricostoma dentipalpe GQ466291.1 Schönhofer, Martens, 2010
Histricostoma argenteolunulatum GQ466290.1 Schönhofer, Martens, 2010
Paranemastoma silli GQ466304.1 Schönhofer, Martens, 2010
Paranemastoma sp. GQ466305.1 Schönhofer, Martens, 2010
Paranemastoma quadripunctatum GQ466303.1 Schönhofer, Martens, 2010
Pyza bosnica GQ466312.1 Schönhofer, Martens, 2010
Mediostoma sp. GQ466297.1 Schönhofer, Martens, 2010
Mediostoma vitynae GQ466296.1 Schönhofer, Martens, 2010
Nemastomella dubia GQ912774.1 Giribet et al., 2010
Nemastoma bimaculatum GQ466300.1 Schönhofer, Martens, 2010
Nemastoma lugubre GQ466301.1 Schönhofer, Martens, 2010
Nemastoma bidentatum GQ466299.1 Schönhofer, Martens, 2010
Nemastoma hankiewiczii GQ466302.1 Schönhofer, Martens, 2010
Dendrolasma parvulum GQ912771.1 Giribet et al., 2010
Dendrolasma parvulum EF108578.2 Boyer et al., 2007
Ortholasma sp. KF181758.1 Richart, Hedin, 2013
Nemastoma hankiewiczii GQ912772.1 Giribet et al., 2010
Mitostoma chrysomelas GQ466298.1 Schönhofer, Martens, 2010
Trogulus tricarinatus (outgroup) FJ373264.1 Schönhofer, Martens, 2008
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DESCRIPTION. FEMALE. Body small, oval-shaped body 
is black and measures 1.8 mm long by 1.2 mm wide. Two large, 
silver-colored spots are located on both sides of the prosoma, 
behind the eye tubercle. Three rows of bridge-like spines are 
behind these spots. Two smaller silver spots are present on 
the posterior of the abdomen (Fig. 1A–B).  Chelicerae normal 
shape, without apophysis, covered with sparsely setae (Fig. 
1D). Pedipalp covered with setae (Fig. 1C). For a more detailed 
description, see Roewer [1914, 1923] and Martens [1978].

DISTRIBUTION. Austria, Bosnia-Herzegovina, Croatia, 
Italy, Montenegro, North Macedonia, Serbia, Slovenia [Šestá-
ková, Mihál, 2014; Raspotnig et al., 2014; Kury et al., 2024].

MOLECULER REMARKS. A sequence of 835 bp 
was obtained from the 28S rRNA gene region of the species 
Carinostoma carinatum. This sequence was uploaded to the 
NCBI GenBank database and assigned the accession number 
OM049505.2. According to the BLAST analysis, the sequence 
exhibited 99.27% similarity (E-value: 0.0) to previously recor-
ded specimens from Italy. This high degree of genetic similarity 
strongly confirms the species identity of the analyzed specimen, 
supporting its assignment to the same species. The molecular 
data are consistent with the morphological findings and together 
validate the first record of this species from Turkey. 

The results showed that the interspecies genetic distances 
based on the 28S rRNA gene ranged from 0.04 to 15.1%. The 
greatest interspecies genetic distance was observed between 
Mitostoma chrysomelas and Dendrolasma parvulum (15.1%), 

while the smallest was between Carinostoma carinatum (Tur-
key) and C. carinatum (Italy) (0.04%). Additionally, based on 
uncorrected p-genetic distance, Carinostoma carinatum was 
found to be closest to C. elegans, while Mitostoma chrysomelas 
exhibited the greatest genetic difference (Table 2).

Schönhofer & Martens [2010] molecular phylogenetic as-
sessment of eight Nemastomatidae genera provided evidence for 
a division of the family into two main clades. The phylogenetic 
position of the genus Mitostoma within the family was found to 
be controversial. Based on both morphological characteristics 
(particularly the structure of the penis) and molecular data, it 
was suggested that this genus could potentially be evaluated at 
the subfamilial level. On the other hand, the genera Carinostoma, 
Histricostoma ve Paranemastoma were grouped within the same 
clade, supported by both morphological characters (penis morpho-
logy and the structure of the cheliceral apophysis) and molecular 
evidence. Additionally, the genera Mediostoma, Nemastoma, 
Nemastomella ve Pyza were classified within a second clade.

In our study, molecular data based on the 28S rRNA gene 
region revealed that the Nemastomatidae family is divided 
into three major clades. The genus Mitostoma is positioned as 
a sister taxon to all other genera; Carinostoma, Histricostoma 
ve Paranemastoma are grouped within the same main clade, 
while Mediostoma, Nemastoma, Nemastomella ve Pyza form 
a separate second clade. Furthermore, Ortholasma ve Dendro-
lasma are clearly placed in a third distinct clade in the resulting 
phylogenetic tree (Fig. 2).

Fig. 1. Carinostoma carinatum: a — body, dorsal view (female); b — idem (juvenile); c — pedipalp, lateral view, d — chelicera, lateral view.
Рис. 1. Carinostoma carinatum: a — тело, дорсально (самка); b — то же (ювениль); c — педипальпа, латерально, d — хелицера, 

латерально.
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This study presents the first confirmed record of Carinosto-
ma carinatum from Turkey, contributing to the documentation 
of the country’s opilionid diversity and zoogeographic distri-
bution of the species. The combined use and corroboration of 
morphological and molecular data strengthens the reliability of 
this new record and highlights the need for further integrative 
taxonomic research on Turkish opilionids, particularly at the 
molecular level, where data are still scarce.
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