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				Lacinius insularis Roewer, 1923 and Lacinius erinaceus Staręga, 1966 are harvestman species for which no molecular data are currently available in the National Center for Biotechnology Information GenBank or Barcode of Life Data System. In this study, a fragment of the mitochondrial 16S rRNA gene was amplified and sequenced for both species for the first time. The resulting sequences were used to reconstruct phy-logenetic trees using neighbor-joining (NJ), maximum-likelihood (ML) and Bayesian inference (BI) methods. Based on these analyses, the phylogenetic relationships of the genus Lacinius were evaluated.
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				Introduction

				The genus Lacinius Thorell, 1876 belongs to the subfamily Oligolophinae within the family Phalangiidae. The genus is widely distributed in the western Palaearctic, occurring throughout much of Europe and extending to Crete, North Africa (Algeria and Morocco), Turkey, the Cau-casus and Iran (Mitov et al. 2015, Kury et al. 2024a, b). The species are typically characterised by a prominent trident on the anterior margin of the prosoma, longitudinal rows of denticles or spine-tipped tubercles on the leg femora, and distinct spines or tubercles on the dorsal body sur-face (Martens 1978, Kurt & Erman 2012, Mitov et al. 2015). The genus currently comprises nine species, including one fossil species: † Lacinius 

			

		

		
			
				bizleyi Mitov, Dunlop & Penney, 2015; L. acu-leatus (Koch, 1839); L. angulifer (Simon, 1878); L. dentiger (Koch, 1847); L. ephippiatus (Koch, 1835); L. erinaceus Staręga, 1966; L. horridus (Panzer, 1794); L. insularis Roewer, 1923; and L. tricuspidatus (Dufour, 1831) (Mitov et al. 2015, Kury et al. 2024a, b). Of these, five species, namely L. dentiger (Koch, 1847); L. ephippiatus (Koch, 1835); L. erinaceus Staręga, 1966; L. hor-ridus (Panzer, 1794); and L. insularis Roewer, 1923, are known from Turkey (Çorak et al. 2008, Bayram et al. 2010, Kurt & Erman 2012, Kurt 2014, Kurt & Yağmur 2019, Kurt et al. 2021).

				The 16S rRNA gene region is a mitochondrial marker that is widely used in phylogenetic analy-ses and species-level taxonomic assessments of the class Arachnida (Smith & Bond 2003, Lopardo 
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				& Uhl 2014, Wang et al. 2017, Doğan & Kurt 2019, Kurt & Doğan 2025). The structure of this gene region consists of highly conserved primer-binding sites combined with highly variable loop regions (Smith & Bond 2003). This combined structure allows comparisons at different taxo-nomic levels and provides reliable information, particularly for species identification, genetic dis-tance estimation and the evaluation of intrageneric relationships (Astrin et al. 2006, Lopardo & Uhl 2014). In addition, the 16S rRNA gene has been observed to have a relatively low and stable rate of molecular evolution (Kumekawa et al. 2021).

				No DNA sequence data are currently avail-able for Lacinius insularis and L. erinaceus in major publicly accessible molecular data-bases, including NCBI GenBank (https://www.ncbi.nlm.nih.gov/genbank/) and BOLD Sys-tems (https://boldsystems.org/). These two spe-cies were included in the present study not only because of the absence of molecular data, but also because of their taxonomic and zoo-geographic significance. Lacinius insularis was originally described by Roewer in 1923 from Crete, Greece. Martens (1966) reported that the entire type series consisted of juvenile speci-mens and that no adult material was available. Consequently, the systematic position of the spe-cies within the genus remained uncertain for many years. The species was subsequently rede-scribed on the basis of adult specimens collected from Mount Nif in İzmir, western Turkey (Kurt & Yağmur 2019), providing detailed informa-tion on its adult morphology. Its occurrence in both Crete and western Anatolia also makes its distribution particularly noteworthy within the Aegean–Anatolian zoogeographic context.

				Lacinius erinaceus has a relatively restricted distribution and has so far been reported only from Georgia and Turkey (Kurt & Yağmur 2019, Modebadze et al. 2023). Including these two species in the study not only expanded the molecular taxonomic sampling of the genus Lacinius but also allowed a comparison of species representing different zoogeographic regions within the same molecular framework. In this study, the 16S rRNA gene region was sequenced to obtain the first molecular data for L. insularis and L. erinaceus, and the phyloge-netic positions of these species were evaluated.

			

		

		
			
				Materials and Methods

				Sample collection and morphological identification

				Specimens of Lacinius insularis were collected from Baharlar Village, Sarıgöl District, Manisa Province, Turkey (38°11′57″ N, 28°45′25″ E; 336 m a.s.l.; 1 October – 1 December 2023; 1♂, 1♀; leg. E.A. Yağmur and S. Horasan), while specimens of L. erinaceus were col-lected from Yalınkavak Village, Torul District, Gümüşhane Province, Turkey (40°26′10.28″ N, 39°14′37.72″ E; 1981 m a.s.l.; 20 June – 30 Sep-tember 2025; 2♂, 3♀; leg. P. Kurt and K. Kurt). All specimens were collected using forceps and pitfall traps. Species identification followed the relevant taxonomic literature, particularly Roewer (1923), Martens (1978), Kurt and Erman (2012), and Kurt and Yağmur (2019).

				DNA extraction, amplification and sequencing

				Specimens preserved in 70% ethanol were trans-ferred to Petri dishes and rinsed several times with distilled water. Soil, mud and other foreign materials adhering to the cuticle were carefully removed with a stiff brush, and the specimens were then dried with filter paper. After clean-ing the entire body, the leg tissues were dis-sected from the body using a scalpel and used for molecular analyses. Genomic DNA was extracted from leg tissues using the EurX Gen-eMATRIX Tissue & Bacterial DNA Purifica-tion Kit (EurX, Poland), following the manufac-turer’s protocol. The mitochondrial 16S rRNA gene region was amplified using the primers 16Sa (5’-CGCCTGTTTATCAAAAACAT-3’; Xiong & Kocher 1991) and 16Sb (5’-CTCCG-GTTTGAACTCAGATCA-3’; Edgecombe et al. 2000). PCR was performed in a total volume of 25 μL, containing 4 μL of template DNA, 12.5 μL of 2× PCR Master Mix, 1 μL of each primer (10 μM) and 6.5 μL of sterile distilled water. The thermal cycling conditions consisted of an initial denaturation at 95 °C for 5 min, followed by 40 cycles of denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s and exten-
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				sion at 72 °C for 45 s, with a final extension at 72 °C for 5 min. The obtained amplification products were electrophoresed in a 2% agarose gel at 100 V for 60 min. The PCR products were then purified and sent to Macrogen Europe in the Netherlands for bidirectional Sanger sequencing. 

				The newly generated sequences were depos-ited in NCBI GenBank under accession numbers QB068859–QB068861 (Table 1).

				Phylogenetic analyses

				The forward and reverse sequences obtained using the Sanger sequencing method were ana-lysed and edited, and consensus sequences were generated using v. 7.2.5 of the BioEdit software (Hall 1999). These sequences were compared with existing sequences in the NCBI GenBank database using BLAST to identify closely related taxa. Based on these results and relevant litera-ture, taxa were selected for phylogenetic analy-ses, and a suitable outgroup was included. The taxa used in the analyses and their GenBank accession numbers are provided in Table 1. All sequences were aligned with the ClustalW (Thompson et al. 1994) algorithm implemented in MEGA 12 (Kumar et al. 2024). Genetic dis-tance was used to quantitatively assess molec-ular divergence among taxa and to compare intraspecific and interspecific variation. High genetic distance values generally allow for the distinction of broad taxonomic categories at the family or genus level, while low genetic distance 

			

		

		
			
				ranges are used to define the boundaries between species and closely related species (Virgio et al. 2010, Ran et al. 2020, Schütte et al. 2023, Devi et al. 2025). Pairwise genetic distances were estimated in MEGA 12 using the uncorrected p-distance method.

				Neighbor-joining (NJ) and maximum-likeli-hood (ML) analyses were performed in MEGA 12. The NJ tree was reconstructed using uncor-rected p-distances. For the ML analysis, the best-fitting nucleotide substitution model was selected according to the corrected Akaike Infor-mation Criterion (AICc) (Akaike 1974), and the GTR+G+I model was used for tree reconstruc-tion. Nodal support for both analyses was evalu-ated using 1000 bootstrap replicates.

				Bayesian inference (BI) analysis was car-ried out with MrBayes v. 3.2.7a (Ronquist et al. 2012) through the CIPRES Science Gateway (Miller et al. 2010). The GTR+G+I model, selected as the best-fitting substitution model, was used for the analysis. Two independent runs, each with four Markov chains, were conducted for 10 000 000 generations with trees sampled every 1000 generations. The first 25% of the sampled trees were discarded as burn-in, and the remaining trees were used to generate a majority-rule consensus tree. Posterior probabil-ity values were used to evaluate nodal support.

				Since the NJ, ML and BI analyses yielded consistent tree topologies, the results were com-bined into a single phylogenetic tree, showing support values obtained from all three meth-ods. The final tree was visualised using FigTree v. 1.4.4 (Rambaut 2018).

				AI-assisted language tools

				During the preparation of this manuscript, the authors used an AI-assisted language tool (Chat-GPT, OpenAI) for language editing, grammar correction and improving the clarity and read-ability of the text.

				Results and Discussion

				In this study, the mitochondrial 16S rRNA gene region of L. erinaceus and L. insularis were 

			

		

		
			
				Table 1. NCBI GenBank accession numbers and refer-ences for the 16S rRNA gene sequences used in this study.

					Accession	Reference

				Lacinius erinaceus	QB068859	This study

				Lacinius erinaceus	QB068860	This study

				Lacinius insularis	QB068861	This study

				Mitopus morio	JX049150	Arthofer et al. 2013

				Mitopus morio	JX049148	Arthofer et al. 2013

				Mitopus morio	JX049147	Arthofer et al. 2013

				Odiellus lendlii	OR611711	Olacam et al. 2026

				Odiellus lendlii	OR611712	Olacam et al. 2026

				Phalangium opilio	MK685320	Muneret 2020

				(outgroup)	(direct submission)
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				successfully sequenced and molecular data were obtained for both species. The sequences obtained represent the first molecular data for these species. According to the sequenc-ing results, a nucleotide sequence of 468 bp was determined for L. erinaceus and 476 bp for L. insularis. The genetic distance analyses and phylogenetic results support the molecular distinction of the two species and provide addi-tional evidence for assessing their relationships within Lacinius.

				When the uncorrected p-distance data were evaluated as percentages, low genetic differ-ences were observed among specimens of the same species (Table 2). Intraspecific genetic diversity was calculated as 0.7–1.3% among Mitopus morio specimens, 1.3% among Odiel-lus lendlii specimens and 0.4% among Lacinius erinaceus specimens. In interspecific compari-sons, the genetic distance between L. erinaceus and L. insularis was found to range from 2.4% to 2.9%. This suggests that the two Lacinius spe-cies are closely related but exhibit differences at a level detectable by molecular analysis. While the genetic divergence between Lacinius and Mitopus species ranged from 4.0% to 6.0%, 

			

		

		
			
				the divergence between Lacinius and Odiel-lus species was higher, ranging from 10.0% to 10.9%. This suggests that, within the analysed dataset, the genera Lacinius and Mitopus may have shared a closer common ancestor during the evolutionary process or are phylogenetically positioned closer within the same group. It also indicates that the taxonomic distance between Lacinius and Odiellus is greater. Molecular data reveal that the genus Odiellus is clearly sepa-rated from the genus Lacinius and that a more distinct molecular divergence exists between these two genera. High bootstrap and posterior probability support values obtained from the phylogenetic analyses also support this distinc-tion (Fig. 1). In the current classification based on morphological data, the Oligolophinae sub-family includes the genera Lacinius, Mitopus, Odiellus, Oligolophus, Paralacinius, Paroligo-lophus and Roeweritta (Kury et al. 2024b). To clarify the phylogenetic position of the genus Lacinius within Oligolophinae and its relation-ships with other genera more reliably, more com-prehensive phylogenetic studies including other oligolophine genera and multiple mitochondrial and nuclear gene regions are needed.
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				Fig. 1. Phylogenetic relationships among Lacinius erinaceus, L. insularis and closely related taxa based on mito-chondrial 16S rRNA gene sequences. The tree summarises the results of maximum-likelihood (ML), neighbor-joining (NJ) and Bayesian inference (BI) analyses. The tree topology shown is based on the NJ analysis; support values are shown at the nodes as ML bootstrap/NJ bootstrap/BI posterior probability.
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				Table 2. Pairwise uncorrected p-distance values between the analysed 16S rRNA gene sequences.

					1	2	3	4	5	6	7

				1. Mitopus morio	

				2. Mitopus morio	0.013		

				3. Mitopus morio	0.011	0.007	

				4. Odiellus lendlii	0.089	0.091	0.089	

				5. Odiellus lendlii	0.094	0.096	0.094	0.013	

				6. Lacinius erinaceus	0.045	0.051	0.051	0.105	0.109	

				7. Lacinius erinaceus	0.040	0.047	0.047	0.100	0.105	0.004	

				8. Lacinius insularis	0.056	0.060	0.060	0.102	0.107	0.029	0.024
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1966 and the phylogenetic position of Lacinius (Opiliones: Phalangiidae) inferred from 16S rRNA
gene sequences. — Ann. Zool. Fennici 63: 97—102.

Lacinius insularis Roewer, 1923 and Lacinius erinaceus Stargga, 1966 are harvestman
species for which no molecular data are currently available in the National Center for
Biotechnology Information GenBank or Barcode of Life Data System. In this study,
a fragment of the mitochondrial 16S rRNA gene was amplified and sequenced for
both species for the first time. The resulting sequences were used to reconstruct phy-
logenetic trees using neighbor-joining (NJ), maximum-likelihood (ML) and Bayesian
inference (BI) methods. Based on these analyses, the phylogenetic relationships of the

genus Lacinius were evaluated.

Introduction

The genus Lacinius Thorell, 1876 belongs to
the subfamily Oligolophinae within the family
Phalangiidae. The genus is widely distributed in
the western Palaearctic, occurring throughout
much of Europe and extending to Crete, North
Africa (Algeria and Morocco), Turkey, the Cau-
casus and Iran (Mitov ef al. 2015, Kury ef al.
2024a, b). The species are typically characterised
by a prominent trident on the anterior margin
of the prosoma, longitudinal rows of denticles
or spine-tipped tubercles on the leg femora, and
distinct spines or tubercles on the dorsal body sur-
face (Martens 1978, Kurt & Erman 2012, Mitov
et al. 2015). The genus currently comprises nine
species, including one fossil species: 1 Lacinius

ORCID: PK 0000-0002-0202-9320

bizleyi Mitov, Dunlop & Penney, 2015; L. acu-
leatus (Koch, 1839); L. angulifer (Simon, 1878);
L. dentiger (Koch, 1847); L. ephippiatus (Koch,
1835); L. erinaceus Stargga, 1966; L. horridus
(Panzer, 1794); L. insularis Roewer, 1923; and
L. tricuspidatus (Dufour, 1831) (Mitov ef al.
2015, Kury ef al. 2024a, b). Of these, five species,
namely L. dentiger (Koch, 1847); L. ephippiatus
(Koch, 1835); L. erinaceus Stargga, 1966; L. hor-
ridus (Panzer, 1794); and L. insularis Roewer,
1923, are known from Turkey (Corak et al. 2008,
Bayram et al. 2010, Kurt & Erman 2012, Kurt
2014, Kurt & Yagmur 2019, Kurt ef al. 2021).
The 16S rRNA gene region is a mitochondrial
marker that is widely used in phylogenetic analy-
ses and species-level taxonomic assessments of
the class Arachnida (Smith & Bond 2003, Lopardo
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