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Abstract 

 

Acanthocinus griseus (Fabricius, 1792) (Coleoptera: Cerambycidae, Lamiinae, Acanthocinini) has long been 

known for its role in the decay process of the wood in the forest ecosystem, and two critical features of the species, 

inhabiting standing trees and being a vector of pine wood nematodes Bursaphelenchus spp., have been noted 

recently. Therefore, understanding the current relationships and possible migration scenarios has been further 

required to assess invasion risks. The present work provided a preliminary comprehension of the phylogeographic 

and phylogenetic relationships of A. griseus based on the mitochondrial cytochrome c oxidase-I (COI) gene region 

(658 bp), with sequences produced in the present study, from the specimens collected from timberyards, ports and 

forests of Kocaeli Province, Turkey, and with available sequences in GenBank of inhabitants of Eurasia, and of 

intercepted specimens in ports. The intraspecific genetic distance of A. griseus was 1.37-0,3%, while the 

interspecific distance was 10,79-13,37%, except the closeness of an A. griseus haplotype (AGR1) to A. 

sachalinensis (0,3%) more than its conspecifics (4,71-5,47%). The ML and BI analyses suggested identical 

topologies. The statistical parsimony network drew a reticular branching diagram without grouping across 

countries, which addresses ongoing gene flow. Most haplotypes from Turkey were clustered around a central 

haplotype (AGR11), which may indicate a bottleneck effect. A haplotype previously intercepted in USA ports 

was identical to one sampled in Kocaeli. The present study suggests the possible ongoing intraspecific gene flow 

within A. griseus might be due to facilitated migration by the international wood trade, and the relationship 

between A. griseus and A. sachalinensis should be reconsidered from both morphological and molecular points 

of view.  
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Introduction 

The intensification of international wood trade traffic in the last decades has led to an increase in threats 

posed by pests, diseases, and invasive species. The adopted measures and precautions, such as ISPM 

No. 15 (international standard for phytosanitary measures), border surveillance, and containment, 

successfully reducing transferring of non-native organisms at the arrival point (Allen et al. 2017). 

However, none of the measures and implementations can prevent invasions entirely (Hulme 2009, 

Haack et al. 2014). Therefore, post-border surveillance is indispensable, especially for the forests 

located around ports. Kocaeli province is a forested port city between the Balkan Peninsula and Asia 

Minor, in which a high volume of industrial wood, timber and wooden packaging materials have been 
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transferred, stored and processed (Çakmak et al. 2019). One of the wood-boring species that has been 

reported repeatedly from Kocaeli ports, timberyards and forests in the last few years is Acanthocinus 

griseus (Fabricius, 1792) (Soydabaş et al. 2017; Atak et al. 2021; Soydabaş-Ayoub and Uçkan, 2022).  

A. griseus has an essential role in the forest ecosystem by contributing to the decay process of weakened, 

burned, uprooted or recently felled trees. It had been a golden specimen for collectors due to its rarity 

during the 20th century (Lindhe et al. 2010, Cocoş et al. 2017). However, for the last two decades, A. 

griseus has fallen from grace because it is more abundant than expected (Martikainen 2002) and more 

harmful than previously thought (Wang et al. 2021). Nowadays, it is known that this saproxylic 

cerambycid has a wide range of natural distribution in Europe, from Spain, Italy, and Greece in the 

south to Norway, Sweden, and Finland in the north, wherever coniferous species occur (Bense 1995). 

It mainly condenses in weakened spruce but also inhabits standing trees. It has been noted that the beetle 

is a vector of pine wood nematode, Bursaphelenchus xylophilus (Linit 1988, Ryss et al. 2005, Wang et 

al. 2021), which causes critical physiological changes such as reduced photosynthesis levels and 

cambium destruction (Fukuda 1997). Also, it has been associated with another nematode, 

Bursaphelenchus mucronatus, sampled on the imported logs from Bulgaria at the border of Turkey and 

Bulgaria (Tülek et al. 2019). Moreover, the species has been reported with several port interceptions 

from the United States (Wu et al. 2017). However, neither intraspecific relationships within a nor 

migrations across countries had not been studied up to date. 

One of the practical tools for post-border biosecurity surveillance is DNA barcoding using cytochrome 

c oxidase I (COI) gene region (Armstrong and Ball 2005, Collins et al. 2012). Furthermore, this gene 

region is useful for monitoring migration routes (Moritz 1994, Roderick 1996, Hurst and Jiggins 2005) 

and revealing inter and intra-specific phylogenetic relationships (Simon et al. 1994, Hebert et al. 2004a, 

Hernández-Triana et al. 2015, Paterson et al. 2016).  

Therefore, in the present work, we aimed to determine native and introduced haplotypes of A. griseus 

and their phylogenetic and phylogeographic relationships, and to unveil likely cryptic speciation using 

the COI gene region.  

Materials and methods 

Sampling and Identification 

The samples collected from timber yards and forests using three-funnel traps, ipsdienol and α-pinene 

binary combination were held in (Table 1). Morphological identification was conducted according to 

Bíly and Mehl (1989) and Bense (1995). The specimens were preserved at -20 °C in 99% ethanol and 

deposited at Kocaeli University, Turkey, Department of Biology.  

DNA Isolation, PCR, and Sequencing 

A piece of femur muscle of each specimen was rested overnight in the lysis buffer (2% sodium dodecyl 

sulfate (SDS), 3 mM CaCl2, 250 µg/ml proteinase K, 8 mM dithiothreitol (DTT), 100 mM Tris buffer 

pH 8, and 100 mM NaCl) (Soydabaş-Ayoub 2021) and DNA isolation was performed according to 

Sambrook and Russell (2006). The PCRs (polymerase chain reactions) were performed for the 

HCO2198 – LCO1490 primer pair (Folmer et al. 1994) to amplify cytochrome c oxidase I (COI) gene 

region by BioRad CFX Connect™ thermal cycler. Quick-Load® Taq 2X Master Mix (New England 

Biolabs Inc.) was used with the addition of 0.08 mg/mL bovine serum albumin (Soydabaş-Ayoub 2021), 

0.2 μM primer for each and around 50 ng of template DNA dissolved in ddH2O. The thermocycling 

parameters were 95 °C for 1 min, 5 cycles of 95 °C for 30 s, 46 °C for 1 min and 72 °C for 1 min; then, 

30 cycles of 95 °C for 30 s, 51 °C for 60 s, 72 °C for 1 min, and 72 °C for 10 min ending (Aksöyek et 

al. 2017). 
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Table 1. Voucher codes and GenBank accession numbers of Acanthocinus griseus specimens, their sampling 

dates, geographic coordinates, altitudes, and localities.  

# Voucher 

 Code 

Accession 

 Number 

Date Coordinate Altitude 

 (m) 

Locality 

1 KOU-AG119 OP342792 01.06.2016 Lat: 40.819576,  Lng: 29.493635 173 Gebze 

2 KOU-AG101 OP342789 25.09.2017 Lat:  40.829273, Lng: 29.918154 460 İzmit 

3 KOU-AG103 OP342791 14.05.2016 Lat:  40.827546, Lng: 29.913539 484 İzmit 

4 KOU-AG130 OP342790 07.06.2017 Lat:  40.825921, Lng: 29.497796 208 Gebze 

5 KOU-AG71 OP342788 28.05.2016 Lat:  40.828907 , Lng: 29.917394 426 İzmit 

6 KOU-AG117 OP342794 05.06.2016 Lat:  40.788767, Lng: 29.845592 298 Derince 

7 KOU-AG24 OP342793 18.07.2017 Lat:  40.827546 , Lng: 29.913539 484 İzmit 

 

PCR products were purified using ExoSAP-IT™ PCR Product Cleanup Reagent and sequenced using 

BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) by ABI 3730XL DNA Analyzer 

(Applied Biosystems, Foster City, CA) at Macrogen Netherlands Laboratory. The sequences were 

uploaded to GenBank under OP342788-OP342794 accession numbers.  

Genetic Diversity, Phylogenetic Analysis and Network 

The chromatograms obtained by bidirectional reads were checked and assembled in Geneious Prime 

v2019 (Kearse et al. 2012, Biomatters Inc., USA) and blasted on GenBank. The sequences obtained in 

the present study (Table 1) and retrieved from GenBank and BOLD (Barcode of Life) taxonomy 

browsers (Table 2, Table 3) were aligned by MUSCLE v3 (Edgar  2014). The aligned dataset (658 bp) 

was analysed in DnaSP v6 (Rozas et al. 2017) to calculate the total number of mutations (Eta), the 

number of segregating sites (S), nucleotide diversity (Pi), and haplotype diversity (Hd). The uncorrected 

p-distances between haplotypes were calculated in MEGA X v10.0.5 (Kumar et al. 2018). The best-

fitting model was determined using greedy search by PartitionFinder v2 (Stamatakis 2014, Lanfear et 

al. 2017) according to AICc (Akaike's information criteria corrected) for the phylogenetic analyses. The 

outgroups were selected among the sequences in the BOLD taxonomy browser, representing each 

available species of the genus Acanthocinus (Table 3). Maximum Likelihood (ML) analysis was 

performed in PhyML (Guindon et al. 2010) with the TN93 nucleotide substitution model and 10,000 

bootstrap replicates. Bayesian Inference (BI) analysis was performed in MrBayes (Ronquist and 

Huelsenbeck 2003) with a GTR+G+I model of nucleotide substitution, 10,000,000 chain length and 

10,000 subsampling frequency. The first 25% of the states were discarded as burn-in. Statistical 

parsimony network (TCS) (Templeton et al. 1992) was performed in PopART v1.7 (Leigh and Bryant 

2015).  

Results 

Genetic diversity of Acanthocinus griseus 

A total number of 19 haplotypes was determined among 27 sequences, 658 bp in length; seven of them 

were produced in this study. The guanine and cytosine (G+C) rate was 32.3%, compatible with protein-

coding DNA sequences. A summary of genetic diversity statistics is presented in Table 4.  
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Table 2. Haplotype codes, accession IDs, and sampling localities of Acanthocinus griseus specimens obtained 

from this study and retrieved from databases 

# 
Haplotype 

Code 

GenBank 

Accesion ID 
Locality References 

1 AGR1 KY357618 Intercepted in a USA Port Wu et al. 2017 

2 AGR2 KM450656 Italy, Veneto Rougerie et al. 2015 

3 AGR3 KJ966915 Finland, Nylandia Pentinsaari et al. 2014 

4 AGR4 OP279163 Turkey, Marmara Basin Soydabaş-Ayoub and Uçkan 2022 

5 AGR5 OP342789 Turkey, Kocaeli Izmit This study 

6 AGR6 OP279164 Turkey, Marmara Basin Soydabaş-Ayoub and Uçkan 2022 

7 AGR7 KJ963896 Finland, Kainuu Pentinsaari et al. 2014 

8 AGR8 OP342788 Turkey, Kocaeli Izmit This study 

9 AGR9 KY357621 Intercepted in a USA Port Wu et al. 2017 

10  KY357620 Intercepted in a USA Port Wu et al. 2017 

11  OP279167 Turkey, Marmara Basin Soydabaş-Ayoub and Uçkan 2022 

12  OP279168 Turkey, Marmara Basin Soydabaş-Ayoub and Uçkan 2022 

13  OP279169 Turkey, Marmara Basin Soydabaş-Ayoub and Uçkan 2022 

14 AGR10 KM450534 Italy, Veneto Rougerie et al. 2015 

15 AGR11 OP342792 Turkey, Kocaeli Izmit This study 

16  OP279170 Turkey, Marmara Basin Soydabaş-Ayoub and Uçkan 2022 

17 AGR12 OP342790 Turkey, Kocaeli Gebze This study 

18 AGR13 OP342791 Turkey, Kocaeli Izmit This study 

20 AGR14 OP342793 Turkey, Kocaeli Izmit This study 

21  OP279165 Turkey, Marmara Basin Soydabaş-Ayoub and Uçkan 2022 

22  OP279166 Turkey, Marmara Basin Soydabaş-Ayoub and Uçkan 2022 

23 AGR15 OP342794 Turkey, Kocaeli Derince This study 

24 AGR16 KM441146 Italy, Veneto Rougerie et al. 2015 

25 AGR17 KU918495 Germany, Bavaria Rulik et al. 2017 

26 AGR18 KU915734 Germany, Thuringia Rulik et al. 2017 

27 AGR19 HQ559242 Finland, South Karelia Pentinsaari et al. 2014 

 

The interspecific distances ranged from 10.79 to 13.37%, with one exception. The distance between the 

AGR1 (A. griseus, KY357618, Wu et al. 2017) and ASA (A. sachalinensis, KY683654, Grebennikov 

et al. 2017) haplotypes was 0.3%. Their distances to other A. griseus haplotypes were similar and ranged 

between 4.71-5.47%. The intraspecific distances among remaining A. griseus haplotypes (ASR2-

ASR12) were between 1.37-0.3% 
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Table 3. Binomial names, BOLD IDs and GenBank accession numbers of outgroups are used in phylogenetic 

analyses. 

# Species  BOLD-ID GenBank 

Accession ID 

References 

1 Acanthocinus obliquus CERNO032-08  Anonymous 

2 Acanthocinus reticulatus  PSFOR030-13 KM285803 Rougerie et al. 2015 

3 Acanthocinus aedilis PSFOR029-13 KM286078 Rougerie et al. 2015 

4 Acanthocinus pusillus CERGL150-08  Anonymous 

5 Acanthocinus nodosus BBCCA042-12  Anonymous 

6 Acanthocinus princeps CERPA269-08  Anonymous 

7 Acanthocinus sachalinensis VVGPL2946-15 KY683654 Grebennikov et al. 2017 

 

Table 4. Summary of genetic diversity statistics of COI gene region (658 bp) of Acanthocinus griseus 

Samples n H Hd SD(Hd) Pi SD(Pi) S Pin Eta G+C 

(%) 

This study 7 7 1 0.076 0.00420 0.00081 8 2 8 32.3 

Overall 27 19 0.957 0.028 0.00948 0.00334 50 12 53 32.3 

n, the number of samples; H, the number of haplotypes; Hd, the haplotype diversity; Pi, the nucleotide diversity; Eta, the total 

number of mutations; S, the number of segregating sites, Pin Parsimony informative sites and SD standard deviation. 

Figure 1. The phylograms inferred from Maximum Likelihood (ML) (left) and Bayesian Inference (BI) (right) 

analyses of 658 bp mitochondrial COI gene region of Acanthocinus griseus samples. The other members of the 

genus were used as an outgroup. Scale bars represent substation per site. Bootstrap supports of ML and posterior 

probabilities of BI are shown beside nodes. The photograph of Acanthosinus griseus is courtesy of Jean-Philippe 

Roguet (lamiinae.org). 

 

.
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Table 5. Uncorrected p-distances (%) between COI haplotypes of Acanthocinus griseus and other Acanthocinus species (average 5.8%) 

 AOB ARE AAE APU ANO APR AGR1 ASA AGR2 AGR3 AGR4 AGR5 AGR6 AGR7 AGR8 AGR9 AGR10 AGR11 AGR12 AGR13 AGR14 AGR15 AGR16 AGR17 AGR18 AGR19 

AOB                           

ARE 12.77                          

AAE 11.25 9.57                         

APU 12.31 12.01 12.01                        

ANO 11.70 10.79 12.01 12.46                       

APR 12.46 13.07 12.77 12.01 11.09                      

AGR1 13.22 13.07 12.77 12.01 12.16 11.25                     

ASA 13.37 12.92 13.07 12.31 12.16 11.25 0.30                    

AGR2 12.46 11.85 11.85 11.09 10.94 10.94 5.02 5.02                   

AGR3 12.77 12.31 12.31 11.70 11.25 11.25 5.17 5.17 1.22                  

AGR4 12.61 11.70 12.16 11.09 11.25 11.25 5.47 5.47 1.37 1.06                 

AGR5 12.77 12.16 12.16 11.40 11.40 11.40 5.62 5.62 1.22 0.91 0.76                

AGR6 12.31 11.70 11.70 10.94 11.25 10.94 5.17 5.17 1.22 0.91 0.76 0.61               

AGR7 12.77 11.85 11.85 11.25 11.40 11.09 5.47 5.47 1.06 1.06 0.91 0.76 0.76              

AGR8 12.31 11.55 11.55 11.25 10.79 11.09 5.47 5.47 1.06 0.91 0.76 0.61 0.61 0.61             

AGR9 12.46 11.85 11.85 10.94 11.09 11.09 5.17 5.17 0.76 0.76 0.61 0.46 0.46 0.30 0.30            

AGR10 12.61 12.01 12.01 11.25 11.25 11.09 5.17 5.17 1.06 0.76 0.61 0.46 0.46 0.61 0.46 0.30           

AGR11 12.46 11.85 11.85 11.09 11.09 11.09 5.32 5.32 0.91 0.61 0.46 0.30 0.30 0.46 0.30 0.15 0.15          

AGR12 12.46 12.01 12.01 11.40 11.25 11.09 5.62 5.62 0.91 0.91 0.76 0.61 0.61 0.76 0.61 0.46 0.46 0.30         

AGR13 12.61 12.16 12.16 11.55 11.40 11.25 5.78 5.78 1.06 1.06 0.91 0.76 0.76 0.91 0.76 0.61 0.61 0.46 0.15        

AGR14 12.77 12.16 12.01 11.40 11.25 11.09 5.62 5.62 1.22 0.91 0.76 0.61 0.61 0.76 0.61 0.46 0.46 0.30 0.30 0.46       

AGR15 12.61 12.01 12.01 11.25 11.09 10.94 5.47 5.47 1.06 0.76 0.61 0.46 0.46 0.61 0.46 0.30 0.30 0.15 0.15 0.30 0.15      

AGR16 12.77 11.85 12.16 11.40 10.94 10.79 5.02 5.02 0.91 0.91 1.06 0.91 0.91 1.06 0.91 0.76 0.76 0.61 0.91 1.06 0.91 0.76     

AGR17 12.31 12.01 12.01 11.25 10.64 10.94 5.17 5.17 0.76 0.76 0.91 0.76 0.76 0.91 0.76 0.61 0.61 0.46 0.76 0.91 0.76 0.61 0.46    

AGR18 12.31 11.55 11.70 10.79 10.94 10.64 4.71 4.71 0.91 0.91 0.76 0.91 0.61 1.06 0.91 0.76 0.76 0.61 0.91 1.06 0.91 0.76 0.61 0.46   

AGR19 12.46 11.70 11.85 10.79 10.79 10.79 4.71 4.71 0.61 0.91 0.76 0.91 0.91 0.76 0.76 0.46 0.76 0.61 0.91 1.06 0.91 0.76 0.61 0.46 0.30  

AOB: Acanthocinus obliquus, ARE: A. reticulatus, AAE: A. aedilis, APU: A. pusillus ANO: A. nodosus, APR: A. princeps, AGR. A. griseus, ASA: A. sachalinensis 
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Phylogenetic Analysis and Network 

 

The phylograms inferred from ML and BI analyses of the 658 bp mitochondrial COI gene region of 

Acanthocinus samples were compatible. The outgroups showed the same clusterings. A. reticulatus was 

retrieved as a sister to A. aedilis. A. princeps was stated at the basal-most branch (Figure 1). A. 

sachalinensis were retrieved as a sister to AGR1 haplotype of A. griseus. Both were clustered under the 

A. griseus species group. All the remaining haplotypes were clustered together without a distinctive 

grouping but with polytomies.  

The statistical parsimony network provided a profound understanding of intraspecific relationships of 

A. griseus haplotypes. AGR1 was 30 mutational steps away from the closest one, and a hypothetical 

haplotype connected AGR19 from Finland and AGR18 from Germany. Also, three more hypothetical 

haplotypes built a bridge to connect the haplotypes AGR 18-AGR19 to AGR3, AGR2 and AGR16, 

AGR17, and AGR 11 from Finland, Italy, Germany, and Turkey, respectively.  

The haplotype AGR11 was at the centre of other haplotypes from Turkey, and a radial branching 

appeared around this haplotype. All of the haplotypes around AGR11 were from Turkey, with some 

exceptions. The AGR10 was only one mutational step from the central haplotype and was from Italy. 

In addition, the haplotype named AGR9 was sampled in Turkey in this study. It was previously reported 

as an intercepted haplotype in a USA port by Wu et al. (2017). Also, there were only two mutational 

steps between AGR9 and AGR7 from Finland.  

 

Figure 2. Statistical parsimony network of 658 bp mitochondrial COI gene region of Acanthocinus griseus 

samples. Brown points are hypothetical haplotypes. Notches on the lines indicate the number of mutations 

between haplotypes.  

 

Discussion  

Most wood-boring cerambycids are dispensable members of the forest ecosystem due to their role in 

wood decay. However, certain circumstances may turn them into invaders, such as a decrease in the 
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population of their predators or competitors. Also, they can be devastating pests outside their native 

distribution ranges if they cannot be detected, controlled and eradicated on time. For example, the 

polyphagous long-horned beetle Anoplophora glabripennis is a pest in its native range, Asia; and it has 

been a challenging invader in Europe, the United States and Canada since the 1990s (Wang et al. 2023). 

Moreover, it was detected in Zeytinburnu Istanbul province on Acer negundo (Ayberk et al. 2014). 

Another invader cerambycid, Aromia bungii, is a pest in its native range, east Asia, and an invader in 

Europe and Japan (Tamura and Shoda-Kagaya 2022). Tetropium fuscum is an interesting example, 

which is native to Europe and Northern Asia, has dominated its native congener Tetropium 

cinnamopterum in Nova Scotia, Canada (Dearborn et al. 2016). Arhopalus rusticus, a vector of the 

nematodes Bursaphelenchus spp., responsible for the pine-wilt disease (Ryss et al. 2005; Wang et al. 

2021), inhabits both the Old and the New World naturally; however, it has been distributed to the 

Afrotropical Neotropical and Australian regions by human-mediated transport (Wang and Leschen 

2003). 

A. griseus, the guest of Pinus, Picea, Abies, has been evaluated as a forest pest after it had been 

determined as a vector of pine wilt nematode, Bursaphelenchus xylophilus (Linit 1988, Ryss et al. 2005, 

Wang et al. 2021). Moreover, it is known that this species can escape from phytosanitary measures and 

travel through industrial woods (Wu et al. 2017). The recent reports (Soydabaş et al. 2017; Wu et al. 

2017; Tülek et al. 2019; Atak et al. 2021; Wang et al. 2021; Soydabaş-Ayoub and Uçkan 2022) revealed 

the potential threat posed by A. griseus, which point to the necessity of the post-border surveillance for 

early detection and rapid response. The present study is the first post-border assessment of A. griseus, 

dealing with determining native and non-native haplotypes and their relationships in the forested port 

city, Kocaeli Province. 

The results have shown that all A. griseus COI-haplotypes reported from previous barcoding studies up 

to date from Finland (Pentinsaari et al. 2014), Italy (Rougerie et al. 2015), Germany (Rulik et al. 2017), 

USA (Wu et al. 2017) and Turkey (Soydabaş-Ayoub and Uçkan 2022) (Table 2) were close to each 

other. The intraspecific genetic distance of A. griseus was 1.37-0.3%, within the expected intraspecific 

genetic distance range of 0-3% (Hebert et al. 2003, Hebert et al. 2004a, Ward et al. 2005, Hajibabaei et 

al. 2006). The inter- to intraspecific distance ratio was compatible with the 10X rule (Hebert et al.2004b) 

because the interspecific distances ranged from 10.79 to 13.37% (Table 5).   

An unexpected genetic distance value estimated between the AGR1 haplotype of A. griseus declared 

by Wu et al. (2017) and the ASA haplotype representing A. sachalinensis declared by Grebennikov et 

al. (2017), which was equal to the lowest intraspecific value, 0.3%. This estimation point to a 

discrepancy between morphological identification and COI barcode sequence of the AGR1 haplotype 

of A. griseus, which might be due to misidentification or cross-contamination. Nevertheless, 

hybridisation between two species is also possible; because both species occur in Russia. The origin of 

AGR1 is unclear since it was intercepted in a port in the USA (A. griseus, KY357618, Wu et al. 2017), 

but ASA (A. sachalinensis, KY683654, Grebennikov et al. 2017) was reported from Russia. 

Interspecific fertilisation cases are known for other cerambycid species, such as in Morimus asper 

complex (Solano et al. 2013), between Cerambyx cerdo and C. welensii Torres-Vila and Bonal (2019) 

and between Arhopalus rusticus and Ar. syriacus (Soydabaş-Ayoub et al. 2022). Or, it might be a sign 

of cryptic speciation, similar to other cerambycids previously revealed by Wallin et al. (2009), 11.5% 

distance between the siblings Leiopus linnei and L. nebulosus, and by Çakmak et al. (2020) 10% genetic 

distance between American and Eurasian haplotypes of Rhagium inquisitor, that point to allopatric 

speciation. Beyond all speculations, to unveil the main reasons for the unexpected genetic closeness 

between A. sachalinensis and A. griseus haplotypes, further studies are needed in vitro and in nature.  
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The polytomies were remarkable within the A. griseus species group at the phylograms resulting in both 

ML and BI analyses. Although the reasons for these polytomies could be the insufficient synapomorphic 

characters of the COI barcode sequences (Simon et al. 1994) or missing haplotypes of common 

ancestors of haplotypes (Townsend and Lopez-Giraldez 2010), a strong possibility is that their evolution 

occurred in a non-dichotomous manner. Because the network diagram suggested by statistical 

parsimony, which allows the reticular and radial branchings, provided further insight into the evolution 

and the phylogeographic structure of A. griseus. A radial grouping of Kocaeli haplotypes appeared in 

the network, indicating a bottleneck effect (Richards et al. 2019), and AGR11 seems to be the founder 

of the Kocaeli population due to its positioning at the centre of all other haplotypes. Any grouping has 

not appeared across European countries. The haplotypes from Finland, Italy, Germany, and Turkey 

were connected directly or through hypothetical haplotypes with a reticular pattern which indicates 

ongoing gene flow (Wollenberg et al. 2019). The shared haplotype between Turkey and USA 

(intercepted in the USA by Wu et al. 2017), the most sampled in this study, also supports the ongoing 

transfer overseas.  

It is possible the conclude from our study that the ongoing gene flow occurs in A. griseus, which is 

probably facilitated by international wood trade. Therefore, regular post-border surveillance is required 

to recognise this potential invader and pine-wilt nematode vector before it becomes catastrophic. We 

also suggest further studies on the relationship between A. griseus and A. sachalinensis.  
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