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Abstract

In the Western Palaearctic, the congeneric bark beetles Hylurgus ligniperda and Hylurgus micklitzi are 
developing on pine trees. Although H. ligniperda has a larger native range in Europe, both species 
often occur in sympatry in the Mediterranean Basin. They share rather similar life histories, thus 
providing an excellent model for comparative studies on species differentiation and ecological traits. 
Moreover, along with increasing human activities and international trade, H. ligniperda has invaded 
all continents, whereas H. micklitzi remains confined to the Mediterranean Basin. Our research uti-
lised COI markers to assess the genetic diversity and structure, alongside the demographic history, 
of both species and revealed marked differences. H. micklitzi exhibited low genetic diversity and 
shallow population structures with restricted expansion. In contrast, H. ligniperda displayed a longer 
and more complex post-glacial evolutionary route with four distinct clades originating from separate 
glacial refugia, coupled with considerable genetic variability across Europe. Comparative analyses 
about the two species suggest that species traits, such as larger body size, increased voltinism, broader 
ecological niches and frequent introduction events may have helped the fast global invasion and 
spread of H. ligniperda over the past century.

Key words: COI, comparative phylogeography, genetic structure, Hylurgus ligniperda, Hylurgus 
micklitzi, invasiveness, species traits

Introduction

Globalisation has dismantled biogeographical barriers, accelerating the introduc-
tion of non-native insect species at an unprecedented rate over the past century 
without any sign of saturation for the future (Ricciardi 2007; Seebens et al. 2018). 
Plant trade has emerged as the predominant pathway for insect introductions 
(Liebhold et al. 2012; Fenn-Moltu et al. 2023), facilitating the establishment of 
numerous non-native species populations (Blackburn et al. 2011). When some 
of these species have become invasive, they pose significant threats to ecological 
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systems and native biodiversity (CBD 2000). Additionally, they are responsible for 
substantial agricultural and forestry losses, incurring considerable economic costs 
related to their management and control (Ricciardi 2007; Bonnamour et al. 2021).

While some species successfully establish invasive populations across new re-
gions, others, despite their phylogenetic and similar biological and ecological traits, 
remain confined to their native habitats. Comparing traits of related species with 
such differences would, thus, provide an opportunity to explore the mechanisms 
underlying the invasion processes. For instance, genomic comparisons of two con-
generic species of Spodoptera (Lepidoptera, Noctuoidea) revealed potential factors 
contributing to the fall armyworm’s successful invasion (Cui et al. 2020). Fur-
thermore, Zhao et al. (2023) conducted a meta-analysis comparing traits of 100 
invasive insects (including 25 Hemipterans, 23 Coleopterans, 18 Lepidopterans, 
15 Hymenopterans and 12 Dipterans) with those of their non-invasive relatives, 
finding many differences in the number of introduction pathways, the number of 
habitats, life history traits, natural enemies and genomic traits. Compared to its 
congener Dendroctonus ponderosae, the invasive bark beetle Dendroctonus valens has 
a larger body size (Zhang et al. 2002; Pureswaran and Borden 2003; Shi and Sun 
2010), more annual generations (Smith 1971; Bentz and Powell 2014), more and 
broader habitats (Smith 1971; Wood 1982; Salinas-Moreno et al. 2004), a larger 
genome size (Keeling et al. 2013; Liu et al. 2022) and a more complex phylogeo-
graphic pattern (Cai et al. 2008; Cullingham et al. 2012; Samarasekera et al. 2012; 
Taerum et al. 2016; Janes et al. 2018; Liu et al. 2022) in native areas.

Comparative phylogeography, which benefits from the improved integration of 
numerous complementary disciplines, including genetics, ecology, palaeontology, 
palynology and climatology, can identify geographical distributions and evolution 
of genetic lineages in sympatric species (Taberlet et al. 1998). On a large scale, 
the general trends across one certain region could be analysed and elucidated by 
comparing over the same area intraspecific phylogeographic patterns of several taxa 
(e.g. birds, reptiles, crustaceans etc.), including glacial refugia, post-glacial coloni-
sation routes, presence of geographic barriers, main suture-zones and others (Avise 
et al. 1987; Bermingham et al. 1992; Taberlet et al. 1998). On a smaller scale, 
comparative phylogeography of species in sympatry could infer general or special 
patterns of evolutionary history associated with specific regions and their biotic or 
abiotic characteristics (Bermingham and Moritz 1998; Avise 2009; Mayer et al. 
2015). Due to its rapid mutation rate and short coalescence time, mitochondrial 
DNA (mtDNA) has obvious advantages in determining a species’ genetic diversity 
and phylogeographic structure. MtDNA sequences are the most popular genetic 
markers for phylogeographic research because they allow the application of phy-
logenetic tools and the genealogical approach to population-level enquiries (Brito 
and Edwards 2009). This approach has also been used to compare genetic diversity 
and population structure in invading populations versus native ones to identify 
potential source areas of invasion (Javal 2017; Bras et al. 2019; Lesieur et al. 2019; 
Urvois et al. 2023).

The red-haired bark beetle Hylurgus ligniperda J. C. Fabricius (Coleoptera, Cur-
culionidae, Scolytinae) and its sister species Hylurgus micklitzi Wachtl constitute 
an interesting study case. Native to the Western Palaearctic, these phloeophagous 
pests are often found in sympatry on pine trees, mainly in the Mediterranean 
parts of their distributions. H. ligniperda, a temperate species, has expanded its 
range to nearly all continents (CABI 2021; Brockerhoff et al. 2025b), contrasting 
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sharply with H. micklitzi, which remains confined to the Mediterranean Basin 
without any records of introduction so far (El Khoury et al. 2019). Brockerhoff 
et al. (2014) used 13,828 border interception records from the U.S. and New 
Zealand (1949–2008) for 444 beetle species as proxies for arrival rates to model 
the arrival-establishment relationship, H. ligniperda and H. micklitzi at 244.5 and 
0.4, respectively. All the scolytids interception data at U.S. ports of entry during 
1985–2000 showed 217 interceptions for H. ligniperda and a single interception 
for H. micklitzi from five European countries (Haack 2002). Between 2003 and 
2016, H. ligniperda was the second most frequently intercepted scolytids in ports 
of China, with 10,199 interceptions (Wang et al. 2018).

Different species’ characteristics might explain their different invasiveness to 
some extent. In the native range, both Hylurgus species have been observed to be 
capable of development on five species of pine trees: Pinus pinaster Aiton, P. pinea 
L., P. halepensis Mill., P. brutia Ten. and P. nigra J.F. Arnold (Fabre and Carle 1975; 
Mendel et al. 1985; El Khoury et al. 2019; Gencal and Sarikaya 2023). Since two 
bark beetles are exclusively dependent on pines for feeding and reproduction, it 
could be hypothesised that their respective phylogeographic distribution, glacial 
refugial areas and further population expansions are consistent with their main 
host pines. Besides, the two Hylurgus species share similar feeding habits, ecologi-
cal niches and reproduction systems, but differ in adult body length (H. ligniperda: 
4–5.7 mm, H. micklitzi: 3.5–3.8 mm) (Grüne 1979), voltinism (H. ligniperda: 
1–4 generations/year, H. micklitzi: 1 generation/year) (Fabre and Carle 1975; 
Mendel et al. 1985; Parra Emilfork 1996), native distribution (H. ligniperda: Eu-
rope, North Africa, West Asia, H. micklitzi: Mediterranean Basin) (El Khoury et 
al. 2019; CABI 2021), host range in native habitats (H. ligniperda: six main pine 
species, H. micklitzi: two main and three minor pine species) (Fabre and Carle 
1975; Mendel et al. 1985; El Khoury et al. 2019; Gencal and Sarikaya 2023).

In this study, we hypothesise that differences in genetic diversity in the native 
range, combined with species-specific biological and ecological traits, have con-
tributed to the distinct invasive capacities of these two congeneric species. Our 
study aimed to compare the genetic diversity and phylogeographic patterns of the 
two Hylurgus species in their native Western Palaearctic and to discuss whether 
contrasting species’ characteristics between H. ligniperda and H. micklitzi would 
have influenced their respective success or failure in invasion.

Materials and methods

Insect sampling

From 2013 to 2024, adults of H. ligniperda and H. micklitzi were sampled from 
traps deployed in ports-of-entry and pine forests baited with either bark beetle pher-
omones or cerambycid pheromone blends supplemented with ethanol and α-pinene 
as described in Roques et al. (2023). Specimens of H. ligniperda were obtained from 
120 sites located in 10 native European regions (mainland France, Corsica, main-
land Italy, Sardinia, Hungary, Czechia, Spain, Portugal, Switzerland and Greece) 
and nine invaded countries distributed over five continents (Chile, Argentina, Chi-
na, USA, New Zealand, South Korea, South Africa, Uruguay and Australia). H. 
micklitzi was obtained from 53 sites in seven native regions distributed around the 
Mediterranean Basin (mainland France, Corsica, mainland Italy, Sardinia, Spain 
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and Greece). The sampling locations are detailed in Fig. 1 and Suppl. material 1. In-
dividuals were morphologically identified using the key available in Grüne (1979). 
All samples were stored in 96% ethanol and at -20 °C until DNA extraction.

DNA protocols, amplification and sequencing

For both species, DNA was extracted for 1–10 individuals from each sampling site 
using the DNeasy Tissue Kit (Qiagen, Hilden, Germany). The PCR reaction was 
amplified via the universal COI primers LCO1490 (5’-GGTCAACAAATCATA-
AAGATATTGG-3’) and HCO2198 (5’-TAAACTTCAGGGTGACCAAAAAAT-
CA-3’) for all individuals of two species (Folmer et al. 1994). The PCR was performed 
as follows: denaturation for 5 min at 94 °C followed by 35 cycles of amplification of 
45 s at 94 °C, 50 s at 47 °C, 90 sec at 72 °C and final elongation for 5 min at 72 °C.

Figure 1. a. The sampling sites of H. ligniperda and H. micklitzi in the world; b. The sampling sites of H. ligniperda and H. micklitzi in 
Europe. Blue areas represent native ranges and red areas represent invasive ranges according to CABI and previous records for H. ligniperda 
(Parra Emilfork 1996; Kvamme and Lindelöw 2014; El Khoury et al. 2019; Lin et al. 2021; Lantschner et al. 2024; Brockerhoff et al. 2025b).
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In order to check if the individuals were properly assigned to each species, we 
also amplified and sequenced a section of the conserved D1D3 domain of 28S 
rDNA from a representative number of specimens (H. ligniperda: N = 4; H. mick-
litzi: N = 1), using conserved forward primer D1F (5’-ACCCGCTGAATTTAAG-
CATAT-3’) and reverse primer D3R (5’-TAGTTCACCATCTTTCGGGTC-3’) 
(Harry et al. 1996, Lopez-Vaamonde et al. 2001). The PCR amplification consist-
ed of the denaturation for 5 sec at 95 °C, followed by 35 cycles of 30 sec at 95 °C, 
30 sec at 53 °C and 1 min 30 sec at 72 °C.

The purification of amplicons was performed with NucleoSpin gel and a NucloFast 
96 PCR clean-up kit (Macherey-Nagel, Düren, Germany). All sequences were ob-
tained in the forward and reverse directions on an ABI Prism 3500 Genetic Analyzer 
(Thermo Fisher Scientific) using the ABI Prism BigDye 3.1 Terminator sequencing 
Kit (Applied Biosystems, Foster City, CA, USA) and the primers used for PCR am-
plification. All sequence electropherograms were checked and we created contigs and 
trimmed all sequences to the same length using Codon Code Aligner 6.0.2 (Codon-
Code Corporation, Dedham, MA, USA). DNA sequences were aligned using Clust-
alW in MEGA11 (Tamura et al. 2021). The alignment was completed with seven COI 
sequences of H. ligniperda available from GenBank, from two sources, including se-
quences JQ015128–JQ015131 (Shukle et al. 2019) and MZ562956 and MZ562958 
(Lin et al. 2021), one sequence of H. micklitzi is KM285773 (Rougerie et al. 2015).

Molecular data analyses

All sequences were translated into amino acids to check that no stop codons oc-
curred; to quantify the divergence between haplotypes, the pairwise nucleotide 
p-distances were calculated by MEGA11 (Tamura et al. 2021). A Maximum-Like-
lihood phylogenetic tree using the Tamura 3-parameter (T92) + G Model was per-
formed with 1,000 bootstraps by MEGA11 (Tamura et al. 2021). H. micklitzi was 
selected as the outgroup for the population genetic analyses of H. ligniperda due 
to its close phylogenetic relationship, while being a distinct, non-invasive conge-
neric species. Indices of genetic diversity in the studied species (gene diversity and 
nucleotide diversity per site) were estimated using DNAsp6 (Rozas et al. 2017). 
To identify groups of the population that were geographically homogeneous and 
maximally differentiated by a spatial analysis of variance, we used a spatial analysis 
of variance (SAMOVA 2.0) (Dupanloup et al. 2002). The programme was run for 
10,000 permutations from 100 random initial conditions for 2 to 15 differentiated 
groups (K = 2 to K = 15). A TCS haplotype network, based on statistical parsimo-
ny, was built and lineage and haplotype maps were performed using R version 4.5.1 
(R Core Team 2024). To infer the demographic histories and detect signs of recent 
population expansions, we used the frequency-based indicators Tajima’s D and Fu’s 
FS statistics available in DNAsp6 (Rozas et al. 2017). Significantly negative Taji-
ma’s D and Fu’s FS values were taken as evidence of a population expansion.

Results

Interspecific study

The alignment of the 274 and 174 partial COI sequences of H. ligniperda and H. 
micklitzi, respectively, revealed 139 polymorphic sites (no deletions nor insertions), 

http://www.ncbi.nlm.nih.gov/nuccore/JQ015128
http://www.ncbi.nlm.nih.gov/nuccore/JQ015131
http://www.ncbi.nlm.nih.gov/nuccore/MZ562956
http://www.ncbi.nlm.nih.gov/nuccore/MZ562958
http://www.ncbi.nlm.nih.gov/nuccore/KM285773
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of which 75 appear as diagnostic mutations separating the two species. The align-
ment of 898 bp sequences belonging to the 28S rDNA gene separated H. ligniper-
da and H. micklitzi by 32 polymorphic sites, all of which appeared as diagnostic 
mutations. In order to confirm the specific status of all specimens identified as H. 
ligniperda, four individuals of H. ligniperda, representative of the four main mtDNA 
haplogroups and one individual of H. micklitzi, were sequenced for the 28S rDNA 
gene. Sequences corresponding to two individuals from Gruissan (France) belong-
ing to HLD07 mtDNA lineage, one from Yantai (China) belonging to HLA01 and 
one from Lupiac (France) belonging to HLA02 displayed the same 28S genotype, 
except for one ambiguous site showing a double peak (one from Gruissan belonging 
to HLD07, one from Yantai belonging to HLA01) at the diagnostic nucleotide. 
The interspecific genetic distances ranged from 15.9% to 17.5% for the COI gene 
and ranged from 3.6% to 3.7% for the nuclear gene. All identified haplotypes were 
deposited in GenBank (accession references PV701517–PV701783 of H. ligniper-
da and PV691892–PV692064 of H. micklitzi for the COI gene and PV888900–
PV888903 of H. ligniperda and PV888956 of H. micklitzi for the 28S gene).

Hylurgus ligniperda genetic study

We obtained 46 mtDNA haplotypes from 120 populations and 274 individuals, 
with 66 variable sites out of the 578 bp sequenced. Overall haplotype and nu-
cleotide diversities were 0.767 and 0.01276, respectively, 0.785 and 0.01226 in 
the native area and 0.681 and 0.0143 in the invaded area. We found two main 
haplotypes HLA01 (100 individuals from 45 populations) and HLD07 (86 indi-
viduals from 52 populations) and 25 local haplotypes (Suppl. material 1). In the 
native area, 41 haplotypes were found, including the two dominant haplotypes 
HLA01 (67 individuals from 33 populations) and HLD07 (69 individuals from 
44 populations) and 21 local haplotypes (Suppl. material 1; Fig. 2). In the invaded 
area, 10 haplotypes were identified, including the two main and widely introduced 
haplotypes HLA01 (23 individuals from 11 populations) and HLD07 (17 individ-
uals from 8 populations), four limited distributed haplotypes (HLC07, HLC10, 
HLD03, HLD08) and the other four unknown locations haplotypes (HLE01, 
HLE02, HLE03, HLE04) (Suppl. material 1; Figs 2, 3).

Overall, the Maximum Likelihood tree and the haplotype TCS network re-
vealed five major groups of haplotypes: HLA, HLB, HLC, HLD and HLE (Figs 
2a, 3). Clade HLA grouped haplotype HLA01 and several other less frequent hap-
lotypes (HLA02-14), mostly from south-eastern France. Clade HLB and clade 
HLC included six (HLB01-HLB06) and 13 (HLC01-HLC13) less frequent hap-
lotypes, respectively, widely distributed in Europe. Clade HLD gathered haplotype 
HLD07 and some other low-frequency haplotypes (HLD01-06, HLD08-09), 
mainly from south-western France. Clade HLE grouped four unique haplotypes 
(HLE01-04) corresponding to the GenBank sequences. The HLE haplotypes used 
in this study were derived from GenBank records, based on unidentified museum 
specimens and likely do not originate from USA populations.

The genetic distances ranged from 0.17% to 1.9% within clades and from 
0.69% to 2.6% between clades, except for HLE, for which the inter-clade genetic 
distance reached 4.84% (Table 2).

We conducted demographic inferences within the whole dataset and clades, ex-
cept HLE. For the whole data, Fu’s Fs (-9.515, P < 0.05) was significantly negative 

http://www.ncbi.nlm.nih.gov/nuccore/PV701517
http://www.ncbi.nlm.nih.gov/nuccore/PV701783
http://www.ncbi.nlm.nih.gov/nuccore/PV691892
http://www.ncbi.nlm.nih.gov/nuccore/PV692064
http://www.ncbi.nlm.nih.gov/nuccore/PV888900
http://www.ncbi.nlm.nih.gov/nuccore/PV888903
http://www.ncbi.nlm.nih.gov/nuccore/PV888956
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Figure 2. Geographical distribution of H. ligniperda populations and their associated COI haplotypes. a. TCS haplotype network found 
by the present study.The area of the circle represents haplotype frequencies (haplotypes without frequency annotations represent singleton 
sequences). Each black dot corresponds to a mutational step and each empty circle to a missing intermediate; b. The geographical distri-
bution of the corresponding clades. The colours are the same as for the haplotype network above. Blue areas represent native ranges and 
red areas represent invasive ranges according to CABI and previous records (Parra Emilfork 1996; Kvamme and Lindelöw 2014; Lin et al. 
2021; Brockerhoff et al. 2025b). HLE is not shown due to its unknown origin.
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Figure 3. Maximum Likelihood tree (T92 + G Model), based on H. ligniperda’s COI sequences built with MEGA 11. H. micklitzi (HM) 
was used as an outgroup. The number beside the branch represents the the statistical support for that branch split. The colour of the squares 
next to the haplotypes shows whether they were identified in the native area only (no squares), in the invaded area only (black) or in both 
areas (grey). Asterisk indicates areas of widespread distribution for this lineage.
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and for HLA and HLD, both Tajima’s D values (HLA: -2.33698, P < 0.01; HLD: 
-1.88720, P < 0.05) and Fu’s Fs (HLA: -18.446, P < 0.01; HLC: -9.058, P < 0.05) 
were significantly negative, indicating population expansion for these groups. By 
contrast, for HLB and HLC groups, results were not significant, indicating rather 
a long-term population demographic stability (Table 3).

Hierarchical analyses of molecular variance were performed using all individuals 
sampled from native areas (Europe). The five groups obtained with the SAMOVA 
analysis area shown in Fig. 4: (i) a ‘south-eastern France’ group comprising the 43 
populations mainly in the east of Massif Central, Czechia, Switzerland and Cor-
sica; (ii) a ‘northern France’ group clustering the six populations from northern 
France; (iii) a ‘Greece’ group including two populations from Thessaloniki, Greece; 
(iv) a ‘central Europe’ group comprising the four populations from north-western 
France, Hungary and mainland Italy; (v) a ‘south-western France’ group clustering 
the 39 populations from west of the Massif Central to the Pyrenees, the North 
Atlantic coast of western France, Spain, Portugal and Sardinia. The result showed 
that most of the molecular variance could be attributed to five geographical groups 
and within populations (67.19% and 32.38% respectively, P < 0.001).

Hylurgus micklitzi genetic study

MtDNA sequencing of 174 individuals from 53 populations resulted in an align-
ment of a 578 bp COI fragment, including 15 polymorphic sites and 16 haplo-
types (Fig. 5a, Suppl. material 1). Haplotype and nucleotide diversities were 0.465 
and 0.00096. One main haplotype, HM02 (N = 124), shared by three-quarters 
of the individuals, was distributed in most sampling locations in the western part 
of the Mediterranean Basin from Spain, southern mainland France and Corsica. A 
second, less frequent haplotype HM01 (N = 29) showed an extensive geographical 
distribution, occurring in the western (Spain, southern mainland France, Corsica 
and Sardinia) and eastern (Greece) part of the Mediterranean Basin.

The remaining 14 haplotypes (one to two individuals per haplotype) were ob-
served in southern France (Fig. 5b). All other haplotypes were separated from the 
main haplotype HM02 by two mutation steps at most (Fig. 5a). The haplotype 
network was star-shaped and did not show any phylogenetic structure. We could 
identify one haplogroup of linked haplotypes (HM01-HM03-HM12-HM14-
HM16) that mainly occurred in the western (Spain, southern mainland France, 
Corsica and Sardinia) and eastern (Greece) part of the Mediterranean Basin.

Given the absence of phylogenetic structure in H. micklitzi, the tests were only 
performed at the species level. Both Tajima’s D (-2.03939, P < 0.05) and Fu’s Fs 
(-17.176, P < 0.05) were negative and significant and unambiguously suggested a 
recent demographic expansion in this species.

Hylurgus species genetic study in sympatric sites

From 22 sites where the two species were trapped in sympatry (Fig. 1), we identi-
fied 14 COI haplotypes from 66 individuals of H. ligniperda and eight haplotypes 
from 50 individuals of H. micklitzi (Suppl. material 1). Overall, haplotype and 
nucleotide diversities were 0.675 and 0.00914 for H. ligniperda and 0.491 and 
0.00112 for H. micklitzi. When comparing haplotype richness between the two 
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Table 1. The main species traits of H. ligniperda and H. micklitzi.

Species traits H. ligniperda References H. micklitzi References

Body size 4–5.7mm (Grüne 1979) 3.5–3.8mm (Grüne 1979)

Invaded distribution China 2019, Argentina 2007, South 
Korea 1999, The United States 1995, 
Brazil 1991, Chile 1985, Sri Lanka 

(unknown date), New Zealand 1974, 
South Africa 1973, Uruguay 1956, 

Australia 1942, Japan 1935

(Murayama 1936; Bain 1977; 
Geertsema 1982; Ciesla and 
Ramı́rez Grez 1988; Wood 
and Bright 1992; Hoebeke 

2001; Park et al. 2017; 
Kirkendall 2018; CABI 2021; 

Lin et al. 2021; Ren et al. 
2021; Lantschner et al. 2024; 

Brockerhoff et al. 2025b)

/ /

Native distribution Europe, northern Africa and West 
Asia

(Fabre and Carle 1975; CABI 
2021; Brockerhoff et al. 2025b)

Around the 
Mediterranean Sea

(El Khoury et al. 2019)

Host plants P. pinaster, P. halepensis, P. sylvestris, 
P. pinea, P. brutia, P. nigra in native 

areas; South Africa: P patula, P 
elliottii; Oceania: P. radiata; North 

America: P. halepensis, P. pinea; South 
America:P. contorta, P. elliottii, P. 

ponderosa, P. radiata, P. sylvestris, P. 
taeda;  East Asia: P. thunbergii, P. 

densiflora

(Fabre and Carle 1975; Bain 
1977; Zhou et al. 2001; Kim 
et al. 2011; Clare and George 

2016; Lin et al. 2021; Ren et al. 
2021; Gencal and Sarikaya 2023; 

Lantschner et al. 2024)

Mainly P. halepensis 
and P. brutia; Other: P. 

pinaster, P. pinea, P. nigra

(Mendel et al. 1985; 
Sarikaya and Yildirim 

2011; Faccoli et al. 
2020)

Initiate host location Female (Fabre and Carle 1975; Ren et 
al. 2021)

Female (Mendel et al. 1985)

Feeding mode Phloeophagous (Vega and Hofstetter 2014) Phloeophagous (Vega and Hofstetter 
2014)

Biological niches Root and lower stem (Fabre and Carle 1975) Root and lower stem (Mendel et al. 1985)

Sex ratio F: M = 1: 1 (Lanfranco et al. 2001) Unknown /

Mating behaviour Outbreeding and Inbreeding (to some 
extent)

(Fabre and Carle 1975) Unknown /

Parent adults in brood 
systems

Monogamous (Ren et al. 2021) Monogamous (Mendel et al. 1985)

Voltinism Uni- to multivoltine (1 ~ 4 
generations/year)

(Fabre and Carle 1975; Tribe 
1991; Parra Emilfork 1996; Ren 

et al. 2021)

Univoltine (Mendel et al. 1985)

Fecundity 59 ~ 506 eggs per female in different 
host and temperature

(Fabre and Carle 1975; Ren et 
al. 2021)

Unknown /

Dispersal capacity Long distance (in the field): 
individuals were found ≥ 25 km from 
the nearest host patch; Short distance 
in the model prediction: 50% of the 
beetles were caught at 20 m, 305 m 

and 1150 m with GAMM and 123 m 
with GAM

(Chase et al. 2017; Meurisse and 
Pawson 2017; Brockerhoff et al. 

2025a)

Unknown /

Emergence 
temperature

9–20 °C (optimal 15 °C) (Tribe 1991) Unknown /

Cold tolerance The lowest SCP: -6.45 ± 0.18 °C 
(Shandong, China)

(Cheng et al. 2024) Unknown /

Development 
temperature

Eggs to larvae: 9–33 °C (optimal 
27.5 °C); Larvae to pupae: 15–33 °C 

(optimal 28 °C); Pupae to adults: 
15–33 °C (optimal 30 °C)

(Pugh et al. 2023) Unknown /

Aggregation 
pheromones

Unknown / Unknown /

Primary (attack living 
trees)

Secondary (Fabre and Carle 1975; Ren et 
al. 2021)

Secondary (Mendel et al. 1985)

Tree killers No (Fabre and Carle 1975; Ren et 
al. 2021)

No (Mendel et al. 1985)

Outbreaks No (Fabre and Carle 1975; Ren et 
al. 2021)

No (Mendel et al. 1985)
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Table 2. Minimum – maximum p-distances within and between species or clades of H. ligniperda and H. micklitzi (derived from the 
mitochondrial haplotypes).

Distance HL HLA HLB HLC HLD HLE HM

HL 0.2%~4.9%

HLA 0.2%~0.7%

HLB 0.7%~1.7% 0.2%~0.9%

HLC 1.0%~2.6% 0.7%~2.2% 0.2%~1.7%

HLD 1.6%~2.6% 1.0%~1.7% 1.4%~2.4% 0.2%~0.5%

HLE 3.8%~4.8% 3.1%~4.0% 3.5%~4.8% 2.1%~3.2% 0.9%~1.9%

HM 15.9%~17.5% 0.2%~0.7%

Table 3. Tajima’s D and Fu’s FS values estimated for H. ligniperda (whole data set, HLA, HLB, 
HLC, HLD).

n Fu’s FS Tajima’s D

whole dataset 274 -9.515* -0.9425

HLA 119 -18.446** -2.33698**

HLB 15 -0.274 0.50909

HLC 34 -1.166 0.30782

HLD 102 -9.058* -1.88720*

n, number of individuals. Values in brackets correspond to the P-value. Asterisks indicate significant values 
(*: P < 0.05, **: P < 0.01).

species across the seven sympatric sites with equivalent sampling, H. ligniperda ex-
hibited a greater number of haplotypes in three locations (La Londe-les-Maures, 
Toulouse and Bédarieux), whereas H. micklitzi showed higher richness only in Le 
Puy-Ste-Réparade.

Discussion

The observed patterns of population structure and genetic diversity of the two 
studied species gave additional support that species-specific traits may play a piv-
otal role in shaping genetic variation and distribution, both directly and indirectly, 
while also facilitating the survival, establishment and rapid dispersal of non-native 
insect species (Mayer et al. 2015; Zhao et al. 2023). We investigated the genetic 
structure and the demographic history of two congeneric species that could be 
found in sympatry at small geographic scales. Our results revealed: 1) contrasting 
phylogeographic patterns between H. ligniperda and H. micklitzi in their native 
Western Palaearctic ranges; 2) more genetic variability and structure in the invasive 
species H. ligniperda than in non-invasive species H. micklitzi; and 3) a probable re-
lation between diverse species traits, such as body length, voltinism and ecological 
niche and the invasiveness of our focal species (H. ligniperda), that its species-spe-
cific characteristics having potentially facilitated its invasion in new regions.

Two congeneric species in sympatry in the Western Palaearctic

Both molecular markers, the 28S rDNA gene and COI mtDNA gene, allow an 
accurate delimitation of H. ligniperda and H. micklitzi. COI genetic distances be-
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tween the two species ranged from 15.9% to 17.5%, which were higher than ob-
served between other congeneric species of scolytids, based on the p-distance model. 
Within Ips bark beetles, Chang et al. (2012) found an interspecific genetic distance 

Figure 4. The Spatial Analysis of Molecular Variance (SAMOVA) results. a. Haplotype network of the 46 haplotypes of H. ligniperda 
shows the proportion of individuals belonging to each of the five groups and invaded areas; b. Geographical distribution of the five iden-
tified groups (see text for details) in native areas. The colours are the same as for the haplotype network above.

35

40

45

50

55

−10  −5   0   5  10  15  20  25
Longitude

L
at

itu
de

1
3
5

b

HLA01 (100)HLA02

HLA03

HLA04
HLA05

HLA06

HLA07

HLA08

HLA09
HLA10 HLA11

HLA12HLA13

HLA14

HLB01

HLB02

HLB03

HLB04
HLB05

HLB06

HLC01

HLC02

HLC03

HLC04
HLC05

HLC06

HLC07

HLC08

HLC09

HLC10

HLC11

HLC12

HLC13

HLD01
HLD02

HLD03

HLD04

HLD05

HLD06
HLD07 (86)

HLD08

HLD09

HLE01
HLE02

HLE03

HLE04

a

HLD07

HLA01 Southeastern France
Northern France
Greece
Central Europe
Southwestern France

Samova group

Invaded areas



103NeoBiota 101: 91–117 (2025), DOI: 10.3897/neobiota.101.150337

Yuan Yuan et al.: Contrasted phylogeographic patterns of two Hylurgus bark beetles

between 5.6% and 43.1%, based on the Kimura 2-parameter (K2P) model for the 
COI gene. Du et al. (2021) found mitochondrial genome distances were 22.0% 
(Hylastes species), 9.0% (Trypodendron species), 16.9% ~ 23.6% (Xylosandrus spe-
cies), 9.0% ~ 26.3% (Dryocoetes species), 24.5% (Orthotomicus species) and 3.7% ~ 
22.2% (Ips species), based on the K2P model. Likewise, COI and COII genetic dis-

Figure 5. Geographical distribution of H. micklitzi populations and their associated COI haplotypes. a. TCS haplotype network found 
by the present study.The area of the circle represents haplotype frequencies (haplotypes without frequency annotations represent singleton 
sequences). Each black dot corresponds to a mutational step and each empty circle to a missing intermediate; b. The geographical distribu-
tion of the corresponding clades. The colours are the same as for the haplotype network above. Blue areas represent native ranges according 
to CABI and previous records (El Khoury et al. 2019; Lantschner et al. 2024).
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tances separating the Tomicus bark beetle species ranged from 10.7% to 12.4% be-
tween Tomicus piniperda, Tomicus destruens and Tomicus minor and reached 22.9% 
between Tomicus spp. and Dendroctonus spp., based on the K2P model (Kerdelhué 
et al. 2002). Analysing 33 genera and 258 species of ambrosia beetles (Xyleborini 
tribe) of southeast Asia, Cognato et al. (2020) observed an average interspecific 
difference for congenerics ranging from 9.3–16.3% for COI, based on p-distance 
model. The two species of Hylurgus under study may have been separated a long 
time ago. Due to a faster evolutionary rate (Saccone et al. 1999), mtDNA showed 
greater intraspecific variability than the nuclear gene and revealed several clades 
within H. ligniperda. This was also observed in the cave beetle Speonomus norman-
di hydrophilus (Coleoptera, Leiodidae) (Kocot-Zalewska et al. 2021). Surprisingly, 
intraspecific distances within H. ligniperda reached 4.84% (when comparing clade 
HLE to other clades), but these results should be taken with caution because our 
study included some sequences obtained from GenBank which could result from 
species misidentifications.

Contrasting phylogeographic patterns between the two sympatric 
Hylurgus species in the native areas

Consistent with our hypothesis, patterns of genetic structure contrasted between 
the two species of bark beetles. H. micklitzi had much less genetic diversity than 
H. ligniperda locally (i.e. within sample sites), regionally (i.e. sympatric areas) and 
over the whole sampling range of the species (Suppl. materials 1, 2).

H. ligniperda, a diverse and strongly structured bark beetle in its native range

The genetic structure of continental European populations of H. ligniperda consist-
ed of four groups, two mainly in southern France and two spread over the sampling 
sites in Europe. MtDNA haplotype richness was greater in populations sampled 
around the Mediterranean Basin than those sampled in the northern latitude, con-
sistent with the “southern richness and northern purity” pattern, in which many 
European species survived in southern refugia and experienced successive bottle-
necks during post-glacial northward expansion (Hewitt 1999). In the western side 
of the Mediterranean Basin, the geographical distribution of H. ligniperda partially 
matched that of its main hosts there, namely Pinus halepensis (Gómez et al. 2001; 
Vendramin et al. 2021; Kurt et al. 2023) and Pinus pinaster (Theraroz et al. 2024). 
The beetle’s genetic diversity distribution may be influenced by historical and envi-
ronmental constraints, rather than direct host association and local adaptation, sim-
ilar to the Mediterranean scolytid T. destruens (Horn et al. 2006). The split into two 
groups (‘South-eastern France’ and ‘South-western France’) forming a contact zone 
in the middle of the Massif Central, where no obvious physical barrier to dispersal 
occurs, was consistent with the general patterns of genetic structure and diversity 
observed in European insect taxa such as Monochamus galloprovincialis (Haran et 
al. 2018) and Thaumetopoea pityocampa (Rousselet et al. 2010), which followed the 
classical routes of European post-glacial history (Taberlet et al. 1998; Schmitt 2007; 
Habel et al. 2010). This suture zone might result from two distinct refugia reaching 
secondary contact, i.e. when populations with different genomes spread from their 
refugia encounter (Hewitt 1999). Alternatively, this secondary contact zone could 
be of a relatively recent origin, as artificial plantations have established a connection 
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between the native natural forests of P. pinaster in the west and P. sylvestris L. in the 
Massif Central (Rousselet et al. 2010). Greece showed two endemic haplotypes that 
could originate from another classical refuge in the Balkan Peninsula in the eastern 
Mediterranean (Taberlet et al. 1998), but our limited sampling could not allow 
further conclusions. Interestingly, Corsica and Sardinia included the two main hap-
lotypes plus four other haplotypes that were shared by the nearby coast of France 
and Italy, suggesting gene flow between the mainland and these islands.

Based on our sampling in native regions, we observed a strong diversity and genetic 
structure of invasive populations of H. ligniperda in non-native countries. Amongst 
the 41 haplotypes identified in the native range, at least one of the two most domi-
nant haplotypes (HLA01 and HLD07) was also present in many invaded countries. 
In addition, four distant lineages were observed over the invaded regions, even within 
the same small geographic area. These results suggested that H. ligniperda most likely 
repeatedly invaded different locations from various sources before dispersing locally, 
as it has been shown in other invasive species, such as the woodwasp Sirex noctilio 
(Boissin et al. 2012), the longhorned beetle Anoplophora glabripennis (Javal 2017) 
and the ambrosia beetle Xylosandrus crassiusculus (Urvois et al. 2023) in new regions.

Except for HLC10, all haplotypes observed in the invaded area could be found 
in native regions. Haplotype HLA01 was observed in New York, California, New 
Zealand, China and South Africa. HLD07 was detected in South America and 
China. About four other haplotypes, HLC07 was observed in Australia, HLC10 
in Uruguay and HLD03 in Uruguay and South Africa. Various haplotypes co-oc-
curred in Australia, Uruguay, Chile and China, suggesting multiple invasions of 
this species have occurred, like in the box tree moth Cydalima perspectalis (Bras 
et al. 2019). However, even if we observed a population genetic structure of H. 
ligniperda in its native range, mtDNA does not allow determining accurately the 
native origin of the invaded haplotypes and secondary spreads, nor haplotypes 
involved in potential bridgehead scenario. Using methods to infer invasion path-
ways (Guillemaud et al. 2010), together with higher resolution molecular markers, 
such as RAD sequencing, would permit the accurate determination of the genetic 
structure of this species in its native range, that would help in the understanding 
of the dynamics of the introductions.

H. micklitzi, a specialist bark beetle with low genetic diversity and a 
weak genetic structure

H. micklitzi exhibited drastically different genetic features when compared to H. 
ligniperda: a shallow genetic distribution pattern, as could be seen in other insect 
species, such as the bark beetle Ips sexdentatus (Avtzis et al. 2019) and two geometrid 
moths Ourapteryx szechuana and Thyrinteina arnobia (Lepidoptera, Geometridae) 
(Cheng et al. 2021; Nanini et al. 2024). Only 15 haplotypes were identified over 
the Mediterranean Basin with low genetic diversity. H. micklitzi was characterised 
by a widespread major haplotype (HM02) all over the sampling sites and many 
haplotypes only occurred in a single location. The star-shaped network with one 
over-represented haplotype and an excess of rare ones, as well as the demographic 
indices, suggested a recent expansion history following a drastic bottleneck (Hick-
erson et al. 2010) and local occurrence of new, recent haplotypes that probably 
emerged through mutation during the rapid expansion process (Petit et al. 2005). 
Genetic diversity was mostly found in Montpellier in southern France, as it was ob-
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served in the nearby City of Bessan for H. ligniperda. The genetic structure patterns 
of H. micklitzi closely matched its main host pine P. halepensis in the western Med-
iterranean (Kurt et al. 2023). The populations of H. micklitzi were mostly mono-
morphic located on the line from the Pyrenees to Provence and Cote d’Azur. For 
the eastern Mediterranean, only one haplotype (HM01) was detected in Greece, 
where Pinus brutia and Pinus nigra were present. It is worth noting that Corsica 
and Sardinia contained two main haplotypes (HM01, HM02), but lacked endemic 
haplotypes, suggesting this species possibly did not have a long history there. Even 
after experiencing severe population declines, this species’ ability to utilise a variety 
of hosts under survival pressure helped to sustain local populations. Given the ap-
parent lack of genetic diversity and structure in the sampled populations, one could 
hypothesise that H. micklitzi may have recolonised from a single glacial refuge in 
the post-glacial period and that populations had experienced severe bottlenecks 
during interglacial periods. To date, no published data are available. Distribution 
data majorly based on French populations, additional Mediterranean population 
sampling, such as Spain, Greece, Italy, Turkey, North African countries, are needed 
to better understand the phylogeographic patterns of this species.

Are there traits favouring invasion potential in H. ligniperda and not in 
H. micklitzi?

By comparing species characteristics reported in literature between the invasive H. 
ligniperda and the non-invasive H. micklitzi, our findings support the hypothesis 
that H. ligniperda has a larger body size, higher voltinism, larger ecological niches 
and displays more events of introduction.

The body length of H. ligniperda and H. micklitzi ranges from 4 to 5.7 mm 
and 3.5 to 3.8 mm, respectively (Grüne 1979). Adult females of H. ligniperda are 
always the first to locate and attack pine hosts (Ren et al. 2021). A large body size 
in females is frequently linked to a high potential fecundity because of a larger 
abdomen that could hold more eggs. Coupled with the capability of inbreeding 
to some extent, it may help such a non-native species to quickly establish popu-
lations in invaded sites (Preziosi et al. 1996). Moreover, large beetles are able to 
infest large mature trees, while small beetles infest predominantly younger plants. 
In Phloeosinus bark beetles, the small European species P. aubei (= P. bicolor) and 
P. thujae infest young plants, while the larger Japanese congener P. rudis can kill 
mature trees (Moraal 2010).

Voltinism also differs between the two species. H. ligniperda shows one generation 
per year under cold climates, but their number could be up to four under warmer 
climates, while H. micklitzi only presents one generation per year in all parts of its 
range. H. ligniperda overwinters as an adult in Shandong, China, with its supercool-
ing point (SCP) reaching the lowest (-6.45 ± 0.18 °C) in the mid-to-pose overwin-
tering period; it does not survive beyond one day at -15 °C (1-day LLT50 = -7.1 °C) 
and its cold tolerance and overwintering survival are directly influenced by glycogen, 
lipids, proteins and cryoprotectants (trehalose and sorbitol) (Cheng et al. 2024). 
To date, no published data are available regarding the overwintering behaviour or 
thermal tolerance parameters (e.g. critical thermal maxima and minima or SCP) of 
H. micklitzi. The number of generations per year in an insect’s life cycle is positively 
associated with the rate of spread (Fahrner and Aukema 2018) and a high fecundity 
required for fast population growth allows the initially small populations to establish 
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and expand rapidly (Jelbert et al. 2019). The same pattern is observed in Dendrocto-
nus bark beetles where the invasive D. valens can produce up to three generations per 
year (Yan et al. 2005), while its congener D. ponderosae, a dominant pest in western 
North America, but without any invasion record elsewhere, is mostly univoltine, 
with semi-voltinism at high elevations and rare bivoltinism (Bentz et al. 2019).

H. ligniperda is also observed in more extensive ecological niches and infests more 
pine hosts than H. micklitzi, the latter mainly present close to the coast around the 
Mediterranean. H. ligniperda has a broader host range, infesting over 18 Pinus spe-
cies. This increases its chances of being transported via wood trade, leading to more 
frequent interceptions and multiple introductions compared to H. micklitzi (Table 
1). While no evidence is currently available, H. micklitzi might potentially expand its 
host range if introduced into novel environments, although this remains speculative 
and would require experimental validation. Similarly, the invasive bark beetle, D. 
valens, infests all pine species in the native areas (extending from Nova Scotia, Can-
ada, west to California, USA and south through Mexico to Guatemala and Hondu-
ras) (Bright 1976; Furniss and Carolin 1977; Wood 1982; Cibrián Tovar et al. 1995) 
and four pine species in the invaded areas (China) (Yan et al. 2005; Liu 2020; Liu 
et al. 2021) and the non-invasive bark beetle D. ponderosae, infesting all native pine 
trees, except Pinus jeffreyi in the native areas (extending from Baja California Norte, 
Mexico, to northern British Columbia and western Alberta, Canada) (Wood 1982). 
Another example is given by the invasive bark beetle T. piniperda, infesting eight pine 
species in the native areas (the Palaearctic area from western Europe (Portugal) to east 
Asia (Japan)) (Masuya et al. 1998, 1999; Ritzerow et al. 2004; Faccoli et al. 2005; 
Lieutier et al. 2015) and five pine species in the invaded area (North America) (Lång-
ström et al. 1994; Sadof et al. 1995; Haack and Poland 2001; Haack et al. 2001) and 
non-invasive bark beetle T. destruens, infesting seven pine species in the Mediterra-
nean Basin known at present (Gallego et al. 2004; Sarikaya and Avci 2010).

Conclusion

Contrasting genetic diversity and phylogeographic structures of two Hylurgus 
species in sympatric sites across the Mediterranean Basin revealed their different 
expanding directions and recolonisation routes in contemporary and post-glacial 
times. H. ligniperda showed higher genetic diversity and structure than H. mick-
litzi, locally (i.e. within sample sites), regionally (i.e. sympatric areas) and over the 
whole sampling range of the species. H. ligniperda has invaded new regions all over 
the world, while its congener has remained confined in its natural range. Together 
with the species’ traits, i.e. a larger body size, a higher voltinism and a larger eco-
logical niche, these characteristics may have enhanced its invasiveness, leading to 
recurrent invasion and spread of H. ligniperda all over the world.

Acknowledgements

We thank colleagues from the French National Forestry Office (ONF - Thomas Barn-
ouin, Orso Cerati and Eric Tassone), Forest Health Department (DSF- François-Xavi-
er Saintonge and Jean-Baptiste Daubrée) and Office pour l’Environnement de la 
Corse (OEC- Marie Cécile Andrei-Ruiz) for their assistance in collecting beetles in 
France. For contributions to collecting and providing specimens from other coun-
tries, we are indebted to Dimitrios Avtzis (Forest Research Thessaloniki, Greece), 



108NeoBiota 101: 91–117 (2025), DOI: 10.3897/neobiota.101.150337

Yuan Yuan et al.: Contrasted phylogeographic patterns of two Hylurgus bark beetles

Manuela Branco (Universidade de Lisboa, Portugal), Jessica Cancelliere (New York 
State Department of Environmental Conservation, USA), Angus J. Carnegie (De-
partment of Primary Industries and Regional Development, New South Wales, Aus-
tralia), Kevin Chase (Bartlett Tree Experts, South Carolina, USA), Arturo Cocco 
(Università degli Studi di Sassari, Italy), Juan Corley (INTA-CONICET, Bariloche, 
Argentina), Massimo Faccoli (University of Padova, Italy), Josep Riba i Flinch (Giro-
na, Spain), Elizabeth Gilbride (University of Rochester, USA), Brett Hurley (Univer-
sity of Pretoria, South Africa), Julia Kappeler (WSL, Switzerland), Jessica Kerr (Scion 
(New Zealand Forest Research Institute), New Zealand), Miloš Knížek (Forestry and 
Game Management Research Institute, Czechia), Ferenc Lakatos (University of So-
pron, Hungary), Victoria Lantschner (INTA-CONICET, Argentina), Simon Law-
son (University of the Sunshine Coast, Queensland, Australia), Gonzalo Martinez 
(INIA, Uruguay), Nicolas Meurisse (Scion (New Zealand Forest Research Institute), 
Rotorua, New Zealand), Miguel Angel Poisson (Bioforest S.A., Chile), Adrian Po-
loni (California Polytechnic State University, USA), Robert Rabaglia (USDA Forest 
Service, USA), Davide Rassati (University of Padova, Italy), José P. Ribeiro-Correia 
(WSL, Switzerland), David Smith (University of Melbourne, Victoria, Australia) and 
Jing Tao (Beijing Forestry University, China). For DNA extraction, laboratory sup-
port and general guidance at WSL, we thank Carolina Cornejo, Julia Kappeler, Jana 
Orbach, Quirin Kupper, Simone Prospero, Beat Ruffner, Lea Schläfli, Amira Tiefen-
bacher, Sven Ulrich and Robin Winiger (all WSL, Switzerland).

Additional information
Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement
No ethical statement was reported.

Use of AI
No use of AI was reported.

Funding
This work was supported by the HOMED project (“HOlistic Management of Emerging forest pests 
and Diseases”) which received funding from the European Union’s Horizon 2020 Research and 
Innovation Programme under grant agreement no. 771271 (https://homed-projecteu/). We also 
acknowledge funding from the European project LIFE SAMFIX (“Saving Mediterranean Forests 
from invasions of Xylosandrus beetles and associated pathogenic fungi”, LIFE17 NAT/IT/000609, 
https://wwwlifesamfixeu/) and from the European INTERREG project ALIEM (“Action pour Lim-
iter les risques de diffusion des espèces introduites envahissantes en Méditerranée”). Trapping in 
France benefitted from funding by the French Ministry of Agriculture under the SORE project “Test 
de l’efficacité de pièges génériques multicomposés pour la détection précoce d’insectes exotiques 
xylophages dans les sites potentiels d’entrée sur le territoire national”; No. C-2024-016). The work 
was also supported by a funding by the National Institute for Agronomy, Food and the Environment 
to the Sino-French Joint Laboratory IFOPE (Invasive Forest Pests in Eurasia). The Swiss Federal 
Institute for Forest, Snow and Landscape Research WSL contributed funding for the collection of 
specimens and DNA extraction. The author Yuan Yuan was funded by a PhD grant from the Chinese 
Scholarship Council (CSC) (Grant No. 202106510004).

https://homed-projecteu/
https://wwwlifesamfixeu/


109NeoBiota 101: 91–117 (2025), DOI: 10.3897/neobiota.101.150337

Yuan Yuan et al.: Contrasted phylogeographic patterns of two Hylurgus bark beetles

Author contributions
Data curation: EM. Funding acquisition: MAAR. Project administration: MAAR, GR. Resources: 
LR, AR, EGB. Software: EM. Supervision: GR. Writing – original draft: YY. Writing – review and 
editing: NA, EGB, LR, JS, YL, GR, AR, MAAR. 

Author ORCIDs
Yuan Yuan  https://orcid.org/0009-0004-1394-9423
Alain Roques  https://orcid.org/0000-0002-3734-3918
Emmanuelle Magnoux  https://orcid.org/0000-0003-0990-5511
Lili Ren  https://orcid.org/0000-0003-0333-0681
Eckehard G. Brockerhoff  https://orcid.org/0000-0002-5962-3208
Juan Shi  https://orcid.org/0000-0001-5647-625X
Marie-Anne Auger-Rozenberg  https://orcid.org/0000-0002-2455-2438
Géraldine Roux  https://orcid.org/0000-0002-1116-2799

Data availability
All of the data that support the findings of this study are available in the main text or Supplementary 
Information.

References

Avise JC (2009) Phylogeography: Retrospect and prospect. Journal of Biogeography 36: 3–15. 
https://doi.org/10.1111/j.1365-2699.2008.02032.x

Avise JC, Arnold J, Ball RM, Bermingham E, Lamb T, Neigel JE, Reeb CA, Saunders NC (1987) 
Intraspecific phylogeography: The mitochondrial DNA bridge between population genetics and 
systematics. Annual Review of Ecology and Systematics 18: 489–522. https://doi.org/10.1146/
annurev.es.18.110187.002421

Avtzis DN, Lakatos F, Gallego D, Pernek M, Faccoli M, Wegensteiner R, Stauffer C (2019) Shallow 
genetic structure among the European populations of the six-toothed bark beetle Ips sexdentatus 
(Coleoptera, Curculionidae, Scolytinae). Forests 10: 136. https://doi.org/10.3390/f10020136

Bain J (1977) Hylurgus ligniperda (Fabricius) (Coleoptera: Scolytidae), forest and timber insects in 
New Zealand. Forest Research Institute, New Zealand Forest Service, Rotorua, 18.

Bentz BJ, Powell JA (2014) Mountain pine beetle seasonal timing and constraints to bivoltinism: A 
comment on Mitton and Ferrenberg, “mountain pine beetle develops an unprecedented summer 
generation in response to climate warming.”. American Naturalist 184: 787–796. https://doi.
org/10.1086/678405

Bentz BJ, Jönsson AM, Schroeder M, Weed A, Wilcke RAI, Larsson K (2019) Ips typographus and 
Dendroctonus ponderosae models project thermal suitability for intra- and inter-continental es-
tablishment in a changing climate. Frontiers in Forests and Global Change 2: 1–17. https://doi.
org/10.3389/ffgc.2019.00001

Bermingham E, Moritz C (1998) Comparative phylogeography: Concepts and applications. Molec-
ular Ecology 7: 367–369. https://doi.org/10.1046/j.1365-294x.1998.00424.x

Bermingham E, Rohwer S, Freeman S, Wood C (1992) Vicariance biogeography in the Pleisto-
cene and speciation in North American wood warblers: A test of Mengel’s model. Proceedings of 
the National Academy of Sciences of the United States of America 89: 6624–6628. https://doi.
org/10.1073/pnas.89.14.6624

Blackburn TM, Pyšek P, Bacher S, Carlton JT, Duncan RP, Jarošík V, Wilson JRU, Richardson DM 
(2011) A proposed unified framework for biological invasions. Trends in Ecology & Evolution 
26: 333–339. https://doi.org/10.1016/j.tree.2011.03.023

https://orcid.org/0009-0004-1394-9423
https://orcid.org/0000-0002-3734-3918
https://orcid.org/0000-0003-0990-5511
https://orcid.org/0000-0003-0333-0681
https://orcid.org/0000-0002-5962-3208
https://orcid.org/0000-0001-5647-625X
https://orcid.org/0000-0002-2455-2438
https://orcid.org/0000-0002-1116-2799
https://doi.org/10.1111/j.1365-2699.2008.02032.x
https://doi.org/10.1146/annurev.es.18.110187.002421
https://doi.org/10.1146/annurev.es.18.110187.002421
https://doi.org/10.3390/f10020136
https://doi.org/10.1086/678405
https://doi.org/10.1086/678405
https://doi.org/10.3389/ffgc.2019.00001
https://doi.org/10.3389/ffgc.2019.00001
https://doi.org/10.1046/j.1365-294x.1998.00424.x
https://doi.org/10.1073/pnas.89.14.6624
https://doi.org/10.1073/pnas.89.14.6624
https://doi.org/10.1016/j.tree.2011.03.023


110NeoBiota 101: 91–117 (2025), DOI: 10.3897/neobiota.101.150337

Yuan Yuan et al.: Contrasted phylogeographic patterns of two Hylurgus bark beetles

Boissin E, Hurley B, Wingfield MJ, Vasaitis R, Stenlid J, Davis C, de Groot P, Ahumada R, Car-
negie A, Goldarazena A, Klasmer P, Wermelinger B, Slippers B (2012) Retracing the routes of 
introduction of invasive species: The case of the Sirex noctilio woodwasp. Molecular Ecology 21: 
5728–5744. https://doi.org/10.1111/mec.12065

Bonnamour A, Gippet JMW, Bertelsmeier C (2021) Insect and plant invasions follow two waves of 
globalisation. Ecology Letters 24: 2418–2426. https://doi.org/10.1111/ele.13863

Bras A, Avtzis DN, Kenis M, Li H, Vétek G, Bernard A, Courtin C, Rousselet J, Roques A, Au-
ger-Rozenberg M-A (2019) A complex invasion story underlies the fast spread of the invasive box 
tree moth (Cydalima perspectalis) across Europe. Journal of Pest Science 92: 1187–1202. https://
doi.org/10.1007/s10340-019-01111-x

Bright Jr DE (1976) The insects and arachnids of Canada. Part 2. The bark beetles of Canada and Alas-
ka. Coleoptera: Scolytidae. Research Branch, Canada Department of Agriculture, Ottawa, 1–241.

Brito PH, Edwards SV (2009) Multilocus phylogeography and phylogenetics using sequence-based 
markers. Genetica 135: 439–455. https://doi.org/10.1007/s10709-008-9293-3

Brockerhoff EG, Kimberley M, Liebhold AM, Haack RA, Cavey JF (2014) Predicting how altering 
propagule pressure changes establishment rates of biological invaders across species pools. Ecology 
95: 594–601. https://doi.org/10.1890/13-0465.1

Brockerhoff EG, Sopow SL, Bader MK-F (2025a) Resource pulses drive spatio-temporal dynamics 
of non-native bark beetles and wood borers. Journal of Applied Ecology 62: 80–92. https://doi.
org/10.1111/1365-2664.14819

Brockerhoff EG, Schläfli L, Cornejo C, Kappeler J, Orbach J, Tiefenbacher A, Kupper Q, Liebhold 
AM, Avtzis D, Branco M, Carnegie AJ, Chase KD, Corley J, Faccoli M, Gilbride E, Hurley BP, 
Jactel H, Kerr JL, Kirichenko N, Knizek M, Lakatos F, Lantschner V, Martinez G, Meurisse 
N, Poisson MA, Poloni A, Rabaglia RJ, Rassati D, Riba-Flinch JM, Ribeiro-Correia JP, Shi 
J, Smith D, Somers L, Yuan Y, Prospero S (2025b) Worldwide spread of Hylurgus ligniperda 
(Coleoptera: Scolytinae), and the potential role of bridgehead invasions. BioRxiv. https://doi.
org/10.1101/2025.05.17.654641

CABI (2021) Hylurgus ligniperda (red-haired pine bark beetle). CABI Compendium CABI Compen-
dium 27364. https://doi.org/10.1079/cabicompendium.27364

Cai Y-W, Cheng X-Y, Xu R-M, Duan D-H, Kirkendall LR (2008) Genetic diversity and biogeogra-
phy of red turpentine beetle Dendroctonus valens in its native and invasive regions. Insect Science 
15: 291–301. https://doi.org/10.1111/j.1744-7917.2008.00213.x

CBD (2000) Alien species that threaten ecosystems, habitats or species. In: UNEP/CBD/COP/5/8. 
Secretariat of the Convention on Biological Diversity, Nairobi, Kenya.

Chang H, Hao D-J, Xiao R-T, Liu Y, Qian L, An Y-L, Yang X (2012) DNA barcoding based on the 
mitochondrial COI gene sequences for Ips species (Coleoptera: Scolytidae). Acta Entomologica 
Sinica 55: 1075–1081. https://doi.org/10.16380/j.kcxb.2012.09.009

Chase KD, Kelly D, Liebhold AM, Bader MK-F, Brockerhoff EG (2017) Long-distance dispersal of 
non-native pine bark beetles from host resources. Ecological Entomology 42: 173–183. https://
doi.org/10.1111/een.12371

Cheng R, Han H, Xue D, Zhu C, Jiang N (2021) Shennongjia–Wushan mountains – One cryptic 
glacial refugium introduced by the phylogeographical study of the Geometridae moth Ourapteryx 
szechuana Wehrli. Ecology and Evolution 11: 10066–10076. https://doi.org/10.1002/ece3.7794

Cheng L, Pei J, Chen X, Shi F, Bao Z, Hou Q, Zhi L, Zong S, Tao J (2024) Cold tolerance and 
metabolism of red-haired pine bark beetle Hylurgus ligniperda (Coleoptera: Curculionidae) 
during the overwintering period. Journal of Economic Entomology 117: 1553–1563. https://
doi.org/10.1093/jee/toae137

Cibrián Tovar D, Méndez Montiel JT, Campos Bolaños R, Tates HO III, Flores Lara JE [Eds] (1995) 
Forest insects of Mexico. Universidad Autónoma de Chapingo, México, 453 pp.

https://doi.org/10.1111/mec.12065
https://doi.org/10.1111/ele.13863
https://doi.org/10.1007/s10340-019-01111-x
https://doi.org/10.1007/s10340-019-01111-x
https://doi.org/10.1007/s10709-008-9293-3
https://doi.org/10.1890/13-0465.1
https://doi.org/10.1111/1365-2664.14819
https://doi.org/10.1111/1365-2664.14819
https://doi.org/10.1101/2025.05.17.654641
https://doi.org/10.1101/2025.05.17.654641
https://doi.org/10.1079/cabicompendium.27364
https://doi.org/10.1111/j.1744-7917.2008.00213.x
https://doi.org/10.16380/j.kcxb.2012.09.009
https://doi.org/10.1111/een.12371
https://doi.org/10.1111/een.12371
https://doi.org/10.1002/ece3.7794
https://doi.org/10.1093/jee/toae137
https://doi.org/10.1093/jee/toae137


111NeoBiota 101: 91–117 (2025), DOI: 10.3897/neobiota.101.150337

Yuan Yuan et al.: Contrasted phylogeographic patterns of two Hylurgus bark beetles

Ciesla WM, Ramírez Grez O (1988) Hylurgus ligniperda (fabricius) (Coleóptera: Scolytidae). CONAF.
Clare GK, George EM (2016) Life cycle and mass rearing of Hylurgus ligniperda using a novel egg 

collection method. New Zealand Plant Protection 69: 143–152. https://doi.org/10.30843/
nzpp.2016.69.5895

Cognato AI, Sari G, Smith SM, Beaver RA, Li Y, Hulcr J, Jordal BH, Kajimura H, Lin C-S, Pham 
TH, Singh S, Sittichaya W (2020) The essential role of taxonomic expertise in the creation of 
DNA databases for the identification and delimitation of southeast Asian ambrosia beetle species 
(Curculionidae: Scolytinae: Xyleborini). Frontiers in Ecology and Evolution 8: 1–17. https://doi.
org/10.3389/fevo.2020.00027

Cui Y, Ren Y-D, Lyu M, Zheng S-C, Feng Q-L, Xiang H (2020) Genomic divergences between the 
two polyphagous Spodoptera relatives provide cues for successful invasion of the fall armyworm. 
Insect Science 27: 1257–1265. https://doi.org/10.1111/1744-7917.12738

Cullingham CI, Roe AD, Sperling FAH, Coltman DW (2012) Phylogeographic insights into an 
irruptive pest outbreak. Ecology and Evolution 2: 908–919. https://doi.org/10.1002/ece3.102

Du H, Fang J, Shi X, Zhang S, Liu F, Yu C, Zhang Z, Kong X (2021) Comparative analysis of eight 
mitogenomes of bark beetles and their phylogenetic implications. Insects 12: 949. https://doi.
org/10.3390/insects12100949

Dupanloup I, Schneider S, Excoffier L (2002) A simulated annealing approach to define the genetic 
structure of populations. Molecular Ecology 11: 2571–2581. https://doi.org/10.1046/j.1365-
294X.2002.01650.x

El Khoury Y, Binazzi F, Nemer N, Noujeim E, Tarasco E, Roversi PF, Pennacchio F (2019) Bark bee-
tles (Coleoptera Curculionidae Scolytinae) associated with Pinus pinea in Lebanon: New records 
with remarks on theirecology, distribution and potential threat for forest stands. Redia (Firenze) 
102: 121–128. https://doi.org/10.19263/REDIA-102.19.18

Fabre J-P, Carle P (1975) Contribution à l’étude biologique d’Hylurgus ligniperda F. (Coleoptera 
Scolytidae) dans le sud-est de la France. Annales des Sciences Forestieres 32: 55–71. https://doi.
org/10.1051/forest/19750104

Faccoli M, Piscedda A, Salvato P, MauroSimonato, Masutti L, Battisti A (2005) Genetic structure 
and phylogeography of pine shoot beetle populations (Tomicus destruens and T. piniperda, Cole-
optera Scolytidae) in Italy. Annals of Forest Science 62: 361–368. https://doi.org/10.1051/for-
est:2005031

Faccoli M, Gallego D, Branco M, Brockerhoff EG, Corley J, Coyle DR, Hurley BP, Jactel H, Lakatos 
F, Lantschner V, Lawson S, Martínez G, Gómez DF, Avtzis D (2020) A first worldwide multispe-
cies survey of invasive mediterranean pine bark beetles (coleoptera: Curculionidae, scolytinae). 
Biological Invasions 22: 1785–1799. https://doi.org/10.1007/s10530-020-02219-3

Fahrner S, Aukema BH (2018) Correlates of spread rates for introduced insects. Global Ecology and 
Biogeography 27: 734–743. https://doi.org/10.1111/geb.12737

Fenn-Moltu G, Ollier S, Bates OK, Liebhold AM, Nahrung HF, Pureswaran DS, Yamanaka T, Bertels-
meier C (2023) Global flows of insect transport and establishment: The role of biogeography, trade 
and regulations. Diversity & Distributions 29: 1478–1491. https://doi.org/10.1111/ddi.13772

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA primers for amplification of mito-
chondrial cytochrome c oxidase subunit I from diverse metazoan invertebrates. Molecular Marine 
Biology and Biotechnology 3: 294–299.

Furniss RL, Carolin VM (1977) no.1339 Western forest insects. Dept. of Agriculture, Forest Service, 
Washington, 1–674. https://doi.org/10.5962/bhl.title.131875

Gallego D, Canovas F, Esteve MA, Galian J (2004) Descriptive biogeography of Tomicus (Coleoptera: 
Scolytidae) species in Spain. Journal of Biogeography 31: 2011–2024. https://doi.org/10.1111/
j.1365-2699.2004.01131.x

Geertsema H (1982) A historical review of forest entomology in South Africa. Saasveld 50: 199–207.

https://doi.org/10.30843/nzpp.2016.69.5895
https://doi.org/10.30843/nzpp.2016.69.5895
https://doi.org/10.3389/fevo.2020.00027
https://doi.org/10.3389/fevo.2020.00027
https://doi.org/10.1111/1744-7917.12738
https://doi.org/10.1002/ece3.102
https://doi.org/10.3390/insects12100949
https://doi.org/10.3390/insects12100949
https://doi.org/10.1046/j.1365-294X.2002.01650.x
https://doi.org/10.1046/j.1365-294X.2002.01650.x
https://doi.org/10.19263/REDIA-102.19.18
https://doi.org/10.1051/forest/19750104
https://doi.org/10.1051/forest/19750104
https://doi.org/10.1051/forest:2005031
https://doi.org/10.1051/forest:2005031
https://doi.org/10.1007/s10530-020-02219-3
https://doi.org/10.1111/geb.12737
https://doi.org/10.1111/ddi.13772
https://doi.org/10.5962/bhl.title.131875
https://doi.org/10.1111/j.1365-2699.2004.01131.x
https://doi.org/10.1111/j.1365-2699.2004.01131.x


112NeoBiota 101: 91–117 (2025), DOI: 10.3897/neobiota.101.150337

Yuan Yuan et al.: Contrasted phylogeographic patterns of two Hylurgus bark beetles

Gencal T, Sarikaya O (2023) Notes on bark beetle fauna in forests of Bursa Province (Marmara region) 
of Turkey, with new records for Marmara Region. North-Western Journal of Zoology 19: 94–98.

Gómez A, Alía R, Bueno MA (2001) Genetic diversity of Pinus halepensis Mill. populations detected 
by RAPD loci. Annals of Forest Science 58: 869–875. https://doi.org/10.1051/forest:2001170

Grüne S (1979) Handbuch zur bestimmung der Europäischen borkenkäfer = brief illustrated key to 
european bark beetles. Schaper, 182 pp. https://cir.nii.ac.jp/crid/1130282272062310784 [No-
vember 30, 2024]

Guillemaud T, Beaumont MA, Ciosi M, Cornuet J-M, Estoup A (2010) Inferring introduction 
routes of invasive species using approximate Bayesian computation on microsatellite data. Hered-
ity 104: 88–99. https://doi.org/10.1038/hdy.2009.92

Haack RA (2002) Intercepted Scolytidae (Coleoptera) at U.S. ports of entry: 1985–2000. Integrated 
Pest Management Reviews 6. https://doi.org/10.1023/A:1025715200538

Haack RA, Poland TM (2001) Evolving management strategies for a recently discovered exotic forest 
pest: The pine shoot beetle, Tomicus piniperda (Coleoptera). Biological Invasions 3: 307–322. 
https://doi.org/10.1023/A:1015298114837

Haack RA, Lawrence RK, Heaton GC (2001) Tomicus piniperda (Coleoptera: Scolytidae) shoot-feed-
ing characteristics and overwintering behavior in scotch pine christmas trees. Journal of Economic 
Entomology 94: 422–429. https://doi.org/10.1603/0022-0493-94.2.422

Habel JC, Drees C, Schmitt T, Assmann T (2010) Review: refugial areas and postglacial coloniza-
tions in the Western Palearctic. In: Habel JC, Assmann T (Eds) Relict Species: Phylogeography 
and Conservation Biology, 189–197. https://doi.org/10.1007/978-3-540-92160-8_10

Haran J, Rousselet J, Tellez D, Roques A, Roux G (2018) Phylogeography of Monochamus gallopro-
vincialis, the European vector of the pinewood nematode. Journal of Pest Science 91: 247–257. 
https://doi.org/10.1007/s10340-017-0878-4

Harry M, Solignac M, Lachaise D (1996) Adaptive radiation in the Afrotropical region of the Paleo-
tropical genus Lissocephala (Drosophilidae) on the pantropical genus Ficus (Moraceae). Journal of 
Biogeography 23: 543–552. https://doi.org/10.1111/j.1365-2699.1996.tb00016.x

Hewitt GM (1999) Post-glacial re-colonization of European biota. Biological Journal of the Linne-
an Society. Linnean Society of London 68: 87–112. https://doi.org/10.1111/j.1095-8312.1999.
tb01160.x

Hickerson MJ, Carstens BC, Cavender-Bares J, Crandall KA, Graham CH, Johnson JB, Rissler 
L, Victoriano PF, Yoder AD (2010) Phylogeography’s past, present, and future: 10 years after 
Avise, 2000. Molecular Phylogenetics and Evolution 54: 291–301. https://doi.org/10.1016/j.
ympev.2009.09.016

Hoebeke ER (2001) Hylurgus ligniperda: A new exotic pine bark beetle in the United States. News-
letter of the Michigan entomological society 46: 1–2.

Horn A, Roux-Morabito G, Lieutier F, Kerdelhue C (2006) Phylogeographic structure and past 
history of the circum-Mediterranean species Tomicus destruens Woll. (Coleoptera: Scolytinae). 
Molecular Ecology 15: 1603–1615. https://doi.org/10.1111/j.1365-294X.2006.02872.x

Janes JK, Worth JRP, Batista PD, Sperling FAH (2018) Inferring ancestry and divergence events in a 
forest pest using low-density single-nucleotide polymorphisms. Insect Systematics and Diversity 
2. https://doi.org/10.1093/isd/ixy019

Javal M (2017) Invasion of the Asian longhorned beetle, Anoplophora glabripennis: Ecology, genetics 
and life history traits. These de Doctorat. Université d’Orléans. https://theses.fr/2017ORLE2034 
[November 27, 2024]

Jelbert K, Buss D, McDonald J, Townley S, Franco M, Stott I, Jones O, Salguero-Gómez R, Buckley 
Y, Knight T, Silk M, Sargent F, Rolph S, Wilson P, Hodgson D (2019) Demographic amplifica-
tion is a predictor of invasiveness among plants. Nature Communications 10: 5602. https://doi.
org/10.1038/s41467-019-13556-w

https://doi.org/10.1051/forest:2001170
https://cir.nii.ac.jp/crid/1130282272062310784
https://doi.org/10.1038/hdy.2009.92
https://doi.org/10.1023/A:1025715200538
https://doi.org/10.1023/A:1015298114837
https://doi.org/10.1603/0022-0493-94.2.422
https://doi.org/10.1007/978-3-540-92160-8_10
https://doi.org/10.1007/s10340-017-0878-4
https://doi.org/10.1111/j.1365-2699.1996.tb00016.x
https://doi.org/10.1111/j.1095-8312.1999.tb01160.x
https://doi.org/10.1111/j.1095-8312.1999.tb01160.x
https://doi.org/10.1016/j.ympev.2009.09.016
https://doi.org/10.1016/j.ympev.2009.09.016
https://doi.org/10.1111/j.1365-294X.2006.02872.x
https://doi.org/10.1093/isd/ixy019
https://theses.fr/2017ORLE2034
https://doi.org/10.1038/s41467-019-13556-w
https://doi.org/10.1038/s41467-019-13556-w


113NeoBiota 101: 91–117 (2025), DOI: 10.3897/neobiota.101.150337

Yuan Yuan et al.: Contrasted phylogeographic patterns of two Hylurgus bark beetles

Keeling CI, Yuen MM, Liao NY, Roderick Docking T, Chan SK, Taylor GA, Palmquist DL, Jack-
man SD, Nguyen A, Li M, Henderson H, Janes JK, Zhao Y, Pandoh P, Moore R, Sperling FA, 
W Huber DP, Birol I, Jones SJ, Bohlmann J (2013) Draft genome of the mountain pine beetle, 
Dendroctonus ponderosae Hopkins, a major forest pest. Genome Biology 14: R27. https://doi.
org/10.1186/gb-2013-14-3-r27

Kerdelhué C, Roux-Morabito G, Forichon J, Chambon J-M, Robert A, Lieutier F (2002) Population 
genetic structure of Tomicus piniperda L. (Curculionidae: Scolytinae) on different pine species 
and validation of T. destruens (Woll.). Molecular Ecology 11: 483–494. https://doi.org/10.1046/
j.0962-1083.2002.01460.x

Kim S, Harrington TC, Lee JC, Seybold SJ (2011) Leptographium tereforme sp. nov. and other 
Ophiostomatales isolated from the root-feeding bark beetle Hylurgus ligniperda in California. 
Mycologia 103: 152–163. https://doi.org/10.3852/10-096

Kirkendall LR (2018) Invasive Bark Beetles (Coleoptera, Curculionidae, Scolytinae) in Chile and 
Argentina, Including Two Species New for South America, and the Correct Identity of the Ortho-
tomicus Species in Chile and Argentina. Diversity 10: 40. https://doi.org/10.3390/d10020040

Kocot-Zalewska J, Domagala PJ, Lis B (2021) Living in isolation for almost 40 years: Molecular di-
vergence of the 28S rDNA and COI sequences between French and Polish populations of the cave 
beetle Speonomus normandi hydrophilus (Jeannel, 1907). Subterranean Biology: 75–89. https://
doi.org/10.3897/subtbiol.37.54720

Kurt Y, Cengel B, Velioglu E, González-Martínez S, Grivet D, Kaya N (2023) Chloroplast micro-
satellite diversity of Pinus brutia Ten. and Pinus halepensis Mill. populations across the Mediter-
ranean basin: Inferences of their distributions. Forest Systems 32: e008. https://doi.org/10.5424/
fs/2023322-19729

Kvamme T, Lindelöw Å (2014) Corrections and comments to the Norwegian part of the Palaearctic 
list of bark beetles (Coleoptera, Curculionidae, Scolytinae). Norwegian Journal of Entomology: 
201–212.

Lanfranco D, Ide S, Ruiz C, Peredo H, Vives I (2001) Sex ratio of Hylurgus ligniperda (F.), Hylastes 
ater (Paykull) and Gnathotrupes spp. (Coleoptera: Scolytidae). BOSQUE 22(2): 85–88. https://
doi.org/10.4206/bosque.2001.v22n2-09

Långström B, Lieutier F, Hellqvist C, Vouland G (1994) North American pines as hosts for Tomicus 
piniperda (L.) (Col., Scolytidae) in France and Sweden. IUFRO Working Party Conference. Be-
havior, population dynamics and control of forest insects. Maui, Hawaii, United States. https://
hal.inrae.fr/hal-02779448

Lantschner V, Gomez DF, Vilardo G, Stazione L, Ramos S, Eskiviski E, Fachinetti R, Schiappacassi 
M, Vallejos N, Germano M, Villacide J, Grilli MP, Martinez G, Ahumada R, Estay SA, Dumois 
I, Corley J (2024) Distribution, invasion history, and ecology of non-native pine bark beetles 
(coleoptera: Curculionidae: scolytinae) in southern south America. Neotropical Entomology 53: 
351–363. https://doi.org/10.1007/s13744-023-01125-2

Lesieur V, Lombaert E, Guillemaud T, Courtial B, Strong W, Roques A, Auger-Rozenberg M-A 
(2019) The rapid spread of Leptoglossus occidentalis in Europe: A bridgehead invasion. Journal of 
Pest Science 92: 189–200. https://doi.org/10.1007/s10340-018-0993-x

Liebhold AM, Brockerhoff EG, Garrett LJ, Parke JL, Britton KO (2012) Live plant imports: The 
major pathway for forest insect and pathogen invasions of the US. Frontiers in Ecology and the 
Environment 10: 135–143. https://doi.org/10.1890/110198

Lieutier F, Långström B, Faccoli M (2015) The genus Tomicus. Bark beetles. Elsevier, 371–426. 
https://doi.org/10.1016/B978-0-12-417156-5.00010-1

Lin W, Park S, Jiang Z-R, Yingchao J, Ernstsons A, Li J, Li Y, Hulcr J (2021) Native or invasive? The 
red-haired pine bark beetle Hylurgus ligniperda (Fabricius) (Curculionidae: Scolytinae) in East 
Asia. Forests 12: 1–7. https://doi.org/10.3390/f12070950

https://doi.org/10.1186/gb-2013-14-3-r27
https://doi.org/10.1186/gb-2013-14-3-r27
https://doi.org/10.1046/j.0962-1083.2002.01460.x
https://doi.org/10.1046/j.0962-1083.2002.01460.x
https://doi.org/10.3852/10-096
https://doi.org/10.3390/d10020040
https://doi.org/10.3897/subtbiol.37.54720
https://doi.org/10.3897/subtbiol.37.54720
https://doi.org/10.5424/fs/2023322-19729
https://doi.org/10.5424/fs/2023322-19729
https://doi.org/10.4206/bosque.2001.v22n2-09
https://doi.org/10.4206/bosque.2001.v22n2-09
https://hal.inrae.fr/hal-02779448
https://hal.inrae.fr/hal-02779448
https://doi.org/10.1007/s13744-023-01125-2
https://doi.org/10.1007/s10340-018-0993-x
https://doi.org/10.1890/110198
https://doi.org/10.1016/B978-0-12-417156-5.00010-1
https://doi.org/10.3390/f12070950


114NeoBiota 101: 91–117 (2025), DOI: 10.3897/neobiota.101.150337

Yuan Yuan et al.: Contrasted phylogeographic patterns of two Hylurgus bark beetles

Liu M (2020) Key influencing factors in host selection behavior of Dendroctonus valens. master thesis. 
Beijing forestry University. https://chn.oversea.cnki.net/KCMS/detail/detail.aspx?dbcode=CMF-
D&dbname=CMFD202201&filename=1020338276.nh&uniplatform=OVERSEA&v=I7X-
bRvOJVFdbQFhoYn1IAZ1_cNWVfstaPrd0TWNj1ZXdCJUD22AaIWum0fIDyDsn

Liu M, Liu Y-J, Fu N-N, Xu Q, Liu Y-S, Ren L-L, Luo Y-Q (2021) Analysis of volatiles from seven 
conifer species and effects of main terpenois on the behavior responses of Dendroctonus valens. 
Huanjing Kunchong Xuebao 43: 48–59.

Liu Z, Xing L, Huang W, Liu B, Wan F, Raffa KF, Hofstetter RW, Qian W, Sun J (2022) Chro-
mosome-level genome assembly and population genomic analyses provide insights into adaptive 
evolution of the red turpentine beetle, Dendroctonus valens. BMC Biology 20: 190. https://doi.
org/10.1186/s12915-022-01388-y

Lopez-Vaamonde C, Rasplus JY, Weiblen GD, Cook JM (2001) Molecular phylogenies of fig wasps: 
Partial cocladogenesis of pollinators and parasites. Molecular Phylogenetics and Evolution 21: 
55–71. https://doi.org/10.1006/mpev.2001.0993

Masuya H, Kaneko S, Yamaoka Y (1998) Blue stain fungi associated with Tomicus piniperda (Co-
leoptera: Scolytidae) on Japanese red pine. Journal of Forest Research 3: 213–219. https://doi.
org/10.1007/BF02762195

Masuya H, Kaneko S, Yamaoka Y, Osawa M (1999) Comparisons of Ophiostomatoid fungi asso-
ciated with Tomicus piniperda and T. minor in Japanese red pine. Journal of Forest Research 4: 
131–135. https://doi.org/10.1007/BF02762237

Mayer F, Piel FB, Cassel-Lundhagen A, Kirichenko N, Grumiau L, Økland B, Bertheau C, Grégoire 
J-C, Mardulyn P (2015) Comparative multilocus phylogeography of two Palaearctic spruce bark 
beetles: Influence of contrasting ecological strategies on genetic variation. Molecular Ecology 24: 
1292–1310. https://doi.org/10.1111/mec.13104

Mendel Z, Madar Z, Golan Y (1985) Comparison of the seasonal occurrence and behavior of sev-
en pine bark beetles (Coleoptera: Scolytidae) in Israel. Phytoparasitica 13: 21–32. https://doi.
org/10.1007/bf02994434

Meurisse N, Pawson S (2017) Quantifying dispersal of a non-aggressive saprophytic bark beetle. 
PLOS ONE 12: e0174111. https://doi.org/10.1371/journal.pone.0174111

Moraal LG (2010) Infestations of the cypress bark beetles Phloeosinus rudis, P. bicolor and P. thujae in 
the Netherlands (Coleoptera: Curculionidae: Scolytinae). Entomologische Berichten 70: 140–145.

Murayama J, et al. (1936) Notes sur les scolytides (Coléoptères) de Honshû et Kiushû, Japon. Ten-
thredo 1(2): 121–149.

Nanini F, Souza PGC, Soliman EP, Zauza EAV, Domingues MM, Santos FA, Wilcken CF, da Silva 
RS, Corrêa AS (2024) Genetic diversity, population structure and ecological niche modeling of 
Thyrinteina arnobia (Lepidoptera: Geometridae), a native Eucalyptus pest in Brazil. Scientific Re-
ports 14: 20963. https://doi.org/10.1038/s41598-024-71816-2

Park S, Jung JC, Han T (2017) A new species and five newly recorded species of Scolytinae (Coleop-
tera: Curculionidae) from Korea. Entomological Research Bulletin 33: 131–137.

Parra Emilfork PE (1996) Estudio de los antecedentes biológicos y patrones de ataque en Pinus radia-
ta D.Don de Hylurgus ligniperda (F.) (Col: Scolytidae) en la zona de concepción, VIII región. Uni-
versidad de Concepción. https://repositorio.udec.cl/handle/11594/7884 [November 30, 2024]

Petit RJ, Hampe A, Cheddadi R (2005) Climate changes and tree phylogeography in the Mediterra-
nean. Taxon 54: 877–885. https://doi.org/10.2307/25065474

Preziosi RF, Fairbairn DJ, Roff DA, Brennan JM (1996) Body size and fecundity in the waterstrider 
Aquarius remigis: a test of Darwin’s fecundity advantage hypothesis. Oecologia 108: 424–431. 
https://doi.org/10.1007/BF00333717

Pugh AR, Romo CM, Clare GK, Meurisse N, Bader MKF, Pawson SM (2023) Temperature effects 
on the survival and development of two pest bark beetles Hylurgus ligniperda F. (Coleoptera: 

https://chn.oversea.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD202201&filename=1020338276.nh&uniplatform=OVERSEA&v=I7XbRvOJVFdbQFhoYn1IAZ1_cNWVfstaPrd0TWNj1ZXdCJUD22AaIWum0fIDyDsn
https://chn.oversea.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD202201&filename=1020338276.nh&uniplatform=OVERSEA&v=I7XbRvOJVFdbQFhoYn1IAZ1_cNWVfstaPrd0TWNj1ZXdCJUD22AaIWum0fIDyDsn
https://chn.oversea.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD202201&filename=1020338276.nh&uniplatform=OVERSEA&v=I7XbRvOJVFdbQFhoYn1IAZ1_cNWVfstaPrd0TWNj1ZXdCJUD22AaIWum0fIDyDsn
https://doi.org/10.1186/s12915-022-01388-y
https://doi.org/10.1186/s12915-022-01388-y
https://doi.org/10.1006/mpev.2001.0993
https://doi.org/10.1007/BF02762195
https://doi.org/10.1007/BF02762195
https://doi.org/10.1007/BF02762237
https://doi.org/10.1111/mec.13104
https://doi.org/10.1007/bf02994434
https://doi.org/10.1007/bf02994434
https://doi.org/10.1371/journal.pone.0174111
https://doi.org/10.1038/s41598-024-71816-2
https://repositorio.udec.cl/handle/11594/7884
https://doi.org/10.2307/25065474
https://doi.org/10.1007/BF00333717


115NeoBiota 101: 91–117 (2025), DOI: 10.3897/neobiota.101.150337

Yuan Yuan et al.: Contrasted phylogeographic patterns of two Hylurgus bark beetles

Curculionidae) and Hylastes ater Paykull (Coleoptera: Curculionidae). Environmental Entomol-
ogy 52: 56–66. https://doi.org/10.1093/ee/nvac094

Pureswaran DS, Borden JH (2003) Is bigger better? Size and pheromone production in the mountain 
pine beetle, Dendroctonus ponderosae Hopkins (Coleoptera: Scolytidae). Journal of Insect Behav-
ior 16: 765–782. https://doi.org/10.1023/B:JOIR.0000018319.37649.c4

R Core Team (2024) R: A language and environment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria. https://www.R-project.org/

Ren L, Tao J, Wu H, Zong S, Wang C, Hua D, Shi J, Liu Y, Luo Y (2021) The first discovery and 
infective characteristics of a major invasive pest Hylurgus ligniperda (Coleoptera: Scolytidae) in 
China. Linye Kexue: 57.

Ricciardi A (2007) Are modern biological invasions an unprecedented form of global change? Con-
servation Biology 21: 329–336. https://doi.org/10.1111/j.1523-1739.2006.00615.x

Ritzerow S, Konrad H, Stauffer C (2004) Phylogeography of the Eurasian pine shoot beetle Tomicus 
piniperda (Coleoptera: Scolytidae). European Journal of Entomology 101: 13–19. https://doi.
org/10.14411/eje.2004.003

Roques A, Ren L, Rassati D, Shi J, Akulov E, Audsley N, Auger-Rozenberg M-A, Avtzis D, Battisti 
A, Bellanger R, Bernard A, Bernadinelli I, Branco M, Cavaletto G, Cocquempot C, Contarini 
M, Courtial B, Courtin C, Denux O, Dvořák M, Fan J, Feddern N, Francese J, Franzen EKL, 
Garcia A, Georgiev G, Georgieva M, Giarruzzo F, Gossner M, Gross L, Guarneri D, Hoch G, 
Hölling D, Jonsell M, Kirichenko N, Loomans A, Luo Y, McCullough D, Maddox C, Magnoux 
E, Marchioro M, Martinek P, Mas H, Mériguet B, Pan Y, Phélut R, Pineau P, Ray AM, Roques O, 
Ruiz M-C, Monteys VS, Speranza S, Sun J, Sweeney JD, Touroult J, Valladares L, Veillat L, Yuan 
Y, Zalucki MP, Zou Y, Žunič-Kosi A, Hanks LM, Millar JG (2023) Worldwide tests of generic 
attractants, a promising tool for early detection of non-native cerambycid species. NeoBiota 84: 
169–209. https://doi.org/10.3897/neobiota.84.91096

Rougerie R, Lopez-Vaamonde C, Barnouin T, Delnatte J, Moulin N, Noblecourt T, Nusillard B, Par-
main G, Soldati F, Bouget C (2015) Passifor: A reference library of DNA barcodes for French sap-
roxylic beetles (Insecta, Coleoptera). Biodiversity Data Journal 3: 1–19. https://doi.org/10.3897/
BDJ.3.e4078

Rousselet J, Zhao R, Argal D, Simonato M, Battisti A, Roques A, Kerdelhué C (2010) The role of to-
pography in structuring the demographic history of the pine processionary moth, Thaumetopoea 
pityocampa (Lepidoptera: Notodontidae). Journal of Biogeography 37: 1478–1490. https://doi.
org/10.1111/j.1365-2699.2010.02289.x

Rozas J, Ferrer-Mata A, Sánchez-DelBarrio JC, Guirao-Rico S, Librado P, Ramos-Onsins SE, Sán-
chez-Gracia A (2017) DnaSP 6: DNA sequence polymorphism analysis of large data sets. Molec-
ular Biology and Evolution 34: 3299–3302. https://doi.org/10.1093/molbev/msx248

Saccone C, De Giorgi C, Gissi C, Pesole G, Reyes A (1999) Evolutionary genomics in Metazoa: The 
mitochondrial DNA as a model system. Gene 238: 195–209. https://doi.org/10.1016/S0378-
1119(99)00270-X

Sadof C, Waltz R, Kellam C (1995) Differential shoot feeding by adult Tomicus piniperda (Coleop-
tera: Scolytidae) in mixed stands of native and introduced pines in Indiana. Great Lakes Entomol-
ogist 27. https://doi.org/10.22543/0090-0222.1864

Salinas-Moreno Y, Guadalupe Mendoza M, Barrios MA, Cisneros R, Macías-Sámano J, Zúñiga G 
(2004) Areography of the genus Dendroctonus (Coleoptera: Curculionidae: Scolytinae) in Mexico. 
Journal of Biogeography 31: 1163–1177. https://doi.org/10.1111/j.1365-2699.2004.01110.x

Samarasekera GDNG, Bartell NV, Lindgren BS, Cooke JEK, Davis CS, James PMA, Coltman DW, 
Mock KE, Murray BW (2012) Spatial genetic structure of the mountain pine beetle (Dendroc-
tonus ponderosae) outbreak in western Canada: Historical patterns and contemporary dispersal. 
Molecular Ecology 21: 2931–2948. https://doi.org/10.1111/j.1365-294X.2012.05587.x

https://doi.org/10.1093/ee/nvac094
https://doi.org/10.1023/B:JOIR.0000018319.37649.c4
https://www.R-project.org/
https://doi.org/10.1111/j.1523-1739.2006.00615.x
https://doi.org/10.14411/eje.2004.003
https://doi.org/10.14411/eje.2004.003
https://doi.org/10.3897/neobiota.84.91096
https://doi.org/10.3897/BDJ.3.e4078
https://doi.org/10.3897/BDJ.3.e4078
https://doi.org/10.1111/j.1365-2699.2010.02289.x
https://doi.org/10.1111/j.1365-2699.2010.02289.x
https://doi.org/10.1093/molbev/msx248
https://doi.org/10.1016/S0378-1119(99)00270-X
https://doi.org/10.1016/S0378-1119(99)00270-X
https://doi.org/10.22543/0090-0222.1864
https://doi.org/10.1111/j.1365-2699.2004.01110.x
https://doi.org/10.1111/j.1365-294X.2012.05587.x


116NeoBiota 101: 91–117 (2025), DOI: 10.3897/neobiota.101.150337

Yuan Yuan et al.: Contrasted phylogeographic patterns of two Hylurgus bark beetles

Sarikaya O, Avci M (2010) Distribution and biology of the Mediterranean pine shoot beetle Tomicus 
destruens (wollaston, 1865) in the western Mediterranean region of Turkey. Turkiye Entomoloji 
Dergisi-Turkish Journal of Entomology 34: 289–298.

Sarikaya O, Yildirim S (2011) Scolytinae (Coleoptera: Curculionidae) species of the coniferous for-
ests in Isparta-Aksu province. Bartin Orman Fakültesi Dergisi 13: 38–50.

Schmitt T (2007) Molecular biogeography of Europe: Pleistocene cycles and postglacial trends. Fron-
tiers in Zoology 4: 11. https://doi.org/10.1186/1742-9994-4-11

Seebens H, Blackburn TM, Dyer EE, Genovesi P, Hulme PE, Jeschke JM, Pagad S, Pyšek P, van 
Kleunen M, Winter M, Ansong M, Arianoutsou M, Bacher S, Blasius B, Brockerhoff EG, Brun-
du G, Capinha C, Causton CE, Celesti-Grapow L, Dawson W, Dullinger S, Economo EP, Fuen-
tes N, Guénard B, Jäger H, Kartesz J, Kenis M, Kühn I, Lenzner B, Liebhold AM, Mosena A, 
Moser D, Nentwig W, Nishino M, Pearman D, Pergl J, Rabitsch W, Rojas-Sandoval J, Roques A, 
Rorke S, Rossinelli S, Roy HE, Scalera R, Schindler S, Štajerová K, Tokarska-Guzik B, Walker K, 
Ward DF, Yamanaka T, Essl F (2018) Global rise in emerging alien species results from increased 
accessibility of new source pools. Proceedings of the National Academy of Sciences of the United 
States of America 115: E2264–E2273. https://doi.org/10.1073/pnas.1719429115

Shi Z-H, Sun J-H (2010) Quantitative variation and biosynthesis of hindgut volatiles associated with 
the red turpentine beetle, Dendroctonus valens LeConte, at different attack phases. Bulletin of 
Entomological Research 100: 273–277. https://doi.org/10.1017/S0007485309990228

Shukle JT, Holland JD, Barr NB (2019) America’s least wanted wood-borers. http://www.ncbi.nlm.
nih.gov/nuccore/JQ015128.1 [May 3, 2024]

Smith RH (1971) Red turpentine beetle. Department of Agriculture, Forest Service, 8 pp.
Taberlet P, Fumagalli L, Wust-Saucy A-G, Cosson J-F (1998) Comparative phylogeography and post-

glacial colonization routes in Europe. Molecular Ecology 7: 453–464. https://doi.org/10.1046/
j.1365-294x.1998.00289.x

Taerum SJ, Konečný A, de Beer ZW, Cibrián-Tovar D, Wingfield MJ (2016) Population genet-
ics and symbiont assemblages support opposing invasion scenarios for the red turpentine beetle 
(Dendroctonus valens). Biological Journal of the Linnean Society. Linnean Society of London 118: 
486–502. https://doi.org/10.1111/bij.12781

Tamura K, Stecher G, Kumar S (2021) MEGA11: molecular evolutionary genetics analysis version 
11. Molecular Biology and Evolution 38: 3022–3027. https://doi.org/10.1093/molbev/msab120

Theraroz A, Guadaño-Peyrot C, Archambeau J, Pinosio S, Bagnoli F, Piotti A, Avanzi C, Vendramin 
GG, Alía R, Grivet D, Westergren M, González-Martínez SC (2024) The genetic consequences of 
population marginality: A case study in maritime pine. Diversity & Distributions: 1–15. https://
doi.org/10.1111/ddi.13910

Tribe GD (1991) Phenology of Pinus radiata log colonization by the red-haired pine bark bee-
tle Hylurgus ligniperda (Fabricius) (Coleoptera: Scolytidae) in the south-western Cape Province. 
Journal of the Entomological Society of Southern Africa 54: 01–07. https://doi.org/10.10520/
AJA00128789_2658

Urvois T, Perrier C, Roques A, Saune L, Courtin C, Kajimura H, Hulcr J, Cognato AI, Auger-Rozen-
berg M-A, Kerdelhue C (2023) The worldwide invasion history of a pest ambrosia beetle in-
ferred using population genomics. Molecular Ecology 32: 4381–4400. https://doi.org/10.1111/
mec.16993

Vega FE, Hofstetter RW (2014) Bark beetles: Biology and ecology of native and invasive species. 
Academic Press, 641 pp.

Vendramin GG, Avanzi C, González-Martínez SC, Grivet D (2021) Population genetics and genom-
ics of Aleppo pine (Pinus halepensis). In: Ne’eman G, Osem Y (Eds) Pines and their mixed forest 
ecosystems in the Mediterranean basin. Springer International Publishing, Cham, 19–32. https://
doi.org/10.1007/978-3-030-63625-8_2

https://doi.org/10.1186/1742-9994-4-11
https://doi.org/10.1073/pnas.1719429115
https://doi.org/10.1017/S0007485309990228
http://www.ncbi.nlm.nih.gov/nuccore/JQ015128.1
http://www.ncbi.nlm.nih.gov/nuccore/JQ015128.1
https://doi.org/10.1046/j.1365-294x.1998.00289.x
https://doi.org/10.1046/j.1365-294x.1998.00289.x
https://doi.org/10.1111/bij.12781
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1111/ddi.13910
https://doi.org/10.1111/ddi.13910
https://doi.org/10.10520/AJA00128789_2658
https://doi.org/10.10520/AJA00128789_2658
https://doi.org/10.1111/mec.16993
https://doi.org/10.1111/mec.16993
https://doi.org/10.1007/978-3-030-63625-8_2
https://doi.org/10.1007/978-3-030-63625-8_2


117NeoBiota 101: 91–117 (2025), DOI: 10.3897/neobiota.101.150337

Yuan Yuan et al.: Contrasted phylogeographic patterns of two Hylurgus bark beetles

Wang K, Xu M, Liu P, Li L, Gao R, Wang J (2018) Interception situation and suggestion of Scolytid-
ae at China ports. Zhiwu Jianyi 32. https://doi.org/10.19662/j.cnki.issn1005-2755.2018.02.022

Wood S (1982) Great basin naturalist memoirs the bark and ambrosia beetles of north and central 
America (Coleoptera: Scolytidae), a taxonomic monograph. Brigham Young University, Provo, UT.

Wood S, Bright DE (1992) A Catalog of Scolytidae and Platypodidae (Coleoptera), Part 2: Taxonom-
ic Index. Volume A. https://www.semanticscholar.org/paper/A-Catalog-of-Scolytidae-and-Platy-
podidae-Part-2%3A-A-Wood-Bright/0c87508b3806154e5c550d69e435bb53c5907e1b [August 
27, 2024]

Yan Z, Sun J, Don O, Zhang Z (2005) The red turpentine beetle, Dendroctonus valens LeConte (Sco-
lytidae): an exotic invasive pest of pine in China. Biodiversity & Conservation 14: 1735–1760. 
https://doi.org/10.1007/s10531-004-0697-9

Zhang L, Chen Q, Zhang X (2002) Studies on the morphological characters and bionomics of Den-
droctonus valens LeConte. Linye Kexue 38: 95–99.

Zhao Z, Hui C, Peng S, Yi S, Li Z, Reddy GVP, van Kleunen M (2023) The world’s 100 worst inva-
sive alien insect species differ in their characteristics from related non-invasive species. Journal of 
Applied Ecology 60: 1929–1938. https://doi.org/10.1111/1365-2664.14485

Zhou XD, de Beer ZW, Wingfield BD (2001) Ophiostomatoid fungi associated with three pine-in-
festing bark beetles in South Africa. Sydowia-Horn 53: 290–300.

Supplementary material 1

Summary of the localities sampled and specimens used in the COI sequencing 
analyses of H. ligniperda and H. micklitzi

Authors: Yuan Yuan, Alain Roques, Emmanuelle Magnoux, Lili Ren, Eckehard G. Brockerhoff, Juan 
Shi, Youqing Luo, Na An, Marie-Anne Auger-Rozenberg, Géraldine Roux

Data type: xlsx
Copyright notice: This dataset is made available under the Open Database License (http://opendata-

commons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agreement 
intended to allow users to freely share, modify, and use this Dataset while maintaining this same 
freedom for others, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.101.150337.suppl1

Supplementary material 2

Summary of the localities sampled and specimens used in the COI sequencing 
analyses of H. ligniperda and H. micklitzi in sympatry

Authors: Yuan Yuan, Alain Roques, Emmanuelle Magnoux, Lili Ren, Eckehard G. Brockerhoff, Juan 
Shi, Youqing Luo, Na An, Marie-Anne Auger-Rozenberg, Géraldine Roux

Data type: xlsx
Copyright notice: This dataset is made available under the Open Database License (http://opendata-

commons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agreement 
intended to allow users to freely share, modify, and use this Dataset while maintaining this same 
freedom for others, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.101.150337.suppl2

https://doi.org/10.19662/j.cnki.issn1005-2755.2018.02.022
https://www.semanticscholar.org/paper/A-Catalog-of-Scolytidae-and-Platypodidae-Part-2:-A-Wood-Bright/0c87508b3806154e5c550d69e435bb53c5907e1b
https://www.semanticscholar.org/paper/A-Catalog-of-Scolytidae-and-Platypodidae-Part-2:-A-Wood-Bright/0c87508b3806154e5c550d69e435bb53c5907e1b
https://doi.org/10.1007/s10531-004-0697-9
https://doi.org/10.1111/1365-2664.14485
http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.101.150337.suppl1
http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.101.150337.suppl2

	One is a worldwide invader, the other never established in other continents: contrasted phylogeographic patterns of two congeneric Hylurgus conifer bark beetles
	Abstract
	Introduction
	Materials and methods
	Insect sampling
	DNA protocols, amplification and sequencing
	Molecular data analyses

	Results
	Interspecific study
	Hylurgus ligniperda genetic study
	Hylurgus micklitzi genetic study
	Hylurgus species genetic study in sympatric sites

	Discussion
	Two congeneric species in sympatry in the Western Palaearctic
	Contrasting phylogeographic patterns between the two sympatric Hylurgus species in the native areas
	H. ligniperda, a diverse and strongly structured bark beetle in its native range
	H. micklitzi, a specialist bark beetle with low genetic diversity and a weak genetic structure

	Are there traits favouring invasion potential in H. ligniperda and not in H. micklitzi?

	Conclusion
	Acknowledgements
	Additional information
	References

