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In this study I conduct the phylogenetic and biogeographical analysis of Lamiini sensu novo (Coleoptera, Cerambycidae, 
Lamiinae), confirming it as a monophyletic group that is broader than previously assumed and supporting the redefinition of it as 
a unified tribe – Lamiini sensu novo. The group consist of eight major clades (TAENI, DORCA, ACALO, BATOC, PSACO, 
ANOLPL, MONOC, LAMIA) and integrates together several traditionally recognized tribes (Dorcaschematini, Batocerini, 
Petrognathini, Rhodopini, Monochamini, Dorcadionini, Phrissomini). Most of them, including Monochamini, Petrognathini, 
Dorcadionini, and Phrissomini are polyphyletic, representing multiple lineages with intricate evolutionary history. Phylogeo-
graphic analysis suggests a South Gondwanan origin of Lamiini s. l., with its ancestral lineage (LaCA) emerging in the Antarcti-
ca–South America suture zone before global expansion through three key migration routes: northeast Pantalassic, Trans-Tethyan, 
and southwest Pantalassic. Continental drift and climate oscillations influenced this process. Initial diversification (~70–60 Ma) 
led to vicariant taxa due to continental isolation, with basal clades (TAENI, DORCA, ACALO) distributed across South Ameri-
ca, North America, and Australia. Extinction events, including the K–T boundary (~66 Ma) and Cenozoic glaciations, further 
shaped diversification. The rise of the BATOC and PSACO clades marked the early diversification of crown-group Lamiini s. l. 
within the island continent of Greater India and the multiple archipelagos of the Trans-Tethyan Arc (~60–50 Ma). The collision 
of Greater India with Asia (~50–45 Ma) facilitated faunal exchanges, aiding dispersal into Africa and Southeast Asia and driving 
ANOPL diversification (45–35 Ma). The ACALO clade underwent secondary diversification during the initial collision of Aus-
tralia and Eurasia (~25–20 Ma), coinciding with the uplift of New Guinea in the Miocene. The LAMIA clade likely originated in 
East Asia (~25–20 Ma). During the Miocene Climatic Optimum, it expanded into Africa via the Gomphotherium Land Bridge 
(~16 Ma) and colonized Europe. Later cooling and aridification (~5–11 Ma) drove further diversification, particularly in Eurasian 
steppes. The MONOC clade also originated in East Asia, adapting to montane coniferous forests during the Miocene cooling. It 
spread across Eurasia during the Miocene glaciations (~20 Ma, ~14 Ma) and entered North America via Beringia. Expansion into 
Mesoamerica, northern South America, and the Caribbean likely occurred during the Pleistocene glaciations (~0.01–2 Ma) when 
climate and fluctuating sea levels enabled dispersal. In summary, the findings refine Lamiini s. l. phylogeny and highlight the 
impact of geological and climatic events on its evolution. This study clarifies taxonomic ambiguities and provides a framework 
for future research on diversification and biogeographic patterns.  

Keywords: longhorn beetles; molecular phylogeny; phylogeography; evolutionary history; speciation; cladistics; taxonomy.  

Introduction  
 

The tribe Lamiini is among the most prominent yet least unders-
tood groups within the subfamily Lamiinae. On the one hand, it in-
cludes the monotypic genus Lamia Fabricius, 1775, from which both 
the tribe’s name and the name of the entire subfamily Lamiinae are 
derived. On the other hand, defining the scope and taxonomic boun-
daries of Lamiini presents a significant challenge. This issue was 
comprehensively addressed by Gorring (2019) in his dissertation, 
where he outlined the approximate taxonomic limits of the tribe. It is 
important to note that, although the formal description of Lamiini is 
commonly attributed to Latreille (1825), his publication actually in-
troduced the name for the subfamily Lamiinae, rather than the tribe 
itself. The establishment of Lamiini as a tribe should instead be credi-
ted to Mulsant (1839), who provided both its description and diagno-
sis. Moreover, Mulsant (1839) was the first to delineate the tribe’s bo-
undaries, initially including three genera: Lamia, Morimus Brullé, 
1832, and Monochamus Dejean, 1821. With the discovery of new ge-
nera on a global scale, the boundaries of Lamiini have been repeated-
ly revised, often based on subjective interpretations by individual re-
searchers. This inconsistency has impeded the establishment of a na-
tural classification for the tribe (Gorring, 2019).  

The development and widespread implementation of modern 
molecular phylogenetic methods have provided a new and highly ef-

fective tool for improving the systematics of the longhorn beetles, ba-
sed on the principle of monophyly (Nie et al., 2020; Souza et al., 
2020; Zamoroka, 2022; Zamoroka et al., 2022). The phylogenetic 
understanding of Lamiini began to take shape only six years ago, 
starting with the dissertation of Gorring (2019), in which he was 
among the first to define the tribe’s boundaries using molecular me-
thods. Specifically, he merged the former tribes Batocerini, Gnomini, 
Acridocephalini, and Monochamini with Lamiini sensu Sama, 2008 
(Gorring, 2019). Thus, the new taxonomic boundaries of the tribe 
have gained broad recognition. Therefore, hereinafter it is defined the 
tribe as Lamiini sensu lato (Lamiini s. l.). One year later, Souza et al. 
(2020) further expanded the boundaries of Lamiini s. l., incorporating 
the former tribes Gnomini and Rhodopinini. However, they retained 
Batocerini as a separate tribe, considering it the sister clade to Lamii-
ni. The placement of Batocerini has since become a topic of consider-
able debate, with various studies either including it within Lamiini s. l. 
(Gorring, 2019; Nie et al., 2020; Bai et al., 2022; Pu et al., 2022; Soy-
dabaş-Ayoub & Uçkan, 2023) or treating it as a sister group (Souza 
et al., 2020; Ashman et al., 2021; Ren et al., 2021; Zhang et al., 2021; 
Li et al., 2023).  

Another controversial group is the tribe Dorcaschematini, which 
is typically regarded as the sister group to Lamiini s. l. (Nie et al., 
2020; Souza et al., 2020; Pu et al., 2022) or as part of it (Bai et al., 
2022). Overall, significant progress has been made in recent years in 
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understanding Lamiini s. l. and establishing its natural phylogenetic 
framework. Despite this progress, the origin of the tribe remains en-
tirely unclear, particularly given that South American and Australian 
genera occupy basal positions within Lamiini s. l. (Gorring, 2019; 
Souza et al., 2020; Ashman et al., 2021). This unusual combination of 
biogeographic patterns and the basal placement of these phylogenetic 
clades holds the key to resolving questions regarding the origin and 
expansion of Lamiini s. l.  

In this study, I proposed and substantiated the hypothesis of a 
South Gondwanan origin of Lamiini s. l., based on the most compre-
hensive phylogenetic analysis to date, encompassing 129 taxa across 
five genes (12S + 16S + COI + 18S + 28S). The results allowed for 
the identification of the evolutionary lineages of Lamiini s. l. and tra-
ced them back to the boundary between Antarctica and South Ameri-
ca, which is most likely the center of origin for this tribe. Moreover, 

my findings revealed the intratribal relationships among genera within 
Lamiini s. l., providing new insights for the further refinement of the 
tribe’s taxonomy.  
 
Materials and methods  
 

The study is based on a phylogenetic analysis of 129 species from 
the tribe Lamiini s. l. (Table 1) and an additional 46 species from the 
subfamilies Lamiinae, Lepturinae, Cerambycinae, and Prioninae, 
which collectively formed the outgroup. The species list presented 
(Table 1) provides the most comprehensive representation of current-
ly available sequence data for various gene sets. In this study, I uti-
lized a dataset comprising sequences from five genes, including three 
mitochondrial genes (12S rRNA, 16S rRNA, and COI) and two nuc-
lear genes (18S rRNA and 28S rRNA).  

Table 1  
GenBank accession numbers for gene sequences analyzed in this study on Lamiini s. l.  

Species Voucher number Species Voucher number 
Acalolepta degener HM034786; AB533614; HM062981; HM046537 Eodorcadion humerale LECHK101-23 
Acalolepta  
fraudatrix 

AB533612; AB533643 Eodorcadion  
intermedium 

LECHK039-20; LECHK040-20; LECHK041-20; 
LECHK099-23; VVGPL3537-19; VVGPL3538-19 

Acalolepta sejuncta LC617386 Eodorcadion oryx LECHK027-20 
Acalolepta sublusca AB533613; FJ559003; AB533644 Hayashiechthistatus 

inexpectus 
AB278551 

Annamanum  
griseolum 

AB533618; AB533649 Hebestola nebulosa MZ057868; MZ061987 

Annamanum  
lunulatum 

NC_046851; MN356095 Herophila fairmairei MH613738; MH613737; MH613736 

Anoplophora  
beryllina 

MK689202; AB439142; AB439143 Herophila tristis MH613735; MH613734; JX969627 

Anoplophora  
chinensis 

MN882586; KF142013; KF141949; KC413801; 
MN886184 

Iberodorcadion  
fuliginator 

MH613733 

Anoplophora davidis FJ559022; AB439155 Iberodorcadion perezi OK050449; OK050448; OK048672; OK048671 
Anoplophora  
glabripennis 

OP096420; KF142012; KF142011; KF141948; 
KF141947; HM046528; KF142077; KF142076 

Ithocritus ruber MT812980 

Anoplophora  
horsfieldi 

MN248534 Lamia textor MN885970; KJ961885; KM445206; MH613743; 
KJ965883; KJ966718; MN886181 

Anoplophora lurida KF737700; KF737763; AB439141; KF737826; 
KF142014; KF141950; KF142079 

Lamiomimus gottschei KF737701; KF737764; KY683678; KF141953; KF142017; 
HM046546; HM046546 

Anoplophora  
macularia 

AB500919; AB500920; AB500921; AB500922; 
AB500924; AB439205; AB439204; AB439192; 
FJ559061; GU270010 

Macrochenus guerinii MK689201 

Apriona germarii MW858151; KF142034; KF141970; KF142099 Macrochenus tigrinus MW984319 
Apriona japonica AB533627; LC617384; AB533658 Mesechthistatus  

binodosus 
AB278316; AB278315; AB278314; AB278313; 
AB278312; MW984071 

Apriona swainsoni NC_033872 Mesechthistatus  
furciferus 

AB278407; AB278406; AB278405; AB278402; 
MW983407 

Apriona yayeyamai AB533628; AB533659 Microgoes oculatus MZ057929; MZ062003 
Aristobia reticulator NC_042151 Monochamus adamitus MZ057848; MZ061968 
Batocera horsfieldi KF737694; KF737757; MT812973; DQ224240; 

KF737820; KF142033; KF141969; KF142098 
Monochamus sutor AY258059; KJ963506; KJ964578; KM442023; KM448148; 

KY357695; KJ964578; KJ964900; KJ965030; KJ967412; 
KM286021; KM442023; KC692745 

Batocera lineolata MW629558; MN886194 Monochamus homoeus MZ057891 
Blepephaeus  
multinotatus 

MW983260 Monochamus l 
euconotus 

MZ057880; MZ061998 

Blepephaeus  
succinctor 

NC_044697 Monochamus maruokai AB533607; AB533638 

Cerosterna pulchel-
lator 

MW982254 Monochamus masaoi AB533606; AB533637 

Cerosterna  
scabrator 

MZ686949 Monochamus nitens AB533604; MZ057900; MZ057899; AB533635; 
MZ062007; MZ062006 

Chyptodes dejeani MW983904 Monochamus saltuarius AY258060; AY258061; AB533600; AB533631; 
KX961659; KY683636; KY683643; AY260842; 
AY260841; KC692745 

Dolichoprosopus 
sameshimai 

AB439150; AB439149; AB439148; AB439147; 
AB439146 

Monochamus spectabilis MZ057878; MZ061996 

Dolichoprosopus 
yokoyamai 

AB533610; AB439144; AB439145; AB811723; 
AB533641; AB811777 

Monochamus  
subfasciatus 

MN851123; AB533605; LC617385; MZ057889; 
AB533636; MN905221; MN850923; MN851213; 
MZ062001 

Dorcadion aethiops OK050369; OK050368; OK050372; OK050373; 
OK050374; OK048664 

Monochamus grandis AB533602; MZ057898; MZ062005 

Dorcadion  
alexandris 

OQ955575 Monochamus x-fulvum MZ057892 
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Species Voucher number Species Voucher number 
Dorcadion  
anatolicum 

ON931418 Morimus inaequalis MK689206; MW590270 

Dorcadion axillare OK050393; OK050394; OK050377; OK050378; 
OK050384; OK048670; OK048669; OK048668; 
OK048667; OK048666 

Morimus asper MZ569365; MZ569364; MZ569363; MZ569362; 
MZ569361; MZ569430; MZ569429; MZ569428; 
MZ569427; MZ569426 

Dorcadion boluense MK542396.2; MK542393.2; MK542395.2; 
MK542394.2; MK542392.2; MK542390.2 

Morimus lethalis OL457549 

Dorcadion  
cinerarium 

OK050406; OK050405; OK050404 Neodorcadion  
bilineatum 

OK050403; OK050401; OK050399; MW984135; 
MH613740 

Dorcadion crux ON931419 Neodorcadion  
exornatum 

MH613741; MH613742; OK050418 

Dorcadion decipiens OK050407 Neoptychodes trilineatus MN886022; MN886131; MZ057854; MZ061974; 
MN886221 

Dorcadion equestre MH613745; OK050417; OK050415; OK050413; 
OK050409 

Olenecamptus bilobus NC_051945 

Dorcadion etruscum OK050515; OK048663 Olenecamptus cretaceus KF737696; KF737759; KF737822 
Dorcadion fulvum MN885974; MN886086; OK050434; OK050433; 

OK050432; OK050423; MN886185 
Olenecamptus clarus KF737695; KF737758; KF737821; KF142031; KF141966; 

KF142096 
Dorcadion  
gashtarovi 

OK050447; OK050446; OK050445; OK050444; 
OK050443 

Olenecamptus  
subobliteratus 

KY796054 

Dorcadion  
holosericeum 

OK050452; OK050451; OK050450 Oxylamia fulvaster MZ057894 

Dorcadion kozanii OK050518 Parechthistatus gibber AB278466; AB278465; AB278464; AB278550; 
AB278549; MW981922 

Dorcadion  
lineatocolle 

OK050453; OK048674 Peblephaeus  
decoloratus 

FJ559054 

Dorcadion  
litigiosum 

OK050455; OK050456 Peblephaeus  
okinawanus 

AB533626; AB533657 

Dorcadion lugubre OK050459; OK050458; OK050457; OK048679; 
OK048678; OK048675 

Peblephaeus ziczac FJ559046 

Dorcadion micans ON930588 Petrognatha gigas MN885983; MW983900; MW983029; MN886094; 
MN886193 

Dorcadion mniszechi OK050460 Pharsalia subgemmata MK689212; MZ057890; OL457547; MZ062004 
Dorcadion murrayi OK050473; OK050472; OK050471; OK050470; 

OK050469; OK048654; OK048653; OK048652 
Plagiohammus  
spinipennis 

MW983679 

Dorcadion  
obenbergeri 

MH613746 Plectrodera scalator KU255617; MW982125; KU255708 

Dorcadion pedestre OK050479; OK050478; OK050477; OK050475; 
OK050476; OK048662 

Plectrura spinicauda KU875953 

Dorcadion  
phrygicum 

MK542411.2; MK542403.2 Psacothea hilaris FJ424074; KF142010; KF141946; KF142075 

Dorcadion  
pilosipenne 

OK050480 Pseudoechthistatus 
chiangshunani 

NC_066480 

Dorcadion pusillum OK050498; OK050496; OK050494; OK050491; 
OK050481; OK048661; OK048659; OK048657; 
OK048656; OK048655 

Pseudoechthistatus hei ON641973 

Dorcadion  
scabricolle 

ON930032; MK542412.2; MK542399.2; 
MK542398.2; MK542401.2 

Pseudonemophas  
versteegii 

AB448738; MW897794; MW982703 

Dorcadion scopolii OK050502; OK050501; OK050500; OK050499 Ptychodes politus MN344578; MN344280 
Dorcadion  
septemlineatum 

ON926500; MK542410.2; MK542406.2; 
MK542408.2; MK542407.2 

Rhodopina subuniformis MN885981; MN886093; FJ559064; MN886192 

Dorcadion tauricum OK050517; OK050516; OK050512; OK050511; 
OK050510 

Sarothrocera lowii OL457548 

Dorcadion  
thessalicum 

MH613744 Taeniotes amazonum MN885927; MN886036; MN886144 

Dorcadion tuleskovi OK050513; OK050514 Taeniotes scalatus KY212203; MN345939; MN345457 
Dorcadion yilmazi MK542404.2; MK542402.2; MK542400.2 Trenetica lacrymans MW983118 
Dorcaschema  
alternatum 

KU255630; KU255706; OK646461 Uraecha angusta KF737704; KF737767; KF737830 

Dorcaschema  
cinereum 

KU255629; KU255707 Uraecha bimaculata AB533616; AB533647; MW982431; MW982464 

Eodorcadion  
consentaneum 

LECHK098-23 Uraecha oshimana AB533617; AB533648 

Eodorcadion dorcas OQ955568 Uraecha perplexa KF901311; KF901310; KF901309 
Eodorcadion  
exaratum 

LECHK103-23; LECHK104-23; LECHK105-23; 
LECHK106-23 

Xenohammus  
bimaculatus 

KF737768; KF737831; KF142024; KF141960; KF142089 

Eodorcadion  
gorbunovi 

VVGPL3542-19; VVGPL3546-19   

 

Sequences available in open-access databases were downloaded 
from GenBank, and an additional COI dataset for Eodorcadion Breu-
ning, 1946 published by Karpiński et al. (2023) was also incorpora-
ted. The nucleotide sequences of each gene were initially processed to 
generate consensus sequences (where possible), which significantly 
reduced statistical noise caused by random mutations across different 

populations. Additionally, this approach facilitated the assembly of in-
dividual fragments into complete gene sequences. For example, in the 
case of COI, where feasible, the standard barcode fragment was sup-
plemented with the second portion of the gene from the same species, 
yielding a full-length sequence. For species with available complete 
mitochondrial genome sequences, only the necessary gene sequences 



4 
Biosystems Diversity, 2025, 33(1), e2510 

required for this study were extracted. All manipulations with nucleo-
tide sequences, including assembly, alignment, and consensus se-
quence generation, were performed using Seaview 5.0, applying the 
MUSCLE alignment algorithm (Gouy et al., 2021). The final aligned 
matrix was composed of five genes in the sequence 12S + 16S + COI 
+ 18S + 28S, with a total length of 3,822 nucleotides. It is important 
to note that this study has certain limitations related to variations in 
sequence length and the presence of gaps in the final matrix for some 
species. While these factors may have had a minor impact on resolv-
ing certain interspecies relationships, they are unlikely to have signifi-
cantly affected the overall conclusions.  

The construction of the phylogenetic tree was conducted utilizing 
a maximum likelihood approach, as implemented in the PhyML 
algorithm (Guindon et al., 2010). This analysis employed the general 
time-reversible (GTR) model to describe sequence evolution. Branch 
support was evaluated using the approximate likelihood-ratio test 
(aLRT), which involves comparing the log-likelihood ratios between 
the current tree and its most probable alternative topology (Anisimova 
& Gascuel, 2006; Guindon et al., 2010). Optimization of tree topolo-
gy was achieved through a combination of nearest-neighbor inter-
change (NNI) and subtree pruning and regrafting (SPR) algorithms. 
Furthermore, to refine tree topology and estimate branch lengths 
accurately, the neighbor-joining algorithm BioNJ was utilized as an 
initial step in this process (Gascuel, 1997).  
 
Results  
 

Phylogeny of Lamiini sensu lato. The phylogenetic analysis con-
firms that Lamiini s. l. is a monophyletic group that is significantly 
broader than previously assumed. The clade comprises eight major 
subclades (Fig. 1): TAENI, DORCA, ACALO, BATOC, PSACO, 
ANOLPL, MONOC, LAMIA. The key findings of the study reveal 
several important evolutionary patterns within Lamiini s. l., including: 
1) Monochamini is polyphyletic; 2) Dorcaschematini, Batocerini, Pet-
rognathini, and Rhodopini are not separate tribes but rather integral 
components of Lamiini s. l.; 3) Petrognathini is polyphyletic, indicat-
ing a complex evolutionary history; 4) Dorcadionini, Lamiini s. str., 
and Phrissomini form a well-supported monophyletic clade (LA-
MIA), which is deeply nested within Lamiini s. l. These results provi-
de a more comprehensive framework for understanding the phyloge-
netic structure of Lamiini s. l., highlighting the need for further taxo-
nomic refinement and a reassessment of traditional tribe boundaries.  

The analysis strongly supports the polyphyly of Monochamini 
s. l., with its representatives distributed across multiple distinct evolu-
tionary lineages, each occupying different positions within the Lamii-
ni s. l. phylogenetic tree. In particular, the "Taeniotitae" group and 
Acalolepta Pascoe, 1858 occupy basal positions within Lamiini s. l., 
forming two separate clades: TAENI and ACALO, respectively. 
The genera Annamanum Pic, 1925, Uraecha Thomson, 1864, Peble-
phaeus Kusama & Takakuwa, 1984, and Blepephaeus Pascoe, 1866, 
collectively forming the UrAmPe subclade, are closely related to 
Batocerini, clustering within the BATOC clade. The genus Mono-
chamus Dejean, 1821 is polyphyletic, with its African representatives 
(OxyMo subclade) being closely related to Anoplophora Hope, 1839 
(Anop subclade), together forming the ANOPL clade. In contrast, 
Eurasian and American Monochamus species form a separate MO-
NOC clade, which is also polyphyletic, suggesting the need for taxo-
nomic revision. Given these findings, the African Monochamus 
should be elevated from subgeneric to full generic status (i.e. Melio-
chamus Dillon & Dillon, 1959 gen. stat. nov., Laertochamus Dillon 
& Dillon, 1959 gen. stat. nov., Neochamus Dillon & Dillon, 1961 
gen. stat. nov., Anthores Pascoe, 1868, Opepharus Pascoe, 1868 gen. 
stat. nov. et cet.). These taxonomic changes reflect the deep evolutio-
nary divergence among Monochamus lineages and provide a more 
natural classification aligned with their phylogenetic relationships.  

My analysis confirms that Petrognathini is entirely polyphyletic, 
with its representatives scattered across distinct evolutionary clades 
within Lamiini s. l. Specifically, the three examined species – Ithocri-
tus ruber (Hope, 1839), Petrognatha gigas (Fabricius, 1792), and 

Threnetica lacrymans (Thomson, 1864) – demonstrate phylogenetic 
affinities with different major clades of Lamiini s. l. rather than form-
ing a cohesive monophyletic group. Ithocritus ruber unexpectedly 
clusters within the ACALO clade, suggesting a close evolutionary 
relationship with the genus Acalolepta. Petrognatha gigas is placed 
within the BATOC clade, exhibiting affinities with the genus Apriona 
Chevrolat, 1852, which challenges its traditional classification within 
Petrognathini. Threnetica lacrymans falls within the PSACO clade, 
positioned alongside the genera Sarothrocera White, 1846 and Ce-
rosterna Dejean, 1835. These findings strongly indicate that Petrog-
nathini, as currently defined, does not represent a natural evolutionary 
unit. Instead, its members are better reassigned to their respective 
phylogenetic clades, necessitating a comprehensive taxonomic revisi-
on of this historically recognized tribe.  

In contrast to the polyphyletic nature of Petrognathini, the analy-
sis confirms that Dorcaschematini, Batocerini, and Rhodopini form 
well-supported monophyletic clades, designated as DORCA and 
BATOC in the phylogenetic framework. Interestingly, Rhodopina 
Gressitt, 1951, the representative of Rhodopini, forms a distinct yet 
deeply nested subclade (Rhod) within BATOC. While it remains 
highly differentiated, its placement suggests a distant evolutionary af-
finity with Batocerini and the UrAmPe subclade of Monochamini s. l.  

My phylogenetic analysis confirms that wingless Lamiini sensu 
Sama, 2008, including Dorcadionini (e.g., Dorcadion Dalman in 
Schönherr, 1817, Neodorcadion Ganglbauer, 1883, Iberodorcadion 
Breuning, 1943 and Eodorcadion), Lamiini s. str. (e.g., Lamia and 
Lamiomimus Kolbe, 1886), and Phrissomini (e.g., Morimus, Herophi-
la Mulsant, 1863, Mesechthistatus Breuning, 1950, Pseudoechthista-
tus Pic, 1917), form a well-supported monophyletic clade designated 
as LAMIA. However, while LAMIA is monophyletic, its internal 
structure is complex: 1) Phrissomini and Dorcadionini are polyphyle-
tic; 2) Lamiini s. str. is paraphyletic. Notably, Phrissomini is dispersed 
across three distinct sister subclades: HayMes, PseMoLaEo, and 
MoHe, indicating considerable evolutionary divergence within the 
tribe. Similarly, within Dorcadionini, the subclades NeIb (Neodorca-
dion and Iberodorcadion) and Dorc (Dorcadion) form a monophyle-
tic lineage, suggesting a shared ancestral origin. However, Eodorca-
dion represents a separate evolutionary lineage within PseMoLaEo, 
further supporting the polyphyly of Dorcadionini. This phylogenetic 
placement of Eodorcadion challenges traditional morphological clas-
sifications, indicating that its similarities to other Dorcadionini taxa 
are likely due to convergent evolution and homoplasy rather than 
shared ancestry. This suggests a preadaptive evolutionary framework 
within the common ancestor of LAMIA, leading to the repeated evo-
lution of similar morphological traits in different lineages. Additional-
ly, the analysis reveals that the phylogeny of Dorcadion does not 
align with any of the currently accepted subgeneric classifications. 
Instead, it closely reflects geographic patterns and likely correlates 
with the postglacial expansion of Dorcadion across Western Asia and 
Europe. This biogeographic signal highlights the importance of con-
sidering historical dispersal events when interpreting the evolutionary 
history of the group.  

As a result of this study, I have demonstrated that Lamiini s. l. 
constitutes a monophyletic group, warranting its recognition as a sing-
le, unified tribe – Lamiini sensu novo. This expanded concept of 
Lamiini integrates several previously recognized tribes, including 
Dorcadionini, Phrissomini, Lamiini s. str., Monochamini, Gnomini, 
Rhodopini, Petrognathini syn. nov., Batocerini, and Dorcaschematini 
syn. nov., among others. Phylogenetic analysis reveals that Lamiini 
sensu novo comprises eight major clades, which likely represent 
distinct subtribes.  

However, the intrageneric relationships within these clades re-
main unresolved, primarily due to the limited number of sequenced 
species available for analysis. Future studies incorporating a broader 
taxon sampling and additional genetic markers will be essential to 
refine the understanding of the evolutionary history of Lamiini sensu 
novo and further clarify its subtribal classification and intergeneric 
relationships.  

 



5 
Biosystems Diversity, 2025, 33(1), e2510 

  
Fig. 1. The Phylogenetic hypothesis of intratribal relationships within Lamiini s. l.  

Phylogeography of Lamiini sensu lato. Lamiini s. l. (~2500+ spe-
cies) is a pantropical tribe with a limited representation in the Holarc-
tic region (~600+ species). Globally, the diversity of Lamiini s. l. in-
creases from west to east. Specifically, the tribe is represented by ap-
proximately 90+ species in the Neotropics, around 300+ species in 
the Afrotropics, and about 1200+ species in the Oriental tropics. Ad-
ditionally, approximately 350+ species are known from Australasia. 
Despite this biodiversity gradient along the west–east axis, six major 
centers of diversification for Lamiini s. l. can be identified globally 

(Fig. 2), including: Indochinese-Malaysian Center (~650+ species); Bal-
kan-Anatolian Center (~300+ species); New Guinean Center (~200+ 
species); Central African Center (~180+ species); Central Asian Cen-
ter (~100+ species), and Mesoamerican Center (~70+ species).  

The current patterns of global distribution of Lamiini s. l. are dif-
ficult to explain if the Indochinese-Malaysian Center is assumed to be 
its center of origin. On one hand, this region exhibits a high level of 
species diversity, whereas diversity in Africa and the Americas is sig-
nificantly lower. On the other hand, my phylogenetic analysis indica-
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tes that both the Indochinese-Malaysian Center and the Central Afri-
can Center are composed of evolutionarily young clades (LAMIA, 
MONOC, ANOPL, PSACO), whereas the Mesoamerican Center and 
the New Guinean Center harbor evolutionarily older clades (TAENI 
and ACALO). Finally, another ancient clade, DORCA, has a cosmo-
politan distribution. However, it includes a relict subclade, Dor, which 
is highly localized in North America. All these biogeographic pat-
terns, in synergy with phylogenetic data, suggest that Lamiini s. l. 
likely originated in the Southern Hemisphere.  

The TAENI clade comprises approximately 90+ known species 
distributed across the tropical regions of both Americas. Its center of 
diversification is located in Mesoamerica, where about 74% of all 
known species occur. The geographical patterns of TAENI suggest a 
prolonged (likely island-driven) isolation followed by relatively re-
cent diversification. In South America, despite the vast distribution 
area (~11.9 million km²), only about 44% of the total species diversity 
is recorded. This may indicate a relatively recent colonization of 
South America, likely during the Pliocene (~3 Ma), coinciding with 
the formation of the land bridge between Meso- and South America. 
The expansion of TAENI into the West Indies probably occurred 
even later, during the Pleistocene (2.5–0.012 Ma), a period marked by 
repeated glaciations and significant fluctuations in sea levels. Notably, 
TAENI represents the most basal clade within Lamiini s. l., suggest-
ing that it originated in the distant past.  

The DORCA clade (~140+ species) has a cosmopolitan distribu-
tion, inhabiting all continents except Antarctica and South America. 
It is divided into two subclades: 1) the Nearctic Dor and 2) the Paleo-
tropical-Australasian Ole. The Dor subclade (4 species) represents the 
basal lineage within DORCA and diverged from the common ances-
tor at an early stage of evolution. Today, it exhibits a relictual distribu-
tion, characterized by its small range and low species richness. In 
contrast, the Ole subclade (~140+ species) is widely distributed across 
the Paleotropics and Australasia, extending from west to east beyond 
the Wallace Line. Its center of diversification is located in the Indo-
malayan region.  

The ACALO clade (~260+ species) has an Oriental-Australasian 
distribution, with its center of diversification in New Guinea. It is di-
vided into two subclades: 1) the Oriental Itho and 2) the Australasian 
Acal. The Itho subclade (4 species) represents part of the former tribe 
Petrognathini and is restricted to the western part of the Oriental re-
gion. In contrast, the Acal subclade is more widely distributed, span-
ning Australia, Oceania, and Southeast Asia, extending northward 
into the eastern Palearctic. Notably, the Acal subclade crosses the 
Wallace Line from east to west.  

The BATOC clade (~320+ species) is distributed across the Pa-
leotropics and Oceania, with several weakly defined centers of diver-
sification in southern China, Sumatra, and New Guinea. It comprises 
three subclades: 1) the Oriental Rhod, 2) the Oriental UrAmPe, and 3) 
the Paleotropical-Oceanian ApBa. Among these, only the ApBa sub-
clade crosses the Wallace Line from west to east, extending into the 
Australian region. In the New Guinean center of diversification, Ap-
Ba is represented by the endemic genus Rosenbergia Ritsema, 1881 
(~40+ species). In equatorial Africa, ApBa includes several species of 
the genera Batocera Laporte de Castelnau, 1840 and Petrognatha 
Leach, 1819, the latter of which was previously classified in the sepa-
rate tribe Petrognathini. The Rhod subclade (~50+ species) is scatte-
red across Southeast Asia and is likely a relict group. The UrAmPe 
subclade (~110+ species) is widespread throughout the Oriental re-
gion, with its center of diversification in southern China.  

The PSACO clade (~50+ species) is distributed throughout the 
Oriental region, crossing the Wallace Line from west to east but not 
extending beyond Sulawesi. It consists of two subclades: CeSar and 
MaPs.  

The ANOPL clade (~300+ species) includes species groups dis-
tributed across the Paleotropics, the Eastern Palearctic, and Southeas-
tern Nearctic, with two centers of diversification in equatorial Africa 
and Southern China. It comprises two subclades: 1) the African 
OxyMo and 2) the Oriental-Nearctic Anopl. The only Nearctic spe-

cies, Plectrodera scalator (Fabricius, 1792), is evidently a relict mem-
ber of the Anopl subclade.  

The MONOC clade (~150+ species) is widespread across Eura-
sia and North America. In the Oriental region, its species do not cross 
the Wallace Line, while in the Neotropics, it extends into Northern 
South America. It consists of two subclades: 1) XeMiMo and 2) He-
PhMo, both of which are present in both Eurasia and the Americas.  

The LAMIA clade (~620+ species) is distributed across Eurasia 
and Africa and consists of five subclades with distinct biogeographic 
patterns. The HayMes subclade is centered in the Sino-Japanese re-
gion, while the PseMoLaEo subclade spans the Eastern Palearctic and 
Oriental regions. In the Western Palearctic, three subclades are recog-
nized: MoHe, NeIb, and Dorc, each contributing to the clade’s diver-
sification across this region. The African species formerly classified 
under the tribe Phrissomini likely represent a sixth subclade within the 
LAMIA clade. Unfortunately, the absence of sequence data for this 
intriguing and understudied group of Lamiine beetles prevented their 
inclusion in the phylogenetic analysis.  

I hypothesize that all the current centers of diversification within 
Lamiini s. l. are secondary or even tertiary, having emerged following 
a series of extinctions and subsequent diversifications over the last 
50–70 million years. These extinction events may have been caused 
by events such as the K-T boundary (~66 Ma), the Antarctic glacia-
tion (~34 Ma), the Miocene glaciations (~20 Ma and ~14 Ma), and 
repeated glaciations during the Pliocene-Pleistocene (~3–0.01 Ma), 
which were accompanied by large-scale desertification, the expansion 
of grassland biomes, and the reduction of temperate and tropical fo-
rests. It is evident that African and South American Lamiini s. l. spe-
cies are relicts that survived large-scale regional extinction events in 
the geological past.  

The hypothesis of a South Gondwanan origin, Panthalassa-Te-
thys expansion, and diversification of Lamiini sensu lato. The discre-
pancies between the geographical patterns of contemporary centers of 
diversification and the molecular phylogeny of Lamiini s. l. may be 
reconciled through the hypothesis of the origin of this mega-diverse 
group of the longhorn beetles in the southern part of Gondwana. 
Firstly, the most basal clade, TAENI, is the most geographically iso-
lated from the rest of Lamiini s. l. and is distributed across South 
America, Mesoamerica, and the West Indies. Secondly, the DORCA 
clade, which is phylogenetically close to TAENI and also occupies a 
basal position, exhibits significant geographical disjunction between 
North America on one side and the Paleotropics on the other. Finally, 
the third basal clade, ACALO, encompasses the Australasia region 
with a current center of diversification in New Guinea. In general, the 
three most basal groups of Lamiini s. l. are distributed across the most 
distant continents, two of which were once part of the ancient Gond-
wanan landmass.  

My hypothesis suggests that the common ancestor of all Lamiini 
s. l. (LaCA) likely originated in the contact zone between Antarctica 
and South America. This event is thought to have occurred during the 
time period between the final separation of Africa and India from 
South Gondwana (~100 Ma) on one hand, and the formation of the 
Trans-Tethyan Arc (~90 Ma) on the other. The emergence of LaCA 
is likely to be dated to the late Cretaceous period, around 90 Ma. 
The most probable biome for LaCA would have been the southern 
megathermal forests, which, during the late Cretaceous, extended as 
far as 60° S latitude (Morley, 2003). The integrity of South Gondwa-
na persisted until the Oligocene (~30 Ma), which facilitated the mig-
ration of biota between South America, Antarctica, and Australia 
(Morley, 2003; Rodríguez et al., 2015; Eagles, 2016), including the 
basal clades of Lamiini s. l.  

The hypothesis posits several key stages (for further details, see 
the discussion) of expansion and diversification of Lamiini s. l. 
(Fig. 3), which led to the establishment of its present diversity and 
distributional patterns:  

Stage 1: Out of Antarctica (~90–80 Ma): The dispersal of LaCA 
across South Gondwana with early penetration into North America 
and Western Burma (the Trans-Tethyan Arc).  
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Fig. 2. Global biogeographical patterns of Lamiini s. l. (a), illustrating the distribution and diversification centers of its major lineages,  

including TAENI (b), DORCA (c), ACALO (d), BATOC (e), PSACO (f), ANOPL (g), MONOC (h), and LAMIA (i)  
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Fig. 3. Conceptual model illustrating the South Gondwanan origin of Lamiini s. l. and its Panthalasso-Tethyan dispersal pathways,  

highlighting key migration routes and historical biogeographical patterns  

Stage 2: On the way to India (~70–60 Ma): Diversification of the 
basal clades TAENI, DORCA, and ACALO; penetration of DORCA 
into East Asia by northeast Panthalassic route; emergence of the an-
cestor of the crown clades of Lamiini s. l. and its expansion into Grea-
ter India and throughout the Trans-Tethyan Arc.  

Stage 3: Long journey to Asia (~60–50 Ma): Diversification of 
the crown clades of Lamiini s. l. and the emergence of BATOC and 
PSACO within Tethyan archipelagos.  

Stage 4: Meeting a new continent (~50–40 Ma): Indo-Asian fau-
nal exchange through the overlap of DORCA from Asia with BA-
TOC and PSACO from Greater India and the Trans-Tethyan Arc; 
emergence of the clade ANOPL and the diversification of crown 
clades of Lamiini s. l.  

Stage 5: Conquest of Africa (~40–20 Ma): Expansion of Lamiini 
s. l. (DORCA, BATOC, ANOPL) into Africa; extinction of Antarctic 
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clade(s) of Lamiini s. l. (Antarctic glaciation); emergence of the cla-
des MONOC and LAMIA in East Asia.  

Stage 6: The discovery of America (~20–10 Ma): Diversification 
of the crown clades of Lamiini s. l.; expansion of MONOC and 
ANOPL into North Eurasia and North America; expansion of 
LAMIA into Eurasia and Africa; faunal overlap of Lamiini s. l. bet-
ween Australia and Asia.  

Stage 7: Destination "nowadays" (~10–0 Ma): Series of Pliocene-
Holocene global extinctions and the establishment of the modern fau-
na of Lamiini s. l.  

Proposed hypothesis provides an explanation for the extraordina-
ry diversity of Lamiini s. l. in Southeast Asia. This is the result of the 
convergence of different phylogenetic clades of Lamiini s. l., which 
occurred through three distinct migratory routes (northeast Pantalas-
sic, Trans-Tethyan, and southwest Pantalassic). These routes were su-
perimposed on a series of prominent Cenozoic geological events (the 
Indo-Asian collision, Himalayan uplift, the Australo-Asian collision, 
and glacial cycles with significant fluctuations in sea level), which led 
to pulsating diversification and further expansion of Lamiini s. l.  

The members of the clade DORCA were the first to reach South-
west Asia (subclade Ole), spreading there via the northeast Pantalas-
sic route from North America into Asia (~70–60 Ma). The clades 
BATOC and PSACO reached Southeast Asia through the Trans-
Tethyan migration route via India around ~50–40 Ma. Finally, the 
clade ACALO arrived in this region via the southwest Pantalassic 
route around ~20–10 Ma. The mixing of faunas, on the one hand, 
increased the taxonomic diversity of Lamiini s. l. in the region, while, 
on the other hand, it inevitably led to the intensification of ecological 
competition, local extinctions, and specialization of ecological niches, 
followed by further diversification and speciation.  

The contribution of geological processes to the diversification of 
Lamiini s. l. in Southeast Asia has been immense. Specifically, active 
mountain building with the fragmentation of the continent into sepa-
rate mountain clusters, numerous archipelagos, and significant fluctu-
ations in sea level, in their full synergy, ensured the "pulsations" of 
intense speciation through periods of isolation and the opening of 
migration routes for further expansion. These processes in the region 
continue today, with a significant influence from human activity.  
 
Discussion  
 

My phylogenetic analysis of Lamiini s. l. using five genes (12S 
mt rRNA, 16S mt rRNA, COI, 18S n rRNA, and 28S n rRNA) is the 
most comprehensive to date, including 129 species from 51 genera. 
This comprehensive dataset has, on one hand, significantly clarified 
the internal relationships among different clades, but on the other 
hand, it has highlighted problematic issues in classification and inter-
generic relationships that remain unresolved. A key finding of the 
study is the confirmation of the monophyly of Lamiini s. l., as sugges-
ted by several studies with much smaller taxa samples and using 
different genetic markers and evolutionary models (Nie et al., 2020; 
Souza et al., 2020; Ren et al., 2021; Pu et al., 2022). My research 
demonstrated that Lamiini s. l. consists of at least eight distinct evoluti-
onary clades: TAENI, DORCA, ACALO, BATOC, PSACO, ANOPL, 
MONOC, and LAMIA, which are successively nested on the phylo-
genetic tree. The first three are the most isolated from the others and 
represent basal clades, while the last five form the crown group of the 
Lamiini s. l. phylogenetic tree. In the small number of published phy-
logenetic studies of Lamiini in particular, and Lamiinae in general, a 
similar topology of phylogenetic trees of this tribe is repeated, with 
minor variations. However, this topology is highly dependent on the 
number and selection of species included in the analysis. In almost all 
studies, the crown group identified by me is supported (Nie et al., 
2020; Bai et al., 2022; Pu et al., 2022; Soydabaş-Ayoub & Uçkan, 
2023). The most variable results are observed with the basal clades, as 
well as the position of Batocerini. In many studies, Batocerini is de-
fined as a sister group to Lamiini (Souza et al., 2020; Ashman et al., 
2021; Ren et al., 2021; Zhang et al., 2021; Li et al., 2023), while sev-
eral other studies place Batocerini within Lamiini (Gorring, 2019; Nie 
et al., 2020; Bai et al., 2022; Pu et al., 2022; Soydabaş-Ayoub & 

Uçkan, 2023). The phylogenetic position of Batocerini was addressed 
by Gorring (2019) in his dissertation, proposing that this group should 
be considered a part of the Lamiini tribe. The results of the current 
study align with Gorring's conclusions (2019), so I emphasize that 
Batocerini is indeed part of Lamiini. However, my findings differ 
from previous studies in that I consider Batocerini as part of the 
crown group of Lamiini, at least as sister to four other clades 
(PSACO, ANOPL, MONOC, and LAMIA), whereas other studies 
place Batocerini as a basal group within Lamiini (Ashman et al., 
2021; Zhang et al., 2021; Pu et al., 2022). It is clear that this issue lies 
within the number of taxa included in the analysis. As the number of 
taxa increases, so does the quality of resolving phylogenetic relation-
ships.  

There are very few studies that include species from the TAENI, 
DORCA, and ACALO clades in their analyses. Only two studies 
have incorporated the TAENI clade, and in both cases – as in this stu-
dy – it occupies a basal position (Gorring, 2019; Souza et al., 2020). 
The DORCA clade has been placed either as a sister group to Lamiini 
(Nie et al., 2020; Souza et al., 2020; Pu et al., 2022) or as one of the 
basal clades (Bai et al., 2022). However, all these studies have only 
included the genus Olenecamptus Chevrolat, 1835, without conside-
ring Dorcaschema Haldeman, 1847. In the current analysis, I inclu-
ded both genera and confirmed that the clade is monophyletic and 
basal within Lamiini. Finally, the ACALO clade has been rarely re-
presented in phylogenetic studies (Gorring, 2019; Ashman et al., 
2021), where it typically occupies a basal position, which is consistent 
with my results.  

The topology of reconstructed phylogenetic tree for Lamiini s. l. 
reveals strong evolutionary signals that highlight key aspects of the 
tribe’s historical development. Notably, the set of basal clades (e.g., 
TAENI, DORCA, and ACALO) exhibits highly specific phylogeo-
graphic patterns. This is reflected in the fact that the most ancient and 
least diverse clades – likely due to their relict status – are found on the 
most geographically isolated continents (South America, North Ame-
rica, and Australia). In contrast, the crown clades are the most diverse 
and predominantly inhabit the Paleotropics and Palearctic regions, 
with only limited representation in the Nearctic. These patterns allow 
me to trace the recent distribution of Lamiini s. l. back to the time of 
the supercontinent Southern Gondwana, which connected South 
America, Antarctica, and Australia. Based on these findings, I propo-
se a hypothesis of Southern Gondwanan origin for Lamiini s. l. Spe-
cifically, I suggest that the last common ancestor of Lamiini s. l. (La-
CA) originated in the region corresponding to present-day Southern 
South America and Western Antarctica. From this point, the tribe 
began its expansion across Southern Gondwana and subsequently 
into Laurentia (North America). 

The timing of the origin of Lamiini s. l. remains a subject of de-
bate, with a wide range of estimated dates spanning from 117 Ma 
(Nie et al., 2020) to 52 Ma (Soydabaş-Ayoub & Uçkan, 2023). Despi-
te the widespread application of molecular clock methods by various 
researchers (Nie et al., 2020; Ashman et al., 2022; Jin et al., 2022; 
Soydabaş-Ayoub & Uçkan, 2023), the age estimates (Table 2) for the 
emergence of the tribe and its major clades are still far from being 
definitively resolved.  

A major limitation in accurately calibrating the molecular clock 
of Lamiini s. l. is the critical lack of reliable paleontological data. Mo-
reover, the available fossil records are often problematic due to uncer-
tainties in their taxonomic placement and dating accuracy (Table 3). 
As a result, these data are generally unsuitable for calibrating the mo-
lecular clock of Lamiini s. l. Consequently, estimates of divergence 
times for various lineages remain largely theoretical, relying on the 
assumptions made by individual researchers based on the selected 
evolutionary models and substitution rates. This situation may change 
with the discovery of well-preserved and taxonomically validated 
Lamiini s. l. fossils.  

It is important to note that the currently known fossil species (Ta-
ble 3), which have previously been classified within the tribe Lamiini 
to varying degrees, are primarily represented by partially damaged, 
compressed stone imprints (Nel et al., 2024). The only exception is 
Dorcaschema succineum from Baltic amber (Vitali, 2009).  
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Table 2  
Generalized data on the approximate age (Ma) of the emergence of Lamiini s. l.  
and its key clades, corresponding to the phylogenetic division into clades adopted in this study  

Clades Soydabaş-Ayoub & Uçkan (2023) Gorring & Farrel (2023) Ashman et al. (2022) Nie et al. (2020) Jin et al. (2022) Current study 
Cerambycidae ~153 – ~129 ~151 ~150 – 
Lamiinae ~105 – ~105 ~147 ~95 ~115 
LaCA ~52 – ~63 ~117 ~58 ~90 
TAENI – – – – – ~78 
DORCA – – – ~119 – ~74 
ACALO – – ~52 – – ~70 
BATOC ~52 – ~63 ~54 – ~67 
PSACO – – – ~51 – ~50 
ANOPL – ~11 ~35 – – ~40 
MONOC ~41 ~11 ~35 – – ~30 
LAMIA ~26 – – – – ~25 

Table 3  
Fossil species that have historically been classified within the tribe Lamiini s. l., and are potentially considered for calibrating the molecular clock  

Fossil species Age, Ma Source Comment 
Prolamioides bituminosus  62–59  Piton & Théobald (1937) placed within Lamiini; Nel et al. (2024) 

placed within Lamiinae 
Not Lamiinae; probably belongs to Prioninae 

Prolamioides brunneus  62–59  Piton (1940) placed within Lamiini; Nel et al. (2024) placed 
within Lamiinae 

Not Lamiinae; probably belongs to Prioninae 

Monohammus orientalis  62–59  Piton (1940) placed within Lamiini; Nel et al. (2024) placed 
within Cerambycidae 

Not Cerambycidae 

Parolamia rudis 34–37 Scudder (1878) placed within Lamiini Not Lamiini; definitely belongs to Lamiinae, proba-
bly Parmenini 

Dorcaschema succineum  33–38  Zang (1905) placed within Dorcaschematini; Vitali (2009) placed 
within Dorcaschematini 

Most likely belongs to DORCA clade 

Lamia petrificata  23–28  Heyden & Heyden (1866) placed within Lamiini Not Lamiini; definitely belongs to Lamiinae 
Dorcadion bachense  23–28  Handschin (1944) placed within Lamiini Not Lamiini; definitely belongs to Lamiinae 
Dorcadion emeritum  23–28  Heyden (1862) placed within Lamiini Not Lamiini; definitely belongs to Lamiinae 
Lamia antiqua  13–12  Heer (1879) placed within Lamiini Not Lamia; probably related to Phrissoma, Herophi-

la and Morimus; definitely belongs to LAMIA clade 
Monochamus willershausensis  2–4  Schmidt (1967) placed within Lamiini 

Vitali (2024) placed within Monochamus 
Belongs to Monochamus; definitely belongs to 
MONOC clade 

Monochamus gehleri 2–4 Vitali (2024) placed within Monochamus Belongs to Monochamus; definitely belongs to 
MONOC clade 

 
 

Among all the fossil species mentioned, only "Lamia" antiqua 
(clade LAMIA) and Monochamus willershausensis (clade MONOC) 
can be confidently assigned to Lamiini s. l. However, their generic 
placement is likely inconsistent with their original descriptions (Vitali, 
2024). Another fossil species belonging to Lamiini s. l. is Monocha-
mus gehleri (Vitali, 2024). Additionally, I classify "Dorcaschema" 
succineum as an extinct representative of the clade DORCA. The 
remaining species listed in Table 3 are unlikely to belong to Lamiini 
s. l. and instead represent other taxonomic groups, including subfami-
lies Lamiinae (e.g., "Lamia" petrificata, "Dorcadion" bachense, 
"Dorcadion" emeritum, Parolamia rudis) and Prioninae (e.g., Prola-
mioides bituminosus and Prolamioides brunneus), or even entirely 
different families (e.g., "Monohammus" orientalis) (Vitali, personal 
communication). Notably, Nel et al. (2024) placed Prolamioides 
within Lamiinae and "Monohammus" orientalis within Cerambycidae 
without further specification. The latter fossil is poorly preserved and 
could equally belong to any Polyphaga family, as medium- to large-
sized species are common across multiple lineages.  

In summary, as of today, only three Lamiini s. l. clades identified 
in the current phylogenetic analysis are known with high confidence 
from the fossil record, and all of them originate from Europe: 
DORCA, MONOC, and LAMIA. The fossil record suggests that 
DORCA existed in Europe as early as the late Eocene (33–38 Ma), 
whereas LAMIA is known from the middle Miocene (13–12 Ma), 
and MONOC from the late Pliocene (2–4 Ma). Although fossil data 
on Lamiini s. l. are scarce and geographically restricted, they provide 
some insight into the colonization history of the tribe, at least in Eu-
rope. These findings indicate that DORCA were already widespread 
in Europe (which at the time consisted of an archipelago in the Tethys 
Ocean) long before the Eocene and likely arrived from Laurentia 
(North America) via west to east migration route (see below). In con-
trast, the MONOC and LAMIA clades colonized Europe after the 
uplift of the continent and the formation of major mountain ranges 

such as the Pyrenees, Alps, Carpathians, and Caucasus during the 
Miocene.  

The available paleontological data do not provide a definitive an-
swer regarding the center of origin for LaCA. Therefore, I employed 
phylogenetic analysis as a tool for "molecular paleontology" to infer 
the probable region of LaCA’s emergence. The findings suggest that 
LaCA most likely originated in the region between present-day South 
America and Antarctica, which was part of the former supercontinent 
Southern Gondwana. The emergence of LaCA must have occurred 
between two major geological events that drastically reshaped conti-
nental configurations during the Cretaceous period: the complete 
separation of Africa and Greater India from Southern Gondwana 
(~100 Ma) on the one hand, and the formation of the Trans-Tethyan 
Arc (~90 Ma) on the other (Ali & Aitchison, 2008; Chatterjee & 
Scotese, 2010; Westerweel et al., 2019; Meng et al., 2023). Notably, 
LaCA and its direct descendants were absent from Africa and Greater 
India. In contrast, the Trans-Tethyan Arc likely served as the only, 
and very short-lived, bridge for the expansion of LaCA from Austra-
lia into Greater India. Additionally, the possibility of transoceanic dis-
persal between Australia, the Trans-Tethyan Arc, and Greater India 
should not be ruled out. Such dispersal events have been documented 
in the literature for other insect taxa (McCulloch et al., 2016; Bour-
guignon et al., 2018; Liebherr et al., 2024).  

With the emergence of LaCA (Fig. 4a), this lineage of the long-
horn beetles likely underwent a rapid initial expansion across Sou-
thern Gondwana, spreading from South America through Antarctica 
to Australia (Fig. 4b). This dispersal would have taken place within 
the southern megathermal forests that dominated the region during 
the Late Cretaceous (Morley, 2003). A southern dispersal route 
through Antarctica has been documented for many insect groups that 
later formed vicariant taxa, including Peloridiidae (Ye et al., 2018), 
Belidae (Li et al., 2024), Carabidae (Sota et al., 2022; Liebherr et al., 
2024), Chrysomelidae (Jolivet & Verma, 2009), and Lucanidae (Kim 
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& Farrell, 2015). Thus, this scenario of LaCA dispersal appears high-
ly plausible.  

Another major expansion route for LaCA involved northward 
migration along the Proto-Andean Mountains, leading to an early in-
cursion into Laramidia (the western island continent corresponding to 
present-day western North America). Although South America and 
Laramidia were separated by a marine basin during the Late Creta-
ceous, the eastward-moving Caribbean Plate formed an island arc 
known as the Antillean Arc (Viñola-López et al., 2022). This arc 
served as a land bridge between the two Americas and is believed to 
have facilitated the first post-Pangaean exchange of flora and verte-
brate fauna (Viñola-López et al., 2022). However, data on inverte-
brate migration via this route remain scarce. It has been proposed that 
ancient Rhopalocera (Lepidoptera) dispersed from South America to 
Laramidia via the Antillean Arc, later colonizing Asia through Berin-
gia (Kawahara et al., 2023). I hypothesize that LaCA followed a simi-
lar pathway to reach Laramidia (Fig. 4b).  

Finally, a third key region colonized by LaCA – and one that 
played a crucial role in shaping the future megadiversity of Lamiini 
s. l. – was the archipelagos of the Trans-Tethyan Arc. Some remnants 
of the Trans-Tethyan Arc are still preserved today, having been in-
corporated into Eurasia. These geological fragments include the Ko-
histan, Ladakh, Dras, Argo, Andaman, Burma, and Woyla terranes 
(Vérard et al., 2017; Metcalfe, 2021; Morley et al., 2021). By the end 
of the Cretaceous, LaCA must have been present at least in the east-
ern part of Trans-Tethyan Arc, from where its descendants subse-
quently colonized India and Asia. An alternative expansion route for 
LaCA into Greater India may have involved dispersal from Antarcti-
ca via the Kerguelen Plateau, followed by migration through the 
Trans-Tethyan Arc into Asia. This pathway has been proposed for 
other biological groups (Yuan et al., 2018). Whether LaCA migrated 
into Greater India via one or both of these routes remains unknown.  

The initial diversification of Lamiini s. l. (~70–60 Ma) led to the 
emergence of vicariant taxa, shaped by the geographic isolation of 
LaCA descendants on different continents. Their subsequent evolu-
tion resulted in the formation of several basal clades: TAENI in South 
America, DORCA in North America, ACALO in Australia, and the 
ancestor of the crown-group Lamiini s. l. in the eastern Trans-Tethyan 
Arc (Fig. 4c). It is also plausible that an additional Antarctic clade 
emerged but later went extinct during the Oligocene glaciations. 
The emergence of the ancestor of the crown-group Lamiini s. l. likely 
occurred just before the Cretaceous–Paleogene (K–Pg) mass extinc-
tion (~70–66 Ma). During this period, the most probable scenario 
involved the rise of the BATOC and PSACO clades. At the same 
time, the divergence of DORCA took place, driven by the westward 
expansion of the Ole subclade ancestor into Asia from Laramidia, as 
well as the eastward migration of the Dor subclade ancestor into Eu-
rope via the Appalachian corridor.  

The transition from the Mesozoic to the Cenozoic was marked by 
global ecosystem restructuring and significant biodiversity loss (La-
bandeira et al., 2016; Cai et al., 2022). These changes were driven by 
a combination of geological and astronomical factors, including in-
tense volcanic activity (e.g. Deccan Traps) and asteroid impacts (e.g. 
Chicxulub, Bovtyshka, Shiva) around 66 Ma (Pandey & Agrawal, 
2000; Pickersgill et al., 2021; Range et al., 2022; Callegaro et al., 
2023; Senel et al., 2023). It is highly likely that these events caused 
substantial losses in Lamiini s. l. diversity, leading to the extinction of 
many ancient taxa (Fig. 4d). However, no direct paleontological or 
indirect phylogenetic evidence has yet been identified to confirm this 
for the group. Notably, the topology of the basal clades Lamiini s. l. 
(TAENI, DORCA, ACALO) in the reconstructed phylogenetic tree 
suggests a past attenuation of their diversity followed by later diversi-
fication. This pattern could indicate extinction and subsequent recov-
ery events. However, the timing of these events is more likely asso-
ciated with later glaciations – Oligocene glaciations (~30–34 Ma) in 
the Southern Hemisphere affecting TAENI and ACALO, and Mi-
ocene glaciations (~20 and ~14 Ma) in the Northern Hemisphere im-
pacting DORCA.  

The Cenozoic diversification of Lamiini s.l. (Fig. 4e) was driven 
by the collision of Greater India with Asia and the subsequent faunal 

exchanges between these landmasses, as well as with Africa. The 
landmasses of Greater India and the Trans-Tethyan Arc functioned as 
giant "carriers", transporting LaCA descendants (BATOC and 
PSACO clades) from former Southern Gondwana to Asia (~50–
45 Ma). This event catalyzed the diversification of the ANOPL clade 
in the continental environments of Eurasia.  

The expansion of Lamiini s. l. from India into Africa occurred 
approximately 45–35 Ma (Fig. 4f), but the precise dispersal route 
remains a topic of debate. It may have involved a hypothetical land 
bridge connecting India to the Oman Mountains, or alternatively, an 
archipelago of islands that temporarily linked both continents rather 
than a continuous landmass (Chatterjee & Scotese, 2010; Vérard 
et al., 2017). The biotic exchange between India and Africa remains 
an unresolved issue in modern biogeography (Yuan et al., 2018; Par-
mar & Prasad, 2020). Nevertheless, during this period, the DORC, 
BATOC, and ANOPL clades successfully dispersed from India into 
Africa.  

The total extinction of biota in Antarctica and dramatic ecosys-
tem changes in the Southern Hemisphere – including the disappear-
ance of southern megathermal forests and the expansion of deserts 
and grassland biomes globally – were driven by Antarctic glaciation 
during the Oligocene (~34–30 Ma) (Filippelli, 2005). During this 
period, the hypothetical Antarctic clade of Lamiini s.l. likely went 
extinct, and the TAENI and ACALO clades experienced a significant 
and abrupt reduction in both range and diversity (Fig. 5a). Climatic 
changes in the Northern Hemisphere were less extreme but resulted in 
increased seasonality, and in mountainous regions, the climate be-
came more similar to modern conditions (Tripati & Darby, 2018). 
Around this time (~40–20 Ma), the MONOC clade emerged in Asia, 
likely as an adaptation to the spread of montane coniferous forests 
associated with global cooling. The ACALO clade underwent sec-
ondary diversification during the initial collision of Australia and 
Eurasia (~25–20 Ma), coinciding with the uplift of New Guinea in the 
Miocene (Davies, 2012). Subsequent dispersal of ACALO occurred 
across numerous archipelagos in Oceania and Indo-Malaysia, follow-
ing a pattern observed in many other insect groups with Australian 
origins (Austin et al., 2004; Braby & Pierce, 2006; Toussaint et al., 
2014; Letsch et al., 2023; Starkie et al., 2023).  

The LAMIA clade is the most evolutionarily recent among all 
other Lamiini s. l. and occupies a terminal position in the phylogenet-
ic tree. The origin of this clade remains largely unclear. However, its 
phylogeny suggests that the most basal subclade, HayMes, and basal 
branches within the PseMoLaEo subclade have a Sino-Japanese dis-
tribution. This could indicate that the common ancestor of all LAMIA 
species likely formed in East Asia around 25–20 Ma. However, the 
trigger for the loss of flight capability in LAMIA remains unex-
plained. It should be noted that some species within the basal sub-
clades retain developed wings and are capable of short-distance flight 
(Bi & Lin, 2016). Nonetheless, all basal groups of LAMIA (such as 
Hayashiechthistatus Miyake, 1980, Mesechthistatus Breuning, 1950, 
Parechthistatus Breuning, 1942, Pseudoechthistatus Pic, 1917, Mo-
rimus, etc.) are associated with mountainous deciduous forests, which 
may hold the key to understanding the origin of their flightlessness. 
It is believed that environmental stability, isolation, and high-altitude 
or island habitats are key factors leading to the loss of flight ability 
(Medeiros & Gillespie, 2010; Venn, 2016). It is likely that the last 
common ancestor of the LAMIA clade formed in an isolated moun-
tainous environment during the active uplift of the Himalayas, Tibe-
tan Plateau, and the formation of adjacent mountain systems. 
The founding population of the LAMIA ancestor likely exhibited di-
morphism in wing length or brachyptery but was not flightless. 
Flightlessness in this clade should be considered as a result of later 
evolutionary developments. Subsequent geological activity in the re-
gion likely disrupted the initial isolation and allowed the ancestors of 
LAMIA to expand actively across Eurasia, and later into Africa.  

The results of the phylogenetic analysis reveal the presence of 
two sister subclades, PseMoLaEo and MoHe+NeIb+Dorc, within the 
LAMIA clade. The PseMoLaEo subclade represents groups distri-
buted across Southeast and Central Asia, while the MoHe+NeIb+ 
Dorc subclade occupies Europe and Southwestern Asia. Accordingly, 



12 
Biosystems Diversity, 2025, 33(1), e2510 

it is most likely that the expansion of LAMIA in Eurasia occurred via 
at least two routes: southern and northern. Through the southern rou-
te, LAMIA (MoHe+NeIb+Dorc) reached Western Asia, Europe, and 
Africa, while the northern route (PseMoLaEo) led them into Central 

and Northern Asia (Fig. 5b). Paleontological evidence suggests that 
LAMIA were present in Europe during the Middle Miocene, with 
specimens such as "Lamia" antiqua (Heer, 1879) providing evidence 
of their earlier existence.  

 

  
Fig. 4. Schematic representation of the early diversification and global dispersal patterns of Lamiini s. l.  

from the Late Cretaceous to the Paleogene (90–40 Ma)  

The early diversification and expansion of LAMIA likely occur-
red during the Miocene Climatic Optimum, a relatively brief (~2 Ma) 
interglacial period in the middle Miocene (~15-17 Ma) (Steinthors-
dottir et al., 2020). This period was characterized by warm and humid 
conditions (Herold et al., 2011; Methner et al., 2020), which facili-
tated the widespread distribution of moist broadleaf forests in the 
mountain ranges of Eurasia and mixed broadleaf-sclerophyllous fo-
rests in North Africa (Doláková et al., 2020; Acosta et al., 2024). 
I hypothesize that the penetration of LAMIA into Africa occurred via 
the Gomphothere Bridge (~16 Ma) during the Miocene Climatic 
Optimum, which correlates well with paleontological evidence, par-
ticularly "Lamia" antiqua in Europe. Unfortunately, I was unable to 
determine the phylogenetic affiliation of African LAMIA due to the 
lack of sequences for this intriguing group. The African LAMIA 
should be related to the MoHe subclade, but this hypothesis still re-
quires further testing and confirmation.  

The late diversification and expansion of LAMIA (Fig. 5c) were 
associated with climatic cooling and increasing xerophylization dur-
ing the late Miocene (~5–11 Ma). These climatic shifts led to the de-
cline of temperate deciduous forests and the widespread expansion of 

steppes, semi-deserts, and deserts across vast regions of Eurasia 
(Utescher et al., 2007; Zhang et al., 2014; Jia & Bartish, 2018; Barbo-
lini et al., 2020; Wen et al., 2023). These environmental changes like-
ly contributed to the Irano-Turanian disjunction in the distribution of 
LAMIA, a pattern that persists to date. This period also saw the emer-
gence and diversification of non-forest LAMIA lineages, including 
Neodorcadion, Iberodorcadion, Dorcadion, Eodorcadion, and others. 
It appears very likely that a complete extinction of mid-Miocene 
LAMIA occurred in Northern Asia, which was associated with the 
subsequent Miocene cooling (~15 Ma). Consequently, the PseMo-
LaEo subclade likely lost a significant portion of its diversity. How-
ever, available evidence suggests that a small group of this subclade 
survived, eventually giving rise to the diversification of steppe-adap-
ted Eodorcadion. This diversification is estimated to have occurred 
during the Pliocene (~5–2.5 Ma). The evolutionary history of Eodor-
cadion is complex, involving extensive hybridization, local extincti-
ons, introgression events, and multiple instances of homoplasy (Kar-
piński et al., 2023). The expansion of Eodorcadion northward and 
westward was likely constrained by Pliocene–Pleistocene glaciations 
(~5–0.01 Ma).  
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Fig. 5. Schematic representation of the late diversification and global dispersal patterns of Lamiini s. l.  

from the Oligocene to the Anthropocene (30–0 Ma)  

Meanwhile, the MoHe+NeIb+Dorc subclade remained isolated 
in the Balkan-Anatolian region for an extended period, separated 
from the rest of Europe by the Paratethys and the Mediterranean Sea 
(Harzhauser et al., 2024a, 2024b). During the late Miocene (~5–
11 Ma), increasing xerophylization and forest decline in western Asia 
facilitated the expansion of steppe and semi-desert ecosystems, trig-
gering the diversification of non-forest LAMIA lineages in this regi-
on. The common ancestor of the NeIb and Dorc subclades became 
widespread in western Asia. Its expansion into Europe likely coinci-
ded with the Messinian Salinity Crisis (~6–5.3 Ma), a period when 
the desiccation of the Mediterranean Sea created a land bridge to 
Europe (Aufgebauer & McCann, 2011; Krijgsman et al., 2024). This 
ancestor likely dispersed as far as the Iberian Peninsula, moving ac-
ross the exposed Mediterranean seabed (Fig. 5d), a dispersal pattern 
also documented in other insect groups (Kaya et al., 2012; Riccieri 
et al., 2018; Trájer et al., 2021). The end of the Messinian Salinity 
Crisis and the reflooding of the Mediterranean Sea led to the isolation 
of ancestral populations on the Mediterranean peninsulas of Europe. 
Subsequent diversification within these isolated populations resulted 
in the formation of distinct genera: Neodorcadion, Iberodorcadion, 
Dorcadion, and others. The exact center of origin for Neodorcadion 
remains uncertain, but the Balkan Peninsula is the most probable 
candidate, while Anatolia appears to have been the primary diversifi-

cation center of Dorcadion. These two regions likely experienced 
multiple faunal exchanges throughout the Pliocene–Pleistocene glaci-
ations, as fluctuations in sea levels periodically re-established land 
connections between the Balkans and Anatolia (Chobanov et al., 
2016; Spassov, 2024; Zamoroka et al., 2024). The modern distribu-
tion of Dorcadion in Europe took shape during the Holocene 
(Fig. 5f), following the end of the last glacial period. This distribution 
pattern is characterized by complex biogeography and numerous in-
stances of inter-species hybridization and reticulate evolution (Zamo-
roka, 2019; Dascălu et al., 2021; Caba & Dascălu, 2024).  

As the LAMIA clade expanded, the MONOC clade simultaneo-
usly colonized Northern Eurasia. I propose that MONOC originated 
in East Asia, evolving as an adaptation to montane coniferous forests 
in response to global cooling during the Miocene. According to Gor-
ring & Farrell (2023), the emergence of MONOC is estimated at 
~11 Ma. However, we suggest that the clade is at least three times ol-
der, which aligns well with data from other researchers (Ashman 
et al., 2022; Soydabaş-Ayoub & Uçkan, 2023). MONOC achieved 
widespread distribution across Eurasia during the Miocene glaciations 
(~20 and ~14 Ma). Paleontological evidence (Vitali, 2024) indicates 
that by the late Pliocene (~2–4 Ma), MONOC species were as com-
mon in Europe as they are today. The expansion of MONOC into 
North America occurred via Beringia, likely through multiple migra-
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tion events (Gorring & Farrell, 2023). However, the exact timing of 
these migrations remains a topic of debate. The model proposed by 
Gorring & Farrell (2023) estimates this event at ~5–7 Ma, which 
conflicts with geological and biogeographical data suggesting that 
Beringia-II existed during the Middle Miocene Climatic Optimum 
(~17.5–14.5 Ma) – a period of active biotic exchange between Eura-
sia and North America (Jiang et al., 2019). It is likely that MONOC 
species migrated to North America during this interval, and possibly 
around the same time, the ancestor of the modern Plectrodera scala-
tor (Fabricius, 1792) from the ANOPL clade also reached the conti-
nent. Further expansion of MONOC into Mesoamerica, South Amer-
ica, and the Caribbean Basin most likely occurred during the Pleisto-
cene glaciation cycles (~0.01–2 Ma, Fig. 5e), when fluctuating sea 
levels facilitated dispersal routes.  
 
Conclusions  
 

In summary, the current understanding of the tribe Lamiini s. l. 
has undergone a fundamental transformation compared to historical 
perspectives, primarily due to the widespread application of molecu-
lar methods. Over the past decade, the boundaries of Lamiini s. l. 
have expanded significantly, incorporating several tribes that had long 
been considered independent. The present study further extends these 
boundaries by demonstrating that Dorcaschematini syn. nov. repre-
sents a basal clade within Lamiini s. l. Additionally, I have confirmed 
the monophyly of the tribe, identifying TAENI, DORCA, and 
ACALO as its most basal and ancient clades. This allowed us to cor-
relate their diversification with modern biogeographic patterns and 
propose a hypothesis for the South Gondwanan origin of the entire 
tribe.  

However, the study also reveals that the previously recognized 
tribe Monochamini is non-monophyletic, consisting of at least six dis-
tinct clades. Furthermore, Dorcadionini, once considered a single tri-
be, has been shown to comprise at least two independent clades. 
I have also confirmed that the former tribe Batocerini belongs within 
Lamiini s. l.  

Future phylogenetic studies should incorporate an even broader 
taxon sampling, particularly focusing on the highly intriguing African 
representatives of the former tribe Phryssomini. This will contribute 
to a more comprehensive and precise understanding of the evolutionary 
relationships within Lamiini s.l. and its affinities with other tribes.  
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