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https://doi.org/10.1098/rspb.2026.0866 Disjunct distributions have long fascinated biologists, particularly those

found in the Southern Hemisphere. Gondwanan vicariance has been

invoked to explain these patterns, with relatively limited studies having
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distribution, where Western Hemisphere taxa have close relatives either
north or south of the tropics. While better known in plants, this
pattern is rarely proposed for animals and only phylogenetically tested
in a handful of studies on hymenopteran insects. The Manticorini

Su"je-d Category: is a tribe of large-bodied, flightless tiger beetles whose members
Evolution possess a complex distribution pattern attributable to both Gondwanan

vicariance and American amphitropical disjunction. Using genomic-scale
Subject Areas: data we perform phylogenetic analyses to produce a time-calibrated

evolutionary history of the Manticorini. With the resultant time tree we
perform ancestral range reconstruction in order to recover the historical
biogeography of this group. Our results show deep divergence between
most manticorine genera, contrasted with young crown ages indicative of
recent diversification. Our analyses support Gondwanan vicariance and
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gtgustafson@gmail.com Naturalists have long been fascinated by Southern Hemisphere taxa with

disjunct distributions [1]. With the formalization of plate tectonic theory
in the 1960s and subsequent modelling of tectonic movements [2], a mech-
anism was provided to explain how closely related taxa could come to
have disjunct distributions across continents currently separated by oceans,
without invoking ad hoc land bridges. Vicariance resulting from the break up
of the supercontinent Gondwana which began in the Early Jurassic (approx.
180 Ma) and was largely completed by the Cretaceous (approx. 80 Ma) [3,4],
has been used to explain lineages with relatives currently found in South
America, Africa, Madagascar and Australia, but missing from intervening
regions. Gondwanan vicariance should have a distinct signature including
ancient divergences (older than 80 Ma), larger ancestral ranges, and mod-
ern taxa with disjunct distributions across southern landmasses. Disjunct
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Figure 1. Global distribution and habitus of tiger beetle genera currently in the tribe Manticorini. From left to right and top to bottom, with colour denoting range
depiction: Omus, brown; Amblycheila, teal; Manticora, dark blue; Picnochile, purple; Platychile, beige; Mantica, dark green. Image credits from left to right and top to
bottom: Ming-Hsun Chou, Ted MacRae, Petr Miickstein, Michael Weymann, Ye Liu, Petr Miickstein.

distributions can also result from dispersal, wherein a lineage comes to occupy a previously unoccupied area, serving as an
alternative hypothesis to vicariance [5]. Unlike vicariance, dispersal can potentially occur at any point throughout a linea-
ge’s history, including ancient range expansions with subsequent contraction via regional extinction, or recent long-distance
dispersal. However, the timing of such events dictates potential routes and barriers encountered, as well as the likelihood of
either scenario. For some lineages, both vicariance and dispersal may have played significant roles in shaping the diversification
and modern distributions of taxa [6-9]. Thus, a key aspect of inferring historical biogeography is identifying the influence of
these different factors in forging a lineage’s evolutionary history, wherein timing plays a critical role.

Following the rise of molecular data and Bayesian phylogenetic inference, the geologic timing of lineage origination
and divergences between taxa can be estimated using the fossil record with increasing precision [10-13]. Combined with
model-based approaches to ancestral range reconstruction [14,15], the likelihood of different historical biogeographic scenarios
can be assessed quantitatively. Despite these advances and considering the number of taxa proposed to exhibit Gondwanan
distributions, relatively few studies have tested Gondwanan vicariance hypotheses using molecular phylogenetics, divergence
time estimation and ancestral state reconstruction. Phylogenetically based support for Gondwanan vicariant origins has been
demonstrated in several arthropod groups (e.g. scarab beetles [16,17], water beetles [18-20], centipedes [21], harvestmen
arachnids [22,23]), plants [24-26] and some vertebrate lineages (e.g. lungfish [27] and geckos [28]). Other Gondwanan distri-
butions have been demonstrated to be the result of long-distance dispersal, post supercontinent breakup (e.g. clusioid plants
[29] cichlid fish [30], Malagasy iguanas [31], Australian tarantulas [32]) or even coincidentally (e.g. osteoglossiform fishes [33]).

A far less common biogeographic pattern is American amphitropical disjunction, where sister taxa are found either south
or north of the Western Hemisphere tropics [34-36]. This phenomenon is most well known in plant taxa, where approximately
200 examples have been identified, but again relatively few studies have tested this pattern phylogenetically, finding it to be
the result of Cenozoic long-distance dispersal (reviewed in [36]) rather than vicariance [35]. Unlike plant taxa, a very limited
number of purported examples of animal taxa exhibit this type of disjunct distribution (reviewed in [34]). Notably those that
have been proposed are temperate insect lineages, particularly among Hymenoptera (bees and ants [37]) as well as predaceous
ground beetles (Carabidae and Trachypachidae [38]). However, to date only a handful of studies (five to our knowledge), all
focused on Hymenoptera, used phylogenetic analysis to test the existence of this type of disjunction within animal taxa [39-43].

The tiger beetle tribe Manticorini (Coleoptera, Cicindelidae) currently [44], consists of large-bodied (over 10 mm), flightless,
predatory beetles [45]. Their present-day distribution may reflect a Gondwanan vicariance (figure 1), with most genera found
in southern Africa, one in Patagonia, and two Nearctic representatives [45]. Furthermore, a sister relationship between the
Patagonian genus Picnochile, and the Nearctic Amblycheila (figure 1) was previously recovered using molecular phylogenetic
evidence [46,47], suggesting the rare American amphitropical disjunction may be present in this tribe. Similar to other tiger
beetles, the larval stage of Manticorini is a highly specialized, sedentary ambush predator, attacking prey from its burrow
[45,48]. Phylogenetic analysis of gene fragments all supported members of this tribe as sister to all other tiger beetles, albeit
differing relationships, and none with complete generic taxon sampling [47]. Altogether, the extremely limited dispersal
capabilities in all life stages, potential presence of two different disjunct distributions among extant taxa, and sister-placement to
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all other cicindelids make the Manticorini an ideal model to test the hypothesis of Gondwanan vicariant origins and existence [ 3]
of an American amphitropical disjunction. Furthermore, these genera and the tiger beetle family as a whole, have not been
subject to a focused phylogenomic study. Prior phylogenomic studies on the suborder Adephaga to which Cicindelidae belongs,
have incorporated cicindelid species [49,50] but none had complete tribal representation involving two or more species. Thus,
monophyly of many tribes, including the Manticorini, have yet to be tested using genomic-scale data. As mentioned above,
evidence from the fossil record is essential for reliable divergence time estimation [12]. Unfortunately, there is currently no
support for crown Cicindelidae fossil placement below the family level [51], thus no direct evidence regarding divergence times
associated with Manticorini. The most extensively sampled phylogenomic study for Cicindelidae, Cardenas et al. [50], included
only two representatives of the tribe while inferring a time-tree using dense fossil sampling from across the suborder Adephaga.
While ideal for supporting outgroup fossil placement and comparative purposes, it does not estimate divergence times for
critical Southern Hemisphere genera.

Here we assemble a phylogenomic dataset for the following purposes: (i) to test the monophyly of Manticorini [47] in
relation to all other cicindelid tribes; (ii) to robustly infer relationships among manticorine genera; (iii) to produce a time-
calibrated phylogeny of Manticorini for divergence time estimation; and (iv) for ancestral range reconstruction to test the
hypothesis that the Southern Hemisphere disjunct distribution exhibited by some genera is the result of Gondwanan vicariance,
and for the presence of an American amphitropical disjunction.

2. Material and methods
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(a) Taxon sampling

Ingroup sampling consisted of 39 Cicindelidae (electronic supplementary material, table S1), prioritizing the tribe Manticorini as
currently defined [44,52]. Sampling for Manticorini was complete at the genus-level, with the following species-level sampling
of non-monotypic genera: four of eight Amblycheila species, four of 15 Manticora, and all five currently recognized species
of Omus [52]. For monotypic genera, a single individual of the extremely rare Mantica horni was sampled, with multiple
individuals of Picnochile fallaciosa (three) and Platychile pallida (two). However, while establishing our preferred tree topology
(i.e. the one recovered across most analyses), only the individual sample with highest locus recovery was included (electronic
supplementary material, table S1). Sampling was complete for cicindelid tribes, each represented by at least two taxa, with
increased representation of Cicindelini given its diversity. Outgroup sampling comprised 12 members of Carabidae and two
Trachypachidae (electronic supplementary material, table S1). The relatively dense outgroup sampling was selected in order to:
(i) test monophyly of the family Cicindelidae; (ii) allow dense fossil calibrations based on Cardenas et al. [50]; (iii) strongly test
placement of members of Manticorini previously proposed as sister to all other cicindelids [47].

(b) Data matrix assembly

Data sources included both novel high throughput sequencing reads as well as existing raw read data (electronic supplemen-
tary material, table S1). For new data, equimolar pooled libraries were prepared for Illumina sequencing by: technicians at
Rapid Genomics (RG, now part of LGC Biosearch Technologies) following their workflow with proprietary chemistry; or
generated in-house at the Natural History Museum of Geneva (NHMG) using a SRSLY NanoPlus Uracil+library preparation
kit (Claret Bioscience), and the University of Kansas with an xGen EZ Library Prep Kit (Integrated DNA Technologies) and
xGen UDI indices. To generate ultraconserved element (UCE) read data, libraries at RG were enriched with the full Adephaga
2.9Kv1 probe set [53], then sequenced using 150 base pair (bp) paired-end reads (pe) on a NovaSeq 6000 at RG; those at NHMG
were enriched for the GeaSub-2.9Kv1 probe set [50] via a myBaits custom hybridization capture kits (Arbor Biosciences) then
sequenced with 100 bp pe reads on a NovaSeq 6000 at the Institute of Genetics and Genomics in Geneva (iGE3). Low-coverage
whole genome data was produced by performing 150 bp pe sequencing on a NovaSeq 6000 at RG, and 150 bp pe sequencing
with a NovaSeq X at the Oklahoma Medical Research Foundation (OMREF).

All raw reads were trimmed using fastP version (ver.) 0.32.2 [54] and the commands: q 20 130 w 10 --detect_adapter_for_pe
--overrepresentation_analysis -g. Trimmed reads were inspected with FastQC ver. 0.11.9 [55] to verify they were free of
contamination and overrepresented sequences. As needed, subsequent trimming of sequences was performed with Cutadapt
ver. 3.2 [56]. For some cleaned reads, additional quality filtering was implemented via bbduk ver. 39.01 [57] under default
settings, to aid assembly. Assembly of cleaned reads into contigs was done in SPAdes 3.15.5 [58] under default settings. For new
whole genome data, standard assembly metrics were generated via BUSCO ver. 5.7.1 [59] and QUAST ver. 5.2.0 [60] (electronic
supplementary material, table S2).

Post assembly, the Phyluce ver. 1.7.3 pipeline [61] was primarily used to process the data. First, the Adephaga 2.9Kv1
probe set was aligned to the assembled transcriptomic and genome contigs using the command phyluce_probe_run_multi-
ple_lastzs_sqlite with minimum identity set to 80% and coverage at 50%, to prevent potential off target sequence identification
[62]. Identified UCE loci were then extracted using the commands phyluce_probe_slice_sequence_from_genomes with flank set
to 400 following Cardenas et al. [50], and subsequently placed alongside targeted capture assemblies. Together, all contigs
were matched to the Adephaga 2.9Kv1l probe set using the commands phyluce_assembly_match_contigs_to_probes with
minimum identity set to 75% and coverage at 70% to improve locus recovery. The identified UCE loci (electronic supplemen-
tary material, table S1) were extracted using phyluce_assembly_get fastas_from_match_counts into a uniform (‘monolithic’)
matrix containing all loci found across all taxa. This uniform matrix containing all UCE loci was separated into individual
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loci (phyluce_assembly_explode_get_fastas_file) and aligned outside of Phyluce using MAFFT ver. 7.475 [63] and the -auto n
command. Aligned loci were then trimmed using Gblocks [64] under the default settings within Phyluce. Finally, two different
completeness matrices were constructed by Phyluce: a 55% complete matrix (hereafter 55% CM) with a minimum of 45% taxon
occupancy per locus, and a 65% complete matrix (hereafter 65 perc) with a minimum of 35% taxon occupancy per locus. AMAS
[65] was used to compute standard summary statistics on the two matrices following concatenation (electronic supplementary
material, table S3), and custom R-scripts by Alexander [66] were implemented to estimate missing data on a per taxon basis for
each matrix (electronic supplementary material, table S1).

(c) Phylogenomic analyses

Bayesian inference (BI) was implemented with ExaBayes ver. 1.5.1 [67] on both concatenated, unpartitioned matrices,
performing two independent runs with four coupled chains for either 10 million generations, or until the average
standard deviation of split frequencies was <5 indicating convergence. Tracer ver. 1.7.2 [68] was used to visualize Markov
chain Monte Carlo (MCMC) chain behaviour and verify effective sample sizes were >200, indicating stationarity had been
achieved. Posterior probability for topological support was established using the posterior distribution generated by the
MCMC process associated with tree search. A posterior probability (pp) of 20.95 was considered as strong topological
support [69]. Maximum likelihood analysis (ML) was conducted in IQ-TREE ver. 2.4.0 (IQ-TREE) [70] on both concaten-
ated matrices that had been partitioned in PartitionFinder ver. 2.7 [71] via the sliding-window sites characteristics based
on entropy (SWSC-en) model [72]. Topological support measures were established using 1000 ultrafast bootstrap (UFB)
replicates [73]. An (UFB) value of 295 was considered as strong support [73]. Gene- and corrected site-based concordance
factors [74,75] using the 55% CM were implemented in IQ-TREE on our preferred tree to assess congruence of recovered
relationships with the underlying data.

To account for incomplete lineage sorting [76,77], we took a summary-based coalescent approach to generate a species tree
using ASTRAL-III ver. 5.7.4 (ASTRAL) [78]. Locus trees for analysis by ASTRAL were generated with IQ-TREE ver. 2.4.0 using
ModelFinder [79] to establish the best model and partitioning scheme for ML based on the Bayesian information criterion (i.e.
MFP+MERGE), for each locus, for both completeness matrices. ASTRAL topological support was estimated using local posterior
probability, wherein a recovered value of 20.95 indicates high confidence [80].

99909707 €67 § 205470l qsi/biorBuysqndiaaosiefor

(d) Time-calibration approach

We used BEAST ver. 1.10.5 [81] to perform relaxed-clock divergence time estimation in a Bayesian framework on our preferred
tree topology. Carabid outgroups were constrained to the relationships in Cardenas et al. [50] in order to apply comparable fossil
calibrations. To make our data set computationally tractable in BEAST, we used a ‘gene-shopping’ approach with SortaDate
[82]. Details of our time-calibration methods are provided in the electronic supplementary material, appendix.

(e) Historical biogeographic reconstruction

Ancestral range states were inferred using the resultant BEAST time tree (electronic supplementary material, figure S10), the
R ver. 4.4.3 programme [83] and the R package BioGeoBEARS ver. 1.1.3 [84]. The chronogram was pruned to remove all
non-Cicindelidae taxa for all analyses. Two different time trees and corresponding datasets were established: one with full
Cicindelidae (FC) sampling; and Manticorini only (MO), where all non-manticorine (as newly defined below) cicindelid taxa
were also pruned. Regions of known distribution were included in analyses and taxa coded as present (1) or absent (0) based
on specimen label data and the literature [53] (see electronic supplementary material). The following models for ancestral
range estimation were deployed in a likelihood framework: dispersal extinction cladogenesis (DEC) [14,85], dispersal-vicariance
analysis (DIVALIKE) [86] and Bayesian analysis of biogeography (BAYAREALIKE) [87]. We also ran analyses with and without
the +j parameter used to model founder event speciation [15,88]. All inferences were time stratified, being divided into five
time slices with corresponding dispersal rate modifiers and area adjacency matrices (see electronic supplementary material)
to account for plate tectonic movement. These time slices were: 0-20 Ma, 20-40 Ma, 40-80 Ma, 80-120 Ma and 120-165 Ma.
Calculations for dispersal modification and establishment of area adjacency primarily followed Toussaint et al. [19], given
similarity in focal taxa” ranges and overlap in time slices. North and South America were the exception, and were not coded as
adjacent during the 80-120 Ma and 40-80 Ma time slices in our analyses. These two land masses were widely separated after
140 Ma and only come back into contact post 70 Ma (see §4 below). Comparisons of model fit were performed in BioGeoBEARS
using AICc weights.

3. Results

(a) UCE data recovery for analysis

A total of 2887 UCE loci was recovered among our 53 taxa using the Adephaga 2.9Kv1 probe set. Among our ingroup the
highest number of loci recovered was 2204 loci in the genome of A. schwarzi, and the lowest was 227 from a museum specimen
of Platychile pallida (electronic supplementary material, table S1). Our 55% CM consisted of 1699 total UCE loci with median
locus recovery at 1073 loci and a range of 485-1679 (electronic supplementary material, table S1). The total concatenated
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Figure 2. Phylogenetic relationships among tribes of Cicindelidae based on ultraconserved element (UCE) data. Numbers at nodes are site- and gene concordance
factors, respectively. Boxes at nodes allow comparison across analyses, with position identifying the analysis and support for shown relationship indicated by colour in
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alignment length of the 55% CM was 489 380 nucleotides (electronic supplementary material, table 53). The 65% CM had a total
of 1056 loci, a median recovery of 780 loci and range of 3331047 (electronic supplementary material, table S1). Concatenated
alignment length for the 65% CM was 316 428 nucleotides (electronic supplementary material, table S3). Further information for
both concatenated matrices is available in electronic supplementary material, table S3. Taxon-specific locus recovery information
is available in electronic supplementary material, table S1.

(b) Phylogenomic inference

All phylogenetic analyses produced highly resolved trees, with the majority of relationships strongly supported and largely
congruent (figure 2), regardless of inference method (i.e. BI: electronic supplementary material, figures 51-S2; ML: electronic
supplementary material, figures S3-S4; ASTRAL: electronic supplementary material, figures S5-56). All analyses unambigu-
ously rejected monophyly of Manticorini sensu Duran & Gough [44]. Omus was strongly supported as monophyletic (figure
2, electronic supplementary material, figures S7-S8) and sister to all other tiger beetles, rather than closely related to Ambly-
cheila, Mantica, Manticora, Picnochile and Platychile, which form a separate, strongly supported clade (figure 2), the Manticorini
sensu novo. Relationships within Manticorini s. nov. were fully resolved and strongly supported, with Platychile sister to all
other genera (figure 2), and Mantica+Manticora reciprocally monophyletic (figure 2) and sister to the New World genera
Amblycheila+Picnochile (figure 2). This clade is hereafter referred to as the MMPA clade. All analyses strongly supported
monophyly of the remaining tribes of Cicindelidae as currently defined, with the exception of Cicindelini (figure 2). This tribe
was paraphyletic with respect to Oxycheilini in all but one analysis. Results differed only regarding placement of Therates: either
as sister to Oxycheilini alone (i.e. all ML and ASTRAL analyses: electronic supplementary material, figures S3-56), sister to
Oxycheilini + the remaining Cicindelini (BI 55% CM: electronic supplementary material, figure S3; BI: electronic supplementary
material, figures S1-52), or sister to all other Cicindelini (BI 65% CM: electronic supplementary material; figure S2).

(c) Divergence time estimation

We recovered crown Cicindelidae as originating during the Late Jurassic, approximately 161 Ma (138-186 Ma 95% highest
posterior density —HPD; electronic supplementary material, figure S10). The most recent common ancestor (MRCA) of
Manticorini s. nov. likely evolved by at least the Early Cretaceous (figure 3) with our median estimate being approximately
135 Ma (111-159 Ma 95% HPD), but potentially as early as the Late Jurassic (electronic supplementary material, figure S10).
The common ancestor of the MMPA clade originated approximately 115 Ma during the Cretaceous. However, the split between
the New World Picnochile and Amblycheila is estimated to be much older than that of the African Mantica and Manticora, at
around 100 Ma (99.6 Ma) as compared to 17.7 Ma. The most diverse genera in the tribe, Manticora and Amblycheila, are recovered
with relatively young crown ages, having evolved during the Neogene at 22.6 Ma and 4.4 Ma, respectively (figure 3; electronic
supplementary material, figure 510). The common ancestor of Omus and all other tiger beetles likely originated approximately
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140 Ma, with Omus having a young crown age, comparable with that of Amblycheila at 5.8 Ma (electronic supplementary [ 6 |
material, figure 510), and a very deep divergence from its sister clade.

(d) Ancestral range reconstruction

Analysis of full Cicindelidae (FC) sampling gave different ancestral state reconstruction results (electronic supplementary
material, figures S11-516) than Manticorini only (MO) (electronic supplementary material, figures S17-522; figure 3). The
greatest differences in ancestral state reconstruction involved inclusion of the + parameter (figure 3; electronic supplementary
material, figures 523-S34). Adding this resulted in identical reconstructions regardless of underlying model or sampling
strategy (i.e. FC versus MO) (electronic supplementary material, figures 523-534). Comparisons of model fit under both
FC and MO sampling identified the DIVALIKE+ model as being most fit, with DEC+j second, and BAYAREALIKEH third
(electronic supplementary material, table S5). The models without the +j parameter proceeded in the same order for both FC
and MO sampling, with DIVALIKE identified as the best fit, including during separate testing without any +j parameter models
(electronic supplementary material, table S5).

4. Discussion

(a) Phylogeny of the Manticorini

99909707 €67 § 205470l qsi/biorBuysqndiaaosiefor

Our phylogenomic analyses produced trees that were primarily congruent and strongly supported (figure 2). The main
topological differences were associated with the Cicindelini, specifically the relationship of Therates to Oxycheilini and the
rest of the cicindeline taxa, with most trees suggesting paraphyly of Cicindelini as currently defined (figure 2; electronic
supplementary material, figures 51-56). Previous studies [49,50] have placed Therates as sister to Oxycheilini, the primary result
recovered here (figure 2; electronic supplementary material, figures S3-S6). Relationships among the tribes of Cicindelidae
recovered here differ from all previous studies with complete tribal sampling [46,47]. However, our focus was testing the
monophyly of Manticorini, not inferring the phylogeny of the family, which will require more extensive sampling.

Our results completely reject the monophyly of Manticorini sensu Duran & Gough [44], as Omus was strongly supported as
being sister to all other tiger beetles across all analyses (figure 2). This necessitates resurrection of the monotypic tribe Omini
(figure 2). With the separation of Omus, Manticorini sensu nov. now consists primarily of Southern Hemisphere species (with the
exception of Amblycheila), all of which are united by features associated with the larval stage (i.e. a triangular ligula and two
pairs of hooks on abdominal segment V [48]). Relationships within the Manticorini differ significantly from previous studies,
with the exception of the sister group relationship between the New World Picnochile and Amblycheila [46,47]. We consistently
recover Platychile as sister to all other manticorines with strong support (figure 2). This monotypic genus contains a single
southwest African coastal beach dwelling species, P. pallida (figure 1). This species is estimated to have diverged around 131
million years ago and represents the sister lineage to all Manticorini (figure 3; electronic supplementary material, figure 510).
Thus, Platychile pallida is an interesting relictual paleoendemic taxon with a highly specialized ecology [90,91]. Given invasion
of sandy beach habitats has been demonstrated to occur numerous times independently in other beetle lineages like carabids
and staphylinids [92,93]; it is likely that tiger beetles have as well, as beach dwelling forms occur in several different genera
in other tribes. This makes it likely that the beach dwelling nature of P. pallida is a derived, rather than ancestral, feature for
all Manticorini. Sandy beaches, while dynamic, are among the most resilient types of coastline [94], potentially affording the
evolutionary persistence of this unique representative of such an ancient lineage. Despite its derived ecology, which likely
produced its light colouration relative to other manticorines (figure 1), there are plesiomorphic character states not found in
any other manticorine genera, supporting its placement as sister. These include retention of a vestigial lacinia in the larva [95]
and the adult mandibles having two terebral teeth (three in both sexes of Mantica, all Manticora males and some females) with a
monocuspidate terebral tooth 1 (tooth 1 triscuspidate in Amblycheila and Picnochile) [96].

This study represents the first molecular phylogeny to include both Mantica and Manticora. The close relationship between
these two genera has always been hypothesized based on morphology (figure 1) and is confirmed here (figure 2). Recovery of
the MMPA clade is novel and strongly congruent with the underlying genomic data, receiving site concordance factors (figure 2;
electronic supplementary material, figure S7) higher than for the entire tribe itself. Morphologically, the MMPA clade is united
by a larval feature consisting of a derived pattern of stemmata reduction [48]. The close relationship between the Western
Hemisphere genera Amblycheila and Picnochile had been inferred previously through morphology [96] and gene fragment
analysis [47], and is here highly supported using genomic-scale data (figure 2). Interestingly, the two most diverse genera,
Amblycheila and Manticora have comparatively young crown ages (22.6 and 4.4 Ma, respectively) with late Cenozoic diversifi-
cation, but represent ancient lineages that diverged from their most recent common ancestor with other genera (excluding
Mantica) nearly a hundred million years ago (figure 3).

(b) Historical biogeography of the Manticorini

Our divergence time estimates for crown Cicindelidae and crown Manticorini at approximately 161 Ma and approximately 135
Ma, respectively were similar to those of Cardenas et al. [50] (166 Ma and 135 Ma, respectively), placing the origin of Manticorini
in the Early Cretaceous, prior to the breakup of West Gondwana (figure 3) [3]. Based on model comparison, the DIVALIKE+

Downloaded from royalsocietypublishing.org/rspb/article-pdf/doi/10.1098/rspb.2026.0866/6 154869/rspb.2026.0866.pdf
by guest
on 18 August 2026



. Platychile pallida
RN

- Mantica horni

[ Manticora iatipennis _

_— . Manticora mygaloides

OEE
4
o0

[ Manticora tuberculata

[ Mmanticora imperator

|:| Picnochile fallaciosa

. Amblycheila baroni

. Amblycheila schwarzi

. Amblycheila picolominii

. Amblycheila cylindriformis

FC MO +j

[1JO DIVALIKE
O pec

11O BAYAREALIKE

Jurassic Cretaceous Palaeogene T Quaternary  Geologic timescale
Late Earl Late Pal.| Eocene | Oli. | Miocene [pi-Pleistocene
e L Y . — L L G Holocene (Ma)

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 Present
Figure 3. Historical biogeography of Manticorini. Blue bars at nodes within time tree depict 95% highest posterior density for ages. Squares at tips display present
distribution of species, those at nodes show most likely range occupied by the ancestor. For particular nodes, results across all reconstructions are depicted, with a
key to analyses in the bottom right. Red arrow indicates inferred dispersal event. Paleogeographic maps modified from Scotese [4]. Geographic range reconstruction
colours correspond to continental colours in maps: dark green, Africa; yellow, South America; dark blue, North America; orange, Palaearctic region. Light green
rectangle in back denotes timeframe for break of Gondwana according to Seton et al. [3]. Light blue rectangle depicts timeframe for collision of South America with
North America [89]. Abbreviations: FC, full-Cicindelidae sampling; MO, Manticorini-only sampling;+j, the jump-dispersal parameter.

ancestral range reconstruction under MO sampling had the highest overall log likelihood and best fit based on AICc weight,
with DEC+ and BAYAREALIKE+j under this sampling regime being the second and third highest, respectively (electronic
supplementary material, table S5). The application of the +j parameter which models founder event speciation [15], has been
the subject of some controversy [97,98]. Our results are consistent with previous observations [15,97] that models with the +
parameter receive consistently higher likelihoods than those without the parameter (electronic supplementary material, table
S5). Concerningly, inclusion of the +j parameter produced identical reconstructions, regardless of the underlying model and
sampling strategy (figure 3; electronic supplementary material, figures S23-534). Importantly, the biogeographic history inferred
for the Manticorini under the +j parameter was biologically unrealistic, a trend also noted in a published critique [97]. The +
model infers a founder speciation event in North America within the stem lineage of Amblycheila involving dispersal out of
South America at approximately 100 Ma (figure 3). At this point in time, North America as part of Laurasia, had fully separated
from South America by 140 Ma and the Caribbean Arc had yet to accrete (this does not occur until after 70 Ma) [3], resulting
in these two continents being widely separated (figure 3). Given this, and that all modern manticorines are highly dispersal
limited at each life stage, that particular founder event scenario is unlikely. It has been demonstrated in scenarios where several
extant taxa are limited to a single biogeographic area, models including the +j parameter are usually the best fitting [15,98].
Additionally, the +j parameter exacerbates the issue of limited anagenetic modelling present within both it and the DEC model,
resulting in cladogenetic changes being favoured [97], as seen in our results (figure 3). Thus, we find our dataset where: (i) all
taxa are highly dispersal limited, (ii) occupy disctinct biogeographic areas, and (iii) have numerous successive long branches
creating extensive opportunity for anagenetic range evolution, presents a particular scenario where the +j parameter fits the data
better, but is unlikely to result in an accurate ancestral range reconstruction. Therefore, we do not consider any model including
the +j parameter for ancestral range reconstruction, despite a greater model fit.

Among the models without the +j parameter, DIVALIKE with FC sampling attained the overall highest corrected Akaike
criterion weight (AICcW) at 0.927 (electronic supplementary material, table S5). While AICcW cannot be directly compared
between the different datasets (FC and MO), AICcW does measure the probability that a model is the best model given the
data, with a score of >0.90 considered as identifying a single best model [99]. Only the DIVALIKE model under FC sampling
achieved identification as the single best model by AICcW (electronic supplementary material, table S5) and is therefore selected
as our preferred reconstruction (figure 3). AICcW comparison of all other models, including those with the +j parameter, failed
to achieve support as a single best model among those tested (electronic supplementary material, table S5). Furthermore, the
DIVALIKE model with FC sampling reconstruction inferred the most ancestral ranges in common with all other models across
sampling schemes (figure 3), while also being the most biologically realistic.

Under our preferred ancestral state reconstruction (figure 3), the common ancestor of Manticorini was present in Africa
with subsequent range expansion to include South America, resulting in the common ancestor of the MMPA clade being
distributed across West Gondwana at the beginning of its break-up, with the vicariant event resulting in the stem lineage
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Mantica + Manticora becoming isolated on Africa and stem Picnochile + Amblycheila on South America. The common ancestor [ 8 |
of Picnochile + Amblycheila is reconstructed as having been distributed in South America alone around 100 Ma. Notably the
stem lineage leading to Amblycheila is also inferred as being initially present within South America, invoking dispersal to
North America sometime between approximately 100 Ma and approximately 4.5 Ma as the MRCA of Amblycheila is inferred
to have been North American (figure 3). Thus, under this scenario, the American amphitropical disjunct distribution between
Amblycheila and Picnochile (figure 1) is the result of some form of dispersal. While there is no direct evidence to support the
precise timing or exact nature of the dispersal event in the ancestor of Amblycheila, using inferences from other taxa we can
propose a most likely scenario.

American amphitropical disjunction (hereafter AAD) has been documented most often in plant taxa, with few proposed
cases in animals [34-36]. Among animals, insects form the majority of taxa exhibiting this distribution [37,38]. Two primary
hypotheses to explain the origin of these disjunctions are: (i) long-distance dispersal; (ii) range expansion with subsequent
fragmentation from regional extinction [34,100]. The majority of phylogenetically based ancestral range reconstruction studies
come from plants, which support long-distance dispersal from North to South America sometime during the Pliocene,
particularly for temperate taxa [35,36,100]. Even fewer phylogenetically based studies of AAD in animals are available; these
include: Diadasia bees [39], eucerine bees [40], andrenine bees [43] and Dorymyrmex ants [41,42]. In most investigations, the
origin of the disjunction in these arid-adapted species is the Miocene and the directionality is primarily from South America
to North. This pattern of south to north AAD occurring later during the Miocene is also seen in arid-adapted plants as well, a
pattern in contrast to temperate plants with AAD distributions [36]. Further differing from the pattern in plants, these insect
studies concluded northward range expansions associated with favourable cooling temperatures and expansion of open arid
environments in South America during the Miocene as the most likely explanation [39-41]. Stepping-stone dispersal along
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the eastern slope of the Andes has been proposed as a way to facilitate such northward range expansion in arid adapted
taxa found south of the Amazon [34,101]. However, empirical support for this Andean corridor in association with AAD has
been inconclusive [102] or lacking [100]. The habitat fragmentation model provides testable corollaries in that stepping-stone
distributions should be evident by (i) the presence of extinct forms in the fossil record, (ii) persistence of relictual lineages near
or within the corridor, and (iii) disjunct sister taxa situated close to the tropical barrier. Unlike the hymenopteran taxa above,
which Simpson [36] would categorize as having distributions that significantly enter the tropical regions in both North and
South America, therefore exhibiting (iii) in support of some form of stepping-stone range expansion, Picnochile and Amblycheila
are an example of a classic arid-adapted AAD taxon where the South American taxon is found in the temperate steppe of
Patagonia and the North American taxon in subtropical steppe, outside the tropical barrier with no known intervening taxa
(figure 1) [36]. Given a much older relictual taxon has survived in Africa, long persistence time of lineages within this tribe
(figure 3), and proximity of Picnochile to the southern Andes (figure 1), it seems unlikely that a single representative from
such a stepping-stone dispersal scenario would not have persisted somewhere along the cordilleran corridor between Patagonia
and Northern Mexico (figure 1), had such an event occurred. Considering the popularity of tiger beetles, large size of extant
manticorine species, and extensive collecting efforts in South America, we similarly find the existence of an undiscovered
manticorine lineage somewhere along the base of the Andes unlikely. However, this possibility cannot be entirely ruled out.
Therefore, the present AAD in Manticorini does not exhibit any empirical evidence in support of the stepping-stone habitat
fragmentation model.

Another important difference between the Hymenoptera AAD examples which have winged adults and our taxa, is that
all extant adult manticorines are large-bodied (over 10 mm) and flightless, making them relatively more dispersal limited.
Furthermore, the larval stage of all species is a burrowing, primarily sedentary, ambush predator, seemingly highly dependent
upon the surrounding soil composition. While it is possible that similar to ratite birds [103,104], the manticorine ancestor was
fully winged, given Platychile is completely apterous, as likely are all other genera (see electronic supplementary material), it
is also possible that aptery is the ancestral state for the tribe. Bird-mediated dispersal is a potential mechanism for passive
long-distance dispersal in flightless insects, particularly beetles [105,106]. Larvae [107] and eggs—including those from predated
gravid females [108], have been demonstrated to survive the digestive tract of birds, in support of this, and birds serve as
significant predators of both adult and larval tiger beetles [45], including Amblycheila (see electronic supplementary material).
Bird-mediated dispersal, including by ingestion (endozoochory), is also considered the most likely mechanism for long-distance
dispersal in desert plants which show the most similar AAD pattern [36]. Therefore, we ultimately find a single long-distance
dispersal event to North America sometime after 20 Ma during the Miocene as the most likely scenario, given: the lack of
evidence for range expansion, strong similarity of the AAD pattern to desert plants, the young age of crown Amblycheila, and
that this time period coincides with emerging land mass between North America and South America associated with the uplift
of the Panama Arc [109] following collision of North American and South American tectonic plates between 23 and 25 Ma [89].

5. Conclusions

Phylogenomic analyses produced completely resolved trees whose relationships were strongly supported and robust to
different analytical approaches (figure 2). The phylogeny supports a new definition of the tribe Manticorini whose constituents
consist of Southern Hemisphere taxa with one notable exception, the North American genus Amblycheila (figure 1). The time
tree of Manticorini sensu novo revealed ancient divergences between most genera, along with surprisingly young crown ages
(figure 3). The monotypic genus Platychile is the sister lineage to all other genera, representing a relict taxon that diverged from
its closest living relatives approximately 131 million years ago, and exhibits a likely derived beach-dwelling ecology, inhabiting
a narrow range along the Atlantic coast of Africa (figure 1). Ancestral range reconstruction supports an African origin for
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Manticorini during the Early Cretaceous, with West Gondwanan vicariance resulting in the disjunct distribution between the
Patagonian taxon Picnochile and the southern African genera Manticora and Mantica (figure 3). Our analyses place the sole North
American manticorine genus, Amblycheila, as sister to the Patagonian genus Picnochile, having been descended from a common
South American ancestor. Thus, we recover an example of an American amphitropical disjunct distribution, a phenomenon
rarely demonstrated in animals, particularly with phylogenetically based evidence. Similar to the few other animal examples
(notably all insects), our ancestral range reconstruction supports a South American origin for stem Amblycheila with dispersal
to North America likely happening sometime during the Miocene. There is no empirical evidence to support stepping-stone
dispersal involving range expansion and fragmentation, leaving long-distance dispersal as the most likely explanation—similar
to other arid-adapted taxa in plants. Ultimately, the diversification of the manticorine tiger beetles has been influenced by both
ancient Gondwanan vicariance separating New versus Old World genera, as well as long-distance dispersal from South to
North America with subsequent recent diversification. To our knowledge, our study on manticorine tiger beetles is the first to
provide phylogenetically based support for an American amphitropical disjunction within a non-hymenopteran animal system.
The existence of two distinct types of disjunctions within Manticorini, one stemming from ancient vicariance and the other from
recent dispersal, highlights the importance both processes have to play in shaping both diversification and complex modern
geographic distributions.
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