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Abstract

Recent molecular and morphological data derived from members of the pollen-beetle subfamily Meligethinae suggest the need to sepa-
rate the genus Sagittogethes Audisio & Cline, 2009, including species mostly distributed in Western Palaearctic areas, into two distinct
(although related) genera, Sagittogethes and Teucriogethes gen. n. This new genus, comprising the Western European Meligethes ob-
scurus Erichson, 1845 as its type species, includes less than ten species distributed between the Iberian Peninsula and North Africa west-
ward, and China and Japan eastward. All inclusive species utilize members of the genus Teucrium L. (Lamiacaeae: Ajugoideae) as larval
host-plants. Morphological and bionomical information, and molecular data clearly demonstrate the necessity for updating the taxonom-
ic position of the two clades. Based on molecular evidence, the new genus represents the sister-group of Thymogethes Audisio & Cline,
2009, while the sister-group relationships of the remaining Sagittogethes taxa with other Lamiaceae-associated genera of Meligethinae
remain uncertain. Within the new genus, the relictual and rare Western Mediterranean species 7. minutus (C.N.F. Brisout de Barneville,
1863) seems to occupy an isolated position.

Key words: molecular taxonomy, Teucriogethes, new genus, larval host-plants, pollen beetles, Lamiaceae, Teucrium.
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Introduction Mancini et al. 2016; Liu et al. 2019). An upcoming pa-
per will discuss the phylogeny of both these large groups,
Recently, the classification of Meligethinae underwent a based on morphological and molecular data (Liu et al. un-
broad-scale “revolution” in light of both molecular and published data).
morphological evidence, restricting the concept of sever- In a preliminary re-examination of genus-level tax-
al included genera (Audisio et al. 2009b), particularly the onomy of Meligethinae (Audisio et al. 2009b), it was de-
highly heterogeneous and previously polyphyletic genus termined that further research combining integrated ap-
Meligethes Stephens, 1830, which in the past possessed proaches was necessary to disentangle the intricate clas-
more than 500 species worldwide. The true Meligethes, as sification and phylogeny of the whole subfamily. Some
presently delimited (Audisio et al. 2009b), consists of more genera have been, in fact, recently analyzed by our re-
than 60 species, all associated with flowers of Rosaceae as search group through an integrated approach combining
larvae, predominantly occurring in the Eastern Palaearc- morphological, molecular, and bionomical data of larval
tic (Audisio et al. 2015; Liu et al. 2016, 2017, 2018), and ecology (Sabatelli et al. 2020; Liu et al. 2019, and unpub-
closely related to the purported sister genus Brassicogeth- lished data). In this scenario of reciprocal reorganization
es Audisio & Cline, 2009, whose mostly Western Palearc- of the original exploratory work (Audisio et al. 2009b),
tic members are all associated with Brassicaceae (Audisio Sabatelli et al. (2020) recently demonstrated that molecu-

et al. 2003, 2005, 2006, 2011; De Biase et al. 2003, 2012; lar data strongly suggest to transition the distinct and relict
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Western Mediterranean “Thymogethes” grenieri (C.N.F.
Brisout de Barneville, 1872) into a new monotypic genus.
This new genus is separated from true Thymogethes Aud-
isio & Cline, 2009, as well as other related Meligethinae
taxa. The description of this isolated genus will be accom-
plished in an upcoming manuscript.

The present contribution, as part of a series of analy-
ses to test the monophyly of all recognized Meligethinae
genera, is based on morphological and molecular data of
adults, and larval bionomical data, involving members of
the entire genus Sagittogethes Audisio & Cline, 2009 (Figs
1-2). Sagittogethes was believed to represent the sister-
group of Thymogethes (Audisio et al. 2009b). The present
work constitutes the first comprehensive species phyloge-
netic analysis of this mostly Western Palaearctic lineage.

The genus Sagittogethes

The genus Sagittogethes (Coleoptera: Nitidulidae, Melige-
thinae) was erected by Audisio & Cline (Audisio et al.
2009b), and subsequently treated by Lason & Gahari
(2013), Audisio et al. (2014) and Sabatelli et al. (2020).
The genus formally includes a moderate number of de-
scribed species (little less than 30), all associated with La-
miaceae as larvae, and arranged in two well-defined spe-
cies-groups (the Sagittogethes umbrosus and S. obscurus
species-groups; Tables 3-4). Members are mostly distrib-
uted in the Western Palaearctic subregion, with a few taxa
reaching the extreme NE Palaearctic (Central China and
Japan) (Audisio et al. 2009b). The main biodiversity hot-
spots of this genus are the Southwestern Palaearctic, chief-
ly in central Mediterranean areas (in particular for mem-
bers of the obscurus species-group), and in E Mediterra-
nean and Anatolian areas (for members of the umbrosus
species-group) (Kirejtshuk 1978, 1979, 1992; Jelinek &
Spornraft 1979; Jelinek 1982; Audisio & Jelinek 1990;
Audisio 1993; Jelinek & Audisio 2007; Liu et al. unpub-
lished records). Larvae of all members of “Sagittogethes
(s.l; i.e., Sagittogethes + Teucriogethes gen. n.) (Tables
3-4) are associated with flowers of Lamiaceae, including
species in the genera Salvia L., Prunella L., Glechoma L.,
Lallemantia Fisch. & C.A. Mey., Nepeta L., and Draco-
cephalum L. (for members of the umbrosus species-group:
Table 3), whereas all members of the obscurus species-
group (Table 4) appear to be exclusively associated with
Teucrium L. (Audisio 1993; Audisio et al. 2009b).

Material and Methods

The whole material used for morphological and molecular
analyses is stored in the P. Audisio’s collection, currently
housed in the Zoological Museum, Sapienza Rome Uni-
versity, Rome, Italy (CAR-MZUR).

Morphological analyses
A matrix containing 28 morphological characters (61 to-
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tal character states) of adults (Tables 1, 2) was used for all
known 28 species of “Sagittogethes” (including two un-
described species from China; Tables 3 and 4). The four
genera Anthystrix Kirejtshuk, 1980 (Audisio et al. 2009a;
represented here by A. longiclava), Brassicogethes (Aud-
isio et al. 2003, 2011; De Biase et al. 2012; Mancini et
al. 2016; Liu et al. 2019; represented here by B. aeneus,
B. coracinus, and B. matronalis), Stachygethes Audisio &
Cline, 2009 (Audisio et al. 2009b; represented here by S.
ruficornis), and Thymogethes (Audisio et al. 2009c, 2017;
Sabatelli et al. 2020; represented here by 7. egenus, T. ex-
ilis, and T. gagathinus) were selected as outgroups based
on their variable affinities with members of “Sagitfogeth-
es” (Audisio et al. 2009b; Sabatelli et al. 2020). See the list
below for complete nomenclatorial information on the ana-
lyzed species. Two additional bionomical characters (with
four character states) were also analyzed combining avail-
able (published and unpublished) data on “Sagittogethes”
larval ecology and host-plant relationships (Tables 1-4).
Drawings of relevant diagnostic characters (Table 5) are
provided in Figs 1-31. Refer to Audisio & Jelinek (1990)
and to Audisio (1993) for additional figures of the included
taxa and characters.

The morphological matrix was assembled with MES-
QUITE version 3.51 (Maddison & Maddison 2018) and
subsequently analyzed in TNT version 1.5 (Goloboff &
Catalano 2016). Multistate characters were treated as un-
ordered and zero-length branches were collapsed. Analy-
ses were run as implicit enumeration under both equal and
implied weights (concavity factor of 1 and higher). Bremer
support values were calculated in TNT from 10,000 trees
up to 10 steps longer than the shortest as obtained from a
‘traditional search’, using the ‘trees from RAM” setting.

List of taxa compared on morphological base
(Outgroups in bold):

Anthystrix longiclava Kirejtshuk & Easton, 1988
Brassicogethes aeneus (Fabricius, 1775)
Brassicogethes coracinus (Sturm, 1845)
Brassicogethes matronalis (Audisio & Spornraft, 1990)
Stachygethes ruficornis (Marsham, 1802)
Thymogethes egenus (Erichson, 1845)
Thymogethes exilis (Sturm, 1845)

Thymogethes gagathinus (Erichson, 1845)
Sagittogethes astacus (Easton, 1957)

Sagittogethes ater (C.N.F. Brisout de Barneville, 1863)
Sagittogethes biondii (Audisio, 1988)

Sagittogethes devillei (Grouvelle, 1912)
Sagittogethes holzschuhi (Jelinek & Spornraft, 1979)
Sagittogethes incanus (Sturm, 1845)

Sagittogethes initialis (Kirejtshuk, 1979)
Sagittogethes interjectus (Jelinek & Spornraft, 1979)
Sagittogethes jordanis (Jelinek & Spornraft, 1979)
Sagittogethes kvaki (Kirejtshuk, 1977)

Sagittogethes maurus (Sturm, 1845)

Sagittogethes mus (Reitter, 1884)



Sagittogethes ovatus (Sturm, 1845)

Sagittogethes perceptus (Jelinek & Spornraft, 1979)
Sagittogethes pharetra (Easton, 1957)

Sagittogethes privus (Kirejtshuk, 1977)
Sagittogethes sp. n. (China)

Sagittogethes subater (Kirejtshuk, 1980)
Sagittogethes tauricus (Jelinek & Spornraft, 1979
Sagittogethes umbrosus (Sturm, 1845)

Sagittogethes vomer (Kirejtshuk, 1978)
“Sagittogethes” distinctus (Sturm, 1845)
“Sagittogethes” hladili (Jelinek, 1982)
“Sagittogethes” sp. n. (China)

“Sagittogethes” hoffinanni (Reitter, 1871)
“Sagittogethes” lindbergi (Rebmann, 1940)
“Sagittogethes” minutus (C.N.F. Brisout de Barneville, 1863)
“Sagittogethes™ nuragicus (Audisio & Jelinek, 1990)
“Sagittogethes” obscurus (Erichson, 1845)

Molecular analyses

DNA extraction, amplification and sequencing

In total, 14 adult specimens of Sagittogethes, Teucrioge-
thes, Brassicogethes, Stachygethes and Anthystrix spe-
cies, were field collected and directly killed and preserved
in absolute ethanol. Twelve sequences of Thymogethes,
previously provided by Sabatelli et al. (2020) were also
used in the analysis. Table 6 lists the geographic details
for each represented species. Species identifications were
made using morphological characters detailed in Audis-
i0 (1993) and Audisio et al. (2009b). DNA was extract-
ed from whole specimens following the salting out pro-
cedure described by Aljanabi & Martinez (1997). Par-
tial sequences of the mitochondrial genes encoding for
the cytochrome oxidase subunit 1 (COI) and 16S rRNA
(16S) were amplified, using the primer pairs LC01490
5’-TCAACAAATCATAAAGATATTGG-3’; HCO02198
5’-TAAACTTCAGGGTGACCAAAAAATCA-3" (Fol-
mer etal. 1994) and 16SA 5’-CGCCTGTTTATCAAAAA
CAT- 3’; 16SB 5’- CTCCGGTTTGAACTCAGATCA-
3’ (Simon et al. 1994). Amplifications were performed
with the following general cycle conditions: initial de-
naturation at 96°C for three minutes, followed by 35 cy-
cles of denaturation at 94°C for one minute, annealing at
54°-57°C for 40 seconds, 1-min. extension at 72°C and a
last 7-min. Elongation step at 72°C. Reactions were per-
formed in a 25pl volume containing (NH,),SO, 16 mM,
Tris-HC1 67 mM (pH 8.8 at 25°C), MgCl, 3 mM, 1 mM
of each dNTP, 0.8 pmol of each primer and 1.25 units
of Taq DNA polymerase. We used an MJ MINI Personal
Thermal Cycler (BIO-RAD Laboratories, US) to perform
PCR amplifications. The generated PCR products were
purified with the Charge Switch PCR Clean-Up Kit (Inv-
itrogen) and sent to an external sequencing service (Mac-
rogen Inc.: www.macrogen.com). Sequences were edited
and aligned with Geneious V. 9.1.6 (Kearse et al. 2012).
A total of 28 new sequences are ready to be deposited in
GenBank.
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Molecular phylogeny and divergence time estimation
Bayesian inference (BI) and Maximum likelihood anal-
ysis (ML) were both performed on the concatenated
mtDNA dataset using, respectively, MRBAYES v3.2.1
(Huelsenbeck & Ronquist 2001) and IQ-TREE (Nguyen
et al. 2015) as implemented in W-IQ-TREE (Trifinopou-
los et al. 2016). The BI analysis was performed by run-
ning 5,000,000 generations, with Markov chains sampled
every 1,000 generations. A 10% burn-in was applied and
the remaining trees were used to compute a 50 % major-
ity rule consensus tree and posterior probabilities. Gen-
eralized Time-Reversible model with a proportion of in-
variable sites and heterogeneous substitution rates follow-
ing a gamma distribution (GTR + I + G: Rodriguez et al.
1990) was selected as the best substitution model under
the AIC criterion as implemented in JModelTest (Posada
2008). A ML phylogenetic reconstruction was performed
running 1,000 ultrafast bootstrap replications (Minh et al.
2013) followed by 1,000 replications of assessment of
branch supports with single branch tests with SH-like ap-
proximate likelihood ratio test. The best fitting model to
analyze each partition was selected as for BI. COI genet-
ic divergence between the lineages was estimated using
MEGA 6 (Tamura et al. 2013) as reported in Table 7 (due
to technical problems occurred during COI gene sequenc-
ing in “Sagittogethes” minutus, this species was excluded
from the distance matrix).

To estimate cladogenetic events, an uncorrelated log-
normal Bayesian molecular relaxed clock model and a
Yule process prior were used on the mtDNA data set using
the software BEAST v.1.8.0 (Drummond et al. 2012). Be-
cause of the lack of fossil records to calibrate the trees, we
used as a prior, an average value of the COI substitution
rate in a range between 1.5% and 3.54% divergence per
MY, which represent values estimated for mitochondrial
DNA in insects (Brower 1994; Farrell 2001; Papadopou-
lou et al. 2010; Pons et al. 2010) and previously used for a
closely related group (Mancini et al. 2016; Sabatelli et al.
2020). Therefore, we applied an average rate of 0.0126 for
molecular clock analysis. The analysis was independently
performed three times, with 100 million generations and
sampling of trees every 10,000 steps. The log files from
the three runs were imported into TRACER v1.6 (Ram-
baut et al. 2014), to check the posterior distribution, ensur-
ing the effective sample size (ESS) of each parameter in
the combined trace file higher than 200. A maximum clade
credibility tree was generated using TreeAnnotator v.1.8.2
(BEAST package), and visualized in FigTree v1.4.0

Combined morphological and molecular phylogenetic
analyses

The combined molecular and morphological data set (con-
catenating both morphological and molecular matrices)
was analysed under Bayesian inference (BI) using MR-
BAYES v3.2.1 (Huelsenbeck & Ronquist 2001). The
mixed matrix contained three partitions, one for each gene



Liu et al.

Table 1 — List of characters and character states used for morphological cladistic analysis. Reference drawings in Audisio (1993) and
in Figs 1-31 herein.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Anterior edge of clypeus (observed dorsally)

(0) transversely truncate, (1) slightly to markedly emarginate

Anterior edge of clypeus (observed frontally, if emarginated)

(0) without small bulge at middle, (1) with small bulge at middle

Angle formed by temples and contiguous anterior portion of cervical region of head

(0) less obtuse (< 140°), (1) markedly more obtuse (> 140°)

Circum-ocular furrows (occipital sulci on dorsal aspect of head) separating frons from dorsal portion of eyes

(0) present, (1) absent

Inner edges of antennal furrows (ventral side of head)

(0) distinctly posteriorly convergent, (1) almost parallel-sided

Shape of terminal maxillary palpomere (ventral view)

(0) > 2.8% as long as wide, (1) <2.5x as long as wide

Number of setae surrounding each side of the distal edge of antennomere 9

(0) ca. 12-16, (1) ca. 6-9

Pronotal posterior angle shape

(0) almost right-angled, (1) obtuse to nearly bluntly rounded

Pronotal microchetae on posterior edge of pronotum

(0) styloid, not campanulate, (1) hydroid, campanulate

Notosternal sutures

(0) indistinct, not raised, (1) distinct, markedly raised at least anteriorly

Elytral circumscutellar area

(0) with no aciculate and undulate transversal strigosity, (1) with at least traces of aciculate and undulate transversal strigosity
Extension of inner borders of prosternal process

(0) borders terminate nearly at two thirds or three fourths of the prosternal process, (1) borders terminate at the posterior edge of the
prosternal process

Shape of prosternal process in both sexes (if completely bordered at sides)

(0) Markedly wider distad than at middle, (1) Scarcely wider distad than at middle

Male metaventrite

(0) without raised bulges or tubercles, (1) with raised bulges or tubercles

Extension of ventrally visible distal portion of metepimera

(0) metepimera terminates posteriorly largely before first ventrite axillary lines, (1) metepimera terminates posteriorly close to or
slightly beyond first ventrite axillary lines

Outer edge of protibiae

(0) simply crenulate, (1) with variable and usually asymmetrical teeth at least at distal third, (2) with 2 or 3 larger and acute usually
symmetrical and nearly perpendicular teeth at distal third, separated by a series of smaller almost perpendicular teeth

Elytral shape distad

(0) more or less arcuately truncate, (1) oval

First abdominal ventrite

(0) without a more or less deep impression delimiting the outer angular portion of the “axillary line”, (1) with a more or less deep
impression close to the outer angular portion of the “axillary line”

First abdominal ventrite (if acdeagus apex more or less strongly widened before apex, and arrow-shaped)

(0) “axillary line” not deviating backwards, (1) “axillary line” slightly deviating backwards, (2) “axillary line” strongly deviating
backwards

Male last abdominal ventrite

(0) without raised bulges, tubercles, or carina (1) with large, medial predistal tubercle, or with subdistal transverse carina, (2) with
large and obtuse bulge at middle

Male apex of median lobe of aedeagus

(0) not widened before apex, (1) more or less strongly widened before apex, and usually arrow-shaped, (2) bottle-neck shaped before
wider and arcuately truncate apex, (3) bottle-neck shaped before much wider and transversely truncate apex

Male apex of median lobe of aedeagus

(0) without any minute median excision, (1) with minute median excision

Male apex of tegmen (if apex of aedeagus bottle-neck shaped before wider and arcuately truncate apex)

(0) exhibiting maximum width distad, (1) exhibiting maximum width near middle
continued
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24.

25.

26.

27.

28.

29.

30.

Genus-level taxonomy of Meligethinae

Male tegmen (if apex of aedeagus more or less strongly widened before apex, and arrow-shaped)
(0) deeply and widely incised, (1) transversely widely truncate, only with minute median excision
Male tegmen (if apex of aedeagus more or less strongly widened before apex, and arrow-shaped)
(0) paramera more or less parallel-sided distad, or tegmen only minutely incised, (1) paramera widely and deeply incised, and distin-
ctly divaricated distad

Male tegmen (pubescence on distal portions of paramera if notosternal sutures distinctly raised)
(0) distinct and more or less long, (1) indistinct and short

Female shape of ovipositor apex

(0) long styli present, (1) needle-shaped distad and styli absent

Female ovipositor (if needle-shaped distad and lacking styli)

(0) ca 2.0-2.1x as long as wide, (1) ca 3.5% as long as wide

Larval host-plant

(0) not Lamiaceae, (1) Lamiaceae

Larval host-plants (if Lamiaceae)

(0) Lamiaceae Nepeteae, (1) Lamiaceae Ajugoideae

Table 2 — Matrix of species and character states for morphological cladistic analysis. Character number and states correspond to the list
in Table 1. Genera/colors combinations as in Table 7 and in Figs 32-35.

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

o-01o0111110110100O0-0310---00-0 -

o-000O0OOOOOOOODTODS-0O0U00O0O0-000----0-0 -

o-000O0OOOOOOOOODOD-00D0O0O0-000----0-0 -

o-0000O0O0O0O0O0OO0O0O0-000O000O-000 ----0-0 -
Stachygethes ruficornis o -0111111101101T1®0O0-000---—-—0-1120
Thymogethes egenus 1 1111111111111 12401 -2201 - -1 0 1 0
Thymogethes exilis 11111111111 11012061-101~=---120-120
Thymogethes gagathinus 1 111111111111 11201 -1201----1120 1 0
Teucriogethes distinctus o-0111r111r1r011012%01-021H0--01U20T1:1
Teucriogethes hladili o -0111111r1o011o01?2%01--02201---20120T11
Teucriogethes hoffimanni o -o0111111101101201-02290S0--0101:1
Teucriogethes lindbergi 0 -01111111011507172%01-202201--201T11:1
Teucriogethes minutus $1 001111111011 o01201-000---020201"1
Teucriogethes nuragicus o-01111111011H0125901-02250H0--01011
Teucriogethes obscurus o -0111111r1o011012%001--021FH0---20120T1:1
Teucriogethes sp. n. (China) 0 -01111111011012¢01-222 22221011
Sagittogethes astacus o-0111111r1ro0111110071T1T1SQ0-2010T00-120
Sagittogethes ater o-o01111111011111®0®0T1T1T1F0-200T00-120
Sagittogethes biondii o-011111110111110%0721T1FU0-2010UD0U0-1120
Sagittogethes devillei o-o0111111101111T11SH0T1T1T1Q0-20U0U0SV0-10
Sagittogethes holzschuhi 0 -0111111101111100111%0-201U0T0--1F20
Sagittogethes incanus o-01111111o011111°®0®0?21T1FW0-200T0D0-120
Sagittogethes initialis 0 -011111110111110011T1%0-020U0°0--1120
Sagittogethes interjectus o-0111111r1o0111110®0°1T1T1TW0S-110W0U0S-12°0
Sagittogethes jordanis o-0111711111ro01111100T1T1T1SQ0-200T0DO0-120
Sagittogethes kvaki o-o0111r11t1r1to0111110071T1T1SQ0-200T00-120
Sagittogethes maurus 0 -011111110111110021T1S%0--200S0S0--1120
Sagittogethes mus o-o01111111011111%0®0T1T1T1FU0-2020T00-120
Sagittogethes ovatus o-011111r1r1ro01111110111°%0-2020200-120
Sagittogethes perceptus o -o01111111011111®0O01T1T1Q0-20U0U0TV0-120
Sagittogethes pharetra 0 -0111111101111100171T1SU0-200T00SO0--1120
Sagittogethes privus o-o011111110111110®0°1T1T1SQ0-2020020-1120
Sagittogethes subater o-0111111r1o011111%0®01T1T1TW0-2010UD0W0-1120
Sagittogethes tauricus o -01111111011111w0®0T1T1T1TQO0-120U0SD0-1920
Sagittogethes umbrosus 0o -01111111011T11T1®0O021T1H0--20W0U0TV0-120
Sagittogethes vomer o-011111t1r1o0111110011T1SQ0-201TU0T0-120
Sagittogethes sp. n. (China) o-0111111r1ro01111100T1TU0T1TQ0-2020207?7? 10
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Table 3 — Genus Sagittogethes Audisio & Cline, 2009, updated list of included species.

Species

Sagittogethes astacus (Easton, 1957)

Sagittogethes ater (C.N.F. Brisout de
Barneville, 1863)

Sagittogethes biondii (Audisio, 1988)

Sagittogethes devillei (Grouvelle, 1912)

Sagittogethes holzschuhi (Jelinek &
Spornraft, 1979)

Sagittogethes incanus (Sturm, 1845)

Sagittogethes initialis (Kirejtshuk, 1979)

Sagittogethes interjectus (Jelinek &
Spornraft, 1979)

Sagittogethes jordanis (Jelinek &
Spornraft, 1979)

Sagittogethes kvaki (Kirejtshuk, 1977)

Sagittogethes maurus (Sturm, 1845)

Sagittogethes mus (Reitter, 1884)

Sagittogethes ovatus (Sturm, 1845)

Sagittogethes perceptus (Jelinek &
Spornraft, 1979)

Sagittogethes pharetra (Easton, 1957)

Sagittogethes privus (Kirejtshuk, 1977) *

Sagittogethes subater (Kirejtshuk, 1980)

Sagittogethes tauricus (Jelinek &
Spornraft, 1979)

Sagittogethes umbrosus (Sturm, 1845)

Sagittogethes vomer (Kirejtshuk, 1978)

Sagittogethes sp. n. cfr. mus **

Distribution (habitat)

Japan
(forest clearings)

SE France, NE Italy, SE Europe
(xeric meadows, sunny rocky areas)
NE Turkey
(mountain xeric areas, forest edges)
S Europe, N Turkey, Caucasus, NW
Middle Asia
(high altitude xeric meadows)

S Turkey (E Taurus Chain)
(xeric meadows, sunny rocky areas)
Europe, N Africa, Near East
(xeric meadows, sunny rocky areas)
E China
(forest edges, xeric meadows, sunny
rocky areas)

N Turkey (E Pontic Chain)
(high altitude xeric meadows, sunny rocky
and gravel areas)

Pontic areas, Near East
(xeric meadows, sunny rocky areas)
Middle Asia
(xeric meadows, sunny rocky areas)
Europe, Near East, Middle Asia, E Siberia
(meadows, forest edges, rocky areas)
Japan
(forest edges)

Europe, Caucasus
(shady forest edges, wet clearings)
W Iran (Zagros Chain)

(xeric meadows, sunny rocky areas)
Middle Asia, N Iran
(xeric meadows, sunny rocky areas)
Middle Asia, Near East
(xeric meadows, sunny rocky areas)
NE China,

(xeric meadows, sunny rocky areas)
E Pontic areas, Turkey, Caucasus, N Iran
(xeric meadows, sunny rocky areas)
Europe, N Africa, Near East, W Russia
(forest clearings, meadows)
Circum-Pontic areas
(xeric meadows, steppic habitats)
Central China (Hubei)

(sunny rocky areas)

Larval host plant(s)

unknown

Salvia officinalis L.

Salvia staminea Montbr. & Aucher
ex Benth.
Dracocephalum rujschiana L.

and D. austriacum L.

Salvia hypargeia Fisch. & Mey.

Nepeta spp.

Salvia przewalskii Maxim.

Lallemantia canescens (L.) Fisch. & Mey.

Salvia spp., especially S. multicaulis Vahl
and S. candidissima Vahl
Salvia sp. (unidentified)

Salvia spp., especially S. pratensis L. and S.
nemorosa L.

unknown

Glechoma hederacea L. and G. hirsuta
Waldst. & Kit.
probably Salvia sp. (unidentified)

Salvia sp. (unidentified)

Salvia spp., e.g., S. staminea M. & A. ex
Benth., and S. microstegia Boiss. & Ball.
unknown

Lallemantia iberica (Bieb.) (L.) Fisch. &
Mey., and L. canescens (L.) Fisch. & Mey.
Prunella vulgaris (L.) and P. grandiflora
(L.) Scholler
Salvia aethiopis L.

unknown

*  Actual uniformity of the Middle Asian and Anatolian populations of this taxon needs further analysis.
** The description of this new species, likely exhibiting a more close affinity to the Japanese Sagittogethes mus, had to be held over, due to the present-

day availability of only one damaged male.
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Table 4 — Genus Teucriogethes gen. n., list of included species (previously treated as members of the Sagittogethes obscurus species-

group).

Species

Teucriogethes distinctus (Sturm, 1845)
(comb. n.)

Teucriogethes hladili (Jelinek, 1982)
(comb. n.)

Teucriogethes hoffmanni (Reitter,
1871) (comb. n.)

Distribution (habitat)

Europe, Caucasus, Near East
(xeric meadows, sunny rocky areas)
Turkey, Caucasus, Near East
(xeric meadows, sunny rocky areas)

Southern Palaearctic Region (North

Larval host plant(s)

Teucrium chamaedrys L., T. siculum
Rafin., T. montanum L.
Teucrium chamaedrys L. ssp. sinuatum
(Celak) Rech.

Teucrium scordium L.

Africa to Japan)

(wet meadows, channel and river edges, wetlands)

Teucriogethes lindbergi (Rebmann,
1940) (comb. n.)

Teucriogethes minutus (C.N.F. Brisout
de Barneville, 1863) (comb. n.)

Teucriogethes nuragicus (Audisio &
Jelinek, 1990) (comb. n.)

Teucriogethes obscurus (Erichson,
1845) (comb. n.)

Teucriogethes sp. n. cfr. hladili *

W Mediterranean areas, W Balkans

Sardinia, Corsica

Teucrium flavum L.

(xeric meadows, sunny rocky areas)
SW Europe, North Africa, Crete Island

(xeric meadows, sunny rocky areas)

Teucrium polium L., maybe also
T. luteum (Mill.) Degen

Teucrium massiliense L., T. polium L.

(xeric meadows, sunny rocky areas)
W Europe, North Africa
(forest edges, xeric meadows, sunny rocky areas)
Central China (Hubei)

Teucrium scorodonia L.,
T. chamaedrys L.
Teucrium sp. (unidentified)

(sunny rocky areas)

*  The description of this interesting new species, probably more closely related to the Anatolian Teucriogethes hladili, had to be held over due to the

present-day availability of only one female.

and one for the morphological data. Generalized Time-Re-
versible model with a proportion of invariable sites and
heterogeneous substitution rates following a gamma dis-
tribution (GTR+I1+G) was selected for molecular data and
Gamma-shaped rate variation for the morphological data
is enforced with rates=gamma. As applied for molecular
phylogeny the BI combinated analysis was produced by
running 5,000,000 generations, with Markov chains sam-
pled every 1,000 generations. A burn-in of 10 % was ap-
plied and the remaining trees were used to compute a 50
% majority rule consensus tree and posterior probabilities.

Results

Morphological analyses
The cladistic analysis of the matrix (Table 2), constructed
using implied weights, yielded several equally most parsi-
monious trees with poor statistical support. The strict con-
sensus tree is in Fig. 32.

Despite the poorly supported results of the preliminary
morphological analyses (considerably strengthened by mo-
lecular data, see below Fig. 33; output of a combined anal-
ysis of morphological and molecular data sets in Fig. 34),
cladistic data clearly indicate the need to separate “Sagit-
togethes” into two distinct genera, with erection of a new
genus to include all previous members of the “Sagittogeth-
es” obscurus species-group. A series of characters (Table

125

5) clearly points towards the separation of these two clad-
es, i.e., characters 14, 16, 18, 20, and 21 of the list in Table
1. The new genus, described below as Teucriogethes gen.
n., appears related to 7hymogethes Audisio & Cline, 2009
(Audisio et al. 2009b; Sabatelli et al. 2020) (Fig. 32, 34)
rather than to the remaining Sagitfogethes. The new genus
comprises less than ten species, including an undescribed
new species from Central China (Hubei) (Liu et al. unpub-
lished data; Table 4). However, other undescribed species
could reasonably be expected from areas such as Cauca-
sus, Iran, Middle Asia and Western China, where several
endemic or subendemic species of Teucrium are known to
occur (Li & Hedge 1994; Jamzad 2013). The actual phylo-
genetic position of the problematic “Sagittogethes” minu-
tus, which, based on our preliminary morphological data,
resulted in apparently paraphyletic Thymogethes (Fig. 32),
is discussed below in a combined (morphological and mo-
lecular) analytical scenario (Fig. 34).

Molecular phylogeny and divergence time estimation

We obtained a COI fragment of 599 bp and a 16s fragment
of 498 bp in length. These were concatenated, leading to a
combined data set of 20 terminals and 1097 bp, which con-
stituted the input for the BI and ML analyses. The selected
evolutionary model was GTR + I + G for all genes. This
model was then implemented for phylogenetic analyses in
MrBayes and IQ-TREE. Phylogenetic trees resulting from
the BI and ML analyses showed a concordant topology
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Table S — Morphological and bionomical characters distinguishing Sagittogethes Audisio & Cline, 2009 and allied genera. Purported
synapomorphies shared by Teucriogethes gen. n. and Thymogethes are in bold; whereas, authapomorphic characters of Teucriogethes
gen. n. are underlined. Character numbers (¢N) are derived from the list in Table 1. Additional character 00 refers to a different dimen-
sional range of the species included in the three compared genera. Reference drawings may be found in Audisio (1993) and in Figs 1-31

herein.

cN

16

18

11

14

20

22

21

26

27

(00)

30

Sagittogethes

Outer edge of protibiae with variable
and usually asymmetrical teeth at least
in its distal third

First abdominal ventrite without

a more or less deep impression
delimiting the outer angular portion of
the “axillary line”

Elytral circumscutellar area with no
aciculate and undulate transversal
strigosity

Anterior edge of clypeus transversely

truncate

Metaventrite in males usually with
raised bulges or tubercles
Last abdominal ventrite in males

usually with raised bulges or tubercles

Apex of median lobe of aedeagus in
males without any minute median
excision

Apex of median lobe of aedeagus in
males more or less strongly widened

before apex, arrow-shaped

Pubescence on distal portion of

paramera distinct and more or less long

Angle formed by temples and
contiguous anterior portion of cervical
region markedly less obtuse (< 140°)
Ovipositor with more or less elongate
styli

Middle- to large-sized pollen beetles
(body length: 2.0-3.8 mm)

Larval host-plants Lamiaceae
Nepetoideae Nepetinae (Glechoma,

Lallemantia, etc.) or Salviinae (Salvia)

Thymogethes

Outer edge of protibiae with 2 or 3
large and acute usually symmetrical
teeth at least in distal third,

separated by a series of smaller teeth

First abdominal ventrite with a
more or less deep impression close
to the outer angular portion of the
“axillary line”

Elytral circumscutellar area with at
least distinct traces of aciculate and
undulate transversal strigosity
Anterior edge of clypeus usually
distinctly arcuately emarginate, with a
small bulge at middle

Metaventrite in males usually with
raised bulges or tubercles

Last abdominal ventrite in males

usually with raised bulges or tubercles

Apex of median lobe of aedeagus in
males usually with minute median
excision

Apex of median lobe of aedeagus in

males not widened before apex

Pubescence on distal portion of

paramera barely distinct and short

Angle formed by temples and
contiguous anterior portion of cervical
region markedly more obtuse (> 140°)

Ovipositor with more or less long styli

Small- to middle-sized pollen beetles
(body length: 1.6-2.9 mm)

Larval host-plants Lamiaceae
Nepetoideae Mentheae Menthinae
(Satureja, Thymus, Mentha, etc.) or

Nepetoideae Lavanduleae (Lavandula)

Teucriogethes gen. n.

Outer edge of protibiae with 2 larger
and more or less acute usually
symmetrical teeth at least in distal
third, separated by a series of
smaller teeth

First abdominal ventrite with

a more or less deep impression
delimiting the outer angular portion
of the “axillary line”

Elytral circumscutellar area with no
aciculate and undulate transversal
strigosity

Anterior edge of clypeus nearly always

transversely truncate

Metaventrite in males without raised
bulges or tubercles

Last abdominal ventrite in males
always without raised bulges or
tubercles

Apex of median lobe of aedeagus in
males usually with minute median
excision

Apex of median lobe of aedeagus

in males usually bottle-neck shaped
before wider and arcuately truncate
apex

Pubescence on distal portion of
paramera distinct and more or less
elongate

Angle formed by temples and
contiguous anterior portion of cervical
region markedly less obtuse (< 140°)

Ovipositors mostly needle-shaped

distad and lacking styli

Small- to middle-sized pollen beetles
(body length: 1.3-2.6 mm)

Larval host-plants Lamiaceae

Ajugoideae (Teucrium only)
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Species Sample ID
Sagittogethes initialis SINI 1
Sagittogethes maurus SMAI1 1
Sagittogethes pharetra SPHI1 1
Sagittogethes umbrosus SUMI 1
Teucriogethes distinctus SDI1_1
Teucriogethes hoffinanni SHO1 1
Teucriogethes minutus MS1 1
Teucriogethes obscurus OB1_1
Anthystrix longiclava AL1 1

Genus-level taxonomy of Meligethinae

Table 6 — Species examined for molecular analyses, sample 1D, and details of geographical data listed for each sample.

Localities

China-Sichuan-Ganhaizi (Pond Lake)
Italy- Emilia Romagna- Parma University
Iran- Mazandaran- Elborz- Valley above Gachsar
Italy- Lazio- Carpineto Romano
Italy- Umbria- Amelia
Turkey-Aksaray-Tuz Golii, near Yenikent
Italy- Calabria- Petrizzi
Spain-Leon-Isoba
Republic of South Africa-Eastern Cape-Gamtoos Mouth
Italy- Lazio- Pomezia- Borgo di Pratica di Mare
Italy- Lazio- Pomezia- Borgo di Pratica di Mare
Turkey-Ardahan-road between Gole and Susuz

Italy- Lazio- Nemi- via della Radiosa

Brassicogethes aeneus BAE13 3
Brassicogethes aeneus BAEI13 4
Brassicogethes coracinus CR8 1
Brassicogethes matronalis | BMAT3_2
Stachygethes ruficornis STRU1 1
Thymogethes egenus TEG7 1
Thymogethes egenus TEGS 1
Thymogethes exilis TEXI1 1
Thymogethes exilis TEX2 1
Thymogethes gagathinus TGA1 1
Thymogethes gagathinus TGA2 1

Italy- Lazio- Nemi- via Francigena
Georgia- Lagodeki- Kakheti
Italy- Lazio- Lago Ripa Sottile
Italy- Sardinia- Bruncu Spina
Italy- Molise- Roccamandolfi
Italy- Liguria- Quintiliano
Italy- Lazio- Lago di Ripa Sottile

(Figure 33); only BI posterior probability values and ML
bootstrap values exceeding 70% are shown as BI/ML. Our
phylogram indicate the presence of two highly supported
principal clades, corresponding to the true Sagittogethes
species + Stachygethes ruficornis (Bl = 0.97/ML=81) and
the species currently ascribed to Sagitfogethes but associ-
ated with members of the genus Teucrium L. (Lamiacae-
ae: Ajugoideae) as larval host-plants (Teucriogethes gen.
n.) + species belonging to genus Thymogethes (B1 = 0.97/
ML=70).

Divergence time estimates from BEAST are depicted
in Fig. 35. The GTR model was transferred to the HKY
(Hasegawa et al. 1985) model due to the low ESS values
for some parameters in the analyses when applying the
GTR model. With a calibration of 0.0126 substitutions/
site per My, the split between the principal clades [Sag-
ittogethes + Stachygethes ruficornis] and [Teucriogethes
gen. n. + Thymogethes] is estimated to be approximate-
ly 6 Mya and the origin of the two clades can be traced
back to ca. 5-6 Mya. However, molecular relationships
and time divergence of Sagittogethes with members of the
genus Stachygethes Audisio & Cline, 2009 (including sev-
eral species associated with Lamiaceae Nepetoideae, such
as Stachys L., Ballota L., Marrubium L., Salvia L., and
others: Audisio & Cline 2009), as indicated in our prelimi-
nary analysis herein and summarized in Figs 33-35, may
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be considered as an initial assessment in need of further
analyses based on a wider set of taxa, especially among
those known to share Lamiaceae as larval hosts (Audisio
et al. 2009b).

Combined morphological and molecular phylogenetic
analyses

Our combined data matrix included 37 taxa and 1127 char-
acters (COI=1-599; 16s= 600-1097; morphology = 1098-
1127). Of the 37 taxa, 21 taxa were scored only for mor-
phology, 15 taxa were scored for morphology and molecu-
lar data. Results of the combined data set are summarized
in Fig. 34. The BI topology retrieved the following well-
supported clades: 1) the true Sagitfogethes species + Stach-
vgethes ruficornis (BI = 0.96) and 2) the species associat-
ed with members of the genus Teucrium L. (Lamiacaeae:
Ajugoideae) as larval host-plants (Teucriogethes gen. n.)
+ species belonging to genus Thymogethes (BI = 1).

Teucriogethes Audisio, Sabatelli, Liu & Cline, gen. n.
(Figs 2, 6-9, 16-23,27-29)

Diagnosis. Small-sized pollen beetles (body length 1.3-
2.6 mm); protibiae with a couple of large perpendicular or
moderately inclined and more or less acute teeth on outer
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Table 7 — Matrix of COI K2Pmodel genetic divergence between the examined species, estimated using MEGA 6 (Tamura et al. 2013).
Due to technical problems occurred during COI gene sequencing in “Sagittogethes” minutus, this species was excluded from the matrix.

Genera/colors combinations as in Table 2 and in Figs 32-35.

[ CEE S S N T R R R RN
Anthystrix_longiclaval_1
Stachygethes_ruficornis1_1 0,167
Brassicogethes_matronalis3_2 | 0,179 0,197
Brassicogethes_coracinus8_1 | 0,188 0,197 0,034
Brassicogethes_aeneus13_3 0,162 0,179 0,118 0,120
Brassicogethes_aeneus13_4 0,152 0,177 0,116 0,118 0,012
Thymogethes_gagathinus1_1 | 0,145 0,163 0,190 0,184 0,162 0,164
Thymogethes_gagathinus2_1 | 0,147 0,161 0,192 0,186 0,164 0,166 0,002
Thymogethes_egenus7_1 0,145 0,148 0,184 0,177 0,162 0,164 0,024 0,022
Thymogethes_egenus8_1 0,158 0,159 0,195 0,188 0,174 0,177 0,029 0,027 0,012
Thymogethes_exilis1_1 0,127 0,144 0,175 0,173 0,166 0,154 0,106 0,104 0,092 0,100
Thymogethes_exilis2_1 0,127 0,144 0,175 0,173 0,166 0,154 0,106 0,104 0,092 0,100 0,000
Teucriogethes_hoffmanni1_1 | 0,790 0,170 0,166 0,179 0,179 0,175 0,189 0,187 0,174 0,181 0,166 0,166
Teucriogethes_distinctus1_1 | 0,790 0,178 0,169 0,171 0,150 0,152 0,165 0,167 0,161 0,167 0,147 0,147 0,190
Teucriogethes_obscurus1_1 0,166 0,152 0,164 0,164 0,164 0,160 0,142 0,144 0,140 0,146 0,139 0,139 0,170 0,122
Sagittogethes_pharetral_1 0,160 0,171 0,188 0,197 0,175 0,166 0,164 0,162 0,154 0,166 0,138 0,138 0,201 0,198 0,183
Sagittogethes_initialis1_1 0,150 0,153 0,147 0,158 0,168 0,160 0,148 0,148 0,142 0,152 0,128 0,128 0,154 0,166 0,145 0,130
Sagittogethes_maurus1_1 0,167 0,139 0,177 0,170 0,168 0,164 0,152 0,150 0,139 0,148 0,125 0,125 0,164 0,169 0,152 0,144 0,102
Sagittogethes_umbrosus1_1 | 0,729 0,124 0,166 0,172 0,166 0,162 0,129 0,127 0,127 0,131 0,112 0,112 0,157 0,166 0,139 0,131 0,102 0,111

edge, placed at distal third or distal two fifths (Figs 6-7, 9),
separated by a series of 2-4 smaller and shorter teeth. Body
usually rather parallel-sided and transversely convex, elon-
gate, always uniformly dark brown to blackish, including
peripheral dorsal margins of pronotum (Fig. 2). Legs usu-
ally uniformly dark brown to blackish, rarely brownish.
Antennae dark brown, in some species with second and
third antennomeres slightly paler, brownish. Pubescence
on pronotum and elytra sparse, golden-yellow to silver,
distinct but rather short, each individual seta distinctly
shorter (ca. 0.70x) than 2" antennomere. First abdominal
ventrite with a more or less deep impression delimiting the
outer angular portion of the “axillary line” (similar to Fig.

31). Metaventrite in both sexes without raised bulges or tu-
bercles. Last abdominal ventrite in males always without
raised bulges or tubercles. Elytra always without aciculate
and undulate transverse strigosity, even on circumscutellar
area. Protarsi in males usually strongly widened (Fig. 8).
Apex of median lobe of aedeagus in males usually bottle-
neck shaped before the wider and arcuately truncate apex
(Figs 17, 19, 21), obtusely rounded only in 7. minutus:
Fig. 23). Ovipositor almost always needle-shaped distad
and lacking styli (Figs 27-28); the only exception being 7.
minutus: Fig. 29). Anterior edge of clypeus nearly always
transversely truncate (the only exception is 7. minutus,
which exhibits a slightly emarginate edge). Larval host-

Figs 1-2 — Habitus of two representative species of Sagittogethes and of Teucriogethes gen. n. from Poland. 1, male of Sagittogethes
umbrosus (Sturm, 1845); 2, female of Teucriogethes distinctus (Sturm, 1845), comb. n. Scale bar: 500 pm. Photos by Lech Borowiec.
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Figs 3-9 — Male front tibiae (in Fig. 8 male front tarsus) of some representative species of Sagittogethes and of Teucriogethes gen. n.
from Italy (all species except 7. minutus) and Spain (7. minutus). 3, Sagittogethes maurus (Sturm, 1845); 4, S. ater (C.N.F. Brisout de
Barneville, 1863); 5, S. devillei (Grouvelle, 1912); 6, Teucriogethes distinctus (Sturm, 1845), comb. n.; 7, T. lindbergi (Rebmann, 1940),
comb. n.; 8, idem, male front tarsus; 9, 7. minutus (C.N.F. Brisout de Barneville, 1863), comb. n. Scale bar: 0.2 mm. All drawings from
Audisio (1993), modified.

. .,1 0

Figs 10-23 — Male genitalia of some representative species of Sagittogethes and of Teucriogethes gen. n. from Italy (all species except
T. minutus) and Morocco (7. minutus). 10-11, Sagittogethes maurus (Sturm, 1845); 12-13, S. ater (C.N.F. Brisout de Barneville, 1863);
14-15, S. devillei (Grouvelle, 1912); 16-17, Teucriogethes hoffmanni (Reitter, 1871), comb. n.; 18-19, T. distinctus (Sturm, 1845), comb.
n.; 20-21, 7. lindbergi (Rebmann, 1940), comb. n.; 22-23, 7. minutus (C.N.F. Brisout de Barneville, 1863), comb. n. Scale bar: 0.2 mm.
All drawings from Audisio (1993), modified.
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26
Figs 24-29 — Female genitalia of some representative species of Sagittogethes and of Teucriogethes gen. n. from Italy (all species except
T. minutus) and Morocco (7. minutus). 24, Sagittogethes maurus (Sturm, 1845); 25, S. ater (C.N.F. Brisout de Barneville, 1863); 26, S.

devillei (Grouvelle, 1912); 27, Teucriogethes distinctus (Sturm, 1845), comb. n.; 28, 7. lindbergi (Rebmann, 1940), comb. n.; 29, T.
minutus (C.N.F. Brisout de Barneville, 1863), comb. n. Scale bar: 0.2 mm. All drawings from Audisio (1993), modified.

—31

Figs 30-31 — SEM photos of the “axillary” portion (black square in Fig. 31) of the first abdominal ventrite of some representative species
of Meligethinae. 30, Afiogethes planiusculus (Heer, 1841); an example of “simple”, not deeply impressed and plesiomorphic axillary ar-
ea-type (as in Sagittogethes); 31, Thymogethes exilis (Sturm, 1845); an example of deeply impressed and apomorphic axillary area-type
(as in Teucriogethes gen. n.). Scale bar: 0.1 mm. Photos by S. Strika.

130



plants of all known species are represented by members of
Lamiaceae/Ajugoideae (within the genus Teucrium only).

Type species:
Meligethes obscurus Erichson, 1845
Meligethes obscurus Erichson, 1845: 203.

Distribution. The eight thus far known species (7 de-
scribed, 1 undescribed) range westward from North Af-
rica and the Iberian Peninsula, eastward to Central China
(Hubei) and Japan (Easton 1957a, b; Jelinek 1982; Audis-
io & Jelinek 1990; Kirejtshuk 1992; Audisio 1993; Jelinek
& Audisio 2007; Audisio et al. 2009b; Liu et al. unpub-
lished data).

Host-plants. All known species share Lamiaceae/Ajugoi-
deae, genus Teucrium L., as larval host-plants (Audisio

1993; Audisio et al. 2009b; Liu et al. unpublished data).

Etymology. The specific epithet of this new genus is de-

-

Genus-level taxonomy of Meligethinae

rived from the Latin name Teucrium (the only known lar-
val host plant genus) and —gethes, referring to the com-
monly used and shared ending of numerous genera of
Meligethinae (Audisio et al. 2009b).

Taxonomic remarks. This new genus is similar in exter-
nal shape to related genera Sagittogethes and Thymogeth-
es (see Table 5). Some shared synapomorphies and mo-
lecular evidence (see below) point towards more close
phylogenetic relationships between Teucriogethes gen. n.
and Thymogethes, than to the true remaining Sagittogeth-
es (Figs 32-35). The rare, relictual and deviating Western
Mediterracan species 7. minutus (C.N.F. Brisout de Bar-
neville, 1863) seems to occupy an isolated and basal po-
sition within the genus (Figs 33-34), sharing some mor-
phological characters (e.g., shape of median lobe of acdea-
gus and apex of ovipositor) with members of Thymogethes
(Tables 2, 5; Fig. 32). On the other hand, this species clear-
ly results embedded in the Teucriogethes clade, based on
molecular evidence (Fig. 33).

—— Stachygethes_ruficornis
Sagittogethes _sp_n_China
Sagittogethes_vomer
Sagittogethes_tauricus
Sagittogethes_subater
Sagittogethes_privus
Sagittogethes_pharetra
Sagittogethes _perceptus
Sagittogethes_mus
Sagittogethes_kvaki
Sagittogethes_jordanis
Sagittogethes_interjectus
Sagittogethes_initialis
Sagittogethes_holzschuhi
Sagittogethes_ater
Sagittogethes_astacus
Sagittogethes_ovatus
Sagittogethes _devillei

—— Sagittogethes_umbrosus
1 — Sagittogethes _maurus
—— Sagittogethes_incanus
Sagittogethes_biondii
Teucriogethes_sp_n_China
Teucriogethes_obscurus

1 Teucriogethes_nuragicus
Teucriogethes_lindbergi
Teucriogethes_hoffmanni
Teucriogethes_ hladili
Teucriogethes_distinctus

Teucriogethes_minutus

Fig. 32 — The strict consensus tree constructed on morphological characters via TNT. Numbers in bold above branches indicate Bremer
support values (See Tables 1 and 2 for character list and matrix).
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Stachygethes_ruficornis1_1
Sagittogethes_umbrosus1_1
Sagittogethes_pharetra1_1
Sagittogethes_initialis1_1
Sagittogethes_maurus1_1

Teucriogethes_hoffmanni1_1

0,96/82 { Teucriogethes_minutus1_1
0,93/92 Teucriogethes_distinctus1_1
— Teucriogethes_obscurus1_1

1 0,97/81

1/90

0,77/90

1/83

0,97/70

Fig. 33 — Phylogenetic interrelationships based on Bayesian inference (BI) performed using MrBayes and maximum-likelihood (ML)
analyses performed using IQ-TREE. The final data matrix includes 20 terminals and 1097 aligned characters. The selected evolutionary
model is GTR + 1+ G. See Table 6, for details on the examined specimens. Only BI posterior probability (black) values and ML boot-
strap (red) values exceeding 70% are shown a as BI/ML.
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Fig. 34 — Bayesian inference (BI) consensus tree of the molecular and morphological characters combined analysis, performed using Mr-
Bayes. Support values at nodes refer to BI posterior probabilities.
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Fig. 35 — Time-calibrated phylogeny obtained with BEAST based on combined mitochondrial sequences (COI, 16S). Numbers at nodes,
correspond to estimated age (Ma); bars represent highest posterior densities (95%) around mean date estimates. Nodes with black dots

were supported with high posterior support (>95).

Conclusions

The combined evidence of both morphological and molec-
ular analyses carried out on all members (based on mor-
phology: Tables 1, 2, 5) or on some representative spe-
cies (based on two molecular markers: Table 6) of the pre-
viously established genus Sagittogethes Audisio & Cline,
2009, suggest that this genus needs to be separated into
two distinct (although related) genera, Sagittogethes and
Teucriogethes gen. n. (Figs 32-35). The latter genus, pos-
sessing the Western European Teucriogethes obscurus
(Erichson, 1845) as the type species, includes less than
ten species distributed between the Iberian Peninsula and
North Africa westwards, and China and Japan eastwards
(Table 4). All inclusive species appear to use members of
the genus Teucrium L. (Lamiacaeae: Ajugoideac) as larval
host-plants (Table 4). Based on both morphological and
molecular evidence, the new genus appears to represent
the sister-group of Thymogethes Audisio & Cline, 2009
(Figs 32-34). The sister-group relationships of the true re-
maining Sagittogethes with other Lamiaceae-associated
genera of Meligethinae remain uncertain, and require fur-
ther analyses. Within the new genus, the relict and rare
Western Mediterraean species 7. minutus (C.N.F. Brisout
de Barneville, 1863) occupies an isolated position within
the clade (Figs 32-35).

More detailed morphological analyses, including ad-
ditional imaginal and larval stage characters in conjunc-
tion with more diverse molecular data (mitochondrial and
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nuclear markers), is needed from material of all thus far
known Teucriogethes species and related genera, to more
finely resolve phyletic relationships of this small Meligeth-
ine clade.
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