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Abstract

We describe Zembrus perseus gen. et sp. nov., a new weevil from Yunnan, China. A single flightless male was sifted from under Rho-
dodendron bush in the alpine zone of the Cangshan Mountain Range. The specimen’s appearance suggests affinities to the molytine sub-
tribe Cotasteromimina, which currently comprises six named species in four genera distributed between Japan, the Andaman Islands,
Borneo and the Philippines. To test the species’ phylogenetic affinities, we analysed 73 morphological characters of adult specimens of
23 molytine and one rooting species. Besides Z. perseus, the ingroup includes four named species, each representing a named genus of
Cotasteromimina, and two other, likely closely related unnamed species. Phylogenetic analysis using the parsimony criterion and four
character-weighting and/or ordering strategies consistently failed to detect a clade of Cotasteromimina, either with or without Z. perseus.
The most parsimonious trees are inconsistent, the bootstrap consensus trees are almost entirely unresolved, and previously published
DNA data are phylogenetically indecisive. We conclude that either adult morphological characters constitute an inadequate data source
to test monophyly of Cotasteromimina or that the subtribe is not monophyletic or both. We illustrate the relevant adult structures of Z.
perseus and most of the in- and out-group taxa used in the analysis.
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Introduction have affinities with the subtribe Cotasteromimina, current-

ly classified in the tribe Pissodini. The Cotasteromimina
This contribution was triggered by a discovery made on is an obscure taxon of six nominal species classified in
17 May 2010 in Yunnan, China. A single specimen of an four genera and known from southern Japan, South Korea,
unusual-looking weevil (Figs 1A-O) was sifted from un- Taiwan, the Andaman Islands, the Philippines and penin-

der a Rhododendron bush (Fig. 2A) in the alpine zone of sular Malaysia but not from the Chinese mainland (Fig.
the Cang Shan mountain range (Fig. 2B). Remarkably, no 2B). The Yunnan weevil shares all three original diag-

other similar weevils were detected in 145 sifting sam- nostic characters of Cotasteromimini (Morimoto 1962b),
ples taken in Shaanxi, Sichuan, Taiwan, Yunnan and Vi- namely: (1.) abdominal process between hind coxae much
etnam (Table S1 in Grebennikov 2018a). The specimen broader than coxal width; (2.) rostrum robust, relatively
was given the number 861, photographed, three DNA short, <1.1 times longer than pronotum and (3.) eyes in
fragments were sequenced from it, and the specimen was lateral view closely approximated to anterior edge of pro-
placed among other mysterious weevils from Southeast notum, so that width of exposed temples less than eye di-
China, some of which were later described as new genera ameter. The question, therefore, arose whether the Yunnan
(Grebennikov 2014, 2018b, c). The specimen was includ- specimen is indeed a member of Cotasteromimina.
ed in two DNA-based analyses of Molytinae (a non-mono- An assignment to Cotasteromimina was, however, pre-
phyletic subfamily, see Shin et al. 2017) without providing carious as monophyly and sister-group of this subtribe are
any clue about its sister-group (Grebennikov 2018b, c). uncertain. These weevils, moreover, are rarely sampled
Habitus photographs of this specimen 861 were distrib- and thus poorly known. Except for one widely distributed
uted among colleagues to solicit their opinions about its species (see below), all Cotasteromimina are known on-
possible relationships. A hint was obtained from Miguel ly from the type series (Fig. 2A). The first species, Co-
A. Alonso-Zarazaga, who suggested that the weevil might tasteromimus morimotoi, was described by Chujo & Voss
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(1960) from the vicinity of Fukuoka, Kyushu, Japan. Mo-
rimoto (1962a) described the second species and the sec-
ond genus, Pseudohylobius setosus, also from the vicin-
ity of Fukuoka. The illustration of the latter, the first ev-
er published for Cotasteromimina, depicts a notably par-
allel-sided weevil with rectangular shoulders, robust ros-
trum, deeply retracted head, seven-segmented funicle (the
second segment retracted into the first) and an external-
ly concealed scutellum. Morimoto (1962b) subsequently
grouped the monotypic genera Cotasteromimus and Pseu-
dohylobius into a new tribe Cotasteromimini and placed
this in the subfamily Pissodinae (together with the tribe
Pissodini represented in Japan only by Pissodes Germar,
1817). Morimoto & Miyakawa (1985) later described a
second species of the type genus, Cotasteromimus squa-
miger, from a large series collected on the northern Pa-
cific islands between (and including) Kyushu and Taiwan.
Downgrading Pissodinae to a tribe of Molytinae, Alonso-
Zarazaga & Lyal (1999) treated Cotasteromimina as a sub-
tribe of Pissodini, along with the subtribes Orthorhinina
and Pissodina. Hong et al. (2000) reported and illustrated
C. squamiger from South Korea (Jeju island), and Koji-
ma & Kaga (2011) reported the same species from Toku-
noshima Island. Kojima & Idris (2005) described and il-
lustrated a new monotypic genus, Cotasteromorphus, for
C. chujoi, a new species from the Cameroon Highlands
in Malaysia, and noted its effaced elytral shoulders, lack
of hind wings, spinose femora, indistinct premucrones and
simple third tarsomeres. Germann (2013) described the
fourth genus and fifth species of Cotasteromimina, Sefi-
cotasteromimus jarawa, based on a single female from the
Andaman Islands characterised by elongate and erect bris-
tles. Kojima & Morimoto (2014) displayed online photo-
graphs of Japanese Cotasteromimina, including C. mori-
motoi from Shikoku and Honshu, C. squamiger from Hon-
shu and Kyushu and P. setosus from Honshu. In an over-
view of the subfamily Molytinae, Lyal (2014) hesitantly
retained Cotasteromimina in Pissodini, but elevating the
subtribe Orthorhinina to tribal level and transferred into it
a few genera formerly placed in Pissodina (see Anderson
et al. 2018 on 13 phylogenetically unresolved Orthorhinini
genera distributed in the western parts of the Pacific Ocean
between Tasmania and the Philippines). Sprick & Floren
(2018: 15, Fig. 10C, D) illustrated an unnamed putative
member of Cotasteromimina collected using insecticidal
knock-down (fogging) from humid rainforest canopy in
Borneo. Legalov (2018), in a key to the tribes of Molyti-
nae elevated Cotasteromimina to a tribal rank and subse-
quently described Cotasteromimus philippinensis from the
Philippines (Legalov 2020). Summing up, judging from
limited information available at the onset of this project,
the mysterious high-altitude Yunnan weevil number 861
was likely a member of the perhaps even more mysterious
subtribe Cotasteromimina.

The main goal of our present study is to use predom-
inantly morphological data for testing in the sense pro-
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posed by Popper (1959) the following verifiable predic-

tions:

1. the subtribe Cotasteromimina (excluding the Yunnan
specimen 861) is a clade;

2. the Yunnan specimen 861 is a member of a monophy-
letic Cotasteromimina;

3. the tribe Pissodini (including one or more representa-
tives of Cotasteromimina) is a clade.

Material and Methods

Museum abbreviations (name of a contact person is in

brackets):

CGC C. Germann collection, Rubigen, Switzerland

IZCAS Institute of Zoology, Chinese Academy of
Science, Beijing, P.R. China (Kuiyan Zhang)

KUZC Kyushu University Museum, Fukuoka, Japan
(Munetoshi Maruyama)

NHMB Naturhistorisches Museum Basel, Switzerland
(Christoph Germann)

NHMUK The Natural History Museum, London, UK
(Max Barclay)

Specimen sampling and morphological terms

The Yunnan weevil 861 was collected by sifting leaf and
twig litter from under a Rhododendron bush (Fig. 2A)
through a hand-held sifter, followed by subsequent extrac-
tion in suspended Winkler funnels (Grebennikov 2018a:
Fig. 1). Morphological terms follow Lyal (2020).

Analysis design
Specimens were obtained from various sources (Appendix
1). Lacking DNA-grade or larval specimens of nominal
Cotasteromimina, we restricted the phylogenetic analysis
implemented herein to morphological characters (Appen-
dix 2) assessable from dead adults. Besides the Yunnan
specimen 861, the ingroup (abbreviated InG before termi-
nal name) included four (of a total of six) named Cotas-
teromimina species, each of them being the type species of
all four genera ever included in the subtribe. The ingroup
also included two unnamed and morphologically similar
species. One was reported by Sprick & Floren (2018) and
is herein considered as congeneric with S. jarawa, while
another is similar to Pseudohylobius setosus and herein
referred as “near Pseudohylobius” (its formal description
will be provided elsewhere). The close outgroup (abbre-
viated cOtG before terminal name) included two genera
of the taxonomically nearest subtribe Pissodina and four
genera of the tribe Orthorhinini, which had been treated
as a subtribe of Pissodini until Lyal (2014) and Pullen et
al. (2014). The distant outgroup (abbreviated dOtG before
terminal name) contained ten terminals representing ten
genera of seven other Molytinae tribes.

The choice of an optimal terminal to root the tree was
not obvious, because the subfamily Molytinae, the next
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Fig. 1 — Zembrus perseus gen. & sp. nov., male, holotype. A—C, dorsal, ventral and lateral habitus; D, head, dorso-lateral; E-G, penis,
dorsal, lateral and ventral view; H-I, copulatory sclerite, ventral and dorsal view; J, sternite IX; K-L, tergite VIII ventral (with two hem-

isternites VIII) and dorsal view; M, tergite VII, dorsal view; N—O, mouthparts, frontal and ventral view.
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more inclusive taxon to accommodate Pissodini and Co-
tasteromimina, is non-monophyletic. As presently thought
(Shin et al. 2017), the nearest well-supported most inclu-
sive clade to accommodate all Molytinae genera is that
consisting of Conoderinae, Cossoninae, Curculioninae,
broadly defined Molytinae (e.g. including former Crypto-
rhynchinae) and Scolytinae (CCCMS clade). The latter is
the sister group of the CEGH clade (Cyclominae, Entimi-
nae, Gonipterini and Hyperinae; Gunter et al. 2016; Shin
et al. 2017). In another broad analysis of weevil relation-
ships (McKenna et al. 2009), non-monophyletic Molyti-
nae were placed inside a more inclusive and well-support-
ed clade (together with representatives of similarly non-
monophyletic Curculioninae, Cossoninae and Baridinae);
this well-supported clade being sister to Scolytinae. Scoly-
tinae are not an optimal root choice for free-living Cotas-
teromimina weevils, because they have strongly modified
and largely functionally selected wood-boring structures.
We therefore chose a representative of Gymnetron Schoe-
nherr, 1825 for rooting purpose, because McKenna et al.
(2009) placed Gymnetron and Haplonyx Schoenherr, 1836
as sister-group to the rest of the CCCMS clade.
Whenever possible, we attempted to represent each an-
alysed terminal by a male and a female of the type species
of the genus. Dry specimens were first photographed to il-
lustrate their habitus (Figs. 3, 4) and external morphologi-
cal characters. Specimens were then softened in warm wa-
ter and disarticulated to study and photograph the male and
female genitalia (Figs 5, 6). Three terminals representing
the genera Devernodes Grebennikov, 2018, Sclerocardi-
us Schoenherr, 1847 and Titilayo Cristovao & Lyal, 2018
were scored from publications (Grebennikov 2018c; Ly-
al 2018; Cristovao & Lyal 2018, respectively). Character
scoring was done in several steps following the methodo-

logical recommendations of Franz (2014). Firstly, we ex-
tracted from the literature all characters reported as diag-
nostic for the members of the ingroup (and those of the
closer outgroup). This was followed by addition of newly
recognised characters and repeated re-wording of nearly
all characters and their states so as to make them logically
independent from each other, and as discrete and unambig-
uous as possible. In order to document the characters and
their states, we attempted to illustrate as many of them as
possible (Figs S1-S22 in Supplementary Data), with num-

bered arrows pointing at relevant structures (Figs 1, 5, 6).
The matrix (Table 1) was compiled in Winclada (Nix-

on 2002) and consisted of 24 terminals and 73 characters

(Appendix 2). Characters 4 and 34 were considered as in-

sufficiently understood and, therefore, deactivated prior to

the analysis (together with the three parsimoniously un-
informative characters 52, 56, 63). Phylogenetic analysis
was performed by spawning the matrix from Winclada to

Hennig86 (Farris 1988). Preliminary analyses resulted in

poorly resolved trees, suggesting that the phylogenetic sig-

nal of the matrix is weak. As an attempt to amplify this sig-
nal, four different analyses were implemented:

1. The first and most conservative analysis (Al) treated
all characters as equally weighted and all multistate
characters as non-additive (=unordered); it was imple-
mented by using two Hennig86 commands: mh* and
bb*.

2. The second analysis (A2) treated all characters as
equally weighted (as in Al), but 23 multistate char-
acters were treated as additive (see Table 1); the same
two Hennig86 commands were used.

3. The third analysis (A3) treated the same 23 multistate
characters as non-additive (similarly to Al), but re-
weighted all characters using successive approxima-

Distribution of Zembrus perssus (in red) and Cotasteromimina
weevils (in yellow); red squares denote type localities:

1: Zembrus perseus gen n. & sp.n.
2: Cotasteromimus morimoloi

3: Cotasteromorphus chujoi

4: Cotasteromimus squamiger

5: Cotasteromimus philippinensis
6: Pseudohylobius selosus

7: Saticotasteromimus jarawa

8: Selicolasteromimus sp.

9: genus aff. Pseudohylobius

Fig. 2 — A, Habitat of Zembrus perseus gen. & sp. nov. in Yunnan, China, sampled at 3806 m from under Rhododendron bush; B, global
distribution of weevils forming the ingroup of the phylogenetic analysis implemented herein (Zembrus gen. nov. and the subtribe Co-
tasteromimina).
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Fig. 3 — Habitus of analysed Molytinae weevils, dorsal view. A, Dorytomorpha tonsa, B, Cotasteromimus morimotoi, C, Seticotastero-
mimus sp., D, Cotasteromorphus chujoi, E, Himalanchonus sp., F, Eurhamphus fasciculatus, G, Zembrus perseus gen. & sp. nov., H,
Vanapa oberthuri, 1, Hylobius abietis, J, Pseudohylobius setosus, K, Ilacuris laticollis, L, near Pseudohylobius, M, Aparopion chevro-
lati, N, Pissodes pini, O, Pinacopus intermedius, P, Lepyrus capucinus, Q, Seleuca sp., R, Orthorhinus sp., S, Liparus germanus. Mag-
nification sign indicates enlarged images; in such cases specimen real size is indicated by a smaller image nearby. © Christoph Germann.
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Fig. 4 — Habitus of analysed Molytinae weevils, lateral view. A, Dorytomorpha tonsa, B, Cotasteromimus morimotoi, C, Seticotastero-
mimus sp., D, Cotasteromorphus chujoi, E, Himalanchonus sp., F, Eurhamphus fasciculatus, G, Zembrus perseus gen. & sp. nov., H,
Vanapa oberthuri, 1, Hylobius abietis, J, Pseudohylobius setosus, K, llacuris laticollis, L, near Pseudohylobius, M, Aparopion chevro-
lati, N, Pissodes pini, O, Pinacopus intermedius, P, Lepyrus capucinus, Q, Seleuca sp., R, Orthorhinus sp., S, Liparus germanus. Mag-
nification sign indicates enlarged images; for their real size see plate with dorsal habitus. © Christoph Germann.
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tion algorithm; it was implemented by cyclical use of
three Hennig86 commands mh*, bb* and xs w until the
tree statistics stabilized.

The fourth analysis (A4), the most liberal one, treated
the same 23 multistate characters as additive (similar-
ly to A2) and re-weighted all characters using the suc-
cessive approximation algorithm; it was implemented
by the cyclical use of three Hennig86 commands mh*,
bb* and xs w until the tree statistics stabilized.

Examination of the obtained trees was done in Wincla-
da. Bootstrap analyses (Felsenstein 1985) with 1000 repli-
cations were performed in Nona (Goloboff 1999).

Results
Phylogenetic analyses

Results of four phylogenetic analyses are summarized in
Table 2 and partly illustrated in Fig. 7. The shortest topolo-
gies were most inconsistent not only among those obtained
in different analyses, but also within analyses Al and A2,
when more than one most parsimonious tree has been de-
tected. Bootstrapping four different datasets resulted in al-
most completely unresolved topologies having the total of
either one (A1, A3, both unordered analyses) or three (A2,
A4, both ordered analyses) clades, of them only one (two
species of Seticotasteromimus) strongly supported (Table
2). Optimization of evolutionary events on branches re-
sults in preponderance of non-unique evolutionary events
(either parallelisms, or reversals, Fig. 7).

Zembrus gen. nov.
Type species: Zembrus perseus sp. nov., designated here.

Diagnosis. Considering the complete lack of phylogenet-
ic knowledge on this weevil (see Discussion), it is neces-
sary to provide diagnostic characters sufficient to distin-
guish the new taxon from all of Curculionidae. The new
genus displays all three characters originally indicated by
Morimoto (1961b: 62) as diagnostic for Cotasteromimina
(see Introduction). In this tribe, the new genus can be dis-
tinguished:

from Cotasteromimus by the robust rostrum widened
apicad, by the parallel-sided elongate elytra and by the
flat elytral disc;

from Cotasteromorphus by the same characters as dis-
tinguish Cotasteromimus and by the absence of femo-
ral spines (commonly termed “femoral tooth™);

from Pseudohylobius by curved and adjacent yellow-
ish bristles on body (hence by absence of any erect
bristles or scales) and by the second segment of funi-
cles not retracted into the first one;

from Seticotasteromimus by the horizontal frons, by
the robust rostrum, by the absence of erect bristles or
scales on body and by the narrowly separated procoxae.
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Description. Body dark auburn, surface glabrous. Ros-
trum robust, weakly curved in lateral view, evenly wid-
ened anteriad in dorsal view, in cross-section quadrate.
Scrobes oblique. Funicles 7-segmented; club 3-segment-
ed, oval, well-defined. Head with eyes located laterally.
Pronotum with almost parallel sides, shape weakly coni-
cal, constricted before anterior margin. Dorsally and later-
ally surface coarsely punctate. Prothorax ventrally without
rostral channel. Postocular lobes absent. Scutellum pen-
tagonal. Mesoventrite with limited, margined depression
with dense cover of punctures and setae. Procoxae sep-
arated by 1/3 of their diameter, mesocoxae separated by
their diameter, metacoxae separated by twice coxal diam-
eter. Metaventrite as long as mesoventrite, metacoxal cav-
ities not directly reaching margins of elytra. Ventrites 1
and 2 fused, with suture between them fully visible; ven-
trites 3, 4 and 5 free. Elytra with prominent shoulders, with
10 deeply and regularly punctate striae, interstriae vaulted.
Inner side of apical part of elytra with flattened microsc-
lupture and without stridulation ridges. Hind wings absent.
Legs strong, femora unarmed, tibiaec uncinate, at inner
edges with premucro. Tarsi with third tarsomere bilobed,
fifth tarsomere large, claws free and simple. Body and legs
covered with conspicuous strong, curved, yellowish bris-
tles of different sizes, pointed at tip. Penis oval in cross-
section, ostium present, penis body well sclerotized, copu-
latory sclerite visible, tegmen ring-shaped with apodeme
and without parameroid lobes.

Derivation of name. The generic name is a meaningless
combination of letters; its gender is masculine.

Zembrus perseus sp. nov. (Figs 1A-O; S1-S4)

Type material. Holotype: male, P. R. China: Yunnan,
E slope Cangshan at Dali, N25°40°24.1” E100°05°57.6”,
17.v.2010, 3806m, sifting 15, V. Grebennikov // CNC-
COLVG 00000861 // HOLOTYPE Zembrus perseus sp.
nov. Germann & Grebennikov, 2020 [printed label on red
paper] (currently in NHMB, will be deposited in IZCAS).

Description. Body length 4.2 mm (rostrum excluded).
Head globose, densely punctate. Eyes oval; their lower
margin lower in lateral view than ventral surface of ros-
trum. Contour of head and rostrum not interrupted in dor-
sal or lateral views. Rostrum 3.5 times longer than its
width at middle. Antennae inserted in apical rostral third;
insertion grooves lateral and not visible from above, in
line with scrobes. Rostrum strongly punctured and stri-
ate dorsally; almost entirely covered with strong yellowish
curved bristles, only absent around apex (there with sev-
eral straight raised setae) and along scrobes. Scapes half
as long as length of rostrum, clubbed; funicles with first
segment thickest and longest, second segment shorter and
narrower, following five segments globular; clubs twice
as wide as apical funicular segment, oval, densely clothed



Germann & Grebennikov

nejoineyo uoidosedy <

{jidoo pue s1jpazo ebew]

‘snueuLisb sniedsq ==

i

SnuPNARI SNIAAST =

7|

Fig. 5 — Male genitalia of analysed Molytinae weevils, not to scale. © Christoph Germann.
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with whitish scales. Funicles with long straight setae on
each segment. Pronotum 1.1 times longer than wide, par-
allel-sided in basal half, evenly and weakly narrowed api-
cad; dorsal and lateral surface roughly and densely punc-
tate; punctures of polygonal shape, separated by narrow
ridges; indistinct middle pronotal line without punctures.
Elytra at base jointly broader than pronotum; anterior mar-
gin weakly emarginate; humeral calli pronounced; paral-
lel-sided on basal two thirds; in lateral view flattened on
disc and fused along suture. Elytral striae consisting of

regular oblong to rectangular punctures, interstriae broad-
er than striae, vaulted and with irregular sharp tubercles;
with smaller, bright yellowish curved bristles originating
at front margin of punctures. Elytral interstriae with broad-
er and longer yellowish curved bristles originating from
hind margin of tubercles. Mesoventrite, metaventrite, epi-
pleura and abdominal ventrites dark brown, deeply and
coarsely punctate, covered with narrow, pointed bristles
directed posteriad; fifth (last) ventrite broadly rounded.
Legs robust, surface coarsely punctate with curved nar-

Table 1 — Data matrix of adult morphological characters used in four phylogenetic analyses (A1-A4) to determine affinities of Zembrus
perseus gen. et sp. nov. Abbreviations before taxa include InG: Ingroup; cOtG: close outgroup, dOtG: distant outgroup. The first two
lines read vertically provide the character number. The bottom line three lines indicate additive, deactivated and uninformative charac-

ters, respectively.

ROOT Gymnetron veronicae

InGl Zembrus perseus

InG2 Cotasteromimus morimotoi
InG3 Cotasteromorphus chujoi
InG4 Pseudohylobius setosus
InG5 near Pseudohylobius

InG6 Seticotasteromimus jarawa
InG7 Seticotasteromimus sp

cOtGl Pissodini Dorytomorpha tonsa

cOtG2 Pissodini Pissodes pini

cOtG3 Orthorhinini Eurhamphus fasciculatus
cOtG4 Orthorhinini Ilacuris laticollis
cOtG5 Orthorhinini Orthorhinus sp

cOtG6 Orthorhinini Vanapa oberthuri

dotGl Anchonini Himalanchonus sp

dotG2 Anchonini Titilayo garnerae

dotG3 Hylobiini Hylobius abietis

dotG4 Ithyporini Sclerocardius bohemani
dotG5 Lepyrini Lepyrus capucinus

dotGé Lithinini Seleuca sp

dotG7 Lymantini Devernodes chthonia
dotG8 Molytini Liparus germanus

dotG9 Molytini Pinacopus intermedius
dotGl0 Typodeini Aparopion chevrolati

23 additive characters: A
2 deactivated characters: D
3 uninformative characters: U

0000000001 1111111112 2222222223 3333333334 4444444445 5555555556 6666666667 777
1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 123
0000020011 2110010305 0001100001 1301011021 1000-10013 0100110110 1100020011 110
0120300111 2011010307 0010100000 1301112122 1010-11000 0110100111 1101222222 22?2
0120211121 2010020007 1011110101 120101200~ 0000-20110 0100100111 1000201110 110
0000301011 2010011107 1011111100 120101210- 0201010110 1101000111 1101211110 120
0110300111 2010020107 1110000001 1322012122 1111101003 1110000000 1001220110 110
0113000110 2010011306 0110100110 1322111022 1101000013 1111100111 1000722222 2??
0231000110 2110020107 1021100001 1320122122 1201001003 0100100027 ??22211100 110
0221000110 2110020107 1011100001 1320122122 1201011003 0100100077 2722201111 120

0110200021 2001010107 1001100111 1301112121 1210-10003 1111101027 2?2?2210100 120
1110200021 2111000207 0001100101 1100012021 1100-11003 0111100111 0001210100 100
4210000032 0102100207 0011100101 1301012121 1011111113 0112100110 1001120000 110
3102000032 2101010107 0001100001 0-02012121 1010--1013 1112100110 1000221112 0-0
2210310011 1111021107 0001101101 0-01022021 1010--1013 1112100110 1101110010 120
4230000032 1001101117 0021101001 1202011022 1010-11013 1112100110 1100120001 120

0120201121 2011020206 0011001111 0-0101200- 0100--0100 0110101010 1001120110 110
0102311131 2011010207 0001100001 101101200~ 0011101110 0101100101 1100220000 111
3100300011 2011000217 0001101101 1300001020 1000--0003 1101000110 0001101111 120
2000210130 2110010307 0001001111 1110011020 1001010113 1111100101 1001020100 110
2013300001 2001110317 0000100000 1301011020 0000-10110 0101100110 1101021112 110
01133-1121 2010020207 0011101100 1201011020 0001110110 1100000011 1000201111 110
0213011122 21-1110206 0011100000 110101210~ 0200-10110 0110000110 0000220002 0-0
3000000011 2011000217 0001100001 0-00002120 0000--0110 1111100110 1100121111 110
1110010131 2011012307 0011001101 110111210~ 0001010110 1111000010 1100221100 110
0103300121 2001100307 0001100000 120101210~ 0110-11110 0101100011 1111200101 111

AA-A-AAAAA

Table 2 — Parameters, statistics and results of four phylogenetic analyses to determine affinities of Zembrus perseus gen. et sp. nov.
"Weighted" indicates whether characters were successively re-weighted; "ordered" indicated whether 23 additive characters were or-
dered. CI: Consistency Index; RI: retention Index; MPT: number of the most parsimonious (=shortest) shortest trees. Last three columns
indicate bootstrap support >50% for all three clades recovered in otherwise unresolved bootstrap analyses: S+S: InG6 Seticotasteromi-
mus jarawa + InG7 Seticotasteromimus sp.; P+(S+S): InG4 Pseudohylobius setosus + (InG6 Seticotasteromimus jarawa + InG7 Setico-
tasteromimus sp.); E+V: cOtG3 Eurhamphus fasciculatus + cOtG6 Vanapa oberthuri.

Analysis  Weighted Ordered Treelenght CI RI MPT

Al no no 345
A2 no yes 372
A3 yes no 350

A4 yes yes 379

S+S  P+(S+S) E+V

44 1 99 50 no
46 9 99 59 55
43 1 98 no no
44 1 (Fig.7) 99 60 59
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dOtG10 Typodeini Aparopion chevrolati
dOtG1 Anchonini Himalanchonus sp

InG2 Cotasteromimus morimotoi
373656870

InG1 Zembrus perseus
2535555960 )
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Fig. 7 — Single most parsimonious tree resulting from analysis A4. Unambiguously optimized evolutionary events plotted along inter-
nodes. Character numbers are above circles, newly acquired character states are below circles. Black circles indicate unique evolutionary

events; white circles indicate parallelisms or reversals.

row yellowish bristles; femora clubbed in middle; tibiae
with straight hairs along inner edge; apex on inner and
outer edge with short fringe of orange stiff spines; tar-
somere 5 longer than 2/3 of combined length of remain-
ing tarsomeres. Male genitalia: penis with dorsal and ven-
tral sides evenly sclerotized; apodemes (temones) longer
than penis body; penis evenly bent in vertical dimension;
apex of penis regularly and broadly pointed; tegmen ring
with short apodeme (Figs 1E-G); single copulatory scler-
ite thickened at base, its apex with three separate tips (Figs
1H-I); sternite IX with long curved apodeme and two basal
arms (Fig. 1J). DNA sequences: COI: HQ987100, ITS2:
MG648823, 28S: MG648736.

Derivation of name: The species name is that of Perseus,
son of Zeus and Danae, one of the greatest Greek mytho-
logical heroes; it is a noun in apposition.

Remark: Due to damage suffered during posting, the an-
tennae of the holotype are lost, but they were documented
(Fig. 1D, Figs S1-S4 in the Supplementary Data).
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Discussion

The interpretation of our results presented herein leads to
the following conclusions: Predictions 1, 2 and 3 (mono-
phyly of Cotasteromimina and Pissodini, with or with-
out Z. perseus) cannot be adequately tested, because the
branching of the resulting trees of four bootstrap analyses
are almost entirely unresolved (Table 2).

Considering the sizable analytical effort undertaken
and its notably inconclusive results, our main overall con-
clusion is that Cotasteromimina are either:
rampantly non-monophyletic;
or our dataset restricted to adult morphological charac-
ters is acutely inadequate for the purpose;
or both of the above.

When starting this project, we did not expect to ob-
tain taxonomically congruent and well supported phyloge-
ny estimates. If Cotasteromimina could not be consistently
recovered as a clade, at least we expected to resolve some
stable clades formed by its non-congeneric members. We
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also thought it likely that Z. perseus might consistently
cluster with at least one genus of Cotasteromimina. Re-
covering the grossly incompatible shortest trees among
(and even in, Table 2) the four analyses implemented was
sobering and unexpected. Perhaps even more sobering was
to see the nearly completely unresolved bootstrap branch-
ings (Table 2). It appears that we grossly overestimated
our capacity to extract even vestiges of phylogenetically
relevant information from these beetles, despite trying all
we could. Rarely are so inconclusive phylogenetic results
published, this scarcity likely due to authors being reluc-
tant to admit what they consider an analytical impotence.
Equally inconclusive were earlier attempts to the find sis-
ter group of Z. perseus using one (Grebennikov 2014) or
three DNA fragments (Grebennikov 2018b,c), both mito-
chondrial and nuclear. All in all, the phylogenetic position
of our Yunnan specimen 861 remains as mysterious as it
was at the onset of this study. However, with the descrip-
tion and thorough illustration Zembrus perseus has finally
reached the level of alphataxonomical recognition.

Facing the practical necessity to allocate our new ge-
nus to the next more inclusive taxon, we herein arbitrarily
assign it to the subtribe Cotasteromimina. This decision,
even if not supported by the analyses, is partly based on
the utilitarian preference of maintaining the existing clas-
sification. An alternative taxonomic assignment is that of
yet another genus of Molytinae incertae sedis (Greben-
nikov 2018c, 2020), which seems less practical. Our taxo-
nomic decision is also motivated by a possibility that Co-
tasteromimina might be a clade after all. Their monophyly
is suggested by the species’ external similarity (small par-
allel-sized weevils sharing at least three diagnostic charac-
ters, see introduction) and by their geographically coher-
ent distribution in South-East Asia (Fig. 2B). Time is ex-
pected to test this assumption.
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APPENDIX 1 — Specimen data for weevils used for photography and scoring of morphological characters. Lack of data (such as dates)
indicates that these data are not provided on the specimen label.

ROOT: Gymnetron veronicae (Germar, 1821), & & Q: Switzerland, Bern, Heimenschwand, Wachseldornmoos, 17.v.2014, C. Germann
(CGC). Ingroup: InG1: Zembrus perseus gen. et sp. nov., &: China, Yunnan, E slope Cangshan at Dali, 3806 m, 17.v.2010, V. Greben-
nikov (NHMB, later IZCAS). InG2: Cotasteromimus morimotoi Chijo et Voss, 1960, J: Japan, Yamanashi, Narusawa, Fuji-rindo,
1300-1600 m, 14-16.vi.2016, N. Tsuji (CGC); @: Japan, Mie, Mt. Nyuudou, Suzuka, 13.ix.2009, N. Tsuji (CGC). InG3: Cotasteromor-
phus chujoi Kojima, 2005, § & Q paratypes: Malaysia, Pehang, Cameron Highlands, Gunung Brinchang, 27.iii.2002, H. & M. Kojima
(KUZC). InG4: Pseudohylobius setosus Morimoto, 1962, & & Q: Japan, Oita-ken, Yufu-shi, Mt. Kuro-dak, 900 m, 29.x.2016, N. Tsuji
(CGC). InGS5: near Pseudohylobius sp., 3: Malaysia, Sabah, Mt. Kinabalu, A. Floren (NHMB). InG6: Seticotasteromimus jarawa Ger-
mann, 2013, 9 holotype: India, South Andaman Island, Sippighat, 11.xii.2006 (NHMB). InG7: Seticotasteromimus sp., Q: Malaysia,
Tawau, Tawau Hills, A. Floren (NHMB). Close outgroup: cOtG1: Dorytomorpha tonsa (Chevrolat, 1880), Q: Guadaloupe, Gourbeyre,
L. Dufour & A. Hustache (NHMUK). cOtG2: Pissodes pini (Linnaeus, 1758), ¢: Switzerland, Grisons, Ftan, 4.ix.2005, C. Germann
(CGC)I 3 Greece, Xanthi, E-Livatidis, 25.v.2016, C. Germann (CGC). cOtG3: Eurhamphus fasciculatus Shuckard, 1838, & Austral-
ia, Queensland, G.A K. Marshall (NHMUK); Q: Tasmania, D. Sharp (NHMUK). ¢OtG4: Illacuris laticollis Pascoe, 1865, &': Australia,
S. Queensland, Fletcher, i.1956, E. Sutton (NHMUK); 9: Australia, Queensland, Townsville, D. Sharp (NHMUK). cOtG5: Orthorhi-
nus sp., & & Q: Australia, Cairns, High Island, 25.vii.2004, D. Wegmann (CGC). ¢OtG6: Vanapa oberthuri Pouillaude, 1915, & Pap-
ua New Guinea, Bulolo Morobe, Hoop Pine, iii.1964, K. White (NHMUK); @: Papua New Guinea, Bulolo N. P., ix.1979, E. Gowing
Scopes (NHMUK); &': Papua New Guinea, Goroka East Highl. D., 10.ii.1964, 1. Szent (NHMUK). Distant outgroup: dOtG1: Hima-
lanchonus sp., & & Q: China, Yunnan, E slope Cangshan at Dali, 2728 m, 9.v.2010, V. Grebennikov (CGC). dOtG2: Titilayo garner-
ae (Cristovdo & Lyal, 2018), see Cristovdo & Lyal (2018). dOtG3: Hylobius abietis (Linnaeus, 1758), 3 Italy, Calabria, Aspromonte,
Montalto, 20.iii.2001, C. Germann (CGC); Q: Switzerland, Schwyz, Vorderthal, 13.vi.2007, C. Monnerat (CGC). dOtG4: Sclerocardi-
us bohemani Schoenherr, 1847, see Lyal (2018). dOtG5: Lepyrus capucinus (Schaller, 1783), & Italy, Piemonte, Biella, Santuario di
Oropa, 25.v.2010, W. Marggi (CGC); Q: Switzerland, Ticino, Blenio, Dongio, 22.v.2010, C. Germann (CGC). dOtG6: Seleuca sp., 3 &
Q: Taiwan, Taichung, Huisun forest, 1647 m, 3.ix.2013, V. Grebennikov (CGC). dOtG7: Devernodes chthonia Grebennikov, 2018, see
Grebennikov (2018b). dOtG8: Liparus germanus (Linnaeus, 1758), &: Switzerland, Vaud, St. Cergue, 10.v.2002, C. Germann (CGC);
Q: Switzerland, Aargau, Wiirenlingen, viii.1961, G. Bichli (CGC). dOtG9: Pinacopus intermedius Kojima & Morimoto, 2002, & & ¢
paratypes: Malaysia, Pahang, Gunung Jasar, 8.iv.1976, M. Hata (KUZC). dOtG10: Aparopion chevrolati (Jacquelin du Val, 1855), & &
Q: Ttaly, Liguria, Savona, San Filippo, 29.ix.2010, C. Germann (CGC).

APPENDIX 2 - List of characters.

1. Body, length between anterior margin of pronotum and elytral apex, dorsal view: <6 mm =0; 6 to <9 mm = 1; 9 to < 12 mm = 2;
12 to < 15 mm = 3; 15 mm and more = 4 [additive].

2. Body, ratio of body length to elytral width at midlength, dorsal view: <2.0 =0; 2.0 to <2.5 =1; 2.5 to < 3.0 = 2 [additive].

3. Body, ratio of body length to maximum height, lateral view: <2.5=0; 2.5t0<3.0=1; 3.0 to <3.5=2; 3.5 and more = 3 [additive].
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34.
35.

36.

41.
. Elytra, striae, ratio of their width to that of elytral intervals, dorsal view: < 0.9 =0 (Fig. 1A); 0.9 to 1.1 = 1; > 1.1 =2 [additive].
43.

44.
45.
46.
47.
48.
49.
50.

51

Body, scales (including those on head and legs), orientation: appressed, <45° = 0; erect, > 45° = 1; both, appressed and erect =2; no
scales = 3 [nonadditive] [deactivated].

Head, rostrum, shape in cross-section at midlength: circular = 0; vertical oval = 1; horizontal oval = 2; rectangular/quadrate = 3 (Fig.
1C) [nonadditive].

Head, rostrum, shape, fronto-dorsal view: widening anteriad = 0 (Fig. 1D); parallel-sided = 1; narrowing anteriad = 2 [nonadditive].
Head, rostrum, shape, lateral view: straight or weakly curved = 0 (Fig. 1C); strongly curved = 1.

Head, transverse dorsal depression separating rostrum and frons, lateral view: absent = 0 (Fig. 1C); present = 1.

Head, rostrum, length to width at middle ratio, fronto-dorsal view: <3.0=0; 3.0 to <4.0 =1 (Fig. 1D); 4.0 to < 5.0 =2; 5.0 and more
= 3 [additive].

. Head, rostrum, length compared to that of pronotum in dorsal view: <0.9=0; 0.9 to 1.1 = 1; > 1.1 =2 [additive].
. Head, rostrum, position of frons relative to position of upper margin of eyes, lateral view: below = 0; at level = 1; above = 2 (Fig.

1D) [additive].

. Head, rostrum, antennal attachment in relation to rostral length: in apical third = 0 (Fig. 1D); in median third = 1.
. Head, rostrum, scrobes, orientation relative to rostrum, lateral view: parallel, posterior ends do not approximate each other = 0;

oblique, posterior ends approximate each other = 1 (Fig. 1B).

. Head, eyes, position in relation to imaginary posterior extension of rostrum: below = 0; at level = 1 (Fig. 1C); above = 2 [additive].
. Head, eyes, contour in relation to that of head capsule, dorsal view: not or weakly protruding = 0 (Fig. 1A); markedly protruding =

1

. Head, retraction into pronotum, lateral view: not retreated, temples exposed by eye diameter or more = 0; weakly retracted, temples

exposed for less than eye diameter = 1 (Fig. 1C); moderately retracted, eyes not concealed, temples fully concealed = 2 [additive].

. Head, antenna, antennal scape, ratio of its length to that of funicle and club: < 0.9 =0 (Fig. 1D); 0.9to<1.1=1; 1.1 to<1.3=2 [ad-

ditive].

. Antenna, funicle with club, ratio of their length to that of 3 basal funicular segments: 1.0to 1.5=0; 1.5t02.0=1;2.0t0 2.5=2; >

2.5 =3 (Fig. 1D) [additive].

. Antenna, funicle, number of distal-most segments with vestiture similar to that of club: 0 =0 (Fig. 1D); 1 = 1.

. Head, antenna, funicle, number of segments: 5 =5; 6 = 6; 7 =7 (Fig. 1D) [additive].

. Antenna, first funicular segment, ratio of its maximum width to that of second segment: < 1.7 = 0 (Fig. 1D); 1.7 and more = 1.

. Head, antenna, funicle, ratio of second segment length to that of first, dorsal view: < 0.5 = 0 (Fig. 1D); 0.5 and more = 1.

. Prothorax, notum, ratio of maximum length to maximum width, dorsal view: <0.9=0; 0.9to 1.1 =1 (Fig. 1A); > 1.1 = 2 [additive].
. Prothorax, notum, its sides, dorsal view: parallel = 0 (Fig. 1A); rounded = 1.

. Prothorax, notum, constriction at fore margin, dorsal view: absent = 0 (Fig. 1A); present = 1.

. Prothorax, notum, constriction at hind margin, dorsal view: absent = 0 (Fig. 1A); present = 1.

. Prothorax, anterior edge, postocular lobes, lateral view: absent = 0 (Fig. 1C); present = 1.

. Prothorax, anterior edge, ventral view: straight = 0 (Fig. 1B); emarginate = 1.

. Prothorax, longitudinal channel on sternum anterior to procoxae, ventral view: absent = 0 (Fig. 1B); present = 1.

. Prothorax, dorsal and lateral surface, scales: absent = 0 (Fig. 1A); present = 1.

. Prothorax, dorsal and lateral surface, bristles: absent = 0; present = 1 (Fig. 1A).

. Pronotum and elytra, shape of bristles, ratio of their length to their width in middle: <3 =0;3to<4=1;4to <5=2; 5 and more =

3 (Fig. 1C) [nonadditive].

. Prothorax, dorsal and lateral surface, vestiture, orientation: appressed, nearly parallel to surface = 0 (Fig. 1A); semi-erect, at about

45° to surface = 1; erect, nearly 90° to surface = 2 [nonadditive].

Prothorax, dorsal and lateral surface, vestiture, shape: straight = 0; curved = 1; both, straight and curved = 2 [nonadditive] [deacti-
vated].

Prothorax, distance between inner edges of coxae in relation to coxal diameter, ventral view: < 0.3 (subcontiguous) = 0; 0.3 to 0.9
(moderately separated) = 1 (Fig. 1B).

Mesothorax, distance between inner edges of coxae in relation to coxal diameter, ventral view: < 0.3 (subcontiguous) =0; 0.3 to 0.9
(moderately separated) = 1 (Fig. 1B); > 0.9 (widely separated ) = 2 [additive].

. Metathorax, distance between inner edges of coxae in relation to coxal diameter, ventral view: 0.9 to 1.1 = 1; > 1.1 =2 (Fig. 1B).
. Metathorax, abdominal process between metacoxae, width relative to that of coxa: 1.5 and less =0; > 1.5 =1 (Fig. 1B).
. Scutellum, if visible externally, dorsal view: not visible = 0; barely visible, shape indistinct = 1; clearly visible, shape distinct = 2

(Fig. 1A) [nonadditive].

. Scutellum, its external part, shape, if distinct, dorsal view: triangular = 0; clearly rounded, not dot-like = 1; pentagonal = 2 (Fig. 1A)

[nonadditive].
Elytra, shoulders, dorsal view: absent = 0; present = 1 (Fig. 1A).

Elytra, elytral intervals, tubercles or bulges on at least some intervals, dorsal view (excepting elytral bulge at declivity): absent = 0;
present = 1 (Fig. 1A).

Elytra, raised bristles, dorsal or lateral view: absent = 0 (Fig. 1A); present = 1.

Elytra, raised bristles, arrangement: in rows = 0; in tufts = 1 [deactivated].

Elytra, raised and bowed bristles, shape of tip: rounded = 0; pointed = 1; bifid = 2 (Fig. 1A) [nonadditive].

Elytra, elevation of odd versus even intervals, oblique dorsal view: similar = 0; odd intervals more elevated = 1 (Fig. 1A).

Elytra, contour at middle, dorsal view: parallel-sided = 0 (Fig. 1A); rounded = 1.

Elytra, dorsal contour at middle third, lateral view: straight = 0 (Fig. 1C); curved = 1.

Hind wings, dissection required: absent = 0; present, vestigial, about half elytral length = 1; present, short, subequal to elytral length
= 2; present, long, about 2x elytral length = 3 [additive].

. Legs, all femora, posteriorly oriented spines: absent = 0 (Fig. 1B); present = 1.
. Legs, all tibiae, uncus: absent = 0; present = 1 [deactivated].
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. Legs, all tibiae, premucro: absent = 0; present = 1.

. Legs, all tarsi, tarsomere 2, shape in cross-section: round = 0 (Fig. 1B); vertical oval = 1; horizontal oval = 2 [nonadditive].

. Legs, all tarsi, tarsomere 3, shape, dorsal view: entire (not bilobed) = 0; bilobed = 1 (Fig. 1B).

. Legs, all claws, fusion in basal third: absent (claws free) = 0; present (claws fused) = 1 [deactivated].

. Legs, all claws, angle between them, dorsal view: <20° = 0 (Fig. 1B); 45° and more = 1.

. Abdomen, trace of fusion between visible ventrites 1 and 2 in its mid-third, ventral view: absent = 0; present = 1.

. Male genitalia, penis, cross-section at middle, shape: circular = 0 (Fig. 50); oval = 1 (Fig. 1F).

. Male genitalia, penis, dorsal surface, sclerotization compared to that of lateral surface: weaker, surface appears membranous = 0

(Fig. 50); similar, surface appears sclerotized = 1 (Fig. 1E).

. Male genitalia, penis, ventral surface, sclerotization compared to that of lateral surface: weaker, surface appears membranous = 0

(Fig. 5G); similar, surface appears sclerotized = 1 (Fig. 1G).

. Male genitalia, penis, shape of apex: rounded = 0 (Fig. 5B); pointed = 1 (Fig. 1G).

. Male genitalia, penis, apex, dorsal or ventral view: symmetrical = 0; asymmetrical = 1 [deactivated].

. Male genitalia, penis, one or more copulatory sclerites in endophallus: absent = 0 (Fig. 5H); present = 1 (Fig. 1E).

. Female genitalia, sternite VIII, ratio of length of apodeme to that of plate: < 0.9 = 0 (Fig. 6J); 0.9 to 1.1 =1 (Fig. 6F); > 1.1 =2 (Fig.

6N) [additive].

. Female genitalia, sternite VIII, plate, length to width ratio: < 0.9 =0 (Fig. 6B); 0.9 to 1.1 =1 (Fig. 6C); > 1.1 = 2 (Fig. 6F) [additive].
. Female genitalia, sternite VIII, plate, extend of its sclerotization (but not pigmentation): small, middle not sclerotized, sternite VIII

fork-like = 0 (Fig. 60); great, middle sclerotized, sternite VIII paddle-like = 1 (Fig. 6H).

. Female genitalia, sternite VIII, apodeme, abrupt widening in its part opposite to plate (“handle of a spade”): absent = 0 (Fig. 6L);

present = 1 (Fig. 6P).

. Female genitalia, spermatheca, nodulus and ramus: indistinct = 0 (Fig. 6N); distinct = 1 (Fig. 6D).
. Female genitalia, each of hemisternites IX (=each gonocoxite, excluding styli), ratio of length to width: <2.5 = 0 (Fig. 6G); 2.5 to

3.5=1 (Fig. 6Q); > 3.5 =2 (Fig. 6J) [additive].

Female genitalia, styli: absent = 0 (Fig. 61); present = 1 (Fig. 6L).

Female genitalia, styli, ratio of length to width in middle: < 1.5 =0 (Fig. 6N); 1.5 to 2.5 = 1 (Fig. 6K); > 2.5 = 2 (Fig. 6E) [additive].
Female genitalia, sclerotization on bursa copulatrix: absent = 0; present = 1.
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