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Abstract

External and internal structures of 1* instar larvae of Tenomerga mucida are described and illustrated in detail. The larvae display previous-
ly identified archostematan autapomorphies such as the posterodorsal and posteroventral cephalic emarginations, the median endocarina, a
distinctly reduced epicranial suture, the lateral cardinal sclerite, the loss of M. craniocardinalis, a sclerotized prominent ligula, a distinctly
reduced tentorium, the transverse muscle of the posterior head capsule, tergal and sternal ampullae, and the strongly muscularized loop
of the hind gut. Unusual plesiomorphies are the presence of a well-developed M. frontolabralis (M8) and a tentoriomandibular muscle.
The presence of two extrinsic premental muscles and a subdivided postlabium are also plesiomorphic features. A derived character state
described for the first time in an archostematan larva is the presence of glands in the anterior and posterior abdomen. The postcephalic
musculature is similar to the condition found in Micromalthus and Rhipsideigma. The neck musculature is strongly developed, and also
the dorsal and ventral longitudinal muscles, probably in correlation with wood-boring habits. The leg muscles are only moderately sized.
Well-developed muscles of the eversibles lobes of segment IX are an apomorphy of Cupedidae. The cephalic central nervous system of the
I* instars is affected by the small size: the brain and suboesophageal ganglion are shifted to the prothorax. The postcephalic part is plesio-
morphic, with three and eight distinctly separated ganglia in the thorax and abdomen, respectively. The phylogenetic results tentatively sug-
gest a placement of Archostemata as sistertaxon of the other three beetle suborders. The monophyly of Archostemata is strongly supported
but the interrelationships of the families are largely unresolved. Micromalthidae are placed as sistergroup of Crowsoniellidae in analyses
of larval and adult morphological characters. Potential larval synapomorphies of Micromalthidae and Cupedidae are the transverse and
laterally rounded head, the absence of stemmata, the shortened distal part of the mandibles, the presence of sternal asperities, the eversible
lobes of segment IX and the caudal process of tergum IX. Cupedidae excl. Priacma and Paracupes are monophyletic. A cupedid subgroup
well supported by larval features comprises the genera Tenomerga and Rhipsideigma, and possibly also Cupes (larval features unknown).
The reconstruction of the phylogeny and character evolution of Archostemata is still greatly impeded by the scarcity of data, especially the
lacking information on internal features and larval characters.
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1. Introduction

Species of Cupedidae and the closely related Ommat-  coleopteran groups (BEUTEL & Haas 2000; BEUTEL et al.
idae are the beetles with the maximum of preserved  2008; FriepricH et al. 2009). The very small relict group
plesiomorphic features in the adult stage, with corre-  Archostemata (ca. 40 spp.) also comprises Micromal-
sponding derived conditions in all non-archostematan thidaec and Crowsoniellidae, and probably also Jurod-
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YAVORSKAYA et al.: Larva of Tenomerga

Fig. 1. SEM micrographs, 1* instar larva of Tenomerga mucida. A: dorsal view; B: lateral view; C: ventral view. Scale bar = 500 um.

idae (HORNSCHEMEYER 2005; BEUTEL et al. 2008). Micro-
malthidae is monospecific and characterized by minia-
turization and a highly complicated life cycle (PoLLock
& NorMARK 2002). The single described species of
Crowsoniellidae (PAce 1975; Crowson 1975) is only
known by the type series and the type locality in central
Italy is debated (M. Ivie, pers. comm.). Only the holotype
of the single extant species of Jurodidae is known. The
female specimen of Sikhotealinia shiltsovae was found
at the edge of a river in the Sikhotealin Mountains in the
Russian Far East (LAFER 1996; KirEITSHUK 1999).
Archostemata is strongly supported as a clade by lar-
val features (e.g., BEUTEL et al. 2008). However, despite
of considerable efforts to solve the problem, the posi-
tion of the suborder Archostemata remains controversial.
A basal placement among the four extant suborders of
Coleoptera was suggested by CrowsoN (1955, 1981), and
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this was supported in analyses of extensive morphologi-
cal data sets (BEUTEL & Haas 2000; BEUTEL et al. 2008;
FrIEDRICH et al. 2009). In contrast to this, based on char-
acters of the wing base and wing venation, KuLAvOVA-
Peck & LAwRENCE (1993, 2004) placed Polyphaga as the
sistergroup of the remaining suborders, and Archostemata
as sistergroup of a clade Myxophaga + Adephaga. The
placement of Archostemata varies in molecular studies.
Analyses of Hunt et al. (2007) (/6S and /8S TRNA, cox1)
yielded Archostemata as sistergroup of Myxophaga, and
Adephaga as sistergroup of Polyphaga. Analyses of
two nuclear and two mitochondrial genes (/8S and 28S
rRNA, cox!, rrnL) with a very extensive taxon sampling
in the two large suborders resulted in basal Archostemata,
and Myxophaga was placed as sistergroup of Adephaga
+ Polyphaga (Bocak et al. 2014: /8S and 28S rRNA of
ca. 8.000 spp., without outgroups). HUGHEs et al. (2006),
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based on analyses of transcriptomes with a dense sampling
in Adephaga and Polyphaga, but only Micromalthus de-
bilis LeConte and Sphaerius sp. (Sphaeriusidae) as repre-
sentatives of the two small suborders, suggested a pattern
with basal Archostemata (without outgroup), followed by
paraphyletic Adephaga, and a clade comprising the myxo-
phagan genus Sphaerius and Polyphaga. The phylogeny
of Archostemata and the family Cupedidae were analysed
by BEUTEL et al. (2008) and HOrRNSCHEMEYER (2009). In
the latter study the genera Priacma and Paracupes were
placed basally in Cupedidae and the genus Tenomerga
was rendered polyphyletic.

The knowledge of the morphology of Archostemata
has distinctly improved recently (e.g., HORNSCHEMEYER et
al. 2002, 2006; BEUTEL et al. 2008; FriEDRICH et al. 2009).
However, the available information on immature stages
is still very fragmentary (BovING & CRAIGHEAD 1931;
Fukupa 1938, 1941; Ross & PoTHECARY 1970; LAWRENCE
1991, 1999; GreBENNIKOV 2004), even though a detailed
knowledge of larval features, especially of 1* instars, is
apparently very important for understanding the early
evolution of beetles. Only two studies on the larval ana-
tomy are presently known. The skeletomuscular system
of larvae of Micromalthus debilis (1% instar and ceramby-
coid larva) was described by BEUTEL & HORNSCHEMEYER
(2002a) and external and internal features of mature
larvae of the cupedid species Rhipsideigma raffreyi by
BEUTEL & HORNSCHEMEYER (2002b).

The very limited number of larval studies is largely
due to the enormous difficulty of finding suitable ma-
terial. The recent collection and successful breeding of
immatures of the Japanese species Tenomerga mucida
(Chevrolat, 1829) (Fig. 1) has stimulated us to carry out
a detailed anatomical study of the 1* instar larvae. The
detailed documentation of external and internal features
is the primary aim of this study. However, the findings are
also evaluated phylogenetically largely based on data sets
published earlier (BEUTEL & HORNSCHEMEYER 2002a,b;
BEUTEL et al. 2008) and discussed with respect to their
implications for the early evolution of Coleoptera, and
the evolution in Archostemata and Cupedidae.

2. Material and methods

2.1. List of larvae examined

Cupedidae: Rhipsideigma raffrayi Neboiss (last in-
star, Pampel’s fluid, ethanol), Tenomerga concolor
(Westwood, 1830) (1% [ca. 20 specimens] and last in-
star [1 specimen], FAE).

Micromalthidae: Micromalthus debilis (Bouin) (from
decaying wood, collected in Madison, Wisconsin by
D.K. Young).

Ommatidae: Omma Newman sp. (ethanol; examined at
the Australian National Insect Collection, Canberra =
ANIC).
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In late April of 2014 brown-rotted logs of a willow
(Salix chaenomeloides) were collected at the riverbed of
Edogawa river, Yoshikawa, Saitama, Japan. The mate-
rial was taken back to the laboratory of the Sugadaira
Montane Research Center (Sugadaira, Nagano). In June
many adults of Tenomerga mucida emerged from the logs
incubated at 28°C. They were fed on diluted honey and
mated after a short while. The females deposited many
eggs afterwards, and after about 10 days the first instar
larvae hatched. They were fixed in Bouin or alternatively
in alcoholic Bouin’s fixative.

2.2. Anatomy

Microtome sectioning and scanning electron microscopy
(SEM) were applied. Transverse semithin sections were
made of the entire body. The specimens were embedded
in araldite CY 212® (Agar ScientiWc, Stansted/Essex,
England) and cut at 1 pm using a microtome HM 360
(Microm, Walldorf, Germany) equipped with a diamond
knife. Sections were stained with toluidine blue and py-
ronin G (Waldeck GmbH and Co.KG/Division Chroma,
Miinster, Germany). Pictures were taken of every sec-
ond section using a light microscope (Zeiss Axioplan,
Germany) equipped with a camera (PixeLink Capture
OEM). The images were aligned using Amira 5.3.1 soft-
ware (Visage Imaging, Berlin, Germany). Based on the
aligned image stacks the arrangement of internal structures
each element was traced manually to reconstruct three-
dimensional images. MAYA7 (Alias Wavefront, Toronto/
Ontario, Canada) was used for smoothing and coloring.

Scanning electron microscopy (SEM, Philips XL 30
ESEM) was used to document surface structures. Larvae
were dried at the critical point (Emitech K850 critical
point dryer), sputter-coated with gold (Emitech K500)
and mounted on the tip of a fine needle and fixed on a
rotatable specimen holder (PonL 2010).

2.3. Cladistic analyses

Features of 1% instars of T mucida were coded and en-
tered in a data matrix (see Electronic Supplement File 1)
of 103 morphological characters (66 characters of adults
from BEUTEL et al. 2008: see Electronic Supplement File
2). The larval part of the data set was also based on ear-
lier studies (BEUTEL & HORNSCHEMEYER 2002a,b; BEUTEL
et al. 2008) but modified. The parsimony analysis was
carried out with NONA (ratchet, 1000 replicates) and
TNT (traditional search) (GoLoBorF 1995; GOLOBOFF et
al. 2000). Bremer support values (BREMER 1994) were
calculated with NONA.

2.4. Terminology

The terminology for cephalic muscles is based on v.
KELER (1963), whereas that of Larsin (1963) is used for
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s0es

Fig. 2. Three-dimensional reconstruction, 1* instar of 7 mucida, anterolateral view, sagitally sectioned. A. with complete interior structures;
B: digestive tract removed; C: head and digestive tract with Malpighian tubules, pharyngeal ring muscle layer removed. — Abbreviations:
ag — abdominal ganglion, br — brain, gl — gland, glm — muscle associated with gland, h — heart, lab — labium, lbr — labrum, mg — midgut,
Mt — Malpighian tubules, mx — maxilla, oes — oesophagus, pap — rectal papillae, ph — pharynx, pph — prepharynx, prov — proventriculus,

rect — rectum, tg2 — metathoracic ganglion, 9 — M. frontoepipharyngalis, 43 — M. clypeopalatalis. Scale bar = 500 pm.

thoracic muscles. To avoid confusion only numbers are
used for head muscles in illustrations, whereas an “M”
(e.g., M9) is added in the case of muscles of the thorax.

3.  Morphological results

3.1. General appearance

The larvae are usually slender (Figs. 1, 2) but some speci-
mens appear distinctly more compact, probably depend-
ing on the food uptake after hatching from the egg. Most
larvae are ca. 1.8 mm long. The head is strongly scle-
rotized (Figs. 3—7), whereas the postecephalic body is
largely semimembranous, with the exception of some
prothoracic areas, the legs, and the terminal abdomi-
nal segment IX (Fig. 1). The postcephalic body is only
slightly flattened dorsoventrally. Fairly indistinct tergal
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ampullae are present on most postcephalic segments and
also sternal counterparts on the ventral side (Figs. 1, 8).
Large parts of the unsclerotized surface of the thorax and
abdomen are covered with minute spine-like asperities.
The abdominal apex is formed by a tapering apically
truncate process of the sclerotized tergite IX (Fig. 8B).

3.2. Head capsule

Figs. 3-7

The prognathous head is strongly sclerotized. Its posteri-
ormost region is slightly retracted into the prothorax. It is
not wedge-shaped in lateral view (Figs. 5, 7), but slightly
convex dorsally and bearing rather prominent maxillae
on the ventral side. The head capsule is about twice as
broad as long. It is distinctly rounded laterally, narrow-
ing anteriorly, and reaching the greatest width shortly be-
fore it reaches the anterior prothoracic margin (Fig. 4).
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fsnt

Fig. 4. First instar larva of 7. mucida, head. A: dorsal view; B: ventral view. — Abbreviations: ant — antenna, cd — cardo, cly — clypeus, fsnt —

frontal suture, labr — labrum, lbp — labial palp, md — mandible, mxp — maxillary palp, prm — prementum, senap — sensorial appendage,

sti — stipes. Scale bar = 0.1 mm.

A defined cephalic neck region is absent. Posteromedian
emarginations are present on the dorsal and ventral sides,
the former rather shallow, whereas the latter is deep and
triangular (Fig. 4). A vestiture of long, medium sized and
very short setae is present. The distribution is shown in
Figs. 4 and 7. Stemmata are absent. The labrum is mov-
ably connected with the anterior clypeal margin by an
internal membranous fold (Figs. 4, 5). The uniformly
sclerotized clypeus is very wide posteriorly but distinctly
narrowed and trapezoid anteriorly. It is separated from
the frons by a transverse external furrow, which is distinct
laterally but obliterated medially (Fig. 4). The frons is
largely fused with the adjacent parts of the head capsule,
but remnants of a V-shaped epicranial suture are present
on the posterordorsal cephalic region, anterad the dorsal
emargination. The short and strongly diverging vestiges
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of the frontal sutures are recognisable as distinct furrows
(Fig. 7). The coronal suture is missing. Dorsomedially
the head is divided by a strongly developed, unpaired
and unforked median endocarina (Fig. 5). The extensive
sclerotized structure reaches the posterior clypeal margin
anteriorly. The anterolateral cephalic region bearing the
antennal insertion area is sclerotized and slightly protrud-
ing. An externally exposed articulatory membrane of the
antenna is not present. The ventral side of the head is as
long as the dorsal side. The maxillary grooves are very
deep and separated from each other by the posterior labi-
um and the posteriorly adjacent sclerotized regions (Fig.
4B). Very faintly visible oblique impressions are present
posterior to the insertion of the cardo, but hypostomal
and ventral epicranial ridges are missing. The ventrome-
dian closure of the posterior head is formed by a para-
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bolic sclerotization with unclear homology (Fig. 4B). It
is either a product of fusion of the postlabium and gula or
only the former element. The extensive ventral triangular
emargination of the head capsule is filled out with the
ventromedian cervical membrane.

3.3. Internal skeletal structures

Figs. 5,6

The tentorium is distinctly reduced. Well-developed cylin-
drical anterior arms are present but end in the anterior third
of the head capsule. They are widely separated from the
robust ridge-like posterior arms. Dorsal arms and the ten-
torial bridge are missing and gular ridges are also absent.
Musculature: a strongly developed transverse muscle
connects both halves of the head capsule at the postero-
ventral edges (Fig. 5). The homology is unclear.

3.4. Labrum

Figs. 3A, 4A, 5

The sclerotized transverse labrum articulates with the
anterior clypeal margin. The anterior margin is nearly
straight and the anterolateral corners rounded. Two pairs
of setae are present on the dorsal side, the ones closer to
the midline ca. 3 times as long as the lateral ones. Three
pairs of strong and moderately long setae are inserted
on the anterior and anterolateral margin, and one pair of
broad, almost claw-like setae on the ventral side, close to
the anterolateral edge.

Musculature (Figs. 5, 6A): M7 (M. labroepipharyngalis):
absent; M8 (M. frontolabralis): moderately sized muscle,
distinctly narrowing towards its origin, O: anterior edge
of dorsal endocarina, I: upper posterior labral margin; M9
(M. frontoepipharyngalis): moderately sized, also nar-
rowing towards the origin, converging with M8, anterior
edge of dorsal endocarina, together with M8, I: laterally
on the surface of the ventral wall of the labrum (epiphar-
ynx), but distinctly separated from the lateral edge.

3.5. Antenna

Figs. 4,7

The very short two-segmented antenna is inserted on the
anterolateral prominence without an externally exposed
articulatory membrane. It is anteriorly directed and
slightly inclined towards the median line. The stout basal
antennomere is wider (maximum diameter) than long and
slightly compressed dorsoventrally. It is rounded along
its apical edge and longer mesally than laterally. The cy-
lindrical distal antennomere is only ca. half as long and
half as wide as the basal one. On its rounded apical part
it bears several short, stiff setae. A large hyalinous senso-

244

rial appendage is inserted on the basal antennomere be-
low and posterior to antennomere 2.

Musculature (Fig. 5): M. tentorioscapalis (M1, 2 or 4):
only one muscle is attached to the dorsal antennal base,
O: anterior frontal region, I: dorsally on the base of an-
tennomere I.

3.6. Mandible

Figs. 4-7

The mandibles are strongly developed, with three very
strong triangular teeth arranged in an oblique row and
a prominent basal molar area. The apical and subapi-
cal teeth are longer than wide and apically acuminate,
whereas the proximal one is broader and less pointed.
Two long setae are inserted in deep articulatory pores on
the dorsolateral area. A penicillum is not present and a
lacinia mobilis is also missing.

Musculature (Figs. 5, 6B,C): M11 (M. craniomandibu-
laris internus): largest muscle of the head, O: extensive
parts of the dorsal, dorsolateral, lateral and ventrolateral
areas of the head capsule, I: adductor tendon; M12 (M.
craniomandibularis externus): moderately large, O: lat-
erally from the head capsule, between bundles of M11,
I: abductor tendon. M13 (M. tentoriomandibularis): thin,
accompanied by a very thin nerve; O: anterior tentorial
arm, I: dorsally on the base of the mandible, close to the
mesal margin.

3.7. Maxilla

Figs. 3B, 4B, 6

The maxilla is inserted in a very deep fossa maxillaris. It
is composed of cardo, stipes, galea, lacinia and a three-
segmented palp. An exposed articulatory membrane is
not present but a large, ovoid pad-shaped sclerite is in-
serted between the cardo and basal stipes and the poste-
rior labium. The cardo is divided into a short and curved
main sclerite and a smaller rounded lateral piece. Setae
are missing. The stipito-cardinal hinge is indistinct but
a deep notch is present between the slightly convex lat-
eral stipital edge and the lateral cardinal sclerite. The
large stipes is not subdivided into a proximal basistipes
and a distal mediostipes. It bears a short and a very long
seta on its proximal region. The palpifer is recognisable
but very indistinctly demarcated from the lateral stipital
area. Anteriorly the stipes is completely fused with the
large lacinia, which is straight along its glabrous mesal
edge and bears a group of short, stiff setaec on the me-
sal part of the narrowed, obliquely truncated apical part
and two stiff setac of medium length laterally. The well-
sclerotized mesal apex of the lacinia is pointed and a long
seta is inserted close to the curved lateral edge. The well-
developed galea is inserted between the lacinia and palp.
Mesally it is very short and its lateral margin is straight.
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Fig. 5. Three-dimensional reconstruction, 1% instar of 7. mucida, head, sagitally sectioned. A: head, sagitally sectioned, with complete

interior structures; B: brain and pharyxnx removed; C: pharynx without ring muscle layer; D: maxilla and labium, dorsal views; E:

mandible with muscles. — Abbreviations: br — brain, lab — labium, lbr — labrum, md — mandible, me — median endocarina, mx — maxilla,

ph — pharynx, pph — prepharynx, ring — pharyngeal ring musculature, tent — tentorium, 8 — M. frontolabralis, 9 — M. frontoepipharyngalis,

11/12 — Mm, craniomandibularis internus/externus, 13 — M. tentoriomandibularis, 17/18 — Mm. tentoriocardinalis/-stipitalis, 19 — M. cran-

iolacinialis, 29/30 — Mm. tentoriopraementalis inferior/superior, 41 — M. frontohypopharyngalis, 43 — M. clypeopalatalis, 45/46 — Mm.

frontopharyngalis anterior/posterior, 52 — M. tentoriopharyngalis. Scale bar = 100 pm.

On its nearly straight apical edge it bears several medium
sized stiff setae. The short palp is composed of a broad
and very short basal palpomere, a slightly longer and
broad intermediate segment, and an apical palpomere,
which is distinctly longer, slightly narrower and cylindri-
cal. Its slightly rounded apex bears a group of short stiff
setae. Two medium sized setae are inserted ventrally and
laterally on palpomere 2, close to its anterior edge.
Musculature (Figs. 5B,D, 6B,C): M15 (M. craniocardi-
nalis), absent; M17 (M. tentoriocardinalis), short cone-
shaped muscle, O: basal part of the posterior tentorial
arm, I: ventral surface of the cardo; M 18 (M. tentoriostipi-
talis), short, similar to M 17, posterior tentorial arm, close
to M17, I: ventral stipital surface; M19 (M. craniolaci-
nialis), O: ventrally on the posterior margin of the head
capsule, I. base of lacinia, without a tendon; M22, 23 (M.
stipitopalpalis externus and internus), the palp muscles
could not be clearly identified on the avilable sections.

3.8. Labium

Figs. 3B, 4B, 6
The interpretation of the posterior elements is difficult.
The proximal parabolic sclerite is likely the submentum,

possibly fused with a gula. A very short area anterior to
it possibly represents the mentum but is only indistinct-
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ly separated from the prementum and immovably con-
nected with it. At is anterior edge it bears a pair of long
setac. The prementum is large. Anteromedially it bears
a strongly sclerotized triangular and apically pointed
ligula with irregular edges. A transverse line and a pair
of medium-sized setae are present on its basal region.
The short two-segmented palps are inserted laterally, dis-
tinctly proximad the apex of the lacinia. A palpiger is not
present. Several short sensilla are inserted on the rounded
apex of palpomere 2, which is relatively long, but dis-
tinctly smaller than the apical maxillary palpomere.
Musculature (Figs. 5, 6B): M28 (M. submentopracmen-
talis), absent; M29 (M. tentoriopraementalis inferior), re-
latively short muscle, O: ventral wall of head capsule, area
of origin adjacent to posterior labial margin, I: laterally at
the premental edge; M30 (M. tentoriopraementalis supe-
rior), short muscle, O: not visible on available microtome
section series, probably immediately posterior to the hind
margin of the prementum, I: dorsolaterally on the premen-
tal edge; M34 (M. praementopalpalis ext.), absent.

3.9. Epipharynx

Figs. 5, 6B; see also labrum

The anterior part including the ventral wall of the la-
brum is semimembranous and glabrous. It is reinforced
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Fig. 6. Cross sections of head and prothorax, position of sections indicated in drawing. — Abbreviations: amo — anatomical mouth, ant — an-

tenna, br — brain, ec — endocarina, ep — epipharynx, fg — frontal ganglion, hc — head capsule, lab — labium, md — mandible, max — maxilla,

ph — pharynx, nrec — nervus recurrens, prm — prementum, pta — posterior tentorial arms, soes — suboesophageal complex; for 8, 9, 11, 12,
17-19, 30, 41, 43, 45, and M2, M5, M6, M7, M9 (cervical muscles), see text. Scale bar = 100 um.

by paired longitudinal paramedian ridges. The middle
epipharyngeal region is laterally fused with the man-
dibular bases and forms the dorsal wall of a short and
wide preoral chamber, which is ventrally delimited by
the hypopharynx but open ventrolaterally. The posteri-
ormost epipharyngeal part forms a short prepharyngeal
tube together with a short posteriormost hypopharyngeal
section. The unsclerotized cuticle of the preoral chamber
and prepharynx is unusually thick.

Musculature (Figs. 5C, 6B): M43 (M. clypeopalatalis):
a fan-shaped muscle with two areas of origin, O: anterior
end of the median endocarina and dorsal wall of head
capsule, I: dorsally on the roof of the anterior epiphar-
ynx. Transverse epipharyngeal muscles are absent.

3.10. Hypopharynx

Figs. 5,6

The anterior part is fused with the anterior part of the
labium. The hypopharyngeal surface is devoid of setae or

microtrichia. It is flat anteriorly and more convex poste-
riorly. Laterally it is enclosed by distinct sclerotized ridg-
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es. The posterior part is laterally fused with the posterior
part of the epipharynx (Fig. 6; see above).

Musculature (Figs. 5, 6): M41 (M. frontohypopharynga-
lis): an unusually large muscle with several areas of ori-
gin, O: frons laterad of the dorsal endocarina, laterally
on the dorsal endocarina, posterior part of the ventral
edge of the endocarina; I: posterolateral edge of the
hypopharyngeal tube with a strong tendon, laterad the
anatomical mouth; M42 (M. tentoriohypopharyngalis):
absent. A muscle with unclear homology connects the
ventral wall of the prepharyngeal tube with the ventral
wall of the anterior pharynx (Fig. 5).

3.11. Pharynx
Figs. 5,6

The pharynx is moderately wide, with distinct folds for
muscle attachment dorsally, laterally and ventrolaterally.
The dorsal folds are closely adjacent.

Musculature (Figs. 5, 6): M44, a well-developed bun-
dle; O: anterior frons; I: dorsally on the prepharyngeal
tube, immediately anterior to the anatomical mouth; M45
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(M. frontobuccalis anterior), a well-developed bundle,
O: frons, laterad the endocarina and laterad the ante-
rior components of M41; I: dorsolaterally on the ante-
rior pharynx, but distinctly posterior to the anatomical
mouth; M46 (M. frontobuccalis posterior): composed of
four bundles with a common origin, O: laterally on the
dorsal endocarina; I: with four insertion areas on the dor-
sal fold of the pharynx, posterior to M45. M51 (M. ver-
ticopharyngalis): absent; M52 (M. tentoriopharyngalis):
composed of two bundles, M52a, O: posteroventrally
from the head capsule, I: two separate areas of insertion
on the ventral folds of the posterior pharynx; M52b, O:
posteroventral edge of the head capsule, I: lateral fold
of the posterior pharynx. A well-developed ring muscle
layer encloses the pharynx.

3.12. Brain and suboesophageal
complex

Figs. 5,6

The elongate, pear-shaped brain is entirely located in the
prothorax. The protocerebral hemispheres are only con-
nected by a very narrow bridge. Optic lobes and optic
nerves are missing. A pair of well-developed nerve stems
arises from the narrow anteriormost part of the brain.
They are likely the bases of antennal nerves but their dis-
tal parts could not be traced on the available sections.
The circumoesophageal connectives are long and mod-
erately wide. A separate tritocerebral commissure below
the pharynx is missing. The suboesophageal complex is
completely shifted to the prothorax, elongate, triangular
and narrowing anteriorly like the brain. The frontal gan-
glion is unusually narrow and located in the anterior head
region above the anatomical mouth. The nervus recur-
rens below the cerebral hemispheres is well developed.
It is visible on the sections up to the middle region of the
mesothorax.

3.13. Cephalic glands

Tube-like ventral glands or glands associated with the an-
tennae or mouthparts are missing.

3.14. Prothorax
Figs. 6,7, 9A, 10A,B

The prothorax is distinctly longer than the meso- or
metathorax. Like on the following segments few very
long and thin setae are inserted dorsally and dorsolat-
erally. The prothorax is connected with the head by a
broad and thick cervical membrane densely covered with
microspines. A dorsomedian rounded projection of this
flexible collar fills out the dorsomedian emargination
of the head capsule and a larger counterpart is present
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Fig. 7. SEM micrograph, 1% instar of 7. mucida, head and anterior
thorax, lateral view. Scale bar =100 pm.

ventromedially. The anterior and posterior corners of the
prothorax are rounded and the lateral margins approxi-
mately parallel. A well-defined dorsolateral edge and a
clearly delimited pronotum are not present (Fig. 7), but
considerable parts of the pronotal area are sclerotized
and smooth (Fig. 3A). The anterior region is continu-
ous with the cervical collar and like the central pronotal
part semimembranous and covered with microspines. A
rounded, smooth and sclerotized projection is present at
the posterior margin. This structure resembling a scutel-
lum reaches into the unsclerotized anterior part of the
mesothorax (Figs. 1A, 3A). The ventral side of the pro-
thorax is also largely semimembranous. The microspines
are absent on two sclerotized rounded plaques laterad a
large median projection, which is wide anteriorly and ta-
pering towards the posterior margin of the segment (Fig.
3B). The vestiture of microspines is very dense on the
projection but distinctly less so on two regions posterior
to the smooth plaques, which bear two short setae each.
The hind margin of the main ventral part of the sclerite
between the hind coxal margins is almost straight and
smooth. It is followed by a very short smooth area on
a slightly deeper level (Fig. 3B). A division of the ster-
nal region into well-defined regions is not recognisable
and the furca and spina are also absent. Defined pleural
elements are not recognisable. The well-developed six-
segmented legs are inserted posterolaterally, quite close
to the lateral margins of the segment (Figs. 1B,C, 3B, 7).
A raised semimembranous element of semilunar shape is
recognisable anteromesad the coxa. The coxae are very
widely separated, moderately sized, and only slightly
tapering towards their apical margin. They bear three
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st2

st VI
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Fig. 8. First instar of 7. mucida, ventral view. A: pro- and mesothorax; B: abdominal segment IX. — Abbreviations: asp — asperities,

cl —claw, cx — coxa, evl — eversible lobes of abdominal segment IX, fem — femur, st1/2 — pro-, mesosternum, stVIII/IX — abdominal ster-
nites VIII/IX, tIX — tergum IX, tar — tarsus, tib — tibia, tprIX — tergal process IX. Scale bar = 0.1 mm.

relatively short setac and the anterior surface is covered
with short spines. The trochanter is almost half as large
as the coxa and distinctly subdivided into a proximal and
distal part, the latter bearing two setae of medium length
and a very long one. The distal part is connected with the
femur, which is about as long as the coxa, with parallel
sides and an oblique distal margin. The cylindrical tibia
is slightly shorter than the femur. Several medium sized
setae insert close to its straight distal margin. The tarsus
is about twice as long as the tibia and tapering towards its
apex. A very long seta is inserted on its dorsal side and it
also bears several shorter and thin setae. Apically a long
single claw is inserted. It is slightly curved and slender
in its distal region but extended basally where it bears a
single fine claw seta.

Musculature (Figs. 2B,C, 6, 9A): The homologization
of the thoracic and abdominal muscles is impeded by the
weak sclerotization of the postecephalic body and the al-
most complete lack of well-defined sclerites. Due to the
small size the precise location of the insertions of some
muscles could not be identified.

Dorsal muscles. M2, M. pronoti secundus (LARSEN
1966; M55, v. KELER 1963), a very large fan-shaped mus-
cle; O: seven separate areas on the posteriormost prono-
tal region, with the very strong mesal bundle arising on
the strongly developed phragma separating the pronotum
from the mesonotum, I: two adjacent but separate areas of
insertion in the dorsal emargination of the head capsule.
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Ventral muscles. M5, M. prosterni primus (LARSEN
1966; M58, v. KELER 1963), a strongly developed bundle;
O: two separate areas on the posterior prosternal region;
I: ventrally on the thick cervical membrane, close to the
median line. M6, M. prosterni secundus (LARSEN 1966),
two strongly developed bundles with completely sepa-
rate areas of origin; O: widely separated areas, posterior
prosternal region and middle region of the metasternum;
I: ventrolaterally on the cervical membrane, adjacent
with the posterior edge of the head capsule. M. prosterni
tertius, a short muscle; O: anterior prosternal region; I:
ventrally on the cervical membrane, mesad and below of
the insertion of M. prosterni secundus.

Dorsoventral muscles. M7, M. dorsoventralis primus
(LARSEN 1966); O: posterior pronotal region, anterior edge
of the phragma; I: ventrolaterally on the cervical mem-
brane, together with M6. M8, M. dorsoventralis secun-
dus (LARSEN 1966), a bipartite muscle; O: separate areas
of origin on the posterior pronotal and posterior pleural
region; I: ventral cervical membrane together with MS5.
M9, M. dorsoventralis tertius (LARSEN 1966), a bipartite
muscle; O: two widely separated areas of origin, from the
phragma and from the posterior pleural region; I: later-
ally on the cervical membrane.

Lateral muscles. M13, M. pronoto-episternalis (LAR-
SEN 1966), a bifurcated muscle with widely separated
areas of insertion; O: laterally on the posterior edge of
the pronotal area, adjacent with the anterior mesonotal
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Fig. 9. Three-dimensional reconstruction, 1* instar larva of 7. mucida, postcephalic body sagitally sectioned. A: thorax; B: anterior abdo-

men; C: posterior abdomen. — Abbreviations: ag VIII — ganglionic mass of abdominal segment VIII, dlm II — dorsal longitudinal muscle

of abdominal segment II, elm — muscles of the eversible lobes, Im — lateral muscle of segment IX, pro — prothorax, meso — mesothorax,

IIm1 I — lateral longitudinal muscle of abdominal segment I, plm1/2 I — vertical pleural muscles of abdominal segment I, M2 — M. pronoti

secundus, M5 — M. prosterni primus, M6 — M. prosterni secundus, M7 — M. dorsoventralis primus, M9 — M. dorsoventralis tertius, M15 —

M. noto-coxalis, Mm. 18, 19 — Mm. sterno-coxalis / furca-coxales, M28 — M. mesonoti primus, M30 — M. mesosterni primus, M31 —

M. mesosterni secundus, rd — dilators of rectum. Scale bar = 100 pm.

border; I: the shorter bundle on the mesopleural region,
the larger and much longer bundle on the anterior mesos-
ternum. M. pleuro-pleuralis (plpl): the homology of this
strongly developed lateral muscle is unclear. It connects
the posterolateral prothoracic border with the posterolat-
eral border of the mesothorax.

Leg muscles. M15, M. noto-coxalis (LARSEN 1966);
O: posterolateral notal region; I: anterior coxal mar-
gin. M18, M. sterno-coxalis, M19, Mm. furca-coxales
(LarsEN 1966), three bundles with sternal origin due to
the complete reduction of the furca; O: posteriormost
sternal region, one lateral and one close to the median
line; I: coxal base, two posteriorly and one anteriorly.

Intrinsic legs muscles. not examined, largely con-
stant in insects and larvae with well-developed legs.

3.15. Mesothorax
Figs. 1, 8A, 9B, 10
The mesothorax is distinctly shorter than the prothorax

and most of its surface is unsclerotized and covered with
microspines. A relatively short unsclerotized anterior part
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of the segment shows a rather irregular pattern of folds
and the typical spiny surface structure. The main part of
the tergal region is subdivided by two pairs of longitudi-
nal folds. The largest part in the middle region of the seg-
ment is elevated, thus forming a fairly inconspicuous but
recognizable tergal ampulla. On the ventral side a short,
laterally narrowing semimembranous bulge is present an-
teriorly, followed by the main part of the sternal region,
which is also semimembranous and covered with micro-
spines anteriorly and laterally. In the anterior part of the
central region of the segment a distinctly raised bulging
area forms the ventral ampulla, which is semimembra-
nous and covered with posteriorly directed microspines.
Two pairs of short setae are inserted at the posterior mar-
gin. Deep curved furrows separate the anterolateral part
of the ampulla from the adjacent anterior sternal region.
The transverse area posterior to the ampulla is smooth,
sclerotized, and medially divided by a short longitudi-
nal furrow. A distinct round spiracle is present laterally,
posterior to the posterolateral margin of the sclerotized
pronotal region. It is enclosed by a distinctly raised and
sclerotized socket and this in turn by a small smooth and
sclerotized pleural area. The legs are very similar to the
prolegs.
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Fig. 10. Cross sections of postcephalic body, position of sections indicated in habitus drawing. — Abbreviations: ag — abdominal ganglion,
dil — dilator, elm — muscles of eversible lobes, glm — muscle associated with gland, h — heart, mg — midgut, Mt — Malpighian tubules, pap
rectal papillae, pcer — protocerebrum, ph — pharynx, ph-oes — pharyngeal-oesophageal transition area, plm1/2 — vertical pleural muscles
1/2, rect — rectum, st — spiracle, tr — trachea, vlm — ventral longitudinal muscles, VIII/IX — abdominal segments VIII/IX, M2 — M. pronoti
secundus, M6 — M. prosterni secundus, M7 — M. dorsoventralis primus, M9 — M. dorsoventralis tertius, M15 — M. noto-coxalis, Mm. 18,

19 — Mm. sterno-coxalis / furca-coxales, M28 — M. mesonoti primus, M30 — M. mesosterni primus, M31 — M. mesosterni secundus. Scale

bar = 100 pm.

Musculature (Figs. 2B,C, 9B, 10): Dorsal muscles.
M28, M. mesonoti primus (LARSEN 1966), a strongly de-
veloped bundle; O: dorsomedially on the second phrag-
ma, I: laterally on the intersegmental membrane connect-
ing the prothorax and mesothorax. M29, M. mesonoti
secundus (Larsén 1966), two bundles; O: from an ex-
tensive lateral fold of the metanotum; I: laterally on the
intersegmental membrane connecting the prothorax and
mesothorax, below M28.

Ventral muscles. M30, M. mesosterni primus (LARSEN
1966), a well-developed muscle; O: laterally on the in-
tersegmental fold between the meso- and metathorax, I:
on the intersegmental fold between the pro- and meso-
thorax, close to the median line. M31, M. mesosterni se-
cundus (LARSEN 1966), composed of two parallel bundles;
O: laterad M30, I: laterad M30.
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Lateral muscles. M43, M. noto-pleuralis (LARSEN
1966), one longer and one relatively short bundle; O:
posterolateral mesonotal region, I: posterior pleural re-
gion.

Leg muscles. M40, M. noto-coxalis, M47, M. noto-
trochanteralis (LARSEN 1966), two parallel bundles with
two separate insertion areas; O: posterolateral edge of the
mesonotal area, I: not exactly identified, probably on the
coxal base and trochanter, respectively. M46, M. furca-
coxalis posterior (LARSEN 1966), a well-developed flat
muscle; O: anterior part of lateral fold of mesothorax, I:
posterior coxal base. Three moderately sized parallel bun-
dles originate on the lower pleural region and insert on
the basal part of the leg. The precise points of insertion
could not be identified on the microtome sections. They
likely comprise M. furca-coxalis anterior (M447?), M. fur-
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ca-coxalis lateralis (M457?), and M. furca-trochanteralis
(M527?).

3.16. Metathorax
Figs. 1, 8A, 9A, 10

Similar to the mesothorax. The spiracle in the dorsolater-
al region of the anteriormost part of the segment is much
smaller than the mesothoracic one.

Musculature: similar to that of the mesothorax.

3.17. Abdominal segments [-VIII
Figs. 1, 9C, 10

The abdomen is about 2.5 times longer than the thorax.
Segments I—VII are slightly longer than the meso- and
metathorax and similar in their general shape, but more
rounded along the lateral edge and with moderately dis-
tinct lateral bulges. Segment VIII is distinctly shorter. As
in the thoracic segments the tergal region is indistinctly
delimited and a sparse vestiture of very long and thin se-
tae is present dorsally and dorsolaterally. Dorsal and ven-
tral ampullae are present, similar to those of the meso-
and metathorax. Rather indistinct longitudinal furrows
are recognizable dorsally and ventrally. Small annular
spiracles are present dorsolaterally, close to the anterolat-
eral edge of the tergal regions.

Musculature (Figs. 2B,C, 9C, 10). Dorsal muscles. Se-
veral well developed bundles (dlm), some of them con-
necting the anterior and posterior dorsal intersegmental
fold. A mesal bundle inserts on the middle region of the
segment and a lateral one on a lateral fold distinctly pos-
terior to the anterior segmental border.

Ventral muscles. Several well developed bundles
(vlm) connecting the anterior and posterior ventral in-
tersegmental fold.

Lateral muscles. M. notopleuralis (plm1): one verti-
cal bundle originates on the lateral notal region and is
inserted on a longitudinal pleural fold. Several well de-
veloped longer and shorter vertical bundles (plm2) con-
nect the upper and lower edges of the longitudinal pleural
bulge. A lateral longitudinal muscle (1lm) connects ante-
rolateral and posterolateral apodemes of the abdominal
segments. A well-developed muscle is present in abdomi-
nal segment V close to a gland (glm). Its position sug-
gests that it is involved in releasing gland secretions but
the precise function remains unclear.

3.18. Abdominal segments IX and X
Figs. 1, 8B, 9D, 10D

Segment IX is about as long as the prothorax and slightly
narrower than the anterior abdominal segments at its an-
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terior margin. It is a largely sclerotized and undivided
structure and bears a vestiture of long and thin setae. It
is distinctly tapering posteriorly. Its apex is formed by a
parallel-sided and apically truncated tergal process. The
tergal part including the lateral and ventrolateral areas is
sclerotized and the surface is smooth. A short sternal re-
gion is semimembranous and bears scattered microspines
and two pairs of long setae. It forms a short triangular
posteromedian process. The greatly reduced segment X
is inserted on the ventral side posterior to sternum IX.
It is represented by two pairs of flattened, sclerotized
anal flaps. The larger lateral flap bears two long setae,
the smaller ventromesal flap one long seta and several
short ones along its rounded posterior edge. The latter are
fused basally but divided by a deep median cleft.
Musculature (Figs. 2B, 9D, 10): Lateral muscles. One
well-developed almost vertical muscle is present in the
posterolateral region of segment IX. Muscles of the
eversible lobes. Three muscles originate from the wall of
segment X and insert on the base of the eversible lobes
ventrally, dorsally and posteriorly. Muscles of the rec-
tum. Five dilators are present. They originate dorsally,
laterally and ventrally on the external wall of segment IX
and insert on the rectum between the papillae.

3.19. Postcephalic central nervous system
Figs. 2,5

The thoracic ganglia are comparatively large and dis-
tinctly connected by connectives. The abdominal ganglia
are flattened. All of them including the glanglionic mass
of segment VIII are distinctly separated from each other.

3.20. Postcephalic gut
Figs. 2A,C, 10

The pharyngeal-oesophageal transition area lies in the
anterior prothoracic region. In contrast to the pharynx
the oesophagus has a very wide lumen, the dorsal lateral
and ventral folds are short and very narrow, and a ring-
muscle layer is lacking. A well-developed proventriculus
is present in the region of the meso and metathorax, with
a strongly developed muscle layer around it and six folds
with thickened cuticle and a rather irregular surface struc-
ture. The anterior end of the long and straight mid gut lies
in the metathorax and its posterior end in the posterior ab-
domen. Caeca are absent. The mid gut wall is formed by
moderately high cells, partly appearing almost cylindrical
but mostly more or less quadratic in cross section. The
epithelium appears rather loose and contains numerous
glandular elements. Some crypt-like cell aggregations
are present in the basal part of the midgut epithelial layer
(Fig. 10C). Active apocrine secretion is recognizable on
microtome sections, especially in the anterior part. The
border between the mid gut and hindgut is marked by a
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sharp bend in segment VIII which conceals the origin of
the Malpighian tubules. The hind gut first turns forward
and then again backward in segment VI. The fairly long
loop is characterized by a very strongly developed mus-
cular envelope. The hindgut itself is strongly folded lon-
gitudinally in this region and the intima is distinct. It ends
in segment IX with the rectum with well-developed rectal
papillae and a strongly developed apparatus of radially
arranged dilator muscles.

3.21. Malpighian tubules
Fig. 2A,C

The Malpighian tubules form a complicated network
around the gut. Two pairs of branches extend forwards
and connect pairwise, with the joint flattened terminal
part attached to the midgut wall dorsally and ventrally in
the region of segment II. The area of origin in the loop
at the midgut-hindgut border is not distinctly visible. A
cryptonephric complex is not present.

3.22. Postcephalic glands

Figs. 2C, 9B,C

One postcephalic gland is present in the dorsal region of
segment VI and a distinctly asymmetrical one in the api-
cal region of segment IX.

3.23. Circulatory system

Fig. 2A

A well-developed dorsal vessel extends almost through
the entire postcephalic body.

3.24. Fat body

The postcephalic body is largely filled with very loose
fat body tissue.

4. Characters and character
states

(matrix see Electronic Supplement File 1)

Larval features were mainly taken from BEUTEL & HORN-
SCHEMEYER (2002a,b). Modified characters are marked
with one asterisk and added characters with two. Fea-
tures of adults (chars 38—103 in the matrix: see Elec-
tronic Supplement File 2) were taken from BEUTEL et al.
(2008).
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*4,

Head shape of 2" and later instars: (0) parallel-
sided or very slightly rounded or narrowing ante-
riorly; (1) transverse, strongly rounded laterally,
greatest width near hind margin; (2) transverse,
with distinctly protruding eye region. Like in oth-
er cupedid larvae the head of Tenomerga mucida
(also in 1* instar) is shortened, distinctly broader
than long and strongly rounded laterally, with
the greatest width close to the foramen occipitale
(Figs. 3, 4; BEuteL & HORNSCHEMEYER 2002a,b;
LAwreNce 1991: fig. 34.67a—c; Ross & POTHECARY
1970) (coded as inapplicaple [-] for 1* instar lar-
vae).

Posteromedian emarginations of head capsule: (0)
absent; (1) present. Dorsal and ventral posterome-
dian emarginations are present in 1*instars of 7. mu-
cida like in all known other larvae of Archostemata
(Figs. 3, 4; BEuteL & HORNSCHEMEYER 2002a,b;
Boving & CRrAIGHEAD 1931; Ross & POTHECARY
1970; Lawrence 1991, 1999).

Endocarina: (0) absent; (1) present, unforked,
(2) present, forked. A distinct dorsal endocarina
is present in 1* instars of 7. mucida like in in all
other known larvae of Archostemata (Figs. 5, 6;
BruTEL & HORNSCHEMEYER 2002a,b; Boving &
CRAIGHEAD 1931; Lawrence 1991, 1999). In con-
trast to the forked endocarina of Omma it is undi-
vided and extensive like in larvae of Micromalthus,
Rhipsideigma and Distocupes.

Frontal suture: (0) distinct and complete; (1)
strongly shortened or absent. The frontal su-
ture, which is absent from mature larvae of
Archostemata (Figs. 3A, 4A; LAwrencE 1999;
BEeUTEL & HORNSCHEMEYER 2002a,b) and 1% instars
of Priacma serrata (Ross & PoTHECARY 1970: fig.
3), is partly retained (coded a 1) in 1% instars of T.
mucida (Figs. 3, 4, 7).

Stemmata: (0) more than one pair of stemmata; (1)
one eyespot or eyeless. Eyes are absent (Fig. 4)
like in Micromalthidae and other known larvae of
Cupedidae (Ross & PoTtHEcARY 1970; LAWRENCE
1991; BEuTEL & HORNSCHEMEYER 2002a,b). Four
pairs of stemmata are present in Omma (LAWRENCE
1999).

Endoskeleton: (0) well-developed, with tentorial
bridge and connected anterior and posterior arms;
(1) tentorial bridge absent, anterior and posterior
arms disconnected (Figs. 5, 6). The tentorium
of 1% instars of 7. mucida is distinctly reduced
like in other archostematan larvaec (BEUTEL &
HORNSCHEMEYER 2002a,b).

Length of antenna: (0) at least 20% of greatest
width of head capsule; (1) less than 20% of great-
est width of head capsule. The antenna of cupedid
larvae are generally shorter than 20% of the head
width. They are extremely shortened in 1 instars
of T mucida and P. serrata and also in larvae of
Micromalthus (Figs. 3, 4, 7; BovING & CRAIGHEAD
1931; Ross & PotHECARY 1970; LAWRENCE 1991;
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10.

11.

12.

13.

14.

15.

BeUTEL & HORNSCHEMEYER 2002a,b). The antennal
length distinctly exceeds 20% of the head width in
Omma (BEUTEL & HORNSCHEMEYER 2002a: fig. 11).
Number of antennomeres: (0)4 ormore;(1)3 orless.
Four antennomeres are present in larvae of Omma
and four or more in mature larvae of Cupedidae
(LAWRENCE 1999; BEeUTEL & HORNSCHEMEYER
2002b). The antennae are only three-segmented
in primary larvae of Micromalthus and P. serrata
(Ross & PotHECARY 1970), and only two antenno-
meres are present in 1% instars of 7. mucida (Figs.
3A,4A,7).

Antennal muscles in mature larvae: (0) more than
one; (1) one. Only one extrinsic antennal muscle
is present in larvae of Micromalthus and 1% in-
stars of T. mucida (Fig.5) (coded as —). Three
muscles are present in mature larvae of Rhipsi-
deigma and Distocupes (BEUTEL & HORNSCHEMEYER
2002a,b).

Shape of distal part of larval mandible: (0) less
than 3 apices; (1) 3 apices or more. Three well
developed mandibular apices are present in 1%
instars of 7. mucida like in all other known lar-
vae of Archostemata (BoviNg & CRAIGHEAD 1931;
LAwreNce 1991, 1999; BEUTEL & HORNSCHEMEYER
2002a,b). The apical part is less slender than in lar-
vae of Omma (BEUTEL & HORNSCHEMEYER 2002a:
fig. 11A).

Retinaculum: (0) present; (1) absent. A distinct,
hook-like retinaculum is absent like in other
groups of Cupedidae and Micromalthus (BOvING
& CRAIGHEAD 1931; BEUTEL & HORNSCHEMEYER
2002a,b).

Shape of mola: (0) not quadrangular, not delimited
by a distinct margin; (1) quadrangular and delimit-
ed by a distinct margin. The margin of the mola of
I*instars of T. mucida is less distinct than in 1% in-
stars of P. serrata (Ross & PoTHECARY 1970), in ma-
ture cupedid larvae, and in larvae of Micromalthus
(Boving & CRAIGHEAD 1931; LawreNce 1991;
BEUTEL & HORNSCHEMEYER 2002a,b).

Cardo: (0) undivided; (1) divided, with separate
lateral semimembranous piece. A subdivided car-
do as it is typical for archostematan larvae (BEUTEL
& HORNSCHEMEYER 2002a,b) is also present in 1%
instars of 7. mucida (Figs. 3, 4).

Ligula: (0) unsclerotized; (1) sclerotized, enlarged
and wedge-shaped. Like in all other known lar-
vae of Archostemata (Boving & CRAIGHEAD 1931;
LAwreNce 1991, 1999; BEuTEL & HORNSCHEMEYER
2002a,b) the ligula is strongly sclerotized and
wedge shaped. In contrast to the typical conditon it
is apically pointed in 1% instars of T. mucida (Figs.
3,4).

Mentum and submentum: (0) not fused; (1) fused
and narrowed between maxillary grooves. The
mentum and submentum of the 1% instar larva of
T mucida appear indistinctly separated from each
other (Figs. 3, 4), but the homology of the anterior
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19.

**20.

**21.

22.

23.

part remains uncertain (coded as ?). A complete-
ly undivided postmentum is present in the other
known larvae of Archostemata.

Labial muscles: (0) present; (1) absent. Two pairs
of extrinsic labial muscles are present in 1* instar
larva of T mucida (Fig. 5). They are absent in all
other archostematan larvae examined (BEUTEL &
HORNSCHEMEYER 2002a,b).

Transverse ventral muscle between posterior
halves of head capsule: (0) absent; (1) present.
This unusual muscle with unclear homology is
present in 1% instar larvae of 7. mucida (Figs. 5,
7) like in other archostematan larvae examined
(BEUTEL & HORNSCHEMEYER 2002a,b).
Proventriculus: (0) absent; (1) present. A proven-
triculus is present in 1% instars of 7. mucida and
also in larvae of Micromalthus, Rhipsideigma and
Distocupes (BEUTEL & HORNSCHEMEYER 2002a,b).
It is equipped with distinct cuticular teeth in the
cupedid larvae examined.

Width of prothorax of 2" and later instars: (0) not
broader than following segments; (1) broader than
following segments. The prothorax is broader than
the following segments in 1% instars (coded as -)
and mature larvae of Tenomerga, and the same
condition occurs in mature larvae of Rhipsideigma
(Boving & CraiGHEAD 1931; Fukupa 1938;
BeuTEL & HORNSCHEMEYER 2002b). It is equally
broad in larvae of Distocupes and also in larvae of
Priacma (Ross & PoTHECARY 1970), Micromalthus
and Omma (LAwrence 1991, 1999; BEutEL &
HORNSCHEMEYER 2002a,b).

Pronotal pseudoscutellum: (0) absent; (1) present.
A distinct triangular posteromedian projection of
the pronotum is present in 1% instars of 7. mucida
(Figs. 3A, 7) and also in larvae of Rhipsideigma
(BovING & CRAIGHEAD 1931; Fukupa 1938; BEu-
TEL & HORNSCHEMEYER 2002b). They are absent in
primary larvae of Micromalthus (BEUTEL & HORN-
SCHEMEYER 2002a) and probably also in 1% instars
of Priacma (Ross & PotHECARY 1970: fig. 3).
Prosternal glabrous patches: (0) absent; (1) pre-
sent. Distinctly delimited glabrous, shiny patches
are present anterad to the prosternal field of as-
perities in 1% instars of 7. mucida (Fig. 3B) and
also in later instar larvae of Cupedidae. They are
absent in primary larvae of Micromalthus (BEUTEL
& HORNSCHEMEYER 2002a). The condition in 1% in-
stars of Priacma is unclear (Ross & POTHECARY
1970: fig. 4; coded as -).

Legs of 2" and following instars: (0) present; (1)
absent. The absence of legs in secondary larvae is
apparently an autapomorphy of Micromalthus (co-
ded as — for 1* instars of 7. mucida).

Number of leg segments: (0) 6; (1) 5. 6-segmented
legs are present in 1% instars of 7. mucida (Figs. 1,
3B, 7, 8A) like in larvae of other groups of Archo-
stemata (present in 1% instars of Micromalthus, co-
ded as 0).
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Claws: (0) double; (1) single. Single claws are pre-
sent in 1 instar larvae of 7. mucida (Fig. 3A, 8)
and Priacma (Ross & PoTHECARY 1970). Double
claws occur in primary larvae of Micromalthus
(BEUTEL & HORNSCHEMEYER 2002a,b) and in ma-
ture larvae of Tenomerga and Omma (LAWRENCE
1999).

Tergal ampullae of 2" and later instars: (0) ab-
sent; (1) present. Tergal ampullae, which probably
facilitate boring in fungus-infested wood (Crow-
soN 1981; LawreNce 1991), are present in later in-
stars of all archostematan larvae (LAWRENCE 1999;
BEUTEL & HORNSCHEMEYER 2002a,b). They are pos-
sibly absent in 1* instars of P. serrata (Ross & Po-
THECARY 1970: fig. 3), but recognizable in the 1* in-
stars of T mucida (Fig. 1; coded as — for 1* instars).
Abdominal segments [-1II of 2" and later instars:
(0) shorter than thorax; (1) longer than thorax. The
abdomen is cylindrical and unusually elongate in
later instars of Archostemata (BOVING & CRAIGHEAD
1931; Fukupa 1938; Vurcano & PErReRa 1975:
fig. 47; LAWReNCE 1991; LAwRreNCE 1999: fig. 12).
Segments I-III combined are longer than the tho-
rax. They are slightly shorter than the thorax in the
I*instar larvae of T mucida (Fig. 1; coded as — for
1* instars).

Sternal asperities: (0) absent; (1) present. A pro-
sternal field of asperities is present in larvae of Cu-
pedidae including 1* instars of 7. mucida (Fig. 3B).
It is not recorded for 1* instar larvae of Priacma
(Ross & PoTHECARY 1970) but this may be due to
the lack of SEM micrograhs (coded as ?). They are
present on all sternites in larvae of Micromalthus
(BEUTEL & HORNSCHEMEYER 2002a: fig. 4C) but ab-
sent in the larva of Omma (LAWRENCE 1999).
Lateral longitudinal bulge of abdominal segments
I-VIII: (0) absent; (1) present. A semi-membra-
nous longitudinal bulge is present on segments
[-VIII of larvae of Tenomerga (Fig. 10; BOovING
& CRrAIGHEAD 1931) and also in larvae of Rhipsi-
deigma.

Sclerotized process of tergum IX: (0) absent; (1)
present. A median posteriorly directed appendage
of tergum IX is present in 1* instars of 7. mucida
(Figs. 1, 8B) and also in other cupedidae larvae
and larvae of Micromalthus (LAWRENCE 1991;
BEUTEL & HORNSCHEMEYER 2002a,b). It is absent in
the larva of Omma (LAWRENCE 1999).

Asperities on segment IX of mature larvae: (0)
absent; (1) present. Asperities are present on ab-
dominal segment IX of cerambycoid larvae of
Micromalthus and also in examined mature larvae
of Cupedidae. They are largely absent in 1* instar
larvae of T mucida (Fig. 8B) and probably also in
Priacma (Ross & PoTHECARY 1970: fig. 4) (coded
as — for 1* instars).

Eversible lobes of segment 1X: (0) absent; (1) pre-
sent. Eversible ventral lobes of segment X are
present (Figs. 1C, 8B) like in larvae of Micromal-

32.

33.

*34.

35.

36.

37.

thus and larvae of other groups of Cupedidae (LAw-
RENCE 1991: fig. 34.67¢; BEUTEL & HORNSCHEMEYER
2002a,b). In contrast to the usual condition the
lobes are sclerotized in the 1% instar of 7 mucida
(Figs. 1C, 8B). Specific information on this fea-
tures is not given in the description of the 1% in-
star larva of P. serrata (Ross & PoTHECARY 1970)
(coded as ?).

Urogomphi: (0) absent; (1) present, fixed or articu-
lated. Urogomphi are absent from tergum IX like
in all other larvae of Archostemata (Figs. 1, 8B).
Toothed process of sternum IX: (0) absent; (1) pre-
sent. A sclerotized, toothed process of sternum IX
is present in larvae Micromalthus but absent in 1
instar larvae of T mucida (Figs. 1, 8B) like in lar-
vae of all other groups of Archostemata.
Segment X: (0) exposed, pygopod-like; (1) not vis-
ible externally or extremely modified. Segment X
is not visible externally like in larvae of all other
groups of Archostemata (Figs. 1, 8B). It cannot be
excluded that the eversible lobes (char. 31) repre-
sent a strongly modified segment X, which is prob-
ably developed as a pygopod with terminal ever-
sible membranous vesicles in the groundplan of
Coleoptera (BEUTEL 1997).

Distal ends of Malpighian tubules: (0) not attached
to hind gut; (1) attached to hind gut. The distal
ends of the Malpighian tubules are not attached to
the hindgut in primary larvae of 7. mucida (Fig.
2C), like in the mature larvae of Rhipsideigma and
Distocupes (BEUTEL & HORNSCHEMEYER 2002a,b).
Habitat: (0) not associated with wood; (1) asso-
ciated with wood. First instar larvae of 7. mucida
are associated with wood like other archostemetan
larvae with the possible exception of Ommatidae
(LAwWRENCE 1999) (coded as ?).

Life cycle with hypermetamorphosis, parthenoge-
nesis and viviparous larvae: (0) absent; (1) present.
The unique complicated life cycle of Micromalthus
(PorLLock & Normark 2002) is obviously autapo-
morphic.

Results of the cladistic
analyses

The analyses with NONA and TNT yielded 15 and nine
minimum length trees, respectively, in both cases with 185
steps (consistency index: 0.67, retention index: 0.82). The
branching pattern of the strict consensus trees was iden-
tical (Fig. 11). Archostemata were placed as sistergroup
of the three included non-archostematan terminals rep-
resenting Adephaga (Trachypachus), Myxophaga (Tor-
ridincola), and Polyphaga (Helophorus). The monophyly
of Archostemata, Ommatidae, and Cupedidae was con-
firmed and a clade comprising the monospecific families
Crowsoniellidae and Micromalthidae.
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Fig. 11. Cladogram based on 37 larval character (1-37, see list in text) and 66 characters of adults (from BEuTEL et al. 2008, see Electronic

Supplement File 2 herein), strict consensus of 12 minimum lenght trees with 185 steps (consistency index: 0.67, retention index: 0.82), apo-

morphies mapped on tree, ambiguous characters in italics, Bremer support (BREMER 1994) below branches: Archostemata, 1.1 head of 2™

and later instars transverse, strongly rounded laterally, greatest width near hind margin; 2.1 posteromedian emarginations of head capsule

present; 3.1 endocarina present, unforked; 4.1 frontal suture strongly shortened or absent; 6.1 tentorial bridge absent, anterior and posterior

arms disconnected; 9.1 one extrinsic antennal muscle; 10.1 distal part of mandible with 3 apices or more; 13.1 cardo divided, with separate

lateral semimembranous piece; 14.1 ligula sclerotized, enlarged and wedge-shaped; 15.1 mentum and submentum not distinctly separated

(unclear in 7" mucida); 16.1 labial muscles absent (reversal in 1* instar of 7. mucida); 17.1 transverse ventral muscle between posterior

halves of head capsule present; 18.1 proventriculus present; 25.1 tergal ampullae of 2" and later instars present; 26.1 abdominal segments

I-1II of 2 and later instars longer than thorax; 34.1 segment X not visible externally or extremely modified; 36.1 associated with wood.

6. Discussion

Almost the complete set of previously identified ar-
chostematan larval autapomorphies (BEUTEL & HORN-
SCHEMEYER 2002a,b) is already manifest in the 1% instar
larvae of Tenomerga mucida. The posterodorsal and
posteroventral emarginations of the head capsule are pre-
sent (Figs. 3, 4) even though the one on the dorsal side
is rather shallow. The dorsal endocarina, a groundplan
apomorphy of Archostemata, is strongly developed (Fig.
5). It is unforked as in Micromalthus and other cupedid
species examined (BEUTEL & HORNSCHEMEYER 2002a,b),
in contrast to the forked endocarina of Ommatidae (LAw-
RENCE 1999; BEUTEL & HORNSCHEMEYER 2002a: fig. 11A).
Another autapomorphy of Archostemata is the far-reach-
ing reduction or complete loss of the epicranial (frontal
and coronal) suture. In contrast to mature larvae (BEu-
TEL & HORNSCHEMEYER (2002b) short frontal sutures are
preserved in the 1% instar of 7. mucida (Figs. 3A, 4A).
Like in other archostematan larvae several strong man-
dibular teeth are present and a distinct mola, whereas a
penicillum or lacinia mobilis are absent (Figs. 4, 5). The
typical lateral cardinal sclerite is distinct and addition-
ally a sclerotized, pad-like articulatory piece is present
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(Figs. 3B, 4B). The labium is strongly modified like in
other archostematan larvae. The sclerotized prominent
ligula is another autapomorphy of Archostemata. It is not
apically truncate in 1% instars of Tenomerga but sharply
pointed (Figs. 3B, 4B), possibly an autapomorphy of the
genus, but the condition in almost all 1* instar larvae is
unknown. Another archostematan apomorphy is the pres-
ence of tergal and sternal ampullae on the postecephalic
segments. They are not very prominent but recognizable
in the 1% instar larvae of Tenomerga (Fig. 1), whereas they
are apparently absent in 1% instars of Priacma (Ross &
PotHECARY 1970: figs. 3, 4). Other potential autapomor-
phies of Archostemata are the distinctly reduced tento-
rium, the transverse muscle of the posterior head capsule,
the proventriculus, and the strongly muscularized loop
of the hind gut (Fig. 2). As internal structures of larvae
of Ommatidae are still unknown and any information on
immature stages of Tetraphalerus (Ommatidae), Crowso-
niella (Crowsoniellidae), and Sikhotealinia (Jurodidae)
is lacking completely, the phylogenetic interpretation of
these features remains very uncertain. Information on the
digestive tract of immature beetles is presently extremely
scarce (e.g., KorscHELT 1923). It cannot be excluded that
both above mentioned features belong to the groundplan
of the order.
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The 1* instar larvae of 7. mucida display some unu-
sual plesiomorphies. The presence of a well-developed
M. frontolabralis (M8) is a unique feature in the entire
Coleoptera (e.g., BEUTEL & Haas 2000). Similarly, a ten-
toriomandibular muscle was identified for the first time
in a coleopteran larva (e.g., BEUTEL 1993; BEUTEL &
Haas 1998; BEUTEL & HORNSCHEMEYER 2002a,b; BEUTEL
& FriebricH 2005). In contrast to all other archostema-
tan larvae with available anatomical data (BEUTEL &
HORNSCHEMEYER 2002a,b), the submentum and mentum
appear still separated and two extrinisic labial muscles
are preserved. A seemingly plesiomorphic feature, ar-
guably due to reversal, is the lack of a distinct margin
of the mandibular mola. It is present in 1% instars of
Micromalthus and Priacma and also in mature larvae of
other genera of Cupedidac (BEUTEL & HORNSCHEMEYER
2002a,b). Another feature described here for the first time
is the presence of glands in the anterior and posterior ab-
domen (Fig.2). The function is presently unknown and
the phylogenetic significance unclear.

The musculature of 1% instars of 7 mucida is similar to
what was described previously for larvae of Micromalthus
and Rhipsideigma (BEUTEL & HORNSCHEMEYER 2002a,b).
Only minor reductions occur in the well-developed and
strongly sclerotized head. This includes the presence of
only one extrinsic antennal muscle (like in Micromalthus
debilis; BEUTEL & HORNSCHEMEYER 2002a), the absence
of the maxillary extensor, and the absence of intrinsic
labial muscles (all archostematan larvae with available
anatomical data). The neck musculature responsible for
movements of the head is strongly developed. In cor-
relation with wood-boring habits and a cylindrical and
largely unsclerotized postcephalic body the dorsal and
ventral longitudinal muscles are also well-developed,
and some muscles associated with the body wall extend
over more than one segment (Fig. 9) like in Rhipsideigma
(BEUTEL & HORNSCHEMEYER 2002b). The leg muscles are
rather weakly developed (Fig. 9A) compared to more ac-
tive larvae as for instance those of Dytiscus or Tenebrio
(KorscHELT 1923: figs. 11, 14; JostinG 1942). Well-
developed muscles of the eversibles lobes of segment IX
(Fig. 8B) are probably a derived feature of Cupedidae.
The strongly developed muscle associated with the gland
in the anterior abdomen (Fig. 2B) was not described pre-
viously.

The cephalic central nervous system of the 1 instar
larva is obviously affected by the small size like in the
primary larvae of Micromalthus: the brain and suboe-
sophageal ganglion are completely shifted to the protho-
rax and the hemispheres of the former are pear-shaped
and distinctly elongated (Figs. 2A, 5). The postcephalic
part is plesiomorphic, with three distinctly separated gan-
glia in the thorax and eight in the abdomen (Fig. 2B).
The presence of a fully developed dorsal vessel, which
extends through almost the entire postcephalic body is
also obviously a plesiomorphic feature.

Like in some other studies based on morphology (e.g.,
BEUTEL et al. 2008; FriepricH et al. 2009) Archostemata
were placed as sistergroup to the terminal taxa represent-
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ing the other three suborders. However, this result should
be taken with caution as the non-archostematan sampling
is very limited. Moreover, the available morphological
information on Crowsoniellidae and Jurodidae is very
scarce and larvae of all families except for Cupedidae
and Micromalthidae are unknown or insufficiently docu-
mented. The monophyly of Archostemata is very strongly
supported (Fig. 11) but the interrelationships of the fami-
lies are largely unresolved, mainly due to missing data.
Like in HOrRNSCHEMEYER (2009: figs. 1A, 2) and BEUTEL
et al. (2008) Micromalthidae + Crowsoniellidae were
placed as sistergroup of Crowsoniellidae, but this result
is weakened by missing data for the latter family. Several
presumably apomorphic larval features are shared by
Micromalthidae and Cupedidae. This includes the strong-
ly transverse and laterally rounded head capsule, the
complete reduction of stemmata, the distinctly shortened
distal part of the mandibles, the loss of the retinaculum
(Figs. 3—5), the presence of sternal asperities and asperi-
ties on segment IX, and the presence of eversible lobes of
segment IX and of a caudal sclerotized process of tergum
IX (Fig. 1). Antennae shortened compared to the well-
developed four-segmented antennae of Omma are also a
derived feature found in both families, but this mainly
applies to the 1% instars. The monophyly of Ommatidae
is well supported by adult features (FRIEDRICH et al. 2009)
(larvae of Tetraphalerus are unknown). The monophyly
of Cupedidae is strongly supported, but like in the case of
Ommatidae exclusively by apomorphies of adults. Like
in HORNSCHEMEYER (2009: figs. 1A, 2) and BEUTEL et al.
(2008) Cupedidae excl. Priacma and Paracupes (larvae
unknown) are monophyletic, but again this is only sup-
ported by apomporphies in the adult stage (later instars of
Priacma and larvae of Paracupes are unknown). A cupe-
did subgroup well supported by larval features comprises
the genera Tenomerga and Rhipsideigma, and possibly
also Cupes (larval features unknown). Shared apomor-
phies are the presence of glabrous prosternal patches
(Fig. 3B; not described for 1* instars of P. serrata; Ross
& PotHECARY 1970), a widened prothorax (less strongly
but still distinct in 1* instars of 7. mucida; Fig. 1), the
pronotal pseudoscutellum (Fig. 7), and the presence of
lateral longitudinal bulge of abdominal segments I—VIII
with specifically developed lateral muscles (Fig. 10).

Several characters are apparently related to the in-
star. A specific feature of 1% instar larvae is the extreme-
ly shortened antenna with a reduced number of anten-
nomeres (Fig. 3A; Ross & PotHECARY 1970; BEUTEL &
HornscHEMEYER 2002a). Another feature is the presence
of well-developed and moderately long legs (Figs. 1, 7,
8A; Ross & PotHEcARY 1970: figs. 3, 4), in contrast to
strongly shortened or reduced legs in later larval stages
(BEUTEL & HORrNsCHEMEYER 2002a: fig. 3a,b; BEUTEL &
HoORNSCHEMEYER 2002a: figs. 3, 28).

Reconstruction of the phylogeny and character evo-
lution of Archostemata is still greatly impeded by the
scarcity of data, especially the lacking information on in-
ternal features and larval characters. The search for addi-
tional and unequivocally identified larvae of Ommatidae
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should have high priority. However, considering the rar-
ity of adults and the presumably cryptic habits of the im-
mature stages, this is obviously a great challenge. In the
case of Crowsoniellidae (only type series known) and
Sikhotealinia (only holotype known) this is definitely un-
realistic, at least in the nearer future, and this applies also
to tissue of these taxa for DNA extraction. Consequently,
the phylogeny and evolution of the most mysterious and
archaic group of beetles will remain enigmatic to a con-
siderable extent.
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