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Figs 1–4: 1 – Larval heads of Sphindus americanus, dorsal view, head lifted anteriorly, normal orientation see Fig. 14; 2 – Eric-

modes sp., dorsal view; 3 – Sphindus americanus, lateral view, head lifted anteriorly; 4 – and Ericmodes sp., lateral view. Abbrevia-

tions: c - cardo, cs - coronal suture, fs - frontal suture, hyr - hypostomal rod, lbr - labrum, md - mandible, st - stipes.
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rior, absent; M. 30: M. tentoriopraementalis superior,

absent; M 34: Mm. praementopalpalis externus, absent.

Epipharynx (Figs 5, 8)

Anterior part of ventral side of labrum completely

membranous, with lateral group of short bristles, sepa-

rated from posterior part by a transverse row of small

spines. Posterior epipharynx V-shaped in cross section,

with deep U-shaped median groove, forming narrow lat-

eral grooves with upper sides of mandibles (Fig. 8). Pos-

terior part of epipharynx not fused with hypopharynx

anterior to anatomical mouth, prepharyngeal tube absent.

Musculature (Figs 5, 7, 8): M 43: M. clypeopalatalis,

composed of three bundles, which are separated by trans-
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Figs 5–7: 5 – Larval head of Sphindus americanus, horizontal section, dorsal half; 6 – horizontal section, ventral half; 7 – sagittal

section. Abbreviations: cer - cerebrum, gf – frontal ganglion, ph - pharynx, pst – prostheca, rm – ring musculature, soes - suboeso-

phageal ganglion, tb - tentorial bridge, tub - tube-like salivary glands, 1, 2, 4 - antennal muscles, 7 - M. labroepipharnygalis, 9 - M.

frontoepipharyngalis, 11 - M. craniomandibularis internus, 12 - M. craniomandibularis externus, 15 - M. craniocardinalis, 17 - M.

tentoriocardinalis, 18 - M. tentoriostipitalis, 19 - M. craniolacinialis, 28 - M. submentopraementalis, 41 - M. frontohypopharyngalis,

42 - M. tentoriohypopharyngalis medialis, 43 - M. clypeopalatalis, 45 - M. frontobuccalis anterior, 46 - M. frontobuccalis posterior,

52 - M. tentoriopharyngalis.
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Musculature: Mm 1, 2, 4: Mm. tentorioscapalis

anterior, posterior, and medialis, moderately developed

muscles, O: dorsal wall of head capsule, immediately

close to attachment of dorsal tentorial arm, I: base of

antennomere I.

Mandibles (Fig. 11; external features see lipi ski, 1998)

Musculature: M 11: M. craniomandibularis internus,

largest muscle in larval head, O: dorsolaterally from ante-

rior head capsule, dorsolaterally, laterally, and ventro-

laterally from posterior head capsule, I: adductor tendon;

M 12: M. craniomandibularis externus, composed of four
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Figs 8–11: 8 – Cross sections of epipharyngeal region of Sphindus americanus . 9 – Ericmodes sp; 10 – anterior pharyngeal region

of Sphindus americanus ; 11 – Ericmodes sp. Abbreviations: cer - cerebrum, fb – fat body, hy – hypopharynx, ma – mala, mo –

mola, mx – maxialla, nrec - nervus recurrens, ph - pharynx, pmx – palpus maxillaris, pta - posterior tentorial arm, rm - ring muscle,

ste – stemmata, trb – transverse bar, tub - tube-like salivary glands, 9 - M. frontoepipharyngalis, 11 - M. craniomandibularis inter-

nus, 12 - M. craniomandibularis externus, 17 - M. tentoriocardinalis, 18 - M. tentoriostipitalis, 19 - M. craniolacinialis, 28 - M. sub-

mentopraementalis, 41 - M. frontohypopharyngalis, 42 - M. tentoriohypopharyngalis medialis, 43 - M. clypeopalatalis, 45 - M.

frontobuccalis anterior, 46 - M. frontobuccalis posterior, 52 - M. tentoriopharyngalis.
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Tube like salivary glands, resembling Malpighian

tubules (Figs 7, 10, 11), originate in the thorax or poste-

rior head region in larvae of Cucujiformia. The proximal

part is voluminous and grape-shaped in larvae of Altica.

This is not coded as a separate character state. The tubes

are absent from larvae of other groups such as Staphylini-

dae, Derodontidae, Nosodendridae and Dermestidae.

ANALYSIS

The preliminary analysis of the interrelationships of

cucujiform taxa was based upon 22 larval characters.

Ochthebius (Hydraenidae) and Derodontus

(Derodontidae) were used as outgroups. All characters

were weighted equally and not ordered. Question marks

in the matrix indicate missing data.

Most parsimonious trees were sought using branch and

bound search in PAUP (version 3.1; Swofford, 1991).

The outgroup taxa were treated as all other groups in the

analysis (simultaneous analysis; Nixon and Carpenter,

1993). Analysis of character evolution was conducted in

MacClade (version 3; Maddison and Maddison, 1992).

Additional analyses were carried out after successive

reweigthing. A bootstrap search was not conducted. Boot-

strap values should not be used as confidence intervals

(e.g. Carpenter, 1996; Rudolf Meier, pers. comm.).

The sample of taxa was restricted by the availability of

larval material suitable for histological techniques. The

genus Sphindus is apparently not a basal lineage within

Sphindidae (McHugh ,1993; Chiao & McHugh, in press).

However, characters that are variable within this family

(Chiao & McHugh, in press) are not considered here.

RESULTS OF THE PHYLOGENETIC ANALYSIS

The analysis resulted in 74 trees of a minimal number

of 63 steps (CI: 0.571; HI 0.429, RC 0.409). Interrelation-

ships of cucujoid families were not resolved in a strict

consensus tree (Fig. 17). Successive reweighting resulted

in four equally parsimonious trees (Fig. 18: tree 1; Fig. 19

strict consensus tree). Unambiguous apomorphies are

mapped on one of these trees and listed below for

selected nodes.

The main purpose of the analysis was to determine the

character state polarity and a preliminary assessment of

some phylogenetic affinities. It is well understood that an

analysis of features of the larval head of a very limited set

of taxa cannot yield a reliable reconstruction of the inter-

relationships within Cucuiformia.

Cucujiformia: (2.1) diverging hypostomal rods (CI:

0.750); (4.1) dorsal tentorial arms flattened and weakly

sclerotized (CI: 0.400); (5.1) anterior tentorial arms

strongly reduced or absent, anterior tentorial grooves not

connected with posterior tentorium (CI: 1.000); (9.1)

prostheca absent (CI: 0.500); (14.2) maxillary mala (CI:

1.000); (22.1) tube-like glands present (CI: 1.000).

Cucujoidea, Cleroidea, Tenebrionoidea: (18.1) short

prepharyngeal tube (CI: 0.667).

Cucujoidea, Cleroidea: (12.1) anterior component of M.

tentoriostipitalis attached to ventral hypopharnygeal wall

(CI: 1.000).

Sphindus and Ericmodes: (5.1) labrum almost vertical

(CI: 0.500).

Mycetina, Coccinella, Glischrochilus, Collops, Phyco-

secis, Calytis, Lemidia: (3.1) posterior tentorial arms

separated from bridge (CI: 1.000); (11.1) maxillolabial

complex (CI: 1.000).

Coccinella, Collops, Glischrochilus, Phycosecis, Caly-

tis, Lemidia: (1.2) gula short, sclerotized, inserted

between posterior tentorial arms, fused with submentum

(CI: 0.625).

Glischrochilus, Collops, Phycosecis, Calytis, Lemidia

(Cleroidea): (2.0) hypostomal rods absent (CI: 0.750);

(21.1) cerebrum asymmetrical (CI: 1.000).

Collops, Phycosecis, Calytis, Lemidia (Cleroidea): (1.4)

gula moderately elongated, parallel-sided, unsclerotized

(CI: 0.625); 7.1. antenna parallel to body axis (CI: 1.000);

(16.0) M. tentoriopraementalis superior present (0.500);
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Figs 17–18: Cladograms. 17 – strict consensus tree of 74

trees with a minimal length of 63 steps; 18 – strict consensus

tree of four trees obtained after successive reweighting.



DISCUSSION

Larvae of Sphindus and Ericmodes show several pre-

sumably derived character states, which they probably

share with all other larvae of Cucujiformia. Tube-like

salivary glands, which were interpreted as a possible auta-

pomorphy of this large lineage of Coleoptera, are

unmodified in the larvae of Cleroidea, Cucujoidea, Tene-

brionoidea, but distinctly extended and vesicular in larvae

of Altica (Chrysomelidae). Other derived character states

found in larvae of Ericmodes and Sphindus, and those of

other cucujiform families, are the single mala and and a

partly or completely reduced anterior tentorial arm, which

is always disconnected from the posterior tentorium. The

dorsal tentorial arm is weakly sclerotized or vestigial in

most cucujiform larvae. However, this is more a tendency

than a well defined character state. The tendency to shift

the origin of the antennal muscles from the tentorium to

the head capsule (all cleroid larvae, Elateroides, Altica,

Bitoma, Pyrochroa) is probably correlated with this char-

acteristic.

A monophyletic unit comprising cucujoid, cleroid and

tenebrionoid taxa is only weakly supported by one unam-

biguous apomorphy, the presence of a short prepharyn-

geal tube. This implies secondary loss in Sphindus.

Besides that, a prepharyngeal tube has evolved several

times independently, associated with a predacious life

style (e.g. Adephaga; Beutel, 1993).

The origin of an anterior component of M. tentoriostipi-

talis (M. 18) from the hypopharynx is an unusual derived

character state, which indicates the monophyly of a large

group comprising Cucujoidea and Cleroidea. This compo-

nent is rather thin in Protocucujidae, Sphindidae, Silva-

nidae and Cavognathidae. A basal position of these

groups within a presumptive cucujoid-cleroid lineage is

also indicated by the comparatively plesiomorphic condi-

tion of the tentorium. The posterior arms and the tentorial

bridge form a continuous structure, whereas they are

separated from each other in larvae of the other groups.

Another plesiomorphic feature is the absence of a maxil-

lolabial complex. Restriction of the lateral movements of

the maxillae is associated with increase in size of the ver-

tically oriented hypopharyngeal component of M. 18.

A sister group relationship between Protocucujidae and

Sphindidae was suggested by lipi ski (1998), based on

the results of a cladistic analysis of larvae and adults of

several groups of Cucujoidea (Sphindidae, Hobartiidae,

Phoeostichidae, Brachypteridae). This seems to be well

supported by shared derived adult features, especially of

the male genital apparatus. However, proposed synapo-

morphic features of larvae are less convincing. The pres-

ence of only five stemmata (six in Sphindus) and a short-

ened coronal suture are character states found in many

groups of Coleoptera. The larval head structures studied

in this investigation do not yield much evidence for a

sister group relationship between Protocucujidae and

Sphindidae. A distinctly inclined or almost vertical

labrum is characteristic of larvae of both families. How-

ever, this is a gradual modification rather than a distinct

character state, and a similar condition is also found in

larvae of other groups such as Staphylinidae (Sepedophi-

lus) and Myxophaga (Beutel et al., 1999). Some character

states seem to be more advanced in larvae of Ericmodes

than in larvae of Sphindus. The head is almost progna-

thous, whereas it is distinctly inclined in larvae of Sphin-

dus. They possess a closed prepharyngeal tube, which is

absent from larvae of Sphindus, but present in larvae of

other families of the cucujoid-cleroid lineage. The

hypopharyngeal component of M. tentoriostipitalis is

slightly better developed and not separated from the pos-

terior parts of the muscle. The mandibular prostheca is

largely reduced in later instars. The brain is more elon-

gated and partly shifted to the prothorax. These differ-

ences are not strong evidence against a sister group rela-

tionship between Protocucujidae and Sphindidae. Seem-

ingly primitive characters of Sphindus, such as the

absence of a gula, the distinctly inclined head, and the

open cibarium, could be associated with their specialized

slime mould feeding habits. It is apparent that more evi-

dence is needed for a reliable interpretation of some char-

acter states and of the interrelationships between cucuji-

form groups.
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Fig. 19. Cladogram, tree 1 of four trees obtained after suc-

cessive reweighting, unambiguous apomorphies mapped on

cladogram for selected clades.
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