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Pachylomerus Bertoloni, 1849

Definitive support for the monophyly of genus is indicated by 36 apomorphic character states
including an absence of a definitive anterior ventral carina located distally on the profemora
(101/2) which is unique to the genus (Fig. 153.02). Support for the basal placement of P.
femoralis in a phylogenetic study of the flightless Scarabaeint by Harrison & Philips (2003) is
based on the four controverted characters as follows: a small distinct projection on the anterior
edge of the pronotum; coarse serrations on the lateral edge between the external protibial

denticles; a single, well-developed mesotibial spur; and partial basal sclerotisation of the inner

ligular lobes armed with tufted setation on the apices.

Table 1. Proposed classification of the Scarabaeini (Coleoptera: Scarabaeidae). 1, described as subgenus by
Balthasar (1965); 2, synonymised by Holm and Scholtz (1979); 3, synonymised by Mostert and Holm (1982); 4,
synonymised by Mostert and Scholiz (1986}, 5, subgeneric status proposed by Harrison ef al. (2002).

Current recognised  Genera Proposed/maintained Proposed/maintained

genera of the to be maintained  subgenera of synonymy with

Scarabaeini Scarabaeus sensu lato  Scarabaeus sensu stricto

Drepanopodus Scarabaeus S. L. Kheper stat. nov. Drepanopodus syn. nov.

Kheper Pachylomerus Sceliages stat. nov.

Pachylomerus Madateuchus’

Sceliages Scarabaeus Mnematidium®

Scarabaeus Scarabaeolus' Mnematium®
Pachysoma® Neateuchus®

Neomnematium’

Mostert & Scholtz (1986) list several apomorphies to justify the validity of the genus
Pachylomerus including sexual dimorphism, reduced tarsal claws, a broad sculptured pronotum
and a highly evolved aedaegus. They also recognise four plesiomorphic states of the tribe
retained by the genus; an ovate and slightly concave basal lamella of the antennal club,
externally serrated protibia, two tarsal claws and closely set elytral carina. Moreover, Mostert &

Scholtz (1986) indicate a number of derived characters Pachylomerus shares with the genus
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Kheper thereby suggesting they are reasonably close phylogenetically and morphologically and
are the more highly evolved lineages of the tribe. All but one tree (not shown) in our study
supports Pachylomerus as sister to all other taxa in the tribe. As recognition of the former does

not violate monophyly of the latter, Pachylomerus is maintained/recognised as a genus.

Kheper Janssens, 1940

Only 2 out of 20 characters supporting the Kheper clade are unique (Figs 153.02-03). The distal
apex of the mesotibia is armed with a spur that is completely fused, becoming a tibial extension
(103/2) which is flush with the ventral margins of the mesotibia (125/1). The creation of the
genus by Janssens (1940) was based largely on the presence of one tarsal claw, an apomorphic
state also shared by the genus, Drepanopodus. The separation of Kheper from Drepanopodus
and Scarabaeus S. L. survived 2 demotions to subgenera by Balthasar (1963) and Halffter &
Matthews (1966). Mostert & Scholtz (1986) highlighted several autapomorphies supporting the
phylogenetic distinction of Kheper from Scarabaeus S. L. and therefore its validity as a genus.
These characters included: no serrations between or proximal to the external protibial denticles,
of which the most proximal of the 4 is reduced; a single fixed tarsal claw; inflected meso- and
metatibial spurs; and laterally expanded apical hooks of the aedaegus parameres. Our character
states 111/2 and 112/2, in combination, support the lack of serrations along the entire length of
the external protibial margin as an autapomorphy for the genus. Both S. [Neopachysoma] spp
and S. [Neateuchus] proboscideus lack serrations between the external protibial denticles but are
armed with serrations proximal to the dentation. Scarabaeus westwoodi lacks setation proximal
to the dentation but is armed with hairs between the denticles. Acording to our study, the
remaining characters listed by Mostert & Scholtz (1986) are not exclusive to the genus Kheper.
Both studies by Mostert & Scholtz (1986) and Harrison & Philips (2003) depict Kheper as a
highly derived lineage of Scarabaeus S. L. closely related to Pachylomerus and Scarabaeus

sacer L., respectively. Our results suggest the genus is also a derived lineage of Scarabaeus S. L.,
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& Holm (1982), and although not examined in this study, are unlikely to effect the topological
placement of the flightless Scarabaeus S. Str. Their classification as synonyms of Scarabaeus is

therefore uncontested.

Scarabaeus (Pachysoma MacLeay, 1821)

The node supporting S. (Pachysoma) S. L. shares 22 synapomorphic characters with the
remaining members of the tribe including morphologically congruent and no doubt convergent
L. arachnoides. Four character states present i the mandibles (53/2), epipharynx (67/2), neck
sclerites (76/1) and mesonotum (172/0) are unique to the clade (Fig. 153.09). Members of S.
(Pachysoma) S. L. clade are differentiated from the E. arachnoides by 7 homoplasious
apomorphies (Fig. 153.10) and is the only clade in the phylogeny whose members possess a
single lateral plate on each prothoracic apodeme (90/2). In contrast to a paraphyletic origin of S.
(Pachysoma) S. L. suspected by Holm & Scholtz (1979), all trees generated in this study clearly
support the clade as monophyletically derived from ancestral Scarabaeus S. L. lineages.
Harrison & Philips (2003) report a similar likely origin of the subgenus. The unique biology and
foraging behaviour discussed by Scholtz (1989) provide further support for the uniqueness these
scarabaeines. Within the subgenus, species of synonymised Neopachysoma (e.g. S. denticollis
and S. rodriguesi) form a monophyletic sub-clade and are consistently derived from S§.
(Pachysoma) S. Str. lineages in all trees examined. Sixteen apomorphies, including 2 that are
unique to Neopachysoma also receive strong decay support (Figs 1, 2, 153.10). Recognition of
Neopachysoma as a genus would therefore make S. (Pachsoma) S. Str. paraphyletic. We
therefore retain the synonymy but note that it is a distinct lineage within the subgenus
Pachysoma S. L. In concordance with the review of the subgenus by Harrison ef al. (2002), we

support the recognition of Pachysoma S. L. as a subgenus of Scarabaeus S. L.
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A consistent link between the fully winged and brachypterous lineages is represented by the
North African S. [Mnematidium] multidentatus. This fully winged species, whose biology is
apparently similar in all respects to that of true Scarabaeus species (Balthasar, 1963), shares a
number of morphological similarities with species in the flightless clade, particularly with other
S. [Mnematium] spp. These include derived characters associated with walking such as the
circular, marginal circumference of the procoxal cavity (86/1) and closely set mesocoxae {
(197/2)) present in all flightless Scarabaeini. Two hypotheses for the evolution of S.
[Mnematidium] multidentatus are presented. Firstly, this species may posses a flightless
polymorphic condition resulting from reduced wing muscles as suspected in the North American
Geotrupidae genus, Peltotrupes (Olsen er al., 1954; Howden, 1955). Secondly, S.
[Mnematidium] multidentatus may resort to a flightless phase at some point in adult life enabling
greater reproductive potential. Newly emerged adult females may be capable of flight but lose it
permanently upon location of a mate and/or food resource by histolysing flight musculature.
Indeed, Roff (1990) and Scholtz (2000} report that many insects histolyse their wing muscles
which allows for increased egg production. For instance, fully winged females of the dynastine
Oryctes rhinoceros L. and the lucanid Lucanus cervus L. “trade-in” flight in favour of
reproduction by autolysing thoracic muscles in autumn and replacing them with fat-body cells
(Smith, 1964). Moreover, Scholtz and Caveney (1992) report wing muscle histolysis in the
southern African desert trogid, Omorgus asperulatus (Harold) during the utilisation of a large

mammal carcase for reproduction.

Eucraniini sister to Scarabaeini?

The Eucraniini are restricted to xeric, sandy areas of Argentina. The tribe contains 18 flightless
species in the genera, Eucranium Brullé, Glyphoderus Westwood and Anomiopsoides

Blackwelder, and a single flighted species in the genus Ennearabdus Van Lansberge (Zunino et
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is known of their biologies and relatively few are available for molecular or morphological-based

study,
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Appendix 2. Morphological characters and their states with reference to anatomical drawings
(Figures 6-152).

Head plates

10.

Clypeal teeth: (0) two; (1) four; (2) none.

Shape of medial teeth of clypeus: (0) blunt and rounded; (1) narrow triangular shape
(tooth width < 2/3 length); (2) wide triangular shape (tooth width = length); (3) teeth
absent.

Position of medial clypeal teeth (cf. lateral clypeus teeth/anterior margin of clypeus): (0)
not projecting anterior of marginal curvature of clypeus; (1) markedly projecting anterior
of marginal curvature of clypeus.

Clypeal curvature (at plane) between distal edges of geno-clypeal suture (in dorso-
frontal view): (0) flat; (1) slightly convex; (2) convection forming projection, carina, etc;
(3) concave.

Emargination between medial clypeal teeth relative to lateral emarginations between
medial and lateral clypeal teeth: (0) anteriorly positioned to a line drawn between base of
both lateral emarginations (Fig. 6); (1) even with line (Fig. 7); (2) posteriorly positioned
to line (Fig. 8).

Shape between medial clypeus teeth: (0) no emargination; (1) emargination U-shaped; (2)
emargination V-shaped; (3) emargination a slight notch.

Ventral transverse margin of clypeus with: (0) no protuberances; (1) carina present; (2)
carina present with one or more tooth-like projections; (3) carina absent. One or more
tooth-like projections present

Ventral surface of clypeal teeth: (0) no protuberances; (1) simple longitudinal carinae
present; (2) each longitudinal carina forming a tooth-like projection distad; (3)
longitudinal carinae absent. Tooth-like projection distad.

Lateral margins of clypeal epistoma: (0) forming an obvious tooth-like projection; (1)
plate-like with anterior-lateral angle forming reduced tooth-like projection; (2)
rectangular plate without projection.

Geno-clypeal suture: (0) markedly defined; (1) not so.

Anterio-lateral margin of genal epistoma: (0) distinct from clypeus forming an obvious
notch-like emargination (Fig. 9); (1) forming a slight notch-like emargination(Fig. 10);
(2) completely indistinct forming approximately a continual margin with clypeus (Fig.
11).
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28. Seventh antennomere (basal lamella of club): (0) cup-shaped, rounded; (1) slightly leaf-
shaped, relatively elongate, flattened; (2) Intermediate form: oval leaf-shaped, slightly
rounded.

Mouth parts

Labium

29. Mentum anterior margin: (0) slightly emarginate; (1) markedly emarginate; (2) straight.

30. Mentum surface: (0) flat and simple; (1) contoured with mounds and depressions; (2)
convex and simple.

31.  Mentum pubescence/setation: (0) mainly restricted to anterior region (projecting
forwards); (1) mainly unrestricted, covering most of ventral surface; (2) mainly restricted
to anterior and lateral regions (absent medially).

32.  Labial palps (basal palpomere): (0) fat in width from base to apex (Fig. 23); (1) thin in
width from base to apex (Fig. 24).

33.  Labial palps (middle palpomere). (0) positioned perpendicularly on lateral edge of (to)
basal palpomere and directed inwards (Fig. 23); (1) not so (Fig. 24).

34.  Labial palps (apical palpomere): (0) markedly reduced in size compared to middle and
basal palpomeres and appearing as a small “nmipple;” (1) slightly reduced in size
compared to with middle and basal palpomeres.

35. Labial palps: (0) markedly developed and much larger in size to dorsal paraglossal
processes; (1) reduced and similar in size to dorsal paraglossal processes.

36. Baso-medial paraglossal torma: (0) slight to no interruption by glossa (Fig. 25); (1)
forms a deep cradle-like emargination to house the glossa (Fig. 26).

37. Glossa (dorsal view): (0) markedly developed anterior protrusion; (1) not so.

38.  Posterior margin of baso-medial paraglossal torma: (0) very slight to no emargination;
(1) markedly pronounced emargination; (2) intermediate emargination.

39.  Dorsal paraglossal processes with anterior medial margins: (0) oblique basally and
angulate apically (Fig. 27); (1) oblique and straight (Fig. 28); (2) basally perpendicular to
glossa and approximately right-angled apically (Fig. 29).

40, Dorsal paraglossal process: (0) markedly developed, elongate; (1) not so

41. Ventral paraglossal process: (0) markedly pronounced lobes (sclerotised or not so); (1)
reduced and primarily serving as rigid spine for ventral paraglossal process and basal
comb setae.

42, Setal arrangement on medial margin of ventral paraglossal process: (0) comb-like setae

forming a continuous band along entire margin (Fig. 30); (1) one to two comb-like
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91. Lateral plates of prothoracic apodemes (0) relatively even in size; (1) outer plate larger
than inner plate; (2) one of the two lateral plates absent; (3) inner plate larger than outer
plate.

92.  Angulation of outer lateral plates relative to central chitinous supports of the prothoracic
apodemes (when viewed through posterior prothoracic foraman). (0) greater than 45°
(Fig. 67); (1) slightly angled above horizontal (Fig. 68); (2) horizontal (Fig. 69).

Forelegs

93.  Edge of coxal depression (dorso- lateral view) (Fig. 70): (0) forming an abrupt ridge or
carina much like an “Adam’s apple”; (1) forming a very slight ridge or carina; (2)
intermediate form between (1) and (2).

94. Baso-lateral “ankle” of coxa (Fig. 71): (0) possessing an obvious spike-like protrusion;
(1) possessing a knobbed, rounded protrusion; (2) lacking any protrusion.

95. Trochanter: (0) with a distinct “heel-like” carina or ridge which may/may not be serrated
or forming a spike-like protrusion; (1) not so.

96. Trochanter: (0) posterior facet possessing serrations or one to several spike-like
protrusions; (1) not so.

97. Baso-anterior ventral corner of the femora: () possessing a spike-like protrusion; (1) not
SO. v

98. Shape of femora: (0) fat and laterally enlafged; (1) enlarged basally, not so distally (much
like a chicken drum-stick); (2) approximately parallel-sided and even thickness through
length of femora; (3) evenly tapered (slight bulge on ventral surface).

99. Dorso-posterior edge of femora: (0) serrated/toothed; (1) smooth.

100.  Dorsal carina of femora leading basally from tibia/femora articulation (Fig. 73): (0)
markedly toothed; (1) smooth; (2) finely serrated (often giving rise to setae).

101.  Dorso-anterior edge/carina running distally from the “heel” terminating medio-ventrally
on anterior facet beneath 99 (Fig. 72). (0) smooth; (1) toothed or serrated through
majority of its length; (2) toothed or serrated basally, fading to smooth distally.

102.  Distal anterior ventral edge or carina of femora: (0) toothed or serrated; (1) smooth; (2)
absent or merging medially with 100; (3) smooth with single tooth.

103.  Relationship between 99 and 100 (Fig. 72). (0) distinct and separate; (1) indistinct,

virtually joined medially forming a single edge or carina; (2) converge medially then
separate as distinct carinae along majority of femora; (3) converge medially with 99

terminating at this convergence.
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175,  Lateral corners at union with posterior transverse ridge/carina and scutellum: (0)
rounded; (1) angulate (approximately 90°).

176.  Posterior transverse ridgelcarina: (0) carina complete/unbroken with its emargination
evenly rounded into 2 lobes divided by longitudinal mesothoracic suture (1) carina
complete/unbroken with its emargination angled at longitudinal mesothoracic suture; (2)
carina incomplete forming 2 separate lobes with emargination restricted to anterior
medial region of each lobe unjoined at longitudinal mesothoracic suture.

177.  Scutellum apex: (0) projecting upwards; (1) not so.

178, Length of scutellum (measured from apical tip of scutellum to transverse line drawn
along most posterior point of transverse ridge/carina, compared with length of scutum
measured from this line to anterior terminus of longitudinal mesothoracic suture). (0)
scutellum < ¥2 length of scutum; (1) scutellum between V2 and % length of scutum; (2)
scutelium > length of scutum; (3) scutellum length equal to scutum length.

179.  Prescutum: (0) markedly developed; (1) reduced.

180.  Prescutum: (0) directed anteriorly beyond apicies of phragmal arms; (1) approximately
equal to apicies of phragmal arms; (2) sub-equal to apicies of phragmal arms.

181.  Lateral margins of prescutum (anterior-ventral view): (0) approximately straight; (1)
markedly tapering; (2) evenly rounded; (3) vestigial or absent.

182.  Emargination of anterior ventral margin of prescutum: (0) shallow, narrow; (1) shallow,
broad; (2) deep, broad; (3) convex/round, with minimal to no emargination; (4) deep,
narrow.

183.  Anterior ventral margin of prescutum at union with longitudinal mesothoracic process
(ventral view): (0) slightly decurved posteriorly (Fig. 115); (1) markedly decurved
posteriorly (Fig. 116): (2) not decurved (Fig. 117).

184,  Scutellar process (ventral view): (0) markedly developed; (1) reduced to absent.

185.  Lateral process (axillary chord; ventral view): (0) markedly developed; (1) reduced to
absent.

Metanotum

186.  Prescurum: (0) developed; (1) reduced.

187.  Prescutal membrane between dorso-lateral margins of prescutum and ventro-lateral
margins of scutum: (0) undivided, approximately even width through its length (Fig.
102); (1) undivided, constricted (Fig. 103); (2) divided (Fig. 104).

188.  Scutum: (0) developed; (1) reduced to vestigial.
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Fig. 153.07. Node 47.
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