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Molecular evidence indicates the Scarabaeini have origins dating back to at least the mid-upper
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Miocene (8-18 Million years ago). During this time its members underwent a rapid phase of
radiation followed by long periods of divergence. Flightlessness evolved in several lineages
along with the polyphyletic evolution of behavioural adaptations associated with food
specialization and relocation including pushing, dragging and carrying, or combinations of these
techniques. Members of the Scarabaeus subgenus Sceliages Westwood have evolved extreme
necrophagous behaviour of feeding and breeding exclusively on millipedes. Whilst necrophagy
is an opportunist strategy utilised by many scarabaeines, only S. (Sceliages) beetles have become
obligate specialists. Adaptations reported in this study include a positive chemotaxic response to
the quinone-based allomones secreted by distressed or injured millipedes. These beetles do not
construct food balls and roll them backwards in typical Scarabaeini fashion. Rather, whole or
portions of millipedes are pushed away from potential competitors, buried and subsequently
dismembered to access the internal tissues for food and reproduction. Phylogenetically, all
analyses strongly supported the monophyly of Sceliages taxa within Scarabaeus S. L. , thereby
providing justification of the proposed subgeneric classification of its members. Congruent
trends recovered from simultaneous analyses of the morphological and molecular data thus

provided a means to review the systematics of the tribe.
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To date, only morphological character sets have been used in phylogenetic studies to infer inter-

and/or intra-generic relationships among members of the Scarabaeini (Mostert and Scholtz,
1986; Barbero ef al., 1998; Harrison and Philips, 2003). These studies were based on relatively
small amounts of data that may have generated inaccurate or biased phylogenetic reconstructions
(see Hillis, 1998; Grandcolas ef al., 2001). A recent study of Scarabaeinae (Philips et al., 2004)
was based on large morphological data sets comprising more than 200 characters in an attempt to
improve phylogenetic signal and generate more robust hypotheses. Both studies support
congruence in the polyphyletic evolution of ball-rolling and feeding behaviours deviating from
coprophagy. However, a high degree of character homoplasy is reported in the scarabaeines,
likely the product of nonheritable information brought about by environmental influences (Hillis,

1987).

Molecules and Morphology

The advent of Polymerase Chain Reaction (PCR; Saiki ef al., 1988) marked a proliferation in the
use of sequenced regions within mitochondrial DNA (see Simon et al., 1994), and more recently,
nuclear ribosomal DNA in insect molecular systematics (see Caterino, Cho and Sperling, 2000).
Within the former of these classes, the Cytochrome Oxidase subunit I (COI) and COIl markers
have historically proven useful in providing sufficient phylogenetic signal in estimating
relationships corresponding to interspecific levels of recent divergence within Coleoptera (e.g.
Emerson and Wallis, 1995; Langor and Sperling, 1997; Kobayashi e al., 1998; Cognato and
Sperling, 2000} including within the Scarabaeinae (Villalba et al., 2002). In contrast, the highly
conserved 3' region of the large ribosomal subunit (16S) of mitochondrial DNA has proven more
effective at addressing deep levels of divergence evident among distantly related taxa (DeSalle,
1992; Derr et al., 1992) Similarly, 18S nuclear ribosomal RNA has also been useful for resolving

basal relationships in higher level phylogenetic studies (Chalwatzis et al., 1996; Caterino et al.,
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description of one species and give details of the remarkable biology of members of the genus

feeding on Diplopoda.

The second chapter is accepted and in press at Systematic Entomology at time of binding. It
forms the principal phylogenetic analysis for the tribe based in a suite of 246 adult
morphological and behavioural characters. Several hypotheses are rigidly tested and discussed in
relation to the evolution of flightlessness, ball-rolling, and feeding specialization. A new
classification proposes the maintainance of only 2 genera, Scarabaeus and Pachylomerus and 3
sub-genera i.e. Scarabaeus S. Str., Scarabaeolus and Pachysoma. Of the remaining genera,
Kheper and Sceliages are demoted to sub-genera and Drepanopodus is synonymised with

Scarabaeus.

The third chapter is submitted to Molecular Phylogenetics and Evolution in February, 2004, This
chapter introduces a molecular component to the tribal phylogeny by sequencing portions the
COIl and 16S rRNA mitochondrial genes as likely candidates for simultaneous analyses with and
without morphological data to resolve as many of the relationships as possible between the close
and not so closely related exemplars of the Scarabaeini. In doing so, the authors associated with
this paper hope to compare the molecular evolution and phylogenetic utility of these two genes
and assess the level of congruence these analyses hold with the morphology-based hypotheses
presented in chapter two, and the relatedness between the Scarabaeini and the morphologically
similar eucraniines. The molecular phylogenies are then used to assess the proposed tribal

classification presented in the second chapter.
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