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CHAPTER 2

Phylogeny of Pachysoma Macleay and related flightless Scarabaeini (Scarabaeidae:

Scarabaeinae)*

The phylogenetic validity of Pachysoma Macleay, 1821, is assessed. Cladistic analysis of
64 adult characters from 37 taxa comprising all Scarabaeini genera (except the monotypic
Madateuchus Paulian, 1953) and two outgroup Canthonini genera, resulted in some
currently recognised genera (i.e. Sceliages Westwood, 1837; Kheper Janssens, 1940; and
Drepanopodus Janssens, 1940) being recognised as paraphyletic. Pachysoma comprises
a monophyletic clade of highly derived Scarabaeus Linnaeus, 1758. To further
nomenclatural stability within the Scarabaeini, Pachysoma should best be considered a
subgenus of an expanded genus Scarabaeus. Neopachysoma Ferreira, 1953; Mnematium
MacLeay, 1821 and Neomnematium Janssens, 1938 are maintained as synonyms of
Scarabaeus s.I. The unique biology of Pachysoma is interpreted as an adaptation to arid
conditions, and is presumably derived from ball rolling and wet dung feeding. Aridification
of the Namib Desert is postulated to have initiated the evolution of Pachysoma from a
Scarabaeus-like ancestor, while dune movement accounts for their current distribution. The
evolutionary history of Pachysoma is discussed based on the phylogenetic analysis, and

distributional and biological information.

KeywoRrDs: Phylogeny, Pachysoma, Scarabaeus, Kheper, Sceliages, Drepanopodus,
Pachylomerus, biology, psammophily, aptery.

*For submission to Journal of Natural History’ as J. du G. HARRISON, C.H. SCHOLTZ, T.K. PHILIPS and S.L. CHOWN, currently in
the singular person for thesis purposes.

Introduction

The genus Pachysoma Macleay, 1821 is considered a synonym of the large and variable
genus Scarabaeus Linnaeus, 1758 (Mostert and Holm 1982). However, Pachysoma species share
a variety of features that are absent in Scarabaeus sensu stricto. These include: unique foraging
and feeding biology {Scholtz 1989), a high degree of morphological similarity due to common
ancestry or flightlessness, and a restricted southwestern African distribution. The synonymy of
Pachysoma with Scarabaeus (Mostert and Holm 1982) has been questioned by various authors,
e.g. Scholtz {1989) and Endrédy-Younga (1989). Since no phylogenetic study has examined the
relationship between Pachysoma and the other Scarabaeini genera, the validity of Pachysoma as

a genus is investigated here.



MaclLeay (1821) described the genera Pachysoma and Mnematium for flightless species
of Scarabaeini from the southwestern Cape and Libya respectively. Subsequently, most flightless
species of Scarabaeini were placed within Pachysoma or Mnematium. The only known flightless
species of Scarabaeini from Madagascar was described as Scarabaeus sevoistra Alluaud, 1902.
It was moved to Neateuchus by Gillet (1911) and then the genus Neomnematium was created by
Janssens (1938) for it. Ferreira (1953) created Neopachysorna to differentiate between the central
Namib species of Pachysoma from those of the southwestern Cape, and unified all the genera
containing flightless species of Scarabaeini within the subtribe Pachysomina (iribe Scarabaeini).

The subtribe Pachysomina was defined by the following characters: (1) apterous; (2)
absence of humeral calli; (3) semi-contiguous mesocoxae; (4) short mesostema. Holm and Scholtz
(1979) evaluated these characters and concluded that they were either due to convergence or were
too variable and inconsistent for a clear division between the subtribes Scarabaeina and
Pachysomina. They found no support for the separation of Neopachysoma and Mnematium and
consequently synonymised them with Pachysoma. However, although Pachysoma was suspected
to be paraphyletic or polyphyletic in origin, they tentatively maintained Pachysoma as a genus due
to its unique foraging and feeding biology.

The unique foraging behaviour of Pachysoma species was first documented by Holm and
Schoitz (1979). Scholtz (1989) provided the first detailed study on foraging and nest construction
of a Pachysoma species, that of P. striatum. Typically, food selection and foraging behavior in
Pachysoma are as follows: (1) random searching for dry dung pellets or plant detritus; (2)
excavation of a holding-chamber nearby, after food location; (3) no ball construction but instead the
food is held by the hind legs and dragged forward to the preconstructed holding-chamber; (4)
repetition of foraging to provision the same holding-chamber; (5) enlargement of the nest by
excavation of a second chamber below the moisture line in the soil, before the food is moved from
the holding-chamber to the feeding or nesting-chamber; (6) finally the closure of the nest tunnel and
entrance with sand. This foraging strategy differs significantly from the flying members of the tribe
Scarabaeini, i.e. Scarabaeus, Kheper (see Halffter and Edmonds 1982, Edwards and Aschenborn
1988, Sato and Imamori 1986a,b, 1987, 1988), Sceliages and Drepanopodus (Tribe 1976, Mostert
and Scholtz 1986}, which all collect fresh dung (or millipedes in the case of Sceliages) and form
a ball that is relocated and buried. The foraging strategies and food selection differ between
Pachysoma and the other flying Scarabaeini in the following respects: (1) Pachysoma collects only
dry, not wet food; (2) Pachysoma digs a holding-chamber before and not after food relocation
begins; (3) Pachysoma does not construct a dung ball, and makes many foraging trips to provision
the nest; (4) Pachysoma only drags the food forward rather than pushing it backwards. The foraging
behaviour of Mnematium species is unknown, although Arrow (1919) and Balthasar (1963) assume
that they are ball rollers.



New discoveries by Mostert and Holm {1982) enabled them to reevaluate Pachysoma and
to examine Neomnematium excluded from the study by Holm and Scholtz (1979). They described
a new flightless species Scarabaeus (Scarabaeolus} scholtzi from the Somali-Chalbi Desert {Costa
1995) that matches Pachysoma in all aspects of its morphology, but they claimed it belongs to the
subgenus Scarabaeolus {secundum, i.e. ‘according to’ Balthasar 1965, and Mostert and Scholtz
1986). Further investigation by Mostert and Holm (1982) revealed two mesotibial spurs (i.e. one
vestigial and one large) in Mnematium silenus, placing it also within the subgenus Scarabaeolus.
Only two of the 18 species of flightless Scarabaeini share this subgeneric characteristic, which
suggests a polyphyletic origin of the north and east African flightless Scarabaeini. Mostert and Holm
(1982) also questioned the behavioural uniqueness of Pachysoma as a potential synapomorphy
for the genus after Pachysoma gariepinum was observed in the field making and rolling a dung ball.
Based on the above evidence they synonymised Pachysoma and Neomnematium with
Scarabaeus, s.I. However, no phylogenetic analysis was undertaken to support the synonymy of
Pachysoma with Scarabaeus.

In this study the phylogenetic validity of Pachysoma as genus is evaluated for the first time
using cladistic methods. The phylogenetic relationships among all the flightless (i.e. Pachysoma,
Neopachysoma, Mnematium and Neomnematium) and flying genera (i.e. Scarabaeus, Kheper,
Drepanopodus, Sceliages and Pachylomerus) of the tribe Scarabaeini, are also examined. All
available biological information pertinent to understanding the possible origin of Pachysoma's
unique food-selection and foraging behaviour is examined. Evolutionary trends relating to
flightlessness, food preference, food relocation, dominant substrate, mesocoxal distance, and larval
development within the Scarabaeini, are discussed. Hypotheses are proposed for the evolution of
alternative life history strategies in the Pachysoma clade, and their dispersal in the Namib Desert.

Materials and Methods
Taxa

The subfamily classification of Scholtz and Chown (1995), and tribal level classification of
Hanski and Cambefort (1991}, is followed here for the Scarabaeidae. This study is based on all
species in the genera Pachysoma, Neopachysoma, Mnematium and Neomnematium within the
tribe Scarabaeini (table 1). The tribe currently includes the following five genera: Scarabaeus (80+
species), Kheper (21 species);, Sceliages (six species), Drepanopodus (two species);, and
Pachylomerus (two species) {sequens i.e. following zur Strassen 1967; Janssens 1940; zur
Strassen 1965; Mostert and Scholtz 1986, respectively). All these genera and most of their species
were available for study in the extensive dung beetle collections of the Transvaal Museum, Pretoria
and the 'CSIRO Dung Beetie Research Unit' Collection, now housed at the National Collection of
Insects, Pretoria. Species not housed in the above collections were borrowed from the museums

listed in the acknowledgments.
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Geographically, the two most specious flightless groups form one large clade, divided apically into
the southwestern African Pachysoma group, with the north African Mnematium as their basal
morphological ancestors. N. sevoistra and S. (Sc.) scholtzi in contrast, each represent single
flightless species disjunct from each other and the main flightless clade (figure 1). This confirms the
hypothesis (Holm and Scholtz 1979, Mostert and Holm 1982) that the flightless Scarabaeini are
polyphyletic.

iv) Soil type (especially sand)

Soil type is known to have a marked effect on the distribution of dung beetles (Nealis 1976,
Doube 1983, Davis ef al. 1988) with even congeneric species having marked substrate preferences
(see Osberg and Hanrahan 1892, Osberg et al. 1983, 1994) for example in two Allogymnopleurus
Janssens, a gymnopleurine genus of telecoprids. Large telecoprids are often associated with déep
sandy soils, for example Scarabaeus goryi Castelnau, Scarabaeus zambesianus Péringuey,
Kheper lamarcki (Macl.eay) and Pachylomerus femoralis (Kirby). Doube (1991} found that Pa.
femoralis was more than five hundred times more abundant in deep sand than in clay or loam soil.
While other closely related species, e.g. Kheper nigroaeneus (Boheman) were found in almost
equal numbers on sand, duplex, loam and clay soils (appendix B8 in Hanski and Cambefort 1991).

All Pachysoma collected for this study (see chapter 3) were found on sand of varying
coarseness. All other Scarabaeini species with aberrant relocation strategies, e.g. S. galenus, S.
proboscideus, S. rugosus, S. catenatus and Pa. femoralis have a preference for sandy soil. Sato
(1997) first noted that the evolution of tunnel-digging-burial (TDB) in S. galenus, S. catenatus and
Pa. femoralis (and S. proboscideus, S. rugosus) among rollers relates to soil type, and suggests
that TDB may be an adaptation to the construction of a nest-chamber in sandy soil.

iv) Mesocoxal distance

Pachylomerus femoralis illustrates that large generally non-rolling Scarabaeini have smaller
mesocoxal distances relative to body size than large super-rollers, e.g. Kheper lamarcki (Harrison
unpbl.). All Pachysoma have contiguous mesocoxae, while Mnematium species have semi to
completely contiguous mesocoxae, thus although the reduction is mesocoxal distance is correlated
with aptery (but the flightless Canthonini are an exception), it secondarily appears to be correlated
with foraging strategy, i.e. Kheper species have the largest mesocoxal distance relative to body size
while large Scarabaeus which employ other relocation strategies (e.g. Scarabaeus proboscideus)
has a surprisingly small mesocoxal distance. Scarabaeus catenatus has both reduced mesocoxal
distance and enlarged profemora (two characteristics shared by the fragment relocating Pa.
femnoralis). The flightless canthonines, Circellium (telecoprid), Gyronotus Lansberge (relocation

unknown), Canthodimorpha Davis, Scholtz & Harrison (relocation unknown) have very large
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mesocoxal distance (see Chown et al. 1998, Davis et al. 1999), which possibly is a result of their

relocation strategy, i.e. ball making and rolling rather than dragging or fragment rolling.

v) Larvae

Currently the only larval Scarabaeini described are from the genera Scarabaeus and Kheper
(see Ronchetti 1949, Medvedev and Medvedev 1958, Oberholzer 1959, Paulian and Lumaret 1975,
Edmonds and Halffter 1978, Palestrini and Barbero 1992). Larval evidence to possibly support
placing Kheper as a subgenus of Scarabaeus comes from the comparative study by Palestrini and
Barbero {1992) who described the larva of Kheper aeratus (Gerstaecker) and compared it to the
suite of larval characters defining Scarabaeus selected by Edmonds and Halffter (1978) from all
available literature. Palestrini and Barbero (1992) concluded that ‘this combination of characters
seems to place the Kheper larva very near to that of the genus Scarabaeus...the genus Kheper
seems to represent a derived phyletic line (i.e. subclade or subgenus of Scarabaeus) in comparison
with that represented by the similar genus Scarabaeus' (parentheses mine).

Classification

There are three main schools of macro taxonomy, i.e. phenetics, cladistics and evolutionary
classification (Mayr and Ashlock 1991). This study is based on the cladistic approach, which strictly
applied recognizes only monophyletic groups at taxonomic level. However, there are a variety of
problems when transforming a cladogram into a classification {(see Mayr and Ashlock 1991); hence
a conservative cladistic classification is used.

Although, Pachysoma s./. forms a distinct clade in figure 1, the synapomorphies supporting
their monophyly are all from mouthpart characters which are correlated with their feeding biology.
Although it is possible that their apparent monophyly is merely the result of convergence in feeding
biclogy, support is based upon five uncontroverted character states (and an additional eight
controverted states), very strong morphological support for common ancestry. Recall that, Holm
and Scholtz (1979) and Chown et al. (1998) have previously thought that Pachysoma may be
paraphyletic or polyphyletic. An examination of the mouthparts of the unrelated Eucraniini, which
also feed on dry dung (Zunino et al. 1989) reveals similar, but not identical, mouthpart structure to
that of Pachysoma s.1.

Thus, there are three possible classifications to choose from: (1) Pachysoma s.l. as
synonymous with Scarabaeus s.1., due to their origin from within Scarabaeus s.I.; (2} Pachysoma
s.I. as genus due to their monophyletic origin: (3) Pachysoma s.I. as subgenus to prevent a
paraphyletic Scarabaeus s./. The third more conservative approach is used as discussed below.
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Consequently he proposed that a considerable time was needed for this proliferation of specialized
beetles to have evolved, and thus the Namib was probably the oldest desert in the world. Endrody-
Younga (1978), pointed out that this diversity is only high at the species and generic levels on the
Namib sands, but not at higher phylogenetic categories. Endemic tribes and subfamilies of
Coleoptera are only found on the stone and gravel plains of the Namib, which is a much older
environment than the dunes themselves (Endrédy-Younga 1978). All Pachysoma species share
a variety of adaptions to their arid, sandy environment. The development of ultra psammophilous
and psammophilous adaptations is especially marked in certain species, e.g. S. (P.) rodriguesi from
the central Namib, and S. (P.) hippocrates from the southwestern Cape.

The geographic range of S. (Pachysoma) species is restricted to the Namib sands, and the
coastal sands of the southwestern Cape (see figure 1 in chapter 3). ignoring the outlier localities
(open circles) leaves a very restricted distribution for S. (Pachysoma) when compared with the
possible array of sandy habitats on the subcontinent. For example, no S. (Pachysoma) occur in the
adjacent sandy Kalahari Desert.

Seely (1978) proposed that a combination of simultaneously occurring environmental factors
in the Namib desert, account for its diverse beetle fauna. No other desert shares this combination
of environmental factors, which include the following: (1) a cool coastal climate in the dune area;
(2) extensive dune masses; (3) and a diverse, arid-adapted beetle fauna over the western half of
southern Africa, including the Namib during the quatemary (Seely 1978). Of all the arid areas in the
world the Namib Desert has the highest species diversity of flightless Scarabaeini (i.e. 13 species),
more than the total (five species) known from all other arid areas.

Endrddy-Younga (1978) proposes that the Namib dune environment evolved in the following
way: (1) a coastal fauna was preserved when the continent shifted northwards during the first haif
of the Tertiary. Preadapted taxa with xerophilous and psammophilous tendencies could adapt best
to the changing conditions; (2) pocket development could have begun at an early stage in sand
accumulations at the mouths of active rivers, initiating the isolated differentiation and sand
adaptation; (3) expansion of the dune area northwards, during which established congeneric
species either meet or interconnecting dunes are kept isolated.

The hypotheses of Endrédy-Younga (1978) and Seely (1978) are supported by the highest
species’ diversity of flightless Scarabaeina in the Namib, and the present distribution and habitat
preference of S. (Pachysoma) species in the Namib respectively (see figures 1, 3-13 in chapter 3).
No S. (Pachysoma) species are restricted to the older stone and gravel plains, while all S.
(Pachysoma) were collected on a sandy substrate. The association of S. (Pachysoma) species with
sand bodies originating from the coastiines rivers, supports Endrédy-Younga's second phase in the
evolution of the Namib fauna. Of specific interest are restricted species, e.g. S. (P.) endroedyi, that
only occur in the small dune fields north of the Olifants River and S. (P.) glentoni that has only been
collected from the banks of the Olifants River and its tributary the Grootsandleegte River. The
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expression of black elytra is only found in the most northerly, (Walvis Bay 22 58'S 14 30'E) and
southerly populations, (Lideritz 26 35'S 15 10°E) of S. (P.) denticollis, which could possibly be a
result of the history of dune expansion across the Namib plains. The geographic analysis of S.
(Pachysoma) thus provides valuable insights into their diversification. From their current distribution
they undoubtedly evolved and speciated under the specific conditions in the Namib desert.
Especially as no ecological equivalents to S. (Pachysoma) are present in the sandy Kalahari
Desert, as found in the Tenebrionidae (Holm 1984).
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