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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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Diagnosis

Clypeus: 'Clypeal scraper' composed of medially incised ridge with or without medial
tooth.

Mouthparts: Epipharynx; Anterior lobes slightly setose; lateral setal combs formed by
two fused rows of setae; anterior median process tear shaped. Maxilla, ventral articulatory
sclerite of galea composed of highly sclerotized disc, which is notched anteriorly. Mandibles;
Coarsely serrated mola surfaces. Labium, Inner ligular lobes, well developed and highly
sclerotized with short tuft of setae on apex.

Comments. Holm and Scholtz (1979) provide a thorough discussion on Pachysoma, and
only a few general remarks will be made here. | believe Scarabaeus (Pachysoma) Macleay
represents a derived branch of Scarabaeus (see Harrison et al. 200x), which probably evolved
as a response to aridification. This is contrary to their primitive or ancient origin as suspected
by Balthasar (1963). They have a restricted coastal distribution to southwestern African coastal
sands from Cape Town (33°56'S 18°28'E) in South Africa to Walvis Bay (22°58'S 14°30'E} in
Namibia. All species are flightiess and feed on dry dung or detritus, which they drag forward to
their burrows. Their preferred habitat includes a variety of sandy habitats, as shown by their

psammophilous adaptations, (i.e. elongated body setae and spatulate mesotarsal spurs).

Key* to the species of Scarabaeus (Pachysoma) MaclLeay

1 Sub-elvtral ridge present .. ... . . . e 9
_ Base of elytra rounded, withoutaridgeonbase ..................... 2
2(1) Distance between medial clypeal teeth at least one-third width of clypeus in

front, male with clypeal teeth strongly produced into hornlike structures (figures

Distance between medial clypeal teeth at least one-quarter of width of clypeus

N fONt 4
3(2) Distance between second and third protibial teeth notably greater than between
others; serrations between protibial teeth (figure 43) . . . . schinzi (Fairmaire)

No serrations between or proximal to protibial teeth (figure 44) ... ... ... ..
........................................... valefiorae (Ferreira)

4(2) Frons with prominent tubercle between eyes (figure 29); specimens large, shiny,
reddish brown to black; with median and two lateral longitudinal depressions on
pronotatdisc . ...... ... .. ... . L L rodriguesi {Ferreira)
Frons withouttubercle ... ... .. ... . .. . . . . 5
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During September of 1950 Koch and van Son collected 88 females and 70 males of S.
(P.) schinzi from Aus. This represents the longest series ever collected for any S. (Pachysoma)
species and forms 84% of available material for S. (P.) schinzi. Subsequently only 10 females
and 21 males have been collected. Possible reasons for this apparent lack of material since
1950 might include the following: (1) an artifact of collectors’ activities and objectives; (2) the
unpredictable activity period of S. (P.) schinzi a consequence of unpredictable rainfall near Aus;
(3) habitat modification around Aus.

The ratio between females and males (1.25%:17) suggests the Aus population sampled
in 1950 was at an early stage in their breeding cycle. All 158 specimens collected are mature
individuals (no tenerals are present) and the protibial and clypeal wear on some specimens
suggests that this sample represented only mature adults most probably of at least one to two
years (seasons) old. The small numbers of subsequently collected S. (P.) schinzi, could be the
result of the large sample taken in 1950. Especially as the restricted distribution range (figure
2d) and low vagility of S. (P.) schinzi reduces the potential for recolonization. if this is the case,
future coleopterists should refrain from over collecting any local population of S. (Pachysoma).
The larvae are unknown.

Comments. Rare in collections, probably due to their limited distribution and an activity
period linked to unpredictable rainfall (but also see biology). S. (P.) schinzi straddles the
boundaries between the Desert, Nama-Karoo and Succulent Karoo Biomes (Rutherford and
Westfalt 1994) on the Huib-Hoch Plateau.

Types.Fairmaire (1888) described only the male of Pachysoma schinzi, a single body
length (29 mm) suggests one specimen was examined from 'Namagqua-Land'. Felsche {1907)
noted the differences between the sexes and described the female of P. schinzi.

Type material. NAMIBIA: [HOLOTYPE ¢}, Pachysoma schinzi Fairmaire: Namaqua-Land, [1¢
MNHN]. Holm and Scholtz (1979) suspect the holotype comes from the vicinity of Aus.

Additional material examined (2189 specs. [192], 982 91, 5o diss.). NAMIBIA: Augustvelde
42, Luderitz Distr., 26.38S 16.18E, 13-30.ix.1994, E.Marais, Pres. pitf. traps, (12 290 SMWN);
Aus, Gt. Namaqualand, (26.41S 16.16E), 17.ix.1950, C.Koch, G.van Son, (32 35 UPSA), (762
555 TMSA),(2?2 15 SAMC), idem, but NM3676, (7¢ 100 BMSA), (15 TMSA); Aus, (26.418
16.16E), S.W. Prot., Dr. Knobel, (1 SAMC); Aus, 6-12km W, (26.38S 16.13E to 26.38S
16.11E), 4.ii.1974, Davis & Kirsten, DRU1409, (2¢ 2o SANC) (100 SAMC); Aus, 5km NE,
26.37.05S 16.07.05E, 4.ii.(19)74, Davis & Kirsten, DRU1410, (1?2 1o SANC); Aus, (26.41S
16.16E), 30.ix.1987, C.R.Owen, (22 20 BMNH); South Inland, Aus 20-30km E, 26°37'S
16°28'E, 18.ix.1987, E-Y:2504, ground and stones, Endrédy-Younga, (1?2 3¢ TMSA), Liideritz,
5km N of Aus, 26.37S 16.19E, 12.viii. 1997, Kirk-Spriggs & Marais, dung trap sample, (1<
SMWN); Plateau Farm, 22mls E Aus, (26.37S 16.35E), 14-17.1.1972 / Southern African Exp.,
BM 1972-1, (2¢ BMNH); Rosh Pinah, 155km on Aus Rd., Llderitz, 26.40S 16.18E,
30.viii. 1989, S.Louw, under plants, NMBH27927, (12 NMBH); Kubub 15, Lideritz Distr,,
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26.428 16.16E, 13-30.ix.1994, E.Marais, Pres. pitf. traps, (6 SMWN); Tinkasflache, (= Tiras
plains, ca. 26.07.05S 16.37.05E), 25.X1.(19)62 / compared to type of P.valeflorae Ferreira,
clypeal homns further apart, longer, Holm and Schoitz 1979, (1 TMSA). Tinkasflache, (= Tiras
plains, ca. 26.07.05S 16.37.05E), 25.X1.(19)62 / Gaerdes (typed) / H25892, (1 SMWN). Irish
(1995), using Gaerdes diary verified the confusion by Gaerdes between the names
Tinkasflache (SE2215Cd) and Tiras Plains (SE2616Ba) prior to about 1967.

Scarabaeus (Pachysoma) valeflorae (Ferreira, 1953)
(Figures 9, 26, 44, 65)

Pachysoma valeflorae Ferreira, 1953a: 28; Ferreira 1961. 24; Ferreira, 1966: 53, Ferreira,
1969:22; Holm and Scholtz, 1979: 235 (subjective synonym of Pachysoma schinzi
Fairmaire).Holotype: Haalenberg, Namibia (1 TMSA).

Diagnosis. Sexual dimorphism of the head marked between sexes (figures 26a,b); male
has two clypeal homns, anterior edges of genae produced into distinct point (figures 26a,b); no
serrations between or proximal to protibial teeth (figures 44a,b); small and slightly built in
comparison to S. (P.) schinzi.

Distribution, habitat and conservation. S. (P.) valeflorae occurs at the boundary between
the Desert and Succulent Karoo Biome on the coastal plain (figure 9), (Rutherford and Westfall
1894). It is probably restricted to the sand dunes between Elizabeth Bay and Grasplaiz (see
figure 4 in Endrddy-Younga 1986). Its conservation status is unknown,

Comments on locality data. Refer to S. (P.) schinzi for a discussion on the Gaerdes
Tinkasflache locality.

Morphological variation. The holotype is the largest specimen among the limited material
examined. S. (P.) valeflorae is smaller and slighter than S. (P.) schinzi. Sizes of the male
clypeal horns differ slightly in the five males examined, but the diagnostic shape is consistent.

Biology. Biology unknown.

Comments. Ferreira (1953a) based her description of Pachysoma valefiorae on the male
holotype. Holm and Scholtz (1979) examined two male specimens of S. (P.) valeflorae from
Haalenberg and Rotkop. The third male specimen, labelled Tinkasflache, which Holm and
Scholtz (1979) attributed to S. (P.) valeflorae represents a confusing locality record (see
comments on locality data for S. (P.) schinzi above), but can now be placed close to Aus at
Tiras Plains (26°07'S 16°37'E). Based on the available material, Holm and Scholtz (1979)
synonymised S. (P.) valeflorae with S. (P.) schinzi stating that, with material from Rotkopf and
Tinkasflache now available, S. (P.) valeflorae is obviously the western extreme of a cline. A very
limited amount of new material, (i.e. the first known fernale and three males) conform with
typical 8. (P.) valeflorae. S. (P.) valeflorae can be distinguishing from S. (P.) schinzi by the
following characters: (1) the shape and size of the clypeus, anterior edges of genae produced
into distinct points (figures 26a,b); (2) males, equal spacing between the second and third

96


http:m'!�'WH.fm



http:pachysC.ma













Additional localities listed in Holm and Scholtz {(1979), Gorrasis 99, Lideritz,
SE2515Bd, (ca. 25.22.05S 15.52.05E), 25-31.i.1974, (SMWN); Kanadn 104, Luderitz,
SE2516Cc, (ca. 25.53S 16.07E), 6-7.x.1972, (SMWN);, Koichab East, SE2616Bb, (ca.
26.07.05S 16.52.05E), vii. 1978, Dept.Ento. (UPSA); Sesriem 137, Maltahohe, SE2415Dc¢, (ca.
24.52 058 15.37.05E), 5-6.1V.1972, (SMWN); Sesriem Dunes, SE2415Db, (ca. 24.37.05S
15.52.05E), 5.v.1972, I.O.Prozesky, (TMSA).

Specimens from the following localities may be incorrectly labelled because they are
outside the species' established range: NAMIBIA; SE corner of Namib Desert Park, nr.
Knamhoek Farm, SE2315Db, (ca. 23.37.055 15.52.05E), 860m, 15.i.1974, L.Lyneborg,
vegetated, moving dunes / Zool. Museum DK Copenhagen / (12 UPSA); Namib Park, SE
corner, 23.34S 15.45E, 26.x1.1974, E-Y:496b, groundtraps for 105 days, with ferm. banana bait,
Endrédy-Younga, (1% 1 TMSA).

Scarabaeus (Pachysoma) rodriguesi (Ferreira, 1953)
(Figures 12, 29, 47, 68)

Neopachysoma rodriguesi Ferreira, 1953a: 44; Ferreira 1961: 25; Ferreira 1966: 60; Ferreira
1969: 25; Zunino 1877: 15, Holotype: Namtib, Namibia (10 TMSA).

Pachysoma rodriguesi (Ferreira): Holm and Scholtz 1979: 237.

Scarabaeus rodriguesi (Ferreira): Mostert and Holm 1882: 275.

Diagnosis. Head with prominent tubercle on frons (figure 29);, protibia sexually
dimorphic, spurs strongly bifid (figures 47a,b); posterior pronotal margins with sharp points on
either side; large, shiny and reddish black in colour, metatarsal claws long; male genitalia
illustrated in figures 68a,b.

Distribution, habitat and conservation. Restricted to the central Namib dune area (figure
12). Their morphology reflects adaptation to ultrapsammophilous conditions of the central dune
sea. S. (P.) rodriguesiis contained within the Namib-Naukluft Park.

Comments on locality data. Holm and Scholtz (1979) mentioned the curious record
along the Buffels River. They noted that the single female collected, did not differ significantly
from the northern population, except in having the tubercle on the frons reduced. The size of
the tubercle on the frons varies within and between sexes from the same popuilation and thus
does not constitute a population specific character. Recent extensive field work along the
Buffels River yielded no S. (P.) rodriguesi and confirms the suspicion by Holm and Schoitz
(1979) that this specimen is incorrectly labelled.

Morphological variation. The size of the protuberance on the frons varies in both the 13
females and in the 11 males in the material of S. (P.) rodriguesi from 20 miles south of
Gobabeb.

Biology. Holm (1970) and Holm and Scholtz (1979), give detailed accounts of the
biology of S. (P.) rodnguesi. To summarize, the species collects Oryx and hare pellets that are
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slide labelled) Neopachysoma penrithae Zunino, Holotypus, (18 SMWN). Paratype: Suid.
Namib / H2889, {19 MZTI}.

Additional material examined (209 specs. [78], 85¢% 105¢, 8<diss., 19uns., 1p.). NAMIBIA:
Agate Beach, (26.36S 15.10E), Luderitz, 19.i.1973, extensive dune field with much Stipagrastis
sabulicola, M.K.Jensen, (100 UPSA); Agate Beach, Lideritz, SE2615Ca2, (ca. 26.33.538
15.10.58), vii.1978, E.Holm, (1x UPSA); Awasib Dunes E at 25.15S 15.43E, Lideritz, 29-
30.i.1974, H17188, Zunnio genital slide, (12 UPSA); N Awasib, SE2515Bc¢3, (ca. 25.25.58S
15.33.53E), 4.vii.1976, UP, (12 100 UPSA), (12 SANC); E Awasib, SE2515Bb1, (ca. 25.03.53S
15.48.53E), 11.vii.1976, UP, (15 UPSA), (35 SANC), (19 SAMC); Blueberge, 2km inland,
26.07S 14.58E, 18.i.1974, hand-collected, E-Y:297, Endrddy-Younga, (1 TMSA); Damaral,,
Ganab, (23.06S 15.29E), 2.(18)89., // C.Wilmer //, / Pachysoma denticollis (sic) type o L P/
Type (printed in black onto red card), (15 SAMC); (idem, but female, with no C.Wilmer on
reverse of label, label illegible without other legible label), (12 SAMC);, Gobabeb, (23.34S
15.03E), 408m, 17.iv.1967, (22 20 TMSA); Gobabeb, 2mis S., (ca. 23.35S 15.02E), 8.iv.1967,
Holm, (1¢ TMSA), Gobabeb, 10mis S, (ca. 23.428 15.02E), iii.1968, E.Holm, (12 TMSA);
Gobabeb, 20mis S, (ca. 23.48S 15.02E), vi.1967, E.Holm, (12 20 TMSA); Gobabeb, 15km S.,
23.448S 15.04E, Diamond Area 2, 14-15.v.1984, J.Irish, H.Liessner, H60772, (12 1 SWWN);
Namib-Naukluft Park, dunes near Gobabeb, 23.34S 15.03E, iii. 1983, R.Oberprieler, (25 SANC);
SE Guinasibberg, SE2515Bc1, (ca. 25.18.53S 15.33.53E), 4.vii. 1976, UP, (12 UPSA), (2?
SANC); N Guinasibberg, SE2515Ba3, (ca. 25.10.58S 15.33.53E), 5.vii. 1976, UP, (32 UPSA),
(22 10 SANC), (1?2 SAMC), Homeb, 2mis upstream Kuiseb W bank, {ca. 23.38.05S8
15.13.00E), x.1967, W.J.Hamilton, (includes dung pellet, the size of beetles abdomen), (1¢
TMSA); Namib between Lideritz & Hottentotsbay, (ca. 26.23S 15.06E), 10.i.1974, E-Y:274,
hand-collected, Endrddy-Younga, (15 UPSA); Farm Kanaén, 25.53S 16.07E, 7.v.1977, hand-
collected on dunes, E-Y:1323, S.Mothlasedi, (1% TMSA); Kanaan, 25.52S 16.07E, 2.iv.1976,
M.K.Seely, well vegetated red dunes, C1241, (1o SMWN); Kanaan 104, SE2516Cc, (25.52S8
16.07E), Luderitz, 22-27.vi.1976, S.Louw, M-L. Penrith, H32993, (14¢% 95 SMWN), (2 UPSA);
Kanaan 104, SE2516Cc, (25.528 16.07E), Luderitz, 25.iv-2.v.1977, M-L. Penrith, S.Louw,
H34748, (12 20 SMWN); Koichab Pan, SE2615Ba3, (ca. 26.10.58S 15.33.53E), vii.1978,
E.Holm, UP, (20 UPSA), (1 SANC); Koichab, SE2615Bc1, (ca. 26.18.53S 15.33.53E),
vii. 1982, E.Holm, (12 15 UPSA); Kolmanskop, 6km SE, 26.45S 12.15E, 5.viii. 1989, shifting
dunes, day, Endrody-Younga & Klim., (orange to black), (7 TMSA); Kolmanskop, SE2615Cb,
(26.37.05S 15.22.05E), 6.x.1979, E.Holm, C.H.Schoitz, (2 UPSA); Liideritz, 30km N,
SE2615Ac, (26.22.05S 15.07.05E), 5.x.1979, E.Holm, C.H.Scholtz, (dark form), (22 10 UPSA),
(3 SANC); Luderitz, SE2615Cad, (26.40.58S 15.10.58E), 16.vii.1975, UP, (1o UPSA); Namib
Desert, 25.05.05S 15.06.00E, (v.v. of SE on label), 20.vii. 1976, S.sabilicola covered sandy
street, M.K.Seely, C1234, (19 SMWN), Namib Desert, 23.45S 15.47E, 8.ii.1981, far east
census, 11:30hrs, slipface pit traps, Osberg, C5250, (12 SMWN); Namib Desert, 23.46S
15.47E, far east, 29.v.1981, morning middune, Praetorius, C5429, (1 SMWN); Namib, 1948,
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(probably Gaerdes coll.), (1? 1 TMSA); Namib Desert, Noctivaga, 23.43S 15.14E, 22.vi. 1981,
middune, moderate N wind, clear, 12h25, Praetorius, C5514, (12 SMWN); Namib Desert, Miss
Cluckies Fley, 23.43S 15.19E, 25.v.1981, middune, 16h30, Praetorius, C5501, (12 SMWN};
(Namib Desert), far east, 23.46S 15.47E, 17.iv.1982, 11h00, midslope, Hamilton, C5711, (1o
SMWN); Namib Exped., SE2415Cc1, (24.48.53S 15.03.53E), i.1977, Holm, Kirsten & Schoitz,
(15 UPSA); Namib Exped., SE2615Ab4, (26.10.58S 15.25.58E), i.1977, Holm, Kirsten &
Scholtz, (dead faded specimen), (15 UPSA), Namtib Dunes, 25.58S 16.02E, 8.viii. 1989, E-
Y:2640, dunes, day, Endrody-Younga & Klim., (3% 1o TMSA); Namtib, 70mis NW of Aus,
(SE2516Dd), (ca. 25.52.05S 16.52.05E), Gt. Namaqualand, C.Koch & van Son, 26.ix.1953, (4%
11 TMSA), Natab, 23.36S 15.03E, 10.xii.1976, L.W.Powrie, C1237, (12 SMWN); Natab,
23.35S 15.03E, 25.viii.1976, M.K.Seely, C1236, (12 SMWN}); Dunes S of Rechenberg, 30mis
NE Lideritz, (ca. 26.24S 15.27E), ix.1963, W.D.Haacke, (1?2 20 TMSA); Sandwich Bay,
SE2314Bc1, (ca. 23.18.538 14.33.53E), 7.vii.1975, day, beach, UP, (1 UPSA); Sandwich
Harbour, (23.20S 14.28E), 28.xii.(19)62, W.Criess, (all black), (4?2 15 TMSA), (12 SANC);
Sesriem Dunes, (24.33S 15.46E), 5.v.1972, Prozesky, (12 20 TMSA), Sossusvlei,
SE2415Cb, (24.37.05S 15.22.05E), 4.vii. 1978, L.AWessels, (30 UPSA), (12 SANC);
Sossusviei, SE2415Da3, (24.40.58S 15.33.53E), 14.vii. 1975, UP // night, dune //, (15 SANC),
Sossusvlei, 24.40S 15.24E, 14.viii.1989, E-Y:2649, dunes, day, Endrody-Younga & Klim., (2%
20 6 TMSA); Sossusvlei, Namib-Naukluft Park, 24.18S 15.45E, 7 xii. 1992, M.Pusch, (1¢
SMWN); Spencerbay, N-hook, 25405 14.51E, 11.i.1974, hand-collected, day, E-Y:278,
Endrédy-Younga, (1 TMSA), Spencer Bay Water, 25.47S 14.54E, 14.i.1974, hand-collected
on dunes, E-Y:286, Endrédy-Younga, {12 TMSA); Tiras Dunes, 26.01S 16.07E, Lideritz
District, 8.iv.1986, J.Irish, (1¢ 1o SMWN); Tsondab Plains, N fringe, 15mls S of Natab, (ca.
23.428 15.17E), 20.iv.1969, M.Pond, (1?2 69 SMWN); Tsondab Flats, 23.55S 15.20E,
8.vii. 1975, M.K.Seely, C1238, (10 SMWN);, Tsondab Flats, 23.55S5 15.20E, 8.vii.1975,
M.K.See!y; C1239, (1 SMWN); Tsondab Flats, 23.50S 15.04E, Diamond Area 2, 15.v. 1984,
J.Irish, H.Liessner, H61048, (1?2 SMWN); Tsondab, SE2315Dc1, (23.48.53S 15.33.53E),
12.vii.1975, day, dune, UP, (1?2 UPSA); Tsondab, SE2415Ba1, (24.03.53S 15.33.53E),
11.vii.1975, day, dune foot, UP, (1p UPSA); SE Tsondab Plains, SE2315Cc4, (23.55.58S8
15.10.58E), 15.vii. 1976, UP, (1% 1o UPSA), N Tsondab Plains, SE2315Cc1, (23.48.538
15.03.53E), 14.vii.1976, UP, (12 1o UPSA), (1 SANC). NE Tsondab Plains, SE2315Cc2,
(23.48.53S 15.10.58), 15.vii.1976, UP, (12 10 UPSA), (1?2 3¢ SANC); W Tsondab Plains,
SE2314Dd2, (23.48.535 14.55.58E), 15.vii.1976, UP, (12 SANC); Tsondabvlei, Namib-Naukluft
Park, at 23.59S 15.27E, 2-26.viii.1989, dunes, day, S.Louw, NMBH 27864, (192 BMSA); Uri
Hauchab, 25.218 15.16E, 21.vii. 1976, M.K.Seely, C1235, (10 SMWN); N Uri Hauchab,
SE2515Ac2, (25.18.53S8 15.10.58E), 6.vii.1976, UP, (20 UPSA), (25° SANC); Walfisch. B.,
(22.58S 14.30E), J.Drury, (19)08, (1o SAMC); Walvisbai, 8km S of town, 22.59S 14.35E,
19.x1.1974, E-Y: 487, sandy flat, Endrédy-Younga, (orange to black), (22 115 TMSA), Walvis
Bay, 22.55S 14.28E, 8.iv.1981, S.Braine, (black), (1 SANC); Wortel, 23.038 14.28E, 8.i.1977,
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Distribution and habitat. Only recorded from the southwest of Madagascar, in semiarid
bush veld (figure 17).

Comments on locality records. Mostert and Hoim (1982) map Scarabaeus sevoistra in
the north east of Madagascar. According to the NIMA GEOnet Names Server (Roher 1899)
there are 60 Marovato, four Ambovombe, and eight Androy localities in Madagascar. However,
Faux Cap (Betany) is used only once in Madagascar, and thus all localities were chosen from
the semiarid bush veld of southwestern Madagascar.

Morphology. S. (Scarabaeus) sevoistra differs from the other flightless Scarabaeini in
that the head resembles Kheper species. The absence of serrations on the outer edge of the
protibia, is another characteristic of Kheper species. The mesotarsal claws are typical of
Scarabaeus species, i.e. two curved claws, but no metatarsal claws were available for
examination. A single metatarsal claw would place this species with Kheper rather than
Scarabaeus. Mesocoxae semi-contiguous (0.58 mm; 12), and separated by a depression.
Mesosternal ridge present, but more reduced than S. (Scarabaeus) ritchiei, S. (Scarabaeolus)
silenus and S. (Scarabaeolus) schoftzi.

Biology.Foraging and feeding biology unknown. However, the mouthpart morphology
suggests wet dung feeding.

Comments. S. {Scarabaeus) sevoistra is one of three Scarabaeini recorded from
Madagascar, the other two species include Scarabaeus radama Fairmaire, 1895 which
morphologically is a typical flying Scarabaeus. While Madateuchus viettei Paulian, 1953 which
Mostert and Scholtz (1986) synonymised with Scarabaeus has characteristics placing it with
Kheper (three protibial teeth) and Scarabaeus (two tarsal claws).

Types. Alluaud (1902) described the species from a single specimen (length 22 mm),
collected in the Analavondrove region at Androy in February 1901 by Dr J. Decorse. Ferreira
(1961) lists the holotype in the MNHN collection.

Material examined (22 specs., 1?2 1J). MADAGASCAR; Marovato (25.32S 45.16E),
Ambovombe Distr. (25.108 46.05E or 25.125 46.04E), i.1956, leg. C.Koch, (1% TMSA), idem,
but / Museum Frey Minchen / NMBH11652, (10 BMSA). The male specimen is badly
damaged, has only one complete protibia and its aedeagus has been lost.

Published locality data. MADAGASCAR,; Type locality, Androy, 24.21S 45.07E or 23.418
44.03E; Faux Cap (or Betany), 25.34S 45.31E.

Scarabaeus (Scarabaeus) cancer (Arrow, 1919)
(Figures 1, 2, 35, 53, 74)

Mnematium cancer Arrow, 1819: 433; Boucomont 1925; 116; Ferreira 1961: 26; Balthasar
1963; 139; Ferreira 1969: 28.
Pachysoma cancer (Arrow): Holm and Scholtz 1979: 227.
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even when fresh dung was offerred. However, the foraging strategies as exbited by S. galenus
(Tribe 1976, Halffter and Halffter 1989, Doube 1990, Ybarrondo and Heinrich 1998) and S.
catenatus (Sato 1997, 1998) suggest that modification of ball rolling could lead to dragging.
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OPSOMMING

Die filogenetiese geldigheid van Pachysoma Macleay, 1821, word kladisties ondersoek.
Die kladistiese analise van 64 volwasse karakters van 37 taksa siuit wat alle genera van die
Scarabaeini (behalwe die monotipiese Madateuchus Paulian, 1953) insluit, dui aan dat sommige
huidig erkende genera (nl. Sceliages Westwood, 1837; Kheper Janssens, 1940; en

¥

Drepanopodus Janssens, 1940) 'n polifiletiese oorsprong het. Pachysoma behels 'n
monofiletiese klade van hoogs gevorderde ('derived’) Scarabaeus Linnaeus, 1758, Om
nomenklaturale stabiliteit in die Scarabaeini te bevorder is dit wenslik om Pachysoma as 'n
subgenus van 'n uitgebreide genus Scarabaeus Linnaeus, 1758 te beskou. Neopachysoma
Ferreira, 1953, Mnematium MaclLeay, 1821 en Neomnematium Janssens, 1938 word behou as
sinonieme van Scarabaeus sensu fatu. Die unieke biologie van Pachysoma word geinterperteer
in die lig van aanpassings tot droé€ toestande, en is deels afkomstig van balrolgedrag en voeding
op nat mis. Daar word gepostuleer dat die verdorring van die Namibwoestyn die evolusie van
Pachysoma vanaf 'n Scarabaeus-tipe voorouer geinisiéer het, terwyl duinbewegings hul huidige
verspreiding verklaar. Dit blyk dat die evolusie van viugloosheid bemiddel word deur 'n
verwantskap tussen droé mis- en detritusvoeding, uitsonderlike hervestigingstrategieg, en die
teenwoordigheid in drog, sanderige habitatte. Die evolusionére geskiedenis van Pachysoma
word bespreek aan die hand van die filogenetiese analise, geografiese verspreidings, biologie,
substraat, en voedselversamelingsstrategie.

Die subgenus Scarabaeus (Pachysoma) MaclLeay word hersien. Al 13 spesies van die
subgenus is endemies tot die weskus van suidelike Afrika. 'n Sleutel tot al die spesies is
saamgestel en hul verspreidings is gekarteer. Twee nuwe spesies, Scarabaeus (Pachysoma)
endroedyi en Scarabaeus {(Pachysoma) glentoni, word van die suid-westelike Kaap Provinsie
beskryf. Die subspesie S. (P.) denticollis penrithae (Zunino) word gesinoniemiseer met S. (P.)
denticollis denticollis (Péringuey). Die sinonimie van S. (P.) hessei (Ferreira) met S. (P)
hippocrates (Macleay) word bevestig. Scarabaeus (P.) valeflorae (Ferreira), voorheen gereken
'n sinoniem van S. (P.) schinzi (Fairmaire) word herstel as 'n geldige spesie. Die vermiste
tipereeks van S. (P.) hessei (Ferreira) word nagespeur. 'n Lektotipe word aangewys vir S. (P.)
aesculapius Olivier, en drie paralektotipes word aangewys vir S. (P.) marginatus (Péringuey).
Aantekeninge oor die tipereekse, verspreidingsrekords, morfologiese variasie en bekende
biologie van al die viuglose Scarabaeini word gegee. 'n Qorsiglys van die geldige spesies en die

sinonieme van Pachysoma, Neopachysoma, Mnematium en Neomnematium word ingesluit.
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