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ABSTRACT 

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 para phyletic. 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.l. 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. 

The subgenus Scarabaeus (Pachysoma) MacLeay, 1821 is revised. All thirteen species 

of the subgenus are endemic to the west coast of southern Africa. A key to all S. (Pachysoma) 

species is provided, and their distributions are mapped . Two new species Scarabaeus 

(Pachysoma) endroedyi and Scarabaeus (Pachysoma) glentoni from the southwestern Cape 

are described. The subspecies S. (P.) dentico/lis penrithae (Zunino) is synonymised with S. (P.) 

denticollis denticol/is (peringuey). The synonymy of S. (P.) hessei (Ferreira) with S. (P.) 

hippocrates (MacLeay) is confirmed . S. (P.) va/eflorae (Ferreira) previously considered a 

synonym of S. (P.) schinzi (Fairmaire) is reinstated as a valid species. The missing type series 

of Pachysoma hesse; Ferreira is traced . A lectotype is designated for Scarabaeus aesculapius 

 
 
 



Olivier, three paralectotypes are. designated for Pachysoma marginatus Peringuey and one 

paralectotype for Pachysoma denticol/e peringuey. Notes on the type series, distribution 

records, morphological variation and known biology, are provided for all flightless Scarabaeini. 

A checklist of all valid species and their synonyms of Pachysoma, Neopachysoma, Mnematium 

and Neomnematium is included. 

KEYWORDS FOR THESIS RETRIEVAL : Insects, Coleoptera, Scarabaeidae, Scarabaeinae, 

Scarabaeini, Afrotropical, Pachysoma, Neopachysoma, Mnematium, Neomenmatium, 

Scarabaeus, Kheper, Sce/iages, Orepanopodus, Pachylomerus, cladistic, phylogeny, endemic, 

dung beetles, flightless, food preference, dry dung, detritus, psammophily, relocation strategy, 

systematic revision, biology, distribution. 
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CHAPTER 1 �

GENERAL INTRODUCTION �

The genus Pachysoma MacLeay, 1821 is a member of the large (4940 species) and variable 

(234 genera) subfamily of Scarabaeidae, the Scarabaeinae (Hanski and Cambefort 1991). 

Scarabaeines, or dung beetles, feed mostly on dung although they also feed on carrion, humus 

and fungi (Scholtz and Chown 1995). The subfamily Scarabaeinae is divided into 12 tribes that 

show a basic behavioural dichotomy, i.e. those that bury the dung in preformed burrows at the 

food source (Coprini, Oniticeliini, Onitini, Onthophagini, Dichotomiini and Phanaeini), and those 

that remove dung (usually as balls) and bury it some distance from the dung source 

(Scarabaeini, Canthonini, Gymnopleurini, Sisyphini, Eucraniini and some Eurysternini), (Hanski 

and Cambefort 1991). The tribe Scarabaeini, which is of concern here, following Mostert and 

Scholtz's (1986) system is currently represented by five genera, i.e. Scarabaeus Linnaeus, 1758 

(which includes Pachysoma MacLeay, 1821; Neopachysoma Ferreira, 1953; Mnematium 

MacLeay, 1821; and Neomnematium Janssens, 1938); Kheper Janssens, 1940; Sceliages 

Westwood, 1837; Drepanopodus Janssens, 1940 and Pachylomerus Bertoloni, 1849. However, 

Endrbdy-Younga (1989) and Scholtz (1989) retain Pachysoma at the subgeneric and generic 

levels, respectively. The tribe has an Old World distribution, occurring throughout Africa, Asia, 

the Middle East and southern Europe, and is found in moist savanna through drier regions to 

very hot, dry deserts (Scholtz 1989). 

Conservation rationale for the study 

The 13 species of Pachysoma examined here are endemic to the arid, sandy coastal 

area of southwestern Africa from Cape Town (3356'S 1828'E) to Walvis Bay (2258'S 1430'E), 

(Holm and Scholtz 1979). They are all flightless, collect dry dung or detritus for food and can 

survive in an arid environment (Scholtz 1989). Within this range Pachysoma species have 

discontinuous distributions owing to their low vagility (they are all flightless), specificity to 

particular sandy habitats, and historical factors. Thus, Pachysoma species distributions consist 

of small isolated populations, and many of these populations are potentially threatened by 

habitat disturbance. 

Habitat destruction and/or deterioration (direct or indirect) is arguably the greatest threat 

to insect diversity (Collins and Thomas 1991, Gaston et al. 1993, Pyle et al. 1981, Samways 

1994). This is especially true for species that have specific habitat requirements and restricted 

distributions. For example, the flightless lucanid genus Colophon Gray only has species 

endemic to peaks in the Cape Mountain Biome (Endrbdy-Younga 1988). Colophon species are 

probably threatened by insect collecting for resale purposes. The flightless canthonine 

Circellium bacchus (Fabricius), whose historical range has diminished due to habitat 
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modification and loss of a persistent dung source, is of conservation concern (Coles 1994, 

Chown et a/. 1995, Tukker 1999). 

Pachysoma species occur in the Succulent Karoo, Fynbos and Desert Biomes (Holm 

and Scholtz 1979, Rutherford and Westfall 1994). These biomes contain vegetation types of 

conservation priority (Hilton-Taylor and Le Roux 1989). Potential threats to the conservation of 

Pachysoma specifically include the following: removal of the natural vegetation for large scale 

wheat farming, south western Cape; commercial development on the West Coast for holiday 

and recreational purposes, e.g. Lambert's Bay and Strandfontein; industrial development and 

its supporting infrastructure, e.g. possible harbour at Port Nolloth; mining for diamonds and 

other minerals, e.g. Namaquasands, Alexkor, De Beers mines (but see Mackenzie and Molyneux 

(1996) for positive effects of mining companies owning large sections of unmined and pristine 

land, large portions (55 km of coastline) of which are already earmarked for a National Park); 

exotic plant invaders modifying dune systems, e.g. Port Jackson (Acacia saligna) and Rooikrans 

(Acacia cyclops); and potentially the collecting and sale of Pachysoma for commercial gain 

(especially in species with narrow distributions). Due to the above factors, precise knowledge 

of their taxonomy, distribution and habitat requirements is essential to initiate conservation 

plans. 

This project was initiated out of concern for the future conservation of Pachysoma 

species. The initial scope was refined by circumstances and time. Thus, no conservation plans 

are included here. Nevertheless, the updated taxonomy, precise distribution data and a better 

understanding of Pachysoma's habitat preference provides the foundation for future 

conservation efforts. 

Adaptations of Pachysoma to the Desert Biome 

Deserts are thought to pose considerable constraints to the survival and reproduction 

of animals and plants. Morphological, behavioural and physiological adaptations permit desert 

animals to survive the severity of an arid climate and to reduce water loss (Scholtz and Caveney 

1988, Cloudsley-Thompson 1991, Costa 1995, S0mme 1995). Pachysoma species have a 

variety of morphological adaptations to deal with their arid environment. All Pachysoma have 

fused elytra due to the loss of flight, and the resulting subelytral cavity is thought to reduce 

water loss in flightless desert trogids, tenebrionids and other scarabs via spiracular 

transpiration, because the spiracles open into a sealed cavity (see Scholtz 1981, Draney 1993, 

Chown et al. 1998). P. gariepinum, P. striatum and P. endroedyi all have a waxy layer of 

indument around the periphery of the elytra. Desert tenebrionids produce wax blooms that 

function to reduce water loss (McClain and Gerneke 1990). P. rodriguesi and P. hippocrates are 

the largest diumal scarab species in their biomes. The large body size of Pachysoma potentially 

enables them to store more water and body fat than the smaller sympatric flying dung scarabs. 

Klok (1994) compared the desiccation resistance of dung beetles from mesic and arid 
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environments and discovered that P. gariepinum and P. striatum both have high resistance to 

desiccation. The principal mechanism accounting for this desiccation resistance is a reduced 

rate of water loss, while other factors that contributed are large body size and their behavioural 

ecology (Klok 1994). These two Pachysoma species also have excellent haemolymph 

osmoregulatory capabilities (Klok 1994), that is, the process by which an organism maintains 

control over its internal osmotic pressure despite variations in the environment. Pachysoma 

beetles are thus well-adapted to their arid environment. 

Taxonomic history of Pachysoma and other flightless Scarabaeini 

The 17 flightless species of Scarabaeini were described in five genera; three in 

Scarabaeus and in Mnematium, eight in Pachysoma and one species each in Neomnematium 

and Neopachysoma. Most recently, Scarabaeus (Scarabaeolus) scholtzi, was described 

(Mostert and Holm 1982). 

As early as 1919 Arrow noted the dilemma of some morphological systematists when 

deciding the taxonomic placement of the tlightless Scarabaeini. He commented that 'I refrain 

from establishing a new genus for this species [Mnematium cancerj in view of the unsatisfactory 

character of several of those at present recognised in the group'. Ferreira (1953) however, 

established the subtribe Pachysomina for the flightless dung beetles on the southwestern coast 

of southern Africa and the other flightless scarabs from Libya (Mnematium ritchiei MacLeay), 

Egypt, Iraq and Iran (Mnematium silenus Gray), Madagascar (Neomnematium sevoistra 

(Alluaud}) and Angola (Mnematium cancer Arrow). 

In their evaluation of the subtribe Pachysomina, Holm and Scholtz (1979) argued that 

the characters defining Pachysomina all relate to aptery either directly (aptery or absence of 

humeral calli) or indirectly (contiguous mesocoxae, and short mesostema). They concluded that 

the subtribe Pachysomina, as defined, lacks any demonstrable synapomorphic characters and 

therefore has no phylogenetic justification. The Pachysomina genera Mnematium and 

Neopachysoma were based on the shape of the genae, the length of the third segment of the 

maxillary palps, and additional characters of the maxillary palp, protibia, mesotibia and 

mesofemur that Holm and Scholtz (1979) interpreted to show no meaningful difference between 

Pachysoma, Mnematium and Neopachysoma. Thus, Holm and Scholtz (1979) synonymised 

Mnematium and Neopachysoma with Pachysoma. 

Subsequently, based on new findings, Mostert and Holm (1982) synonymised 

Pachysoma and Neomnematium Janssens, 1938 with the widespread and variable genus 

Scarabaeus sensu stricto, because, except for morphological characters associated with aptery, 

these genera did not differ significantly from Scarabaeus sensu lato. These findings included 

the following: (1) two species of flightless Scarabaeini, i.e. Scarabaeus (Scarabaeolus) scholtzi 

and Mnematium silenus, that both have a vestigeal second mesotibial spur that places them in 

the subgenus S. (Scarabaeolus) (sequens Balthasar 1965; Mostert and Scholtz 1986) rather 
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than the subgenus S. (Scarabaeus); (2) Pachysoma gariepinum was observed by Mostert and 

Holm (1982) making and rolling a dung ball. These findings suggest a polyphyletic origin of the 

flightless Scarabaeini, and question the validity of using the unique foraging behaviour of 

Pachysoma as a behavioural synapomorphy. Thus, as no synapomorphic characters were 

discovered by Mostert and Holm (1982) to justify these genera phylogenetically, they 

synonymised Pachysoma and Neomnematium with Scarabaeus. 

Since the synonymy of all the genera containing flightless Scarabaeini with Scarabaeus, 

there has been little adherence to tne proposed new system. Scholtz (1989) stated that 'In spite 

of it being strictly taxonomically incorrect, I have chosen to treat Pachysoma as valid because 

of its distinctiveness and its unique feeding behaviour .. .' . While in a paper entitled 'The evolution 

of altemative life styles in Coleoptera' Endrody-Younga (1989) treated Pachysoma and 

Neopachysoma as subgenera although these names have never been published as such . 

Zunino (1991) followed Scholtz's (1989) use of Pachysoma when discussing food relocation 

behaviour in Coleoptera. In a study of the cost of transport and ventilatory pattems in three 

flightless beetles, Lighton (1985) uses Pachysoma hippocrates but incorrectly refers to it a ball 

roller. Klok (1994) needed to use Pachysoma to differentiate it from the /lying Scarabaeus in a 

study of the desiccation resistance of dung beetles. Most recently Chown et al. (1998) included 

Pachysoma in a morphological study of the Scarabaeini and Canthonini. There is thus an 

obvious need to maintain the name Pachysoma at either generic or subgeneric level for 

practical diagnostic purposes. However, such a decision will only be readily accepted (if ever 

a consensus is possible) if it well supported by a phylogenetic study, as is undertaken here. 

Phylogeny 

Although Holm and Scholtz (1979) drew up a table of morphological characters for the 

flightless Scarabaeini, they had difficulty in interpreting these characters and did not draw a 

cladogram or dendrogram. Mostert and Holm (1982) listed four groups of species based on 

overall similarity and apparent synapomorphies, but went no further. Davis (1990) plotted a 

dendrogram based on Holm and Scholtz's (1979) table of morphological characters (see chapter 

2 for details under species groups). Justification to analyse phylogenetically the flightless 

Scarabaeini is thus evident, especially because no study has used cladistic methods to examine 

this group of morphologically similar, but phylogenetically puzzling species . 

Cladistics offer a rigorous method of hypothesising relationships between the flightless 

Scarabaeini. Cladistics is a taxonomic theory by which organisms are ordered and ranked 

exclusively based on shared descent from a single ancestral species, (i.e. based on the most 

recent branching point of the inferred phylogeny) and in which taxa are delimited by holophyly 

(Mayr and Ashlock 1991). Thus, a cladogram should help to understand the possible evolution 

of the flightless Scarabaeini. A cladistic analysis might also provide the evidence to take a 
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decision on the current generic classification of the nightless Scarabaeini, either maintaining 

synonymy with Scarabaeus, or reinstating Pachysoma to generic or subgeneric level. 

Biology of Pachysoma 

An especially intriguing set of adaptations ascribed to Pachysoma is their foraging and 

feeding behaviour. Typical food relocation behaviour of Pachysoma is as follows: random 

searching for dry dung pellets or plant matter (detritus); burrow construction nearby after food 

location; no ball formation but rather the food is held in the hind legs and dragged forward; food 

storage in the preconstructed holding chamber; repetition of foraging to provision the chamber; 

elaboration of the nest below the soil moisture line, before moving the food from the holding

chamber to the feeding/nesting chamber (Scholtz 1989). This differs markedly from the typical 

ball rolling behaviour of the flying Scarabaeini, i.e. Scarabaeus , Kheper (Edwards and 

Aschenborn 1988, Halffter and Edmonds 1982, Sato and Imamori 1987), Sce/iages, and 

Drepanopodus (Mostert and Scholtz 1986). 

Additional information on the evolution of the foraging, feeding and breeding behaviour 

of Pachysoma is of interest for three main reasons. First, to determine whether their foraging 

biology is unique in the Scarabaeinae. Second, because they do not make and roll a dung ball 

like all other Scarabaeini, the question of how they construct a brood-pear from dry pelleted 

dung is raised. Third, their biology has previously been used as a behavioural synapomorphy 

for Pachysoma as a genus (Holm and Scholtz 1979, Scholtz 1989), and is thus of considerable 

taxonomic interest. 

Taxonomy 

Pachysoma species are relatively rare in collections (based on available museum 

material and in comparison to other dung scarabs). This is due to their restricted, patchy 

distribution in isolated places, seasonal activity tied to very unpredictable rainfall, and a 

disinterest by Pachysoma for fresh dung or carrion, which are often used as baits for short-term, 

dung beetle pitfall trapping. Furthermore, many of the available specimens have no habitat data, 

or it is very general or inaccurate. To collect Pachysoma specimens with accurate distribution 

data, and investigate threats to the conservation of Pachysoma, six months were spent in the 

field collecting and studying the South African Pachysoma species. This was deemed essential 

for improving taxonomic resolution within the group. 
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