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Abstract 

 

Marsupial moles (genus Notoryctes) are the most highly specialised burrowing 

marsupials. The specialisations of the appendicular musculo-skeletal system of the 

marsupial moles are extensive and widespread; the major alterations are concentrated in, 

but not restricted to, the forelimb. Many of the derived features of the muscular system 

appear to be adaptations for improving the mechanical advantage of the limbs for 

burrowing. A number of the specialisations of the muscular system of the marsupial 

moles are convergent with those previously documented in other fossorial mammals, 

including golden moles, rodents and armadillos. There are, however, a number of 

unique specialisations of the musculo-skeletal system of Notoryctes. The functional 

morphology of the locomotor apparatus of marsupial moles is interpreted on the basis of 

the descriptions of the anatomy of the skeletal and muscular systems. The burrowing 

technique of the marsupial moles is a modified form of the parasagittal digging method 

that is used by other fossorial mammals, such as golden moles, armadillos and some 

rodents including pocket gophers. Differences in the functional morphology of the 

hindlimb between marsupial moles and other fossorial mammals are a reflection of the 

fact that marsupial moles do not construct permanent open burrow systems, but instead 

constantly dig through loose soil, backfilling as they progress. The functional 

morphology of the tail is uniquely specialised in the marsupial moles to function as the 

fifth limb during the pentapedal burrowing locomotion of marsupial moles. The remains 

of Miocene fossil marsupial mole, while clearly pleisiomorphic with respect to the 

appendicular skeletal morphology of modern notoryctids, demonstrate a high degree of 

specialisation for digging. It is hypothesised that the Miocene marsupial mole was 

already substantially specialised for a fossorial lifestyle, and thus pre-adapted for a 

subterranean lifestyle developed in correlation with the desertification of the Australian 

continent. Phylogenetic affinities of marsupial moles within the Marsupialia have long 

been enigmatic. While specialisation of the musculo-skeletal system have been so 

widespread as to obscure almost any phylogenetically relevant patterns, there is some 

evidence to support an association between notoryctids and peramelid bandicoots. 

Interspecific differences between the two species of marsupial moles, Notoryctes 

typhlops and N. caurinus, are minor but do support the separation of the two species. 
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Chapter 1 – General Introduction 

 

Marsupial Radiation 

The current classification of Australian marsupials is based on the hypothesis of a 

monophyletic radiation of Australian marsupials, the Australidelphia (Szalay 1982), 

which contains four orders, three large and one small (Strahan 1995). These large orders 

are the Dasyuromorphia (carnivorous marsupials), Peramelemorphia (bandicoots and 

bilbies) and Diprotodontia (koala, wombats, possums and macropods). The fourth order, 

Notoryctemorphia, contains only the marsupial moles (two living species, Notoryctes 

typhlops and N. caurinus). While there have been many attempts to integrate the varied 

evidence relating to the phylogenetic relationships between these lineages, the results 

are conflicting. The major issues contributing to the arguments are summarised by 

Archer (1984), Aplin and Archer (1989) and Szalay (1994) and include the 

polyprotodont versus diprotodont patterns of incisor dentition, cheek-tooth morphology, 

basicranial morphology, pedal morphology (in particular the evolution of syndactyly), 

sperm morphology, chromosome morphology, and evidence from molecular techniques. 

The most recent cladistic analysis incorporating a range of morphological features 

supports the view that syndactyly in diprotodonts and peramelids is independently 

derived, and that the Dasyuromorphia is the most basal offshoot of the Australidelphia 

(Horovitz and Sanchez-Villagra 2003; Fig. 1.1). 

 

Outside of Australia, the closest relative of the Australidelphian radiation is probably 

the South American Monito del Monte, Dromiciops australis, the sole living member of 

the family Microbiotheriidae (Szalay 1982, 1994; Horovitz and Sanchez-Villagra 2003). 

Szalay’s interpretation of the pedal evidence is disputed by Hershkovitz (1992), and 

molecular evidence has also produced somewhat contradictory results (see below). 

However, recent molecular research by Palma and Spotorno (1999) and Horovitz and 

Sanchez-Villagra (2003) based on the rRNA mitochondrial DNA includes the 

microbiotheriid Dromiciops within the cohort Australidelphia, rather than the cohort 

Ameridelphia. These results support the hypothesis of a microbiotheriid ancestor of the 

Australian marsupials (Palma and Spotorno 1999).     
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Figure 1.1 – Phylogenetic tree of the marsupials (Horovitz and Sanchez-Villagra 2003). 
The Australian marsupials form a separate group, the Australidelphia, and the marsupial 
moles (Notoryctes; indicated by the arrow) are placed with the bandicoots (Peramelia).  
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Regardless of its intercontinental relationships, the marsupial radiation within Australia 

was extensive, both in terms of the number of species and the adaptive breadth, and it 

provides numerous remarkable examples of evolutionary convergence. For example, the 

dasyuromorphians can be compared to the placental carnivores and insectivores, 

ranging in size from the smallest shrews (e.g. Planigale, Ningaui spp.) to the wolf (e.g. 

Thylacinus). Similarly, the kangaroos and wallabies are highly successful grazing 

herbivores, and parallel the placental deer and antelope. The marsupial moles are the 

only truly subterranean marsupials, but they show clear and substantial evolutionary 

convergence with the small fossorial placental mammals of other continents, in 

particular the golden moles of Africa and Asia, the spalacid moles of Europe, the pocket 

gophers of North America, and the armadillo Chlamyphorus truncatus (Nevo 1999). 

 

Marsupial Moles  

The marsupial mole family Notoryctidae (order Notoryctemorphia) comprises two 

living species, Notoryctes typhlops and N. caurinus, and a single fossil representative 

that is as yet unnamed (Johnson and Walton 1989; Archer et al. 1994; Gott et al. 1999).  

The marsupial moles are arguably Australia’s most unusual mammals, being highly 

specialised for an almost completely subterranean lifestyle. While a few other 

marsupials burrow for food or shelter, such as the burrowing bettong (Bettongia 

lesueur), the bilby (Macrotis lagotis) and the wombats (Vombatus, Lasiorhinus), only 

the marsupial moles are truly fossorial species, spending almost their entire lives 

underground. Moreover, they show extreme adaptations to their fossorial lifestyle, for 

example, the complete lack of eyes and external ears, and a highly modified limb 

structure (Fig. 1.2). Notoryctes species show an exceptional, albeit superficial, 

convergence with the fossorial eutherian golden moles of Africa and Asia 

(Chrysochloridae), in particular the sand-swimming Namib Desert golden mole, 

Eremitalpa granti namibensis (Holm 1969; Calaby, et al. 1974; Howe 1974; Withers 

1978; Fielden, et al. 1990; Fielden 1991; Jackson 1992; Johnson 1995; Seymour et al. 

1998; Withers et al. 1999). Both species of Notoryctes are rarely encountered and they 

are currently considered as threatened.  

 

Notoryctes typhlops was originally described by E. Stirling in 1891 from a poorly 

preserved specimen obtained from Idracowra Station in Central Australia. Stirling’s 

(1891) description of the species was supplemented by three additional male specimens, 

also poorly preserved, and later, after he travelled through Central Australia, by a 
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further six complete specimens (Stirling 1891; Stirling 1894). All specimens were 

acquired from within four miles of the Idracowra Head Station, situated on the Finke 

watercourse, almost invariably amongst sand hills. Since that time Notoryctes 

specimens have been collected throughout a large area of central Australia, from as far 

south as Fowlers Bay, South Australia, north to Balgo Mission, Western Australia, west 

to Wallal, and east possibly as far as Queensland (Corbett, 1975; Johnson and Walton, 

1989). However, this distribution is now known to encompass the ranges of two species, 

N. typhlops and N. caurinus, the latter apparently restricted to north-west Western 

Australia. Collection of marsupial moles has been purely opportunistic and attempts at 

systematic surveys have invariably failed.  

 

 

 

 

 

 

 

 

Figure 1.2 – The Marsupial Mole, Notoryctes typhlops (Stirling 1891). 

 

The second species of marsupial mole, N. caurinus, was named in 1920 by O. Thomas 

from a single female specimen collected in 1910 at Wallal, on the Ninety-mile beach, in 

northern Western Australia. Notoryctes caurinus was described as being overall smaller 

than N. typhlops. The skull, in particular, is smaller, with the reduction in size being 

mainly in the both width and length of the nasal region. The major distinction is in the 

reduction of the lower dentition with the loss of the anterior premolar teeth, as well as 

the reduction in the size of the remaining cheek teeth.  

 

The distinctiveness of N. caurinus was not recognised for many years but has recently 

been reaffirmed by new morphological and molecular studies. The molecular studies 

also suggest the possibility of further division within the typhlops lineage (K. Aplin 

pers. comm.). 

 

As it happens with many subterranean mammals, marsupial moles are very difficult to 

find and most aspects of their biology are completely unknown. In contrast to other 
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mammals, it is very difficult to capture them in any number, thus making any 

statistically significant experimental morphometry impossible. The rareness of these 

animals and hence the scarcity of specimens  

 

Fossil Record of the Notoryctidae 

The first dental remains of a primitive notoryctid were identified in the Miocene 

Riversleigh fossil site in 1985 (Archer, et al. 1994). Since that time, numerous skeletal 

elements have been recovered including dentaries, premaxilla, maxillaries, squamosal 

and some post-cranial bones including the major limb bones, as well as an almost 

complete dentition. It has been suggested that this ancestral marsupial mole inhabited 

the Miocene rainforest floors of north-western Queensland and that the notoryctid 

lineage was pre-adapted for subterranean life upon the drying out of the continent 

(Archer, et al. 1994; Archer, et al. 1999). 

 

The teeth of the Miocene marsupial mole are not as specialised as those observed in 

Notoryctes and provide clues of the evolution of the modern marsupial mole dentition. 

The upper molars of living notoryctids are highly zalambdodont (possessing only one 

primary cusp), a highly derived condition. The molars of the fossil notoryctid clearly 

show two cusps, a very small paracone and a much larger metacone. This morphology 

enabled Archer et al. (1999) to determine that the single remaining cusp of the living 

species is the metacone. This, along with other dental evidence, leads to the suggestion 

that the Notoryctemorphia may be more closely related to the perameloids than the 

dasyurids (Archer et al. 1999), contradicting earlier opinions based on molecular studies 

(see below).  

 

The skeletal elements of the Miocene marsupial mole that have been recovered and 

were kindly been loaned to me by the University of New South Wales / Australian 

Museum are considered further within this thesis.  

    

Phylogenetic affinities of the Notoryctidae 

The phylogenetic affinities of Notorytces remain elusive. Notoryctes’ possession of 

zalambdodont molars, their highly specialised limb morphology, as well as their former 

absence from the fossil record, all combined to produce a dilemma for phylogeneticists. 

While the discovery of a probable ancestor has shed new light on the problem, the 
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phylogenetic position of notoryctids to other marsupials is still far from resolved 

(Archer et al. 1988; Johnson and Walton, 1989; Archer et al. 1999).  

 

One major point of dispute is whether or not the marsupial mole is syndactylous. 

Syndactyly occurs in two groups of Australian marsupials, the peramelemorphians, or 

bandicoots, and the diprotodontians, the groups that includes possums, kangaroos and, 

for example, koalas. Szalay (1982, 1994) investigated the tarsal osteology of Notoryctes 

and concluded that it showed syndactylous affinities, particularly in the emphasis on the 

fourth rather than the third metatarsal, though not necessarily from the peramelid 

lineage. This view is accepted in some literature (e.g. Archer 1984; Vaughan et al. 

2000). 

 

Cytological studies have had little success in discerning the phylogenetic rela tionships 

of Notoryctes. Calaby, et al. (1974) determined the diploid chromosome number to be 

2n = 20. This suggested a closer cytological resemblance to the phalangeroids 

(Diprotodonta), rather than the Dasyuridae or Peramelidae. They concluded that 

Notoryctes would be best classified in a monotypic superfamily.  

 

Studies of comparative serology of marsupials have placed Notoryctes as a distinct 

group. Kirsch (1977) distinguished four groups among Australian marsupials on the 

basis of his serological techniques: Notoryctes, Tarsipes, the remaining Diprotodonta, 

and the Dasyuroidea with Perameloids. While this classification represents an attempt to 

integrate the serological data with other information, including morphological 

information, it has been criticised by other authors, including Szalay (1994). 

 

Baverstock et al. (1990) were also unable to ally the marsupial moles with any other 

group of Australian marsupials in their study using albumin immunology to assess 

marsupial evolutionary relationships. They concluded that there are two main lineages 

of Australian marsupials, the bandicoots-dasyuroids and the diprotodonts, with the 

marsupial moles being a third, separate monophyletic group.   

 

Westerman and Edwards (1991) investigated the phylogenetic relationships of the 

marsupials using the DNA-DNA hybridization technique. Their results also failed to 

find any close associations between N. typhlops and any other major group. 
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Retief et al. (1995) investigated the phylogeny and evolution of the marsupials using a 

molecular study of the protamine P1 genes. Protamine P1 gene evolution has been used 

successfully to elucidate patterns of evolutionary divergence for groups of eutherian 

mammals (Retief et al. 1995). Using 18 species representing all seven extant marsupial 

orders, Retief et al. (1995) produced four likely phylogenetic trees. In all four trees 

Notoryctes appears most closely related to the dasyurids. This is contrary to the 

suggestion that they are derived from a syndactylous ancestral state.  

 

Springer et al. (1997) investigated variations in the interphotoreceptor retinoid binding 

protein (IRBP) gene in therian mammals. Their results did little to resolve the positions 

of the major groups of marsupials, although at least one of their analyses argues against 

any close relationship between the marsupial moles and the diprotodont marsupials. 

Unusual features of IRBP sequence in Notoryctes led the authors to speculate that the 

lack of visual function in these animals has resulted in relaxation of the selection 

process on these genes.  

 

Springer et al. (1998) combined data from a number of both mitochondrial and nuclear 

genes in an attempt to resolve the phylogenetic patterns among the marsupial orders. 

The authors draw a number of conclusions from their analyses. On the basis of their 

molecular data they concluded, firstly, that diprotodont dentition and the syndactylous 

condition of the tarsus are not homologous between all groups. Specifically, diprotodont 

incisor condition evolved independently in the Australian diprotodont marsupials and in 

the South American shrew opossums (Caenolestidae). More controversially, they argue 

for the independent evolution of syndactyly in diprotodonts and peramelids. This has 

been suggested in the past, but many workers consider it such a major change that it was 

unlikely to have evolved twice. In terms of marsupial moles, Springer et al’s. (1998) 

analyses concur with those of Retief et al. (1995) in placing Notoryctes closest to the 

dasyurids.     

 

Colgan (1999) analysed variation in phosphoglycerate kinase DNA sequences. He states 

“in contrast to previous molecular analyses, the relationships suggested by these data 

show a high level of congruence with the morphologically defined orders and families” 

(p. 13). Four main lineages were defined on the basis of the DNA sequences 

investigated; an American group, the Australian marsupials other than Notoryctes, and 
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two groups containing only Notoryctes and Dromiciops. The results thus suggest a very 

ancient origin for the marsupial moles. 

 

Horovitz and Sanchez-Villagra (2003) conducted a cladistic analysis combining 149 

new postcranial characters with previously published craniodental and soft tissue 

anatomical characters, and included 21 taxa representing all the major marsupial 

radiations. Their results confirmed all of the currently accepted marsupial orders. 

Within their results Notoryctes was closely allied with the Peramelia as an early 

radiation from the combined Dromiciops plus Diprotodontia clade. Postcranial 

morphological similarities that point to a phylogenetic relationship between Notoryctes 

and peramelids include characters of the humerus, ankle joint, pedal digits and the 

posteriorly opening pouch, and mirrors suggestions of an affinity between these groups 

by Szalay (1994). As stated by those authors, an analysis integrating both 

morphological and molecular evidence is the next logical step to test their results.     

 

From the morphological and molecular evidence currently available, it is clear that there 

is no consensus regarding the placement of the notoryctids within the marsupial 

phylogenetic tree, beyond saying that it is probably part of the Australiadelphian 

radiation. This apparent great antiquity of the marsupial mole lineage gives extra 

significance to its extreme degree of fossoriality, and poses fascinating questions about 

when and how they acquired such characteristics.  
 

Fossorial mammals of the world 

Fossorial mammals are morphologically and physiologically adapted for burrowing. 

Mammals that spend the majority of their life underground, both foraging and seeking 

refuge, are referred to as being subterranean (Nevo 1999). Typically, subterranean 

mammals develop a suite of distinctive characteristics, including reduction in the 

external sensory organs (eyes and ears); a compact, often sausage-shaped body with no 

external evidence of a neck; a shortened or absent tail; shortened limbs; and specialised, 

often enlarged claws or teeth for digging. Semi-fossorial mammals spend less time 

underground and their morphological and physiological adaptations to such a lifestyle 

are generally less extreme. As highlighted by Shimer (1903) no fixed line can be drawn 

between the adaptations of truly fossorial subterranean mammals and semi-fossorial 

mammals. In particular, many of the armadillos are powerful diggers although only one 

(Chlamyphous truncatus) is really subterranean. Ellerman (1956) provided a summary 
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of the fossorial mammals of the world, while Shimer (1903) and Nevo (1979, 1999) 

provided a comprehensive review of adaptations to fossoriality.  

 

Subterranean locomotion through the substrate or the construction of burrows is 

energetically expensive (e.g. Withers 1978; Seymour 1998). Nevertheless, fossorial 

mammals (and fossorial vertebrates in general) have a number of advantages. 

Hildebrand et al. (1985) identified five main advantages of fossoriality for vertebrates: 

• Constructing burrows establishes microhabitats that are suitable for resting, 

aestivating, or hibernating. In hot, desert regions, the burrow maintains a cooler and 

more humid microhabitat than the surface; conversely, in cold climates, a burrow 

remains warm. Burrows may also provide safety from fires.   

• Digging often provides access to rich sources of subterranean foods, such as insects, 

insect larvae, earthworms, fungi, roots, and tubers. For example, many fossorial and 

semi-fossorial mammals use digging as a means of securing termites or ants. 

• A number of digging mammals store food underground, where it is protected from 

other animals and the weather, and available for consumption at times when surface 

foods are depleted. 

• Burrows provide a retreat from predators and many fossorial mammals return to 

their underground burrows for protection when disturbed.  

• Digging provides protected nests and dens in which to rear young. Stored food is 

sometimes also provided for the young, allowing them to remain safe below the 

ground for longer.  

 

Four major lineages of mammals include highly specialised fossorial forms. These are 

the Insectivora, Rodentia, Xenarthra and Marsupialia (Fig. 1.3). (The monophyly of the 

order Insectivora is now in question (Douady et al. 2002); however, in the context of 

this thesis, the “Insectivora” grouping is convenient while the higher classification of 

the groups is in review.) Fossorial insectivores include the true moles, family Talpidae, 

and the golden moles, family Chrysochloridae. Within the Talpidae there is a gradient 

of fossoriality and thus degree of morphological specialisations, making the group a 

wonderful case study of adaptations to the fossorial lifestyle. The chrysochlorid golden 

moles, in contrast, are all apparently specialised for an almost wholly subterranean 

lifestyle, making the study of the evolution of this group a little more difficult. Several 

different groups of rodents are adapted to a fossorial lifestyle, but these vary greatly in 
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terms of the extent and nature of their specialisations for burrowing (Walker 1975; 

Nevo 1979). Fossorial groups include pocket gophers, mole-rats and voles, as well as a 

number of smaller groups such as bamboo rats and tuco-tucos. The xenarthran 

armadillos are predominantly semi-fossorial, with the possible exception of the Pink 

Fairy Armadillo (Chlamyphorus truncatus), which is much more highly specialised 

(Vizcaino and Milne 2002). This section gives an overview of these groups, to provide a 

useful comparative foundation on which to base a study of adaptations in the marsupial 

mole. 

 

Insectivora 
Talpidae 

The family Talpidae contains most of the subterranean insectivores of Europe, Asia and 

North America (Fig. 1.3). This family includes 12 genera showing various degrees of 

specialisation to the burrowing habit. Whidden (2000) reviewed the phylogeny of the 

Talpidae. The Common European Mole, Talpa europaea, is perhaps the best known 

subterranean mammal. There are four species within the genus Talpa, ranging in size 

from 100–200 mm (including the tail). Spending nearly all their time underground, 

these moles are among the most highly fossorial members of this group. They lack ear 

pinnae and their eyes are degenerate. Their mani are greatly enlarged and strengthened, 

retaining all five digits with claws. Their forelimbs extend laterally from the body. They 

eat a varied diet, including small reptiles and mammals as well as many invertebrates.  

 

American talpid moles include species of the genera Scalopus, Parascalopus and 

Scapanus, each of which shows similar specialisation of the forelimb as seen in Talpa 

(Fig. 1.3). An unusual American mole is the star-nosed mole, Condylura cristata, which 

derives its name from a circle of fleshy pink tentacles around its nose. All members of 

these genera possess relatively long tails for fossorial mammals. The other genera of the 

Talpidae are all relatively unspecialised for a fossorial habit. The desmans, in fact, are 

more specialised for swimming than burrowing (Walker 1975).  

 

Soricidae 

One poorly known burrowing insectivore is the Mole Shrew, Anourosorex squamipes, 

of the family Soricidae (Fig. 1.3). These Asiatic burrowing shrews live in mountain 

forests. They range in length from 95–120 mm (including a short tail). Their eyes are 

very small and their external ear pinnae are concealed within the fur. Their paws are not 
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particularly specialised, but they do possess relatively well developed claws. Their long 

nose is used for searching for food among the leaf litter (Walker 1975; Nevo 1999).  

 

Chrysochloridae 

The African golden moles (Chrysochloridae) are endemic to the Sub-Saharan region 

(Fig. 1.3). They differ from the talpid moles in that their manus has only four digits 

(talpid moles have five). The family Chrysochloridae is comprised of seven genera and 

approximately 20 species showing different degrees of specialisation to the fossorial 

lifestyle. The genera are Chrysospalax (the giant golden moles), Chrysochloris (most of 

the common smaller golden moles), Amblysomus and four smaller genera, Eremitalpa, 

Chryptochloris, Calcochloris and Chlorotalpa (Smithers 1983). The classification of 

golden moles has attracted considerable attention (Broome 1950; Ellerman 1956; 

Meester 1964; Walker 1975; Smithers 1983). The largest golden moles approach 250 

mm in length; however, most are much smaller, reaching between 100 and 200 mm. 

Reflecting their burrowing habit, all members of the family lack external ear pinnae and 

obvious tails. They are also functionally blind; their eyes are vestigial and covered by 

skin. Their nasal region is covered by a tough pad of thickened skin that is used for 

burrowing. The limbs of the golden moles are short and powerful. The forelimbs are 

highly muscular and have four clawed fingers specialised for burrowing; the third digit 

is the largest, with an immensely enlarged claw (Ellerman 1956; Smithers 1983). In 

addition to morphological studies of golden moles, ecological, behavioural and 

functional studies have also been undertaken (Broom 1950; Holm 1969; Puttick and 

Jarvis 1977; Withers 1978; Kuyper 1985; Gasc et al. 1986; Fielden 1990; Fielden 1991; 

Von Mayer 1995; Seymour et al. 1998). 

 

Rodentia 

Geomyidae 

Approximately 30 species in four genera, Geomys, Orthogeomys, Pappogeomys, and 

Thomomys make up the pocket gopher family Geomyidae found in North America 

(Nevo 1999; Fig. 1.3). Pocket gophers spend most of their lives underground and 

display classic morphological specialisations to fossoriality. They range in size from 

90–300 mm in length. The bodies are compact with a short neck and reduced tail, and 

their eyes and external ear pinnae are small. Their forelimbs are used for digging, with 

the assistance of the incisors for loosening soil and small rocks, and cutting through 

roots, and excavated soil is pushed out of the burrows held between the chest and 
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forelimbs. Pocket gophers dig both long, shallow tunnels for foraging and deeper 

tunnels for shelter, often with a number of separate chambers for nesting, food storage 

and deposition of faecal material (Walker 1975). There is a close correlation among 

pocket gophers between body size and soil- type and altitude at which they are found 

(Davis 1938).  At high altitudes, where the soil is typically shallower, pocket gophers 

are smaller and less sexually dimorphic than those found at lower altitudes where 

deeper soils are more common. There are few comparative morphological and function 

investigations (Lehmann 1963; Casinos 1993; Stein 1993; Wilkins 1999). 

 

Batherygidae 

Mole-rats, or blesmoles, members of the African family Batherygidae, are divided into 

five genera; Bathyergus, Crytomys, Georychus, Heliophobius and Heterocephalus. The 

blesmoles range from 80-330 mm in length and have stout limbs and a short tail. Soil 

excavated by their incisors and forelimbs is pushed out of the burrow by their 

hindlimbs. Their eyes and ears are greatly reduced. The single species of Bathyergus is 

the most generalised form of mole rat. It inhabits the sandy dunes and flats of the 

southern tip of the African continent and burrows only with its forelimbs. The largest 

genus of blesmoles by far is Crytomys, with approximately 50 species. This widespread 

group is found in flat, sandy regions, bushy areas and open forest, and some species 

burrow in hard, rocky areas. Burrowing is accomplished using the forefeet and large 

procumbent lower incisors (the mandibular symphysis is highly flexible, allowing 

separate mobility of the lower incisors). Species of Georychus inhabit the loose, sandy 

soil of the southern Cape Province. Like Crytomys it employs the incisors as well as the 

forelimbs in burrowing. The genus Heliophobius is found in low rainfall, sandy areas of 

the Congo, Kenya, Zimbabwe, Mozambique and South Africa. These mole rats burrow 

by loosening the soil with their incisors, pushing the loose soil under their abdomen 

with the forelimbs, and then expelling it from the burrow with their hindfeet. The Naked 

Mole-Rats, Heterocephalus sp., dig extensive burrow systems in the sandy soils of the 

arid region of Ethiopia, Somalia and northern Kenya. Heterocephalus sp. use their 

procumbent incisors to excavate soil, which is then pushed away by the fore- and hind-

limbs (Walker 1975).   

 

Spalacidae 

The Eurasian mole-rats, Spalax, are highly specialised fossorial rodents that are usually 

placed in their own family, the Spalacidae. This rodent burrows predominantly with its 
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incisors, and its skull is particularly robust. The eyes are completely degenerate in 

Spalax, in contrast to other fossorial rodents. The tail is not externally observable, and 

the ear pinnae are almost entirely lost (Ellerman 1956; Nevo 1979, 1999). 

 

Myospalacidae 

The highly specialised subterranean myospalacine rodents comprise one genus, 

Myospalax, with four species. They are found in southern Siberia, northern China and 

Manchuria. The body is cylindrical in shape, the eyes very small and the external ears 

are absent. They burrow with their greatly enlarged foreclaws. Loosened soil is pushed 

out of the burrow using the head, and occasionally the hindfeet (Ellerman 1956; Nevo 

1979, 1999). 

 
Arvicolidae 

The European voles and lemmings of the family Arvicolidae are generally terrestrial 

mammals, but three genera include fossorial species Arvicola, Ellobius and 

Prometheomys (Nevo 1999). Prometeomys schaposhnikova is found in the Caucasus 

Mountains of Russia and is relatively unspecialised for a fossorial lifestyle, beyond 

having greatly enlarged fo reclaws. Ellobius spp., in contrast, use their incisor teeth for 

digging, and show corresponding extensive specialisations of the skull, including large 

procumbent incisors. The claws are poorly developed for burrowing.  

 

Rhizomyidae 

The Rhizomyidae or bamboo rats are grouped into three genera, Cannomys and  

Rhizomys of Asia and Tachyoryctes of Africa. The largest rhizomyids reach 3-4 kg in 

body weight. They all occupy extensive burrow systems but nothing is known of their 

burrowing methods. They are stocky in build and have strong claws, short ears and 

small eyes. Their massive incisors suggest a probable use in burrowing (Nevo 1999).  

  

Other families of rodents that include fossorial forms include the Ctenomyidae, 

Echimyidae and Octodontidae. There is little literature describing the fossorial 

adaptations of these mammals. 
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Figure 1.3 – Distribution of subterranean mammals across the globe. Paleartic region: 

Talpa (Insectivora: Talpidae), Spalax (Rodentia: Spalacidae; SE Europe, Turkey, Near 

East, N. Africa) and Ellobius (Rodentia: Arvicolidae; Asia); Ethiopian: Chrysochloris 

and Amblysomus (Insectivora: Chrysochloridae; South Africa), Tachyoryctes (Rodentia: 

Rhyzomyidae; S Africa); Oriental: Scaptonyx  and Urotrichus (Insectivora: Talpidae; 

East Asia) and Rhyzomys (Rodentia: Rhyzomyidae); Australian: Notorytces 

(Marsupialia: Notoryctidae); Nearctic: Scalopus and Scapanus (Insectivora: Talpidae) 

and Geomys (Rodentia: Geomyidae); Neotropical: Spalacopus (Rodentia: 

Octodontidar), Ctenomys (Rodentia: Ctenomyidae), and Clyomys (Rodentia: 

Echimyidae). Different colours represent different zoogeographical regions. (From 

Nevo 1999, after Burda).  
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Xenarthra 

Dasypodidae 

The third group of highly fossorial mammals is the armadillo family. Armadillos belong 

to the order Xenarthra (formerly Edentata) and make up the family Dasypodidae. This 

group of nine genera and approximately 20 species is found mainly in South America. 

The species of armadillo range widely in size from 125mm to greater than 1000 mm; 

members of the largest species weighs up to 55 kg. These terrestrial animals are 

powerful diggers, with most species spending at least some of their time in underground 

burrows. Digging is accomplished mainly using their specialised forelimbs. The 

smallest armadillo, the Pink Fairy Armadillo (Chlamyphorus truncatus), is perhaps the 

most fossorial of the group, and therefore of the greatest interest to this study. This 

animal has a head and body length of 125-150 mm and a short tail. These armadillos 

accomplish rapid digging by supporting the rear end of the body on a rigid tail, and 

using the hind feet to kick away soil loosened by the forelimbs. The anatomy of 

Chlamyphorus has been described by a number of authors, including Burne (1901) and 

Macalister (1875). Other useful anatomical works on the armadillos have dealt with 

both osteology (Farina and Vizcaino 1997; Vizcaino et al. 1999; Vizcaino and Milne 

2002) and myology (Macalister 1875; Windle and Parsons 1899).      

 

Biomechanics 

There are three main requirements of locomotion, propulsion, support and stability. 

Propulsion is the impelling force or thrust that moves the body forwards. Support is the 

maintenance of the body in a suitable posture for locomotion. Stability is the balanced 

or supported position of the centre of gravity of the body to prevent it from toppling 

over. The components of the skeleton and muscular system act together to fulfil these 

roles. 

 

Muscles act on bones that rotate around movable joints. In the appendicular skeleton, it 

is useful to consider the bones and their attaching muscles as lever systems. A lever can 

be defined as a rigid bar that may be turned freely about a fixed point (the fulcrum) by 

an applied effort. In animals, the bones act as levers, the joints as fulcra, and the 

muscles supply the effort. For example, the forearm (radius and ulna = rigid bar) may be 

moved freely around the elbow (fulcrum) by an effort applied by the biceps muscle. 

Any resistance opposing the effort is termed the load. The load may be represented by 

gravity acting on the mass of the body, but other non-gravitational loads also occur. A 
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weight held by the hand is a load (L). The measure of effort (E) required to move a load 

is termed the mechanical advantage (MA=L/E) (Figure 1.4). 

 

 

 

 

 

 

Figure 1.4 - A simple lever system, a rigid bar that may be turned freely about a fixed 
point (the fulcrum, F) by an applied effort (E), and thereby move a load (L). The 
distance of the effort from the fulcrum is termed the effort arm (Ea), and the distance 
of the load from the fulcrum is terms the load arm (La).  

 

The law of levers states that at equilibrium:  

load (L) x distance from fulcrum (La) = effort (E) x distance from fulcrum (Ea). 

So, by changing the distance between where the effort or load is applied we change the 

necessary effort, or resistance applied to the lever. Expressed in a different way, the out-

force (Fo = L) is equal to the product of the in-force (FI = E) and its in- lever length (Ea) 

divided by the out- lever length (La) 

i.e. Fo = FiEa/La                   (Hildebrand 1988). 

 

There are three basic types of levers. In a first class lever system (Fig. 1.5a) the effort is 

applied on the opposite side of the fulcrum to the load in a seesaw-like arrangement. 

The mechanical advantage of a first class lever is improved by an increase in the  

distance between the fulcrum and the action of the effort. An example of a first class 

lever system in the body of mammals is the dorsal neck musculature for lifting the head, 

or the triceps muscles of the upper arm. The second class lever system (Fig. 1.5b) has 

the effort placed on the outside of, but the same side as, the load. Like the first class 

lever system, the second class lever system can move a heavy load with minimal effort. 

However, the movement of the load is slow and slight. Again, the mechanical advantage 

of this lever is improved with an increase in the distance between the effort and the 

load. An example of a second class lever system in humans is the action of the 

gastrocnemius to stand on tiptoe. In a third class lever Fig. 1.5c) the effort is place on 

the same side, but closer to, the fulcrum than the load. This lever system is 

comparatively weak compared to the second class lever system. However, it is capable 

of producing a large movement of the load for a small movement of the effort. An 

example of this lever system is the action of the biceps brachii acting around the elbow. 

F 

L 
E 

La Ea 
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Figure 1.5 - Different types of levers; a) first class lever b) second class lever c) third 
class lever. F= fulcrum, E= effort, L= load. 

 

 

Fossorial mammals, and other mammals that are morphologically specialised for strong 

muscular forces, often show adaptations of the musculo-skeletal system that reflect the 

lever mechanics described above. For instance, many fossorial mammals exhibit an 

enlarged olecranon process on the ulna for the improved mechanical advantage of the 

elbow extensor musculature. The preceding description of lever mechanics provides an 

introduction to the terms and concepts used within the discussions of the functional 

morphology of marsupial moles in this thesis. It is hypothesised that marsupial moles 

will have many musculo-skeletal adaptations for improved mechanical advantage 

during burrowing. 

 

Aim of Thesis 

This thesis is a case study in comparative functional morphology. Comparative 

morphology has been used extensively in the past to elucidate phylogenetic 

relationships and evolutionary patterns (e.g. Rinker 1954; Horiguchi 1981; Stalheim-

Smith 1984; Stein 1986; Johnson-Murray 1987; Whidden 2000). More recently, 

molecular techniques have become the preferred method for phylogenetic study and 

morphological evidence has been relegated to a second- level category by most 

phylogeneticists. However, comparative morphology remains a key tool in our 

understanding of phylogenetic patterns. Most notably, comparative functional 

morphology, particularly of the musculo-skeletal system, is a principal method in 

palaeontology with the potential to provide insights into the pattern and process of 

evolution in general, and into the specific lifestyles and adaptations of individual fossil 

taxa. 

 

F 

L 

E 

       a )    b)          c)  

E L L 

F F 



 18 

Marsupial moles are unique within the adaptive radiation of Australian marsupials in 

their degree of specialisation for a subterranean lifestyle. Although the group has been 

subject to quite extensive anatomical study since its original discovery, there has been 

no prior attempt to investigate its musculo-skeletal system from a comparative 

functional viewpoint. A comparative study of the marsupial mole, set against the pattern 

of morphological specialisation found in various other groups of fossorial mammals, is 

of great zoological significance as a study of convergent evolution between metatherian 

and eutherian mammals. However, added impetus for the study comes from the recent 

discovery of abundant, well-preserved remains of a Miocene fossil notoryctid from the 

rich fossil-beds of Riversleigh in north-west Queensland. This discovery provides a 

unique opportunity to study a possible ancestral form for one of the most highly 

specialised of all fossorial mammals, and thereby unravel the evolutionary pathway 

taken in the development of extreme fossoriality.   

 

There are two main reasons for undertaking this study. One, to further our 

understanding of the functional morphology and evolutionary history of one of 

Australia’s most highly specialised but enigmatic mammals. Two, to shed light on the 

general process of evolution of fossorial adaptations within the mammalian lineage. The 

principle hypothesis of the study was that marsupial moles exhibit strong similarities in 

form and function of the musculo-skeletal system with other fossorial mammals.  

 

The first section of the thesis describes the basic notoryctid anatomy (Chapter 3), 

followed by more detailed accounts of the skeletal (Chapter 4) and muscular (Chapter 5) 

systems. The main descriptive account is based on two specimens of the North-Western 

Marsupial Mole (N. caurinus). This species has been neglected previously, with all prior 

study being focussed on the Central Marsupial Mole, N. typhlops. Two specimens of N. 

typhlops were also dissected. Dissections were made in conjunction with the study of 

further skeletal material in order to investigate the points of attachment of those muscles 

associated with locomotion. The descriptions of these systems emphasise a comparative 

approach, and for each muscle group the condition in the marsupial mole is compared 

with both basic marsupial patterns and with similarly specialised conditions observed in 

fossorial placental mammals. Four key questions were investigated within these 

chapters. One, are there any significant differences in the anatomy of the musculo-

skeletal system between the two named species of Notoryctes? Two, are there any 

features of the musculo-skeletal anatomy of Notoryctes that ally marsupial moles with 
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any other Australidelphian marsupial orders? Three, do marsupial moles exhibit 

specialisations of the musculo-skeletal system convergent with adaptations observed in 

other fossorial mammals? Four, do marsupial moles possess any unique adaptations 

related to their fossorial locomotion? 

 

In Chapter 6 the skeleto-muscular system of marsupial moles is analysed in functional 

terms to develop a better understanding of the marsupial mole as a fossorial mammal. 

This has involved careful study of the skeletal and muscular architecture to establish the 

likely role for each muscle, or muscle group, in the burrowing activity and general 

locomotion of the marsupial mole. From this, a composite hypothesis was developed of 

the movements employed by marsupial moles during subterranean locomotion. This 

hypothesis is assessed against what is known about locomotory patterns among other 

fossorial mammals.  

 

The fossil notoryctid remains from Riversleigh are described in Chapter 7. There are 

two key questions for this chapter. One, to what extent do the bones of the Riversleigh 

fossil notoryctid reflect specialisations for a fossorial lifestyle? Two, are the 

specialisations of the fossil notoryctid remains consistent with the notion that they 

represent an ancestral form of living Notoryctes? By comparing the postcranial anatomy 

of this species with that of modern Notoryctids, a number of key similarities and 

difference are identified that reveal important features of the locomotory capabilities in 

the fossil species.  

 

Finally, having developed an understanding of the musculo-skeletal system of the 

modern and fossil marsupial moles, in Chapter 8 I attempt to shed some light on the 

evolutionary history of these unique marsupials. In comparison to marsupial moles, the 

evolutionary history of a number of the highly specialised subterranean fossorial 

eutherian mammals is well-known, particularly where many modern species represent 

different stages of adaptation to burrowing. Comparison of what has been learned about 

the evolution of the marsupial mole lineage with each of the eutherian groups provides a 

unique opportunity to investigate the pattern and process of evolutionary convergence to 

a highly specialised fossorial mode of life. 
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Chapter 2 - Methods 

 

Osteology 

3D computer reconstructions of computed tomography (CT) scans provide invaluable 

information as to the skeletal arrangement of this remarkably specialised subterranean 

marsupial. CT and magnetic resonance images (MRI) scans were performed at Royal 

Perth Hospital, Perth, Western Australia. The CT scans of a North Western Marsupial 

Mole (Notoryctes caurinus) were made with a GE Cti scanner (General Electric Medical 

Systems, Milwaukee, USA) using a helical technique with a slice collimation of 1 mm, 

and a pitch of 1:1. Images were reconstructed at an interval of 0.3 mm using soft tissue 

and bone algorithms. 3-D volume rendered images were also obtained using the AW 3.0 

workstation. The primary specimen of N. caurinus which was examined was from the 

Western Australian Museum (specimen number M 44175). Capture locality was Cotton 

Creek (Newman-Canning Stock Route road; 4/3/1999; 22º 59’ S 122º 23’). The 

specimen was formalin fixed and stored in 70% ethanol. The specimen was male, with a 

total body length of 10.5 cm and a wet mass on capture of approximately 35 g. A 3D 

skeleton image of N. caurinus is particularly useful because no fully articulated 

specimen of this species is available, and because of its unique lifestyle among 

marsupials the functional form of its skeleton cannot necessarily be inferred from 

simple reconstruction of disarticulated bones. 

 

X-rays were made of all marsupial mole specimens held at the Western Australian 

Museum (WAM). This included three specimens of N. caurinus (WAM M41482, 

M44938, M47143) and three of N. typhlops (WAM M4027, AM M18193, M18165). 

The X-rays were made by Dr Ken Aplin at the WAM. Further X-rays were taken of the 

specimens used for dissection (two N. typhlops; AM M18193, M18165) and one N. 

caurinus (WAM M44175) at the Murdoch University Veterinary Clinic, Western 

Australia. Further dry skeletal specimens of Notoryctes were examined for osteological 

measurements and drawings (N. caurinus WAM M6157; N. typhlops CSIRO M6010). 

 

Four marsupial moles in total were dissected (two N. caurinus and two N. typhlops) 

using standard dissecting equipment and techniques. Observations were made under a 

dissecting microscope, and drawings were made both freehand and from digital 

photographs taken with a Sony Mavica FD-88 Digital Camera.    
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Measurements of skeletal elements, primarily the vertebral column and long bones were 

made at the WA Museum using Mitutoyo calipers. In addition to the two species of 

marsupial mole (N. caurinus, N. typhlops), measurements were taken for a number of 

marsupial species including Dasyurus geoffroyi (Western Quoll /Chuditch; N=6), 

Isoodon obesulus (Southern Brown Bandicoot; N=5) and Trichosurus vulpecula (Brush-

tail Possum; N=6), as generalised examples of the main marsupial lineages, and 

Lasiorhinus latifrons (Wombat; N=2) as an example of a semi-fossorial marsupial. 

Fossil material was borrowed from the University of New South Wales, Sydney. 

Photomicrographs of the specimens were taken using an Olympus SZH stereo  

microscope with DP11 digital camera attached. Measurements were made using 

Mitutoyo calipers.  

 

Internal anatomy 

MRI scans were performed using a Marconi 1.0T MR scanner (Marconi Medical 

Systems, Highland Heights, Ohio, USA) using a 3-D RF FAST sequence with 1.4 mm 

slices, flip angle of 35 degrees, TR of 24 ms, TE of 6 ms, field of view of 12 cm, 

192x256 matrix, one signal average. Images were acquired in the coronal, transverse 

and sagittal planes. The specimen was placed in a dedicated (human) knee coil. 

 

Myology 

The limb and parts of the spinal musculature of Notoryctes were dissected with the aid 

of a dissecting microscope and standard dissecting instruments. The mode of specimen 

preservation is not known for all specimens, but assumed to be formalin fixation. All 

specimens were stored in a 70 % ethanol, 5 % glycerol solution throughout the duration 

of the study.  

 

To determine the degree of interspecific myological variation specimens representing 

both species of Notoryctes were dissected. Due to the rarity of these animals in museum 

collections, particularly of N. caurinus, only two specimens of each species were 

available for dissection. However, osteological characters relating to the musculature 

were examined on one other dry museum specimen and via the x-rays of three 

additional specimens of N. caurinus and five of N. typhlops. Both sides of each 

specimen were dissected. Documentation of the extent of variation among these species 

served as a necessary aid to the interpretation of results. 
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Qualitative data were obtained during dissection by the careful drawing and description 

of the attachment sites and general organisation, size and orientation of each muscle. 

Photographs were also made during dissection with a Sony Mavica FD-88 digital 

camera to help with the final drawing of the figures.  

 

Quantitative data were obtained by the removal of each muscle during dissection and 

the subsequent drying of each sample. Individual muscles were dried in an oven at 40º 

for 24 hours. The dried samples were weighed to provide relative proportions of the 

musculature. The low number of available specimens means that the resulting muscle 

weights are not suitable for thorough statistical study; rather they serve to illustrate and 

emphasise large differences in muscle size. 

 

Nomenclature used herein is, as far as is possible, consistent with the Nomina 

Anatomica Veterinaria (1994; N.A.V). The varying nomenclature used in the literature 

is placed within brackets. 
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Chapter 3 – 3-Dimensional Overview of Anatomy of the North-

Western Marsupial Mole Notoryctes caurinus 

 

 

 

Introduction 

 
The anatomy of the North-Western Marsupial Mole, Notoryctes caurinus (Marsupialia: 

Notoryctidae), has not been studied in any detail since its original description by 

Thomas (1920). In fact, the only published information for this remarkable fossorial 

marsupial since then is the physiological study of Withers et al. (1999) and a natural 

history account by Thompson et al. (2000-2001). Very few preserved specimens of N. 

caurinus are available, so it is important to glean as much anatomical information as 

non-destructively as possible from the few specimens that are available. The purpose of 

this chapter is to provide a general anatomical description using computed tomography 

(CT) scan, X-ray, and magnetic resonance imaging (MRI) of N. caurinus, a small (mass 

~ 30–35 g) and highly specialised marsupial. 

 

CT scan and MRI are used extensively in medical diagnostics and research and the 

techniques have also been incorporated into the veterinary discipline in clinical 

situations. However, the zoological use of such technology in more fundamental 

anatomical research has been rather limited. The few anatomical investigations 

incorporating CT and MRI technology include descriptions of the internal anatomy of 

the feline abdomen (Samii et al. 1999), and the brain and coelomic cavity of the 

domestic pigeon (Romagnano et al. 1996). The techniques have also been used in 

palaeontological studies, for example the measurements of brain size in Allosaurus 

(Roger 1999).  
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Results 

  

Skeletal system 

The axial skeleton, comprising the skull, vertebral column, sternum and ribs, and tail of 

the North-Western Marsupial Mole is highly adapted for its fossorial lifestyle (Fig. 3.1). 

Major specialisations for fossoriality are also apparent for the pectoral and pelvic 

girdles, and limbs. 

 

From the lateral view of the skeletal image, the skull is conical in shape (Fig. 3.1). This 

feature is common for many small, fossorial mammals (Nevo 1999), being related to 

minimising resistance during burrowing. The skull of N. caurinus appears to be quite 

thin-walled dorsally and anteriorly, but strong in the basicranial region. Teeth are not 

apparent on the CT scans because they are too small to be resolved by a scan of 1.0 mm 

slice size. X-ray (Fig. 3.2) more cleanly and finely images the skull, including the major 

contours and teeth. The rostrum curves ventrally slightly, anterior to the molar teeth. 

There is little evidence of the orbit or zygomatic arch. The posterior region of the skull 

is smoothly curved with no sagittal or occipital crests. The bone appears fairly uniform 

in thickness, as would be expected given the high forces applied to the most anterior 

region of the body during subterranean locomotion.   

 

The vertebral column is remarkably strengthened, and in lateral view has an unusually 

flat shape (Fig. 3.1C). Overall, the form of the vertebral column appears highly 

specialised for burrowing. While CT resolution is not quite adequate for the fine detail 

of vertebrae, it is clear that they are very robust. The vertebral column is seen in much 

greater detail in X-rays than from the CT scans. It is possible to count the number of 

post-cervical vertebrae in each section. There appear to be 15 (or 16) thoracic vertebrae 

(with ribs), 3 lumbar vertebrae anterior to the sacrum, 5 (or 6) vertebrae fused within the 

sacrum, and 12 caudal vertebrae. Further it is possible to see the thoracic and lumbar 

neural spines (very faint, lateral view) and the transverse processes and chevron bones 

of the caudal vertebrae (ventral view) as described below. 
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Figure 3.1 – Computed tomography images of the three-dimensional anatomy of the North-Western 
Marsupial Mole, Notoryctes caurinus; A dorsal, B ventral, and C lateral views.  
 
CaV, Caudal vertebrae; Cr, cranium; Fem, femur; Hm, humerus; Ma, mandible; MS, manubrium 
sterni; Pat, patella; Pel, pelvis; R, ribs; Sc, scapula; St, sternum; St, stomach; Tib, tibia; VC, 
vertebral column. 

 
Cr 
 
Md 
 
Hm 
 
MS 
 
St 
 
R 
 
 
Sto 
 
 
VC 
 
 
Pel 
 
Fem 
 
Pat 
 
 
 
CaV 

Sc 

Tib 

C 

A B 



 26 

The cervical vertebrae are obscured by the pectoral girdle, but appear to be greatly 

compressed and follow a deeply concave path to the base of the skull. This unusual 

form of the cervical vertebrae is best seen from the lateral view of the skeletal images 

(Figs. 3.1C, 3.2). A number of the cervical vertebrae (4 or 5) appear completely fused in 

Notoryctes caurinus, as described by Stirling (1891) for N. typhlops. Fusion of the 

cervical vertebrae is extremely unusual for mammals, and is unique among marsupials. 

The thoracic vertebrae are not seen as separate entities in the 3-D skeletal images, but it 

is clear that they are fairly robust with large neural spines. The shape of the vertebral 

column in the thoracic region follows a sharp incline behind the pectoral girdle and then 

flattens out considerably. The vertebral column of more generalised quadrupeds follows 

a wider curve rather than that apparent for N. caurinus (Slijper 1946). 

 

 

 
 
Figure 3.2 – X-ray of the North-Western Marsupial Mole, Notoryctes caurinus (WAM 
M41482); lateral view. Actual body length (snout-tail) = 102 mm 
 
Cau, caudal vertebrae; Chev, chevron bones; Clav, clavicle; Cran, cranium; Fem, femur; Man, 
manus; Pat, patella; Pel, pelvis; Pes, pes; Rad, radius; Sca, scapula; Tib, tibia. 
 
 
 
 
The lumbar region is best seen from dorsal view (Figs. 3.1A, 3.2). The lumbar vertebrae 

are distinct, becoming large posteriorly towards the pelvis. Their transverse processes 

can just be discerned on CT images. Like the posterior thoracic vertebrae, the lumbar 

vertebral region is very flat in shape. The sacral vertebrae are greatly expanded in size 

and are fused with the pelvis. The wide metapophyses are broadened to form a shield-

shaped arrangement when viewed from the dorsal aspect. Ventrally the bodies of the 

vertebrae can be seen lying within the sacrum, and it is evident that the pubic symphysis 
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is either unfused or formed by very thin bone. An unfused pelvic symphysis has been 

associated with fossorial specialisation in some groups including pocket gophers 

(Chapman 1919).  

 

An unusual feature of the vertebral column from the dorsal view is the arrangement of 

vertebrae in the tail (Fig. 3.1). Particularly in the middle region of the tail, these caudal 

vertebrae are greatly developed; large transverse processes and chevron bones 

(apparently fused to the vertebral bodies) are evident on the CT scans. From the lateral 

aspect, the caudal vertebrae are almost as large as the thoracic and lumbar vertebrae, 

which is most unusual. Generally, caudal vertebrae of mammals are smaller and simpler 

in form than the thoracic or lumbar vertebrae. The large size of the marsupial mole’s 

caudal vertebrae, the development of transverse processes for muscle attachment, and 

the large size of the chevron bones (responsible for preventing the crushing of the 

caudal vasculature during bending of the tail) suggest that the tail is highly mobile, 

muscular and involved in locomotion (burrowing). It appears to be used as a flexible 

prop for bracing the hind part of the body against the substrate during burrowing, an 

unusual modification of the tail for burrowers (see Withers et al. 1999).     

 

The ribs and sternum can be seen clearly in the CT skeletal images. The rib cage is in 

the form of a wide cone, being very narrow anteriorly and expanding quite widely 

posteriorly (Figs. 3.1A, B). The ribs appear to become less dense posteriorly. The costal 

cartilages, which join the ribs to the sternum, cannot be seen. The anterior part of the 

sternum is characterised by two large lateral processes of the manubrium. As with the 

vertebral column, the sternum and ribs of the marsupial mole are specialised for 

burrowing. The conical shape of the rib cage is typical of that for small fossorial 

mammals, and the wing-like expansions from the manubrium serve as an attachment 

site for some of the important pectoral muscles used during burrowing (Reed 1951). 

 

The appendicular skeleton includes the pectoral and pelvic limbs and their girdles. The 

highly modified morphology of these skeletal components in the marsupial mole can be 

seen in the 3-D skeletal reconstruction (Fig. 3.1). Most noticeably, the pectoral girdle 

has undergone a marked shift from its position (at the base of the neck) in more 

generalised mammals, being more anterior than usual. The position of the shoulder 

articulation, of the glenoid region of the scapula and the humerus, appears level with the 

anterior cervical vertebrae, just behind the skull, rather than the more common position 
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of level with the anterior thoracic vertebrae (Hildebrand 1988). In the lateral view, it is 

apparent that the shoulder articulation is placed quite low on the side of the body. This 

antero-ventral position of the pectoral girdle is characteristic of the position for other 

small fossorial mammals, particularly those that utilise an abducted or semi-abducted 

posture of the forelimbs during burrowing (Gambaryan and Keilan-Jaworowska 1997). 

 

The individual components of the pectoral girdle can be seen with reasonable clarity. It 

is apparent that the scapula is substantially modified, being narrow for the most part and 

fanning out posteriorly. Two spines running along the upper surface of the scapula are 

evident in lateral view. The orientation of the scapula is also modified from the usual 

dorsal arrangement of the scapula in mammals (Hildebrand 1988), occupying a more 

laterally-facing position. The robust humerus can be seen most clearly in the dorsal 

views of the skeletal image; however this may include parts of the ulna included with 

the distal end of the humerus. Unfortunately, the antebrachium (lower arm) and the 

manus were not represented in the skeletal images. This is quite unexpected as the 

bones of this region are relatively more robust than, for instance, the ribs, which were 

seen clearly in the skeletal reconstruction images.   

 

Additional details of the appendicular skeleton, not clear from the CT scan but apparent 

in X-rays, include the more distal bones of both the pectoral and pelvic limbs. The 

radius and ulna of the left pectoral limb are visible and it is clear that the shafts of these 

bones are very short relative to the general form in mammals (Fig. 3.2). However, the 

length of the ulna is almost doubled by the enormously long olecranon process (visible 

extending laterally from the right pectoral limb, ventral view), which is the insertion site 

of the triceps muscle group. The bones of the carpus are too small for even the x-ray to 

show them clearly, but the enlarged third and fourth digits that carry the enormous 

claws for digging are clearly seen. 

 

The pelvic girdle is perhaps the most clearly imaged component of the skeleton. The 

bones of the pelvis are obviously highly derived and are fused to a number of the sacral 

vertebrae. The typically (for mammals) elongate innominate bones are broad and fused 

with expanded elements of the sacral vertebrae. This fusion of a number of vertebrae 

forms a synsacrum-like structure (the highly modified arrangement of the pelvis found 

in birds) and this in turn is strongly fused with the bony components of the pelvis. The 

formation of a synsacrum and its complete fusion with the pelvis in marsupial moles is 
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more extreme than in other placental burrowers, such as talpid moles, armadillos and 

pocket gophers in the and (Chapman 1919). Unusual among marsupials, the epipubic 

bones are small and not ossified and are therefore not seen in the CT scan images. 

 

The hind limbs of N. caurinus extend almost laterally from the body, rather than 

ventrally, and the tibiae lie flat against the ground. This abducted posture is unusual 

among mammals. The long bones of the limb are relatively robust, which is also 

unusual among fossorial mammals where generally the specialisations of the hindlimb 

are much less extensive than those of the forelimb (Nevo 1999). An unusual feature is 

the large triangular keel of the patella at the knee joint of the hind limbs. Few other 

marsupials (only bandicoots) have an ossified patella, and none have one resembling the 

relatively large, irregular patella of Notoryctes. From the morphology of the highly 

strengthened pelvis and hind limbs, it would appear that the marsupial mole uses strong 

extension of the knee joint (suggested by the large patella) to brace the body during 

burrowing and force the body through the substrate. The hind limbs would be used in 

addition to the tail, as previously mentioned, probably in a tripod-like prop arrangement. 

The tibia and fibula are pictured for the right leg only, but are clearly quite robust for a 

mammal of this size. Unfortunately, like the forelimb, the distal parts of the hind limb 

are not pictured in the 3-D skeletal image. Again this is unexpected as they have 

relatively robust bones. The unusual morphology of the pelvic limb, with the large 

triangular patella and expanded tibia is more clearly visible in the X-ray than the CT 

scan images. Like the carpus of the forelimb, the small bones of the pes are highly 

modified and difficult to identify even from X-ray images. However, it is interesting to 

note that the clawed digits of the foot are splayed, and held in a somewhat abducted and 

medially rotated posture, presumably to achieve the maximum surface area of the sole 

of the foot when burrowing. 

 

Body Proportions 

Comparative proportions of the body in a series of animals may be expressed by 

equating the length of the pre-sacral spine to 100 and expressing the dimensions of the 

other major body divisions as a percentage of the spine length (Davis 1964, after 

Hildebrand 1952). Before considering the results of such an analysis (Table 3.1), it must 

be remembered that any specialisation of the vertebral column itself will be difficult to 

detect and may subsequently mask any specialisations of the limbs. 
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The most outstanding result of this analysis is the apparent lack of major specialisation 

in the body proportions of the marsupial mole, nearly all portions of the body are very 

similar to those for the other groups studied. This is not what one would expect given 

the obvious specialisations of the limbs of the marsupial moles for digging. However, as 

mentioned above, specialisations of the vertebral column itself are not easily determined 

from this analysis. As part of the overall modification of the skeletal system of the 

marsupial moles, the vertebral bodies themselves have become quite compacted (see 

below). As a result, the overall shortened vertebral column has masked many of the 

expected changes in limb proportion; one would have expected the limb bones of the 

marsupial mole to be relatively reduced in length. (This is a case for the argument that 

vertebral column length cannot be used as a standard for comparative studies on its 

own). However, there are still a few interesting comparative points that can be made 

from this analysis. 

 

The cervical region of the vertebral column of the marsupial mole is relatively shorter 

than that of the other marsupials studied. Although the difference is not striking, there is 

at least some reflection of the compaction of the neck in the burrowing specialist. This 

undoubtedly reflects the compaction and fusion of a number of the cervical vertebrae in 

the marsupial moles. Reduction in the length of the neck is common in animals where 

resistance is applied to the anterior part of the body during locomotion, i.e. fossorial 

mammals, but also marine mammals (Buchholtz 2001). Interestingly, it is the predatory 

Dasyurus that has the longest neck proportionally amongst the marsupials studied. 

 

 

Table 3.1 – Comparative osteological measurements of major body segments. Numbers 

are percent of pre-sacral vertebral column length. 

 

 Cervical V Thor-Lum V Humerus Ulna Metacarpal Femur Tibia Metatarsal 

Notoryctes 13.6 86.4 26.7 17.2 - 28.7 22.4 - 

Trichosurus 16.6 83.4 24.8 27.7 5.7 32.6 31.7 6.7 

Dasyurus 20.3 79.7 26.3 26.6 6.7 30.4 34.5 13.3 

Isoodon 16.4 83.6 23.5 18.0 6.6 34.0 32.4 8.6 

Lasiorhinus 15.7 84.3 22.5 17.2 - 29.1 21.6 - 
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Somewhat perplexingly, the humerus of the marsupial moles is relatively long among 

the groups studied. However, with reference to the statement above that vertebral 

column length is a poor indicator in this case, the unexpected proportions are due to the 

overall compaction of the vertebral column masking any changes in the proportion of 

the humerus. In other words, the reduction of the length of the humerus is equivalent to, 

or even less than, the reduction in the length of the pre-sacral vertebral column. 

 

The proportional length of the ulna (shaft length, not including the olecranon) is more 

like the expected result with the marsupial mole and the wombat having the relatively 

shortest ulnae as modifications to fossoriality. Reduction in the length of limb bones 

results both in stronger bones and improved mechanical advantage for the attached 

muscles (Hildebrand 1988).  Further, the bandicoot, which sometimes employs shallow 

digging during foraging, similarly demonstrates a reduced length of the ulna. 

 

Specialisations of the length of the pelvic limb show a similar pattern to that of the 

pectoral limb. The most proximal division of the hindlimb, the femur, shows only a 

slight reduction in the relative proportion for the marsupial mole. However, the result is 

not really substantially different from the other marsupial groups. Again, the masking 

effect of the reduced vertebral length is likely to be responsible for this. 

 

The length of the tibia of the marsupial mole is relatively shorter than in the more 

generalised quadrupedal groups. However, the wombat shows the most reduced tibial 

length relative to vertebral length. Again, given the common reduction in the tibae 

length in the marsupial moles and wombat, the modification to the skeletal system is 

likely to be linked to the burrowing habit and/or the secondarily derived sprawling 

stance of the hindlimb. As will be discussed later, shorter limb bones are relatively 

stronger – an adaptation advantageous to burrowing animals.   

 

Overall, many of the expected results for the general body proportions of the marsupial 

mole are masked by the extreme specialisation of the vertebral column itself (see 

below). However, where modification to a reduced bone length occurs, it tends to be 

greater in the more distal limb segments.  
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Soft tissue structure 

From all MRI views (Figure 3.3), the most apparent soft-structure is a large amount of 

subcutaneous fat on this specimen, particularly around the ventral surface of the pelvis 

but also dorsal to the pelvis and anteriorly around the shoulders. This very large amount 

of fat appears as a high signal intensity on the magnetic resonance images. Upon 

dissection, there was approximately four grams of subcutaneous fat – more than 10% of 

a 35 gram animal.  

 

The largest organs of the digestive system, the liver, stomach and intestine, are easily 

distinguished. The abdominal cavity appears as very low signal intensity, oval-shaped 

structure in the mid-region of the animal, due to this space being air-filled as a result of 

an incision made in the skin for the penetration of formalin/alcohol for fixation of the 

internal organs. The liver is the most anterior organ of the abdomen, appearing grey in 

signal intensity and multi-lobed in structure. The stomach appears quite dark on the left 

side of the abdominal cavity in the coronal sections. As mentioned for the CT Scans, the 

stomach contains a large amount of sand resulting in the low signal intensity in MRI. 

The intestine fills the rest of the abdominal cavity and has a higher signal intensity than 

the stomach and liver. The smaller organs of the abdominal cavity, spleen, gall bladder, 

etc are not distinguishable. The oral cavity and upper third of the oesophagus are clearly 

visible in the relevant coronal sections.  

 

In the thoracic cavity, the heart is the only portion of the circulatory system that is 

clearly apparent in MRI. At particular levels of contrast it is possible to discern the 

chambers of the heart. Of the respiratory system the lungs are visible in all views. Their 

triangular shape is best observed from the coronal sections. In the transverse sections it 

is possible to see the trachea, appearing as a dark circle that can be traced through 

successive images to where it divides into the two bronchi. 

 

The urogenital system is poorly represented in the MRI due to the small size of these 

organs; only the testes are clear (in all views) and the kidneys in sagittal view. 

Posteriorly, lying in the mass of fat under the pelvis, the testes are seen very clearly, 

with good contrast between gonadal tissue and fat. It is difficult to assess the sex of 

marsupial moles externally as males have abdominal testes, so MRI provides a non-

intrusive method for confirming that this specimen is male. 
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 H  

 Figure 3.3 – Magnetic resonance image of the three-dimensional anatomy of the North-
Western Marsupial Mole, Notoryctes caurinus; sections through coronal view, dorsal to 
ventral.  
 
Organs visible: A, anal gland; B, brain; F, fat; Fe, femur; H, heart; Hp, hip musculature; Hu, 
humerus; I, intestine; Li, liver; Lu, lungs; N, nose shield; O, oral cavity; R, rib cage; Sh, 
shoulder musculature; St, stomach; Ta, tail musculature; T, testes; Th, thigh musculature; and 
V, vertebral column. 
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The brain is the only obvious component of the nervous system. With the MRI having a 

slice size of 1.4 mm, it is likely that the spinal cord was missed altogether in coronal 

and sagittal sections. In transverse section, a small area with high signal intensity above 

the centra of the vertebrae probably represents the spinal cord.  

 

The hard, bony structures of the skeletal system appear dark on the MRI. Clearly visible 

are sections through the skull, vertebral column, ribs, sternum at times, humeri and 

femora. The large size of the vertebrae is obvious and it is easier to distinguish adjacent 

vertebrae in MRI than CT scans. 

 

The major muscle groups are visible, but distinction between individual muscles is not 

possible except for the very large muscles of the thigh, upper arm and base of the tail. In 

these areas the muscle bulk is enormous, much greater than for non-fossorial mammals 

of comparable size (personal observations). The extensive muscles attaching to the tail 

are quite unusual and would seem to be related to the strengthening of the caudal 

vertebrae as noted from the CT skeletal images. The muscles of the tail also appear to 

be more strongly developed ventrally (for flexion) than dorsally (for extension). These 

curious aspects of the anatomy of the posterior regions of the marsupial mole again 

suggest a unique functional role of the tail as a prop in burrowing locomotion when 

compared to other fossorial mammals. The transverse MRI view is particularly good for 

observing the muscles of pectoral girdle and thigh. In the sagittal view it is possible to 

see muscles of the pectoral girdle attaching to the back of the skull. One other aspect to 

note is the large horny nose shield, which appears light grey in coronal sections (Figure 

3.3). 
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Chapter 4 – Osteology of the North-Western Marsupial Mole 

Notoryctes caurinus  

 

 

Introduction 

 
The purpose of this chapter is to describe the skeletal system of the North Western 

Marsupial Mole, Notoryctes caurinus. This will include a comparison with the 

previously described skeletal anatomy of N. typhlops (Stirling 1891), comparison with 

more generalised marsupial forms, and comparison with a number of fossorial and 

highly specialised subterranean placental mammals. The bones are described in 

functional terms rather than through exhaustive and formal morphological terminology. 

Prior to describing the skeletal anatomy of Notoryctes spp. the major skeletal 

adaptations seen in other subterranean mammals will be briefly reviewed. This provides 

a useful context that serves to highlight key features of similarity and difference with 

Notoryctes. 

 
 
“Within the limits set by the inherited framework, the primary function of the skeleton is 

support, and the form and architecture of the bones reflect primarily the stresses and 

strains associated with this function. Each bone is also subjected to an assortment of 

constantly varying localised stresses and strains resulting from the actions of muscles 

and ligaments. In the individual the basic features of the skeleton, including 

accumulated adaptive features, are determined genetically. Likewise… inherited 

features of the skeleton are modified, within limits, by the activities of the individual.” 

(Davis 1964 p.41) 

 

One of the primary functions of the components of the skeletal system, apart from 

protecting and supporting the body, is to act as levers so that muscles can do useful 

work. The functional requirements of the actions being performed can influence the 

length and shape of the levers (bones) to improve either the strength or the speed of 

their action (Davis 1964; Hildebrand et al. 1985). It has long been recognised that the 

locomotor habit of an animal exerts a selective pressure on bone design, particularly the 

long bones of the limbs. As noted by Casinos et al. (1993) digging, as a highly derived 
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locomotor activity, can exert a strong selective pressure on the design of long bones in 

the skeleton.  

 

Specialisations of the skeletal systems of subterranean mammals have been extensively 

studied because of their marked specialisations for digging (Shimer 1903; Chapman 

1919; Nevo 1979, 1999). In particular, the extreme specialisations of the forelimbs of 

the talpid ‘true’ moles have been of interest to zoologists and anatomists for well over 

one hundred years. Of great significance to the literature of subterranean mammals is 

the work by Reed (1951, 1954, 1958) in his descriptive comparison of the anatomy of 

three soricoid insectivores (shrews and moles from the superfamily Soricoidea) in 

relation to locomotion. His detailed work follows that of other authors including 

Campbell (1939), Morris (1966) and Yalden (1966), and describes and discusses the 

shoulder anatomy of the soricoid moles from phylogenetic and adaptive viewpoints. 

More recently, Whidden (2000) undertook a detailed review of the myology of the 

Talpidae in a phylogenetic context. The pectoral anatomy of golden moles has also been 

studied (Puttick and Jarvis 1977; Gasc et al. 1986). MacAlister (1875) described the 

musculature of the armadillos in his anatomical study of the insectivorous edentates 

(now called xenarthrans). Other authors, including Windle and Parsons (1899), Burne 

(1901), Farina and Vizcaino (1997), Vizcaino et al. (1999), and Vizcaino and Milne 

(2002) have also investigated the limb morphology of armadillos. While rodents 

typically burrow with their incisor teeth, some dig primarily with their forelimbs or 

incisors, in particular the pocket gophers and mole rats. Specialisations of the pectoral 

girdle for burrowing are extensive and have been studied by Orcutt (1940) and 

Lehmann (1963). Other useful studies of rodent limb morphology include Stalheim-

Smith (1984), Stein (1986), Casinos et al. (1993), Stein (1993) and Fernandez et al. 

(2000).  

Skeletal adaptations of subterranean mammals 

 

Sternum 

Primitively in mammals, the manubrium (the most anterior bone of the sternum) is a 

relatively simple, short, flat, rod-like bone that often develops lateral wing-like 

expansions. Adaptation to a subterranean habit among talpid moles results in 

lengthening in the antero-posterior plane of the manubrium and a decrease in the size of 

the lateral wings. Thus there is a major change in the width / length ratio of the bone. 

The increase in the length of the bone results in the pectoral girdle being placed far 
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more anteriorly than is typical of mammals, into the neck region. Also in talpids, 

development often occurs of the mid-ventral ridge of the manubrium to form a large 

keel. This deepening of the manubrium provides a greater surface area for the pectoralis 

musculature. There is also often a shift of the clavicular articulation from the mid-dorsal 

surface to the anterior end as well. In some talpid species, an anterior extension occurs 

on the lateral wings; this is related to the origin of the subclavius muscle (Parker 1868; 

Campbell 1939; Reed 1951). The lengthening of the manubrium, and thus an anterior 

shift of the pectoral girdle, has also been described in golden moles (Parker 1868; 

Puttick and Jarvis 1977; Gasc et al. 1986).  

 

Scapula 

With the development of fossoriality in the talpid moles there is a trend towards a 

narrow, antero-ventrally aligned scapula. In Talpa and Scapanus, the glenoid fossa of 

the scapula, which serves as the point of articulation with the humerus, faces ventrally 

instead of laterally and is lengthened antero-posteriorly to become somewhat ovoid in 

shape. Changes of the scapula in relation to fossoriality in the talpids include thickening 

of the posterior margin, development of a deep supraspinous fossa, enlargement of the 

rhomboid fossa and the development of a fossa for the teres major muscle. In Talpa, the 

scapula is very narrow and rod-like, and the infraspinous fossa is completely lost 

(Campbell 1939; Reed 1951). 

 

The scapula of the chrysochlorid golden moles is narrow and elongate. In Eremitalpa it 

is orientated parallel to the vertebral column, thus what is usually the medial vertebral 

border is positioned caudally. The meso-scapular spine is strongly developed and 

enlarged in the dorsal plane as well as lengthened. The acromion and  metacromion are 

both well developed (Gasc et al. 1986). The scapulae of the Cape golden mole has a 

greatly developed meso-scapular spine and elongated acromion. The shoulder joint of 

the glenoid and humerus is placed laterally on the animal, increasing the mechanical 

advantage of the humerus (Puttick and Jarvis 1977). 

 

The scapulae of armadillos are triangular in shape, and both dorsal fossae have a large 

surface area. The vertebral border is very broad due to the large expansion of the 

posterior angle of the scapula for the origin of the teres major. The extension of the site 

of teres major attachment increases the mechanical advantage of that muscle. The 

acromion is robust for the origin of the deltoids and the meso-scapular spine is 
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posteriorly curved. The axillary border is expanded for the origin of the enlarged triceps 

muscle group (Hildebrand 1988).  

 

The overall shape of the scapula of fossorial rodents does not differ greatly from the 

triangular shape of the scapula in more generalised forms. However, there are bony 

differences in relation to muscle attachment. As noted by Lehmann (1963) the most 

notable feature is the development of a process for the origin of the teres major muscle 

from the ventral corner of the vertebral border of the scapula. The scapular spine is 

more robustly expressed in fossorial rodents than in non-fossorial forms, and the 

acromion lengthened slightly. The coracoid process, which is the origin of the coraco-

brachialis musculature, is more prominent in fossorial than non-fossorial species. The 

glenoid fossa is elongated and more ovoid in fossorial species than terrestrial species 

(Lehmann 1963).  

 

Clavicle 

The clavicle of talpid moles shows great specialisation to their subterranean habit. 

Primitively, in terrestrial mammals, the clavicles are long, narrow bones with a sigmoid 

flexure passing from the manubrium sterni to the acromion of the scapula. The 

adaptation to fossoriality in the talpid moles led to a shortened, flattened clavicle that 

articulates with the greater tuberosity of the humerus rather than the acromion. In the 

most highly specialised subterranean species (Talpa) the clavicle is greatly reduced in 

length (=1/2 length of humerus) and dorso-ventrally flattened. Two ventral spines serve 

as attachments for sterno-clavicular ligaments, and a distal spine is associated with the 

origin of the cleido-deltoid muscle (Campbell 1939). This highly-specialised form of 

the clavicle in talpid moles must be related to the adducted posture of the shoulder and 

the need to brace the joint into this position. The talpid articulation of clavicle and 

manubrium is a hinge joint allowing only anterior-posterior movement. As a result of 

this and the unusual articulation of the clavicle to the humerus, the proximal end of the 

humerus and the head of the scapula cannot move in the dorso-ventral plane  (Reed 

1951). 

 

 The clavicles of other subterranean mammals are by no means as highly specialised as 

those just described for the fossorial talpids. The clavicle of golden moles is long, 

slender and curved, with a very small but separately ossified meso-scapular segment 

(Parker 1868). In the Cape golden mole the clavicle is long and well-developed. It has 
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shifted anteriorly on the manubrium and articulates with the humerus to accommodate 

some of the resultant stress of digging acting on the shoulder (Puttick and Jarvis 1977). 

The subterranean mole rat, Bathyergus, has a long, curved clavicle that does appear to 

be more robust than in non-fossorial forms. Again, the meso-scapular segment is 

separately ossified from the clavicle, and quite considerable in size (Parker 1868). 

Parker (1868) mentioned nothing out of the ordinary for the clavicle of armadillos. 

 

Orientation of the Shoulder Joint 

One of the major changes that occurs in the pectoral girdle of mammals as a result of 

specialisation to a subterranean lifestyle is a change in the posture of the shoulder itself. 

Primitively, reptiles and early mammals had what is termed an abducted or sprawling 

stance. As the mammals evolved the limbs rotated forward and were brought under the 

body, into a parasagittal stance. This led to more economical support for the weight of 

the body and also facilitated the development of much more rapid cursorial locomotion. 

One change to the bones of the forelimb as a result of this change in posture was the 

development of the trochlea – the enlarged surface on the base of the humerus for 

articulation with the ulna. The trochlear articulation of the ulna and humerus is not 

developed in primitive animals with a sprawling gait. Some specialised fossorial 

mammals have secondarily reverted to an abducted, sprawling stance of the forelimbs. 

This secondarily-acquired sprawling posture of the forelimbs has occurred at least 

partially in the Talpidae, Chrysochloridae, Myospalacidae, and an extinct group of 

mammals the Palaeanodonta. As these groups evolved from parasagittal predecessors, 

they possess a trochlea. Thus, the possession of a trochlea by an animal with an 

abducted stance is an indicator that this posture has been secondarily acquired 

(Gambaryan and Keilan-Jaworowska 1997). Others, such as most armadillo do not 

revert to a sprawling stance. 

 

The secondary development of an abducted posture is seen to the full extent in the most 

highly specialised talpid moles, namely Talpa and Scapanus, wherein the forelimbs are 

orientated at 120-160° to the sagittal plane. The head of the humerus articulates 

laterally, at the side of the body, and the long axis of the humerus is aligned dorso-

laterally (Campbell 1939; Reed 1951; Yalden 1966; Gambaryan and Keilan-

Jaworowska 1997). The complete adduction of the forelimb in Talpa and Scapanus, 

along with modifications of the elbow joint result in a burrowing movement that is 

driven almost entirely by the shoulder musculature itself (see below) and is thus more 
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effective. Gambaryan and Keilan-Jaworowska (1997) consider Chrysochloridae as half-

sprawling, utilising the sprawling stance only during the digging movement of the 

forelimb. Subterranean rodents show varying degrees of specialisation of the forelimb 

and abducted gait. Spalacids do not show abduction of the shoulder and the forelimb 

moves in the parasagittal plane. Myospalacids, in contrast, do have an abducted posture 

of the forelimbs during burrowing (Gambaryan and Keilan-Jaworowska 1997).  

 

Humerus 

The expansion of the lesser tuberosity, beyond the size of the greater tuberosity of the 

humerus in fossorial mammals, relates to the point of muscle insertion. The majority of 

the muscles that act to rotate the humerus medially (Musculus subscapularis and M. 

pectoralis) insert onto the lesser tuberosity.  

 

The primitive form of the humerus in the talpids follows the basic mammalian ground 

plan, that is, a relatively long, narrow bone with tuberosities at the extremities for 

articulation with the glenoid of the scapula proximally, and the radius and ulna distally. 

The bicipital groove runs between the two tuberosities of the proximal end of the 

humerus (Campbell 1939). However, the more specialised subterranean talpids have a 

humerus that is so modified in form that it is almost beyond recognition. 

 

Reed (1954) described two major specialised characters in the pectoral region of 

subterranean talpids. Firstly, the pectoral ridge of the humerus has shifted medially to 

abut against (and sometimes fuse with) the elongated lesser tuberosity. This causes the 

walls of the bicipital groove and the pectoral ridge to fuse and form a tunnel from the 

proximal end of the humerus. This tunnel houses the tendinous origin of the biceps 

brachii (Campbell 1939; Reed 1951, 1954). Secondly, as previously mentioned, the 

clavicle articulates with the greater humeral tuberosity rather than with the acromion in 

specialised forms, as a ball-and-socket synovial joint. In addition to this, the articulation 

between the clavicle and manubrium in the talpids resembles a hinge joint allowing only 

anterior-posterior movement. As a result of this, the proximal end of the humerus and 

the head of the scapula are restricted from movement in the dorso-ventral plane (Reed 

1951, 1954). 

 

These two major adaptations are associated with a number of other morphological 

changes to the humerus. The humerus becomes greatly strengthened and the relative 



 41 

width of the bone increases. There is marked development of the attachment site of the 

teres major and latissimus dorsi muscles, as well as a general increase in the size and 

depth of other muscle attachments. At the proximal end of the humerus, the lesser 

tuberosity is larger than the greater tuberosity, the latter being angled down somewhat 

from the normal form. Talpa shows the most extreme changes of the humerus, with the 

bone appearing almost pentagonal in shape rather than elongate (Reed 1951, 1954). 

 

In Talpa, the head of the humerus is narrow, allowing only extension and flexion in one 

plane at its articulation with the glenoid fossa; abduction and adduction of the humerus 

must be accompanied by rotation of the scapula, as the humerus cannot rotate on its 

own axis (Reed 1951, 1954). The points of articulation of the radius (radial 

condyle/capitulum) and ulna (trochlea) are separate on the distal end of the humerus. 

Torsion, or twisting, of the humerus has not taken place in the change of shoulder 

posture in the talpid moles (Gambaryan and Keilan-Jaworowska 1997). The width to 

length ratio of the humerus of Talpa is approximately 70%, which is extremely high by 

comparison with more generalised mammals. 

 

Torsion of the humerus has occurred in the Chrysochloridae in their partial shift to a 

derived abducted posture (reflected in a larger lesser tuberosity than greater tuberosity 

of the humerus). The radius and ulna articulate separately with the humerus. The 

glenoid fossa of golden moles is specialised similar to that of talpid moles (Gambaryan 

and Keilan-Jaworowska 1997). The humerus of golden moles is highly specialised, 

being short and robust. There is extensive development of sites of muscle attachment, in 

particular the lesser tuberosity, the medial epicondyle and the delto-pectoral ridge 

(Puttick and Jarvis 1977). In Eremitalpa, the head of the humerus is narrow and 

elliptical, and the lesser (medial) tuberosity is large. The shaft is posteriorly concave 

with torsion of the humerus measured at about 120°. The large delto-pectoral ridge 

extends the length of the bone to the distal part of shaft. The distal end of the humerus is 

very wide, accommodating the wide trochlea and large medial epicondyle. The width to 

length ratio of the humerus in Eremitalpa is approximately 65%. Due to the nature of 

the gleno-humeral joint and the expansion of the medial condyle, movement of the 

forearm is largely restricted to an anterior-posterior motion  (Gasc 1986).  

 

Among armadillos, the bicipital groove of Chlamyphorus is completely enclosed in 

bone to form a canal (MacAlister 1875). The distal end is very wide. The humerus of 
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other armadillos shows general shortening and strengthening and enlargement of the 

bony processes for muscle attachment. Farina and Vizcaino (1997) found that the 

allometry of the long bones of living and extinct armadillos shows the same scaling of 

humeri as other digging mammals, including ctenomyid rodents. 

 

Fossorial rodents show less extreme modifications of the humerus than the other 

mammals previously discussed. This is likely related to their use of incisors for 

loosening soil or dealing with solid obstructions, in contrast to the other groups which 

rely solely on their forelimbs. Some specialisations are apparent, however. The humerus 

of subterranean rodents is more stout than in generalised terrestrial forms, with more 

heavily developed muscle attachment ‘scars’. Most prominent is the development of the 

delto-pectoral ridge, a roughly triangular process extending antero-laterally along the 

mid region of the humeral shaft. The width of the epicondyle is greater in fossorial 

forms and the head of the humerus is more ovoid than round, as in the generalised 

Rattus (Lehmann 1963). The shoulder and elbow joints of Geomys and Ctenomys, 

characteristically ovoid articular surfaces, are shaped to enhance antero-posterior 

movements but restrict lateral movements. A long acromion also reduces lateral 

movement in subterranean forms (Lehmann 1963). In the myospalacid rodents, the 

rotation of the humerus is achieved by the latissimus dorsi and teres major muscles, that 

insert slightly lower on the humerus to the crest extending from the lesser tuberosity 

(Gambaryan and Keilan-Jaworowska 1997). 

 

Radius and Ulna 

The bones of the antebrachium of talpid moles are short and robust, increasingly so with 

increased fossorial adaptation. The olecranon process of the ulna, the insertion of the 

triceps muscle group, is both lengthened and widened to accommodate the increased 

size of the muscle in the fossorial species, e.g. species of Scapanus. The articular 

surfaces of the elbow are broad and tightly fitting to reduce the risk of dislocation of the 

joint. The firm hinge-joints between both the ulna and the radius with carpus in the 

soricoids, preclude any movements of supination or pronation of the forearm, although 

torsion of the distal ends of the bones of the forearm result in a supine position of the 

manus (Reed 1951; Yalden 1966). 

 

The forearm of golden moles is similarly shortened. The radius is short and slightly 

flattened, and the shaft of the ulna is robust. The olecranon process of the ulna is greatly 
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enlarged, providing a large area of attachment for the extensor musculature. Golden 

moles exhibit a peculiar specialisation of the forearm, with the development of a third 

bone in addition to the radius and ulna. This bone is believed to be an ossification of a 

flexor musculature tendon (Puttick and Jarvis 1977; Gasc et al. 1986). 

 

Vizcaino et al. (1999) described a correlation between ulnar dimensions and digging 

ability of armadillos. In armadillos, digging is achieved, in particular, by strong 

extension of the forearms, effected by the triceps muscles which insert on to the 

olecranon. They found a strong relationship between fossorial habits and ulnar 

morphology, and correlated the length of the olecranon with powerful elbow extension. 

Accordingly, they developed an index of fossorial ability (IFA) to measure the 

mechanical advantage of the triceps muscle; IFA is equal to olecranon length (OL) 

divided by the difference between ulnar length (UL) and olecranon length: IFA = OL / 

(UL – OL). For armadillos, the average IFA is 0.74, and ranges from 0.47 in the least 

fossorial to 1.26 in the most fossorial species. IFA does not vary with body mass in 

armadillos. While IFA is a good index when used within a single clade, it also been 

demonstrated to be a good index when applied to other clades, for instance carnivores 

and rodents. However, phylogenetic constraints must be considered and care taken 

when using indices such as IFA to compare members of different groups. 

 

The radius is modified to varying degrees, but much less so than the ulna. In 

Chlamyphorus (pink fairy armadillo) the radius is small and not very mobile. The ulna 

has a long olecranon, with an incurved shape, and with no lateral movement at the 

elbow.   

 

In rodents, the degree of curvature of the radius increases in fossorial forms (Lehmann 

1963). There is a distal modification of the shaft of the radius to form a ‘pseudostyloid’ 

process on the ulnar side of the true styloid process. The length of the olecranon of the 

ulna ranges from 15% of the total ulnar length in non-fossorial forms to 22% in the 

most subterranean forms. The coronoid process of the ulnar is enlarged, the depth of the 

lateral fossa increases from a shallow groove to a deep fossa. 

 

Pelvis 

Chapman (1919) noted significant patterns in the specialisations of the pelvis in 

burrowing mammals; “the pelvis of burrowing mammals diverges from the norm in a 
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predictable and consistent way”. Burrowing rodents and insectivores, including the 

talpid moles and golden moles, all show similar (convergent) specialisations of the 

pelvis to burrowing. Three changes common to the subterranean groups investigated 

were 1) the ilial axis of the pelvis becomes more horizontal in alignment (i.e. parallel to 

sacral axis of the vertebral column); 2) a high degree of fusion, ‘co-ossification’, of the 

vertebral and pelvic elements, in particular fusion of the ischium and sacral or caudal 

vertebrae; 3) a reduction in the development or loss of pelvic symphysis. These changes 

represent adaptations to strengthen the body axis against the large forces of resistance 

experienced during burrowing 

 

Different subterranean groups show these three main changes to differing degrees. In 

rodents (e.g. Geomys) there is a trend toward a more horizontal alignment of the pelvis 

and loss of the symphysis, although the latter is highly variable within species and sex. 

The first three caudal vertebrae are co-ossified to form an extension of sacrum. Among 

the soricoid insectivores (including Talpa, Scapanus and Condylura), the pubic 

symphysis is absent and the pubes diverge posteriorly. The pelvis lies horizontally (i.e. 

parallel to vertebral axis) and the transverse processes of the sacral vertebrae are co-

ossified. The insectivorous golden moles have separate diverging pubes and no pubic 

symphysis. Interestingly, Lecke (1884) noted that where the pubic symphysis was 

absent in adult golden moles, it was present embryologically but was lost during 

development. 

 

Femur, Tibia and Fibula 

The long bones of the hindlimb are rarely studied in subterranean mammals, apparently 

because they show much less extreme specialisation in comparison to the bones of the 

more specialised forelimb. Reed (1951) investigated the morphology of the hindlimb in 

talpid moles, and described the bones of the limb as being modified to become shorter 

and stronger, but stated that the musculature of the hindlimb is not specialised. There is 

little reference to the hindlimbs of golden moles. Farina and Vizcaino (1997) 

demonstrated by allometry that while the forelimbs of fossorial Xenarthra show 

significant changes related to burrowing (see above), the hindlimb bones, including the 

femur and tibia, scale as generalised mammals. However, fusion between the tibia and 

the fibula for strength always occurs among armadillos (see also Vizcaino and Milne 

2002). Stein (1993) investigated the hindlimb musculature of some groups of fossorial 

rodents, but did not provide any functional interpretations.  
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Results 
 

Osteology of the Axial skeleton of Notoryctes caurinus 

Skull (Fig. 4.1) 

The skull of Notoryctes caurinus is conical in shape, being bulbous posteriorly and 

quite narrow anteriorly. The orbit has been lost and the zygomatic arch is small. The 

bony sutures between the individual bones of the skull are barely visible, and the teeth 

are small and peg-like. The dental formula of N. caurinus as described by Thomas 

(1920) is I 3/2 C 1/1 P 2/2 M 4/4; however, it is difficult to determine as the five 

anterior teeth including the canine are all very small and uniform in size. The dental 

formula of N. typhlops as described by Stirling (1891) is I 3/2 C 1/1 P 2/3 M 4/4; 

however authors including Stirling (1891) and Thomas (1920) have noted that the 

dental formula is quite variable. 

 

From the lateral view (Fig. 4.1A), the occipital region of the skull is very flat in contour, 

rising vertically from the posterior margin of the ventrally placed occipital condyles to 

the nuchal line. From the nuchal line, the dorsal aspect of the skull is gently convex. 

Anteriorly, the nasal bones curve downwards, and tips of the nasal bones extend beyond 

the anterior margin of the premaxillae. In N. caurinus, the very high roof of the brain 

case and the obtuse angle made at the nuchal line between the occipital plate and the 

parietal bones is less pronounced, and more gently curved than in N. typhlops. Also, the 

auditory bullae appear to be relatively slightly larger in N. caurinus than in N. typhlops 

(as noted by Thomas 1920).    

 

From the lateral aspect, the mandible of N. caurinus is quite short. The most obvious 

feature, besides the unusual dentition, is the minimal development of a coronoid 

process. In both species of marsupial mole, the coronoid process is small and quite 

anteriorly placed with respect to the mandibular condyle. The angular process is perhaps 

less pronounced in N. caurinus than in N. typhlops. Similarly, the masseteric fossa on 

the lateral aspect of the mandible apparently is not as well-developed in the smaller 

species. Ventrally (Fig. 4.1B), the occipital condyles form a semicircle around the 

ventral facing foramen magnum. The auditory bullae are large and rounded. As noted 

by Stirling (1891) in N. typhlops, the hard palate is very broad posteriorly, and narrows 

rapidly towards the anterior incisors.  
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            A 
 

              
           B 
 
 
 
 
Figure 4.1 – Skull of the North-Western Marsupial Mole, Notoryctes caurinus (specimen WAM 
M7083). A lateral view, B ventral view. Scale ~ 4x actual size. 
 
AB, auditory bulla; AP, angular process of mandible ; CP, coronoid process of mandible; MC, 
mandibular condyle; MF, magnum foramen; Na, nasal bone; OC, occipital condyle; ZA, 
zygomatic arch. 
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Vertebral Column (Fig. 4.2) 

The vertebral column of marsupial moles is, without doubt, the most specialised and 

remarkable amongst marsupials. This is not surprising, as the morphology of the 

vertebral column of mammals is highly dependent on the mechanical demands placed 

on it by the particular posture and locomotion of the animal (Slijper 1946).  

 

The cervical region is very slightly shorter relative to that of other quadrupedal 

marsupials. The length of the cervical region in more generalised marsupials ranges 

from 16 to 20% of the pre-sacral vertebral length. For Notoryctes the cervical region is 

13.5% of the total length of the pre-sacral vertebral column.  

 

There are seven cervical vertebrae in N. caurinus, as is typical of all mammals. The 

atlas (first cervical vertebra) is free, with small transverse and spinous processes. 

Posterior to the atlas, however, there is fusion of a number of the cervical vertebrae, 

apparently the second (axis) to sixth vertebrae. (It is difficult to accurately count the 

number of fused vertebrae and there have been differing opinions from authors in the 

past) Fusion of the cervical vertebrae is uncommon among mammals in general, and 

unique amongst marsupials to the marsupial mole, but has occurred independently in a 

number of subterranean forms as well as some whales and a few bipedal hopping 

species such as the jerboa (Jaculus sp., Dipodidae) and kangaroo rats (e.g. 

Microdipodops sp.) (Vaughan et al. 2000). The functional interpretation of cervical 

fusion varies somewhat when inferred from the known (or sometimes unknown) 

behaviour of the animal in question. In general, however, it results in the reduction of 

movement between the head and body (Vaughan et al. 2000). Rose and Emry (1983) 

suggest that “fusion presumably strengthens and stiffens the neck to provide a more 

stable fulcrum for lifting the head while burrowing”. In whales, Buchholtz (2001) infers 

that “reduction of movement between vertebrae by fusion serves to stabilise the head, 

important when the propulsive force originates at the posterior end of the body as it 

does in the Cetacea”. As the actual subterranean burrowing behaviour of the marsupial 

mole is unknown, one might infer that, as in whales and also some other subterranean 

mammals, cervical fusion stabilises the head and reduces unwanted movement, 

particularly in the lateral plane, when the body is being pushed through the substrate. 

   



 
 
 
 
 

 
Figure 4.2 – Vertebral column, ribs and sternum of Notoryctes caurinus, (specimen WAM M6157). Lateral view. Scale bar = 1cm. 
 
1 Fused cervical dorsal spines; 2 First thoracic dorsal spine; 3 Fused cervical centra; 4 Enlarged first rib; 5 Manubrium sterni; 6 Sternum; 7 Ventral projection of 
third lumbar vertebrae; 8 Fused sacral vertebrae.  
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Given the extent of fusion of the cervical vertebrae, the overall shape of the neck is 

somewhat modified. Generally in quadrupedal mammals, the path of the cervical region 

follows a descending incline from the base of the skull to the anterior end of the thorax. 

However, in marsupial moles the extensive vertebral fusion and the overall reduction in 

the length of the neck result in a very straight, anteriorly projecting neck from the 

anterior end of the thorax. 

 

The small and uniform size of the thoracic vertebrae of Notoryctes is remarkable. The 

centra are quite reduced in length and are almost uniform in size. The most anterior 

thoracic vertebrae are very slightly shorter, but almost invariably the thoracic vertebrae 

in the marsupial mole were 2.5 mm in length. Generally, the thoracic vertebrae of 

mammals become progressively longer along the length of the column. Clearly, the 

forces acting on the thoracic region of the vertebral column has changed substantially 

from the norm. This change is also reflected in the very straight line of the vertebral 

column (noted in the previous chapter) as distinct from the more normal bow shaped 

arrangement in more generalised mammals (Slijper 1946).  

 

 

Figure 4.3 – Angle of inclination of the pre-sacral neural spines of the marsupial 

mole, Notoryctes caurinus. From left to right, cervical, thoracic and lumbar vertebrae.  
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The morphology (length, size and angle of inclination) of the neural spines of the 

vertebrae reflect the mode of locomotion, via the structure and development of the 

epaxial musculature, rather than on the static demands of the body such as posture and 

body mass. The spine of the first thoracic vertebra is very long and has a strong 

posterior angle of extension. The following spines become gradually reduced in length, 

but continue to be directed strongly to the posterior. Slijper (1946) used curves of both 

the length of neural spines and the angle of inclination of the neural spines as a method 

of comparing the vertebral columns of various mammals. For N. caurinus (Fig. 4.3), in 

comparison to the mammals studied by Slijper (1946), the graph is peculiar in that 

spines of the lumbar vertebrae are never inclined cranially; rather all the thoracic and 

lumbar neural spines are caudally orientated.  

 

The 4 lumbar vertebrae also are generally reduced in size. They are short and compact, 

and range in length from 2.7 to 3.9 mm. The compact lumbar vertebrae also have very 

small lateral processes. Usually in mammals these lateral processes interlock between 

adjacent vertebrae; however, in the marsupial mole they do not. The small development 

of the lateral processes of the lumbar vertebrae suggests that there is little flexion of the 

spine in this region, just a straight transference of propulsive power from the sacrum to 

the anterior part of the animal. The third lumbar vertebra has two ventral processes that 

extend posteriorly for a short distance towards two small anteriorly directed processes 

from the antero-ventral aspect of the sacrum.  

 

The sacral vertebrae are remarkable and difficult to describe separately, as they are 

completely fused together to form a synsacrum and have been (almost) wholly 

incorporated within the highly modified pelvis, as Stirling (1891) described for N. 

typhlops.   

 

The marsupial mole’s caudal vertebrae are highly specialised in that they have a number 

of processes, and large seemingly-fused chevron bones (Fig. 4.4). Stirling (1981) 

described the chevron bones of N. typhlops as being largest in the middle region of the 

caudal series and then becoming reducing in size, to little more than rounded nodules by 

the last three inter-vertebral spaces. This description holds for N. caurinus. Generally, 

the caudal vertebrae of mammals are fairly simple in form. In more specialised species, 

such as monkeys and possums with prehensile tails, chevron bones occur ventrally to 

protect the vasculature. Among marsupials, bandicoots also show strong development 
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of the chevron bones (Horovitz and Sanchez-Villagra 2003; N. Warburton pers. obs.), 

the function of which has not been investigated. In the marsupial moles, the chevron 

bones are attached to the vertebral bodies and are often deeply grooved and irregular in 

form, forming channels and pulleys for the passage of the strong muscle tendons that 

run along the length of the tail (Chapter 5). This unusual morphology of the caudal 

vertebrae is likely to be linked to a unique functional use of the tail during locomotion 

(Chapter 6).  

  

 
 
 

 
 
 
 
Figure 4.4 – Caudal vertebrae of the North-Western Marsupial Mole, Notoryctes 
 caurinus (specimen WAM M6157). A dorsal, and B ventral views. Scale bar = 1 mm. 
 
1 Chevron bones; 2 Vertebral bodies; 3 Transverse processes. 

A 

B 
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Ribs (Fig. 4.2) 

In 5 specimens examined by either dissection or x-ray the number of ribs found in N. 

caurinus was 15. This is different to the number of ribs in N. typhlops, which is 14 

noted by Stirling (1891); however in the specimens of N. typhlops used in this study the 

number was 15. Given the small sample size it is impossible to determine which is the 

typical number.  

 

The first rib is modified into a very short, thick bone that, like in N. typhlops, “forms a 

powerful buttress with the sternum” (Stirling 1891, p. 172). This enlarged first rib 

articulates with the expanded lateral projections of the manubrium (see below). The 

remaining 14 pairs of ribs are long, slender bones, 5 pairs of which have with bony 

connections to the sternum. The 7th to 15th pairs of ribs are not connected to the sternum 

in N. caurinus but instead extend through the costal cartilages to connect with each 

other (each rib connects to the more anterior rib as described for N. typhlops by Stirling 

1891).  

 

Sternum (Fig. 4.2) 

The sternum is composed of an enlarged manubrium, 5 sternebrae and a small ziphoid 

cartilage. This number is typical of other marsupials (from my observations), but 

different to that of N. typhlops (six segments plus manubrium and ziphisternum) 

described by Stirling (1891). As a whole the sternum is approximately 15.5 mm long, 

which is approximately 40% of the length of the pre-sacral vertebral column. This ratio 

falls within the range (34-50%) of other marsupials (see Appendix 1).  

 

The manubrium is not particularly long, accounting for 28% percent of the total length 

of the sternum excluding the ziphoid cartilage. This is within the range of the length of 

the manubrium for other marsupials (26 – 34%; Appendix 1). Anteriorly the manubrium 

has a broad rectangular shape. Laterally, large wing-like processes are enlarged 

attachment sites for the pectoralis musculature. These flat wings of bone are roughly 

rectangular in shape and greatly expand the relative width of the manubrium. Generally 

the length to width ratio of the manubrium of marsupials is approximately 2.15 (L/W = 

1.7-2.7; Appendix 1), while for marsupial moles the manubrium is almost twice as wide 

as it is long (L/W = 0.54). Anteriorly, small semicircular indentations on the lateral 

expansions mark the origin of the subclavian muscle. The mid-ventral line of the 

manubrium has also been enlarged for the attachment of the pectoralis musculature. 
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Ventrally it is raised to form a relatively large keel of bone, which extends anteriorly 

(Fig. 4.2).   

 

Posterior to the manubrium, the 5 remaining sternebrae are short and rod-shaped. They 

are approximately 0.2 mm long. Each articulates with a pair of ribs. The ziphoid 

cartilage (ziphisternum) is very small and flattened in shape.  

 

Osteology of the Pectoral Girdle and Limb of Notoryctes caurinus 

Scapula (Figs. 4.5, 4.6) 

The form of the scapula is shaped by muscular action to a greater degree than almost 

any other bone in the body (Davis 1964). So, not surprisingly, the scapula of the 

marsupial mole is strikingly modified in form when compared to those of other 

marsupials, indeed compared to almost any other mammal. Its general architecture 

follows the same functional pattern but the structures are so highly modified that at first 

glance they appear to be entirely different.  

 

The scapula is roughly triangular in shape; the narrow anterior half expands rapidly into 

a fan-shaped posterior. This is quite different from the more rectangular shape of the 

scapula in other, more generalised, marsupials. The coracoid border of the scapula is 

deeply concave in shape and quite smooth in outline. The coracoid border expands as it 

extends towards the vertebral border, and on meeting the latter it forms a strong hook-

like protuberance, which is the origin of the most anterior extremity of the subscapularis 

muscle. The coracoid process, the site of origin for the biceps brachii muscle (as 

described by Stirling 1891, p. 175) is "very small" and near to the glenoid fossa. The 

glenoid (axillary) border is enormously developed to receive the attachment of the 

triceps group of muscles. The bone extends dorsally to form a second blade-like spine 

along the posterior border of the scapula. The glenoid border is inflected to form a large 

hook at its vertebral end. The tip of this hook-like process serves as an anchorage site 

for the strongly developed M. teres major dorsally and M. subscapularis ventrally. The 

development of this hooked process is not as extreme for N. caurinus as it is for N. 

typhlops. The vertebral border is convex in shape and has a broad raised and thickened 

area in relation to the attachment of the M. rhomboid dorsally and serratus muscle 

ventrally. In cross-section, the vertebral border is also slightly convex, due to the 

concavity of the subscapular fossa. 
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Figure 4.5 – Osteology of the shoulder 
region of the North-Western Marsupial 
Mole, Notoryctes caurinus (specimen 
WAM M6157). Scale = Approx. 6x.  
A lateral view, B anterior view. 
 
1 Acromion of scapula; 2 meso-
scapular segment; 3 clavicle;  
4 greater tuberosity of humerus;  
5 glenoid of scapula; 6 lesser tuberosity 
of humerus 
 

A 

B 
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Figure 4.6 – Scapula of the North-Western Marsupial Mole, Notoryctes caurinus, A dorsal and 
B postero-lateral views (specimen WAM M6157). Scale ~5.5x, actual gleno-vertebral length = 
14.5 mm. Inset: Notoryctes typhlops scapula (not to scale). 
 
1 Acromion; 2 Meso-scapular spine; 3 Coracoid border; 4 Supraspinous fossa; 5 Vertebral 
border; 6 Infraspinous fossa; 7 Glenoid; 8 Secondary scapular spine; 9 Post-scapular fossa; 10 
Teres major process. 

A 

B 
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The dorsal surface of the scapula is slightly convex, particularly in the vertebral third, 

and is divided into the supraspinous and infraspinous fossae by the large mesoscapular 

spine. Both fossae are relatively long and narrow, but the supraspinous is the larger of 

the two in area due to its broader shape. Posteriorly, the supraspinous fossa expands 

onto the fan-shaped vertebral border of the scapula. The infraspinous fossa is very 

narrow and elongate, lying in the deep hollow formed between the mesoscapular spine 

and the blade-like expansion of the glenoid border. Indeed, anteriorly the caudally-

curving mesoscapular spine forms almost a tube with the axillary spine, through which 

the infraspinous muscle passes (as noted by Stirling 1891; more so in N. typhlops than 

N. caurinus). Both fossae are marked by numerous vermiculate rugosities (muscle 

attachment scars) and bordered posteriorly by a distinct crest where they meet the raised 

insertion area of the rhomboid along the vertebral border.  

 

The expansion of the axillary border into the raised second spine of the scapula results 

in the development of a postscapular fossa. Separated from the infraspinaous fossa by 

this second scapular spine, the postscapular fossa is the site of origin of the greatly 

enlarged scapular portion of the triceps, as mentioned above. As described in the 

following chapter, the origin of the scapular portion of the triceps is enormously 

developed and extends along the entire length of the glenoid border. The development 

of a similar postscapular fossa as a result of triceps enlargement is common in fossorial 

mammals and has been noted in such groups as the armadillos and talpid moles 

(Campbell 1939; Reed 1951; Lehmann 1963). 

 

The acromion, that extends from the anterior end of the mesoscapular spine, is long and 

bulbous, and enlarged for the attachment of the acromial and scapular deltoids, as well 

as the insertion of the acromial trapezius. The metacromion is represented by an 

expansion of the inferior edge of the mesoscapular spine, at the level of the glenoid 

cavity. The acromion and metacromion are separated from the body of the scapula by a 

long neck-like region. There is a deep notch between the acromion and the much more 

ventrally placed glenoid fossa. The mesoscapular spine itself is very large and well 

developed, passing medially for almost the entire length of the scapula. The edge of the 

spine is expanded and is distinctly curved in cross section, reflecting the actions of the 

trapezius and deltoid musculature, and a shift of the rhomboideus muscle also to an 

insertion on the spine. The anterior half of the posteriorly curved spine forms a large 
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overhang and extends towards the raised spine of the glenoid border, almost forming a 

tube in which the infraspinous muscle lies.  

 

The meso-scapular segment is a component of the pectoral girdle that is found in some 

birds and all therian mammals. It derives as a cartilage from the acromial end of the 

meso-scapula spine. In most cases it either remains as a cartilaginous contact between 

the acromion and clavicle or becomes ossified as part of the clavicle, forming a head to 

that bone. In a few cases it is ossified as a separate bone lying between the clavicle and 

the acromion, distinct from each. Parker (1868), in his monograph of the shoulder girdle 

and sternum, described a separate and distinct ossified meso-scapular segment in the 

mole-rat Bathyergus, and in the insectivore genera Chrysochloris and Crocidura. 

Interestingly these are all subterranean or semi-fossorial groups, although Bathyergus is 

a rodent. No marsupial genus in that work had a separately ossified meso-scapular 

segment (Parker 1868).  

 

Notoryctes caurinus has a very large, distinct, separately ossified meso-scapular 

segment, as does N. typhlops (Stirling 1891); these are unique amongst mammals for the 

extreme size of the bone. The meso-scapular segment is a well-developed hook-shaped 

bone, the neck and head of which are far greater in width that the clavicle itself. The 

segment is highly mobile and appears to be slightly larger in N. caurinus than in N. 

typhlops The meso-scapular segment of the three placental species described and drawn 

by Parker (1868) are all minute and approximately round, with a diameter less than the 

width of the clavicle itself. No reference to a muscular insertion on these bones has been 

found. In Notoryctes, however, the large subclavian muscle is almost entirely inserted 

onto the meso-scapular segment. Thus the development of this bone may be a response 

to the enlargement of the insertion of the subclavian muscle. This unique development 

of the meso-scapular segment points to a unique morphological solution in the 

marsupial moles to a functional problem. Among some burrowing animals, 

hyperextension of the shoulder joint as well as general mobility may be assumed to be a 

functional constraint on the potential action of the shoulder. The functional implications 

of this meso-scapular system are described in later chapters.  

 

The position of the shoulder articulation has been shifted anteriorly. The glenoid level 

has shifted so far anteriorly as to be aligned with the back of the skull in the transverse 

plane. The anterior relocation has resulted from both the shortening of the neck and a 
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migration of the shoulder itself. The orientation of the scapula has also changed 

substantially. The spine of the scapula lies approximately parallel to the anterior 

thoracic vertebral column, which results in the vertebral border of the scapula actually 

being now caudally placed. As mentioned before, the shoulder joint is really no longer 

an acromial-clavicular joint, but rather an acromial-meso-scapular-clavicular joint. This 

joint appears to be highly mobile.  

 

Clavicle (Fig. 4.5) 

The clavicle is almost invariably present among marsupials, and is typically strongly 

developed and curved in shape. The only group is which the clavicle is completely 

absent are the bandicoots (Jones 1968). The clavicle of the marsupial mole is unusual 

for a marsupial. It is a very thin bone that covers only half of the distance between the 

acromion of the scapula and the sternum. The lateral half of the clavicle is ossified into 

a very slender, gently curved bone. Medially the bone is vestigial and occurs as a 

tendinous connection with the sternum. Laterally it does not directly articulate with the 

scapula, but instead is separated from the acromion by the large mesoscapular segment 

as described by Stirling (1891) for N. typhlops.  

 

Humerus (Figs. 4.5, 4.7) 

The humerus of N. caurinus is short and very robust. It serves for the attachment of 18 

muscles, 9 of which act at the shoulder joint and the remainder function through the 

elbow or manus. The morphology of the humerus is determined almost wholly by these 

muscle attachments. The humerus of N. caurinus differs greatly from the general form 

of the bone in other marsupials. What are usually small to medium sized muscles scars 

in more generalised marsupials often are large processes on the humerus of Notoryctes. 

The shaft of the bone is stout and concave posteriorly.  

 

The proximal end of the humerus is characterised by the spherical head and two large 

bony tuberosities, located on each side of the head. The humeral head protrudes 

posteriorly from the proximal end of the bone to articulate with the glenoid fossa of the 

scapula. Roughly hemispherical in shape, the articular surface of the head is smoothly 

rounded, greatly exceeding the area of the opposing surface of the glenoid. The head of 

the humerus in Notoryctes is slightly wider in the perpendicular plane (to the shaft) than 

it is in the parallel plane. In comparison to other marsupial groups, this is similar to the 
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shape of the head of the humerus in the wombat and also the possum (Trichosurus), but 

opposite to the pattern in the bandicoot (Isoodon) and chuditch (Dasyurus).   

 

 
 
 

 

 
 
Figure 4.7 – Right humerus of the North-Western Marsupial Mole,  
Notoryctes caurinus, A anterior and B posterior views (specimen WAM  
M6157). Scale ~ 7x, actual length = 12.7 mm. Inset: Notoryctes typhlops  
humerus (not to scale). 
 
1 Head; 2 Lesser tuberosity; 3 Greater tuberosity;  4 Deltoid crest; 5 Pectoral crest; 6 Lateral 
supracondylar ridge; 7 Lateral epicondyle; 8 Capitulum; 9 Trochlea; 10 Medial epicondyle. 
 

 

The neck of the humerus, usually observable as a constriction in the shaft just below the 

head of the bone, is only observable from the posterior view for the humerus of N. 

caurinus. The tuberosities are high and particularly bulbous. The greater (lateral) 

tuberosity is raised high beyond the head of the humerus and is ovoid in outline. It is 

enlarged and convex proximally for the insertion of supraspinatus muscle with a 

concave depression more medially, behind the head (insertion of the infraspinous 

muscle). A ridge extends distally from the greater tuberosity towards the delto-pectoral 

A B 
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crest, from the proximal half of which the lies the origin of the brachialis muscle. The 

lesser (medial) tuberosity is placed lower on the bone than the greater, located almost on 

the same level as the humeral head. Like the greater tuberosity it is large and rounded 

and receives the insertion of the subscapularis muscle. Inferior to the lesser tuberosity 

on the medial side of the bone is a marked indentation that is as the area of attachment 

for the pectoralis minor muscle. The intertubercular (bicipital) groove passing between 

the tuberosities is marked proximally by a wide and deep intertubercular sulcus through 

which passes the biceps tendon.  

 

The shaft of the humerus is highly irregular in outline due to the extensive development 

of several prominent ridges. Extending distally from the greater tuberosity is the large 

delto-pectoral ridge. This very large, well-developed ridge extends as a broad sheet 

from the shaft of the bone. The majority of the very strong deltoid musculature inserts 

along the proximal half of the ridge, and the pectoralis major to the slightly more distal 

and medial half of the ridge that forms approximately halfway along the lateral surface 

of the shaft of the humerus and wraps in a spiral type manner around the anterior edge 

of the bone. The distal edge just described is thick and robust and quite irregular in 

outline, corresponding to various bundles of muscle fibres that insert there. The 

orientation of the deltoid ridge appears to be slightly different in the two species; it 

appears to follow a slightly more acute direction in N. caurinus. In comparison to most 

mammals, the delto-pectoral ridge of Notoryctes is shifted considerably distally. This is 

typical of other fossorial mammals where the more distally placed insertions of the 

deltoids and pectoralis muscles improve the mechanical advantage of those muscles 

acting of the shoulder joint. On the medial surface of the shaft of the humerus in N. 

caurinus, approximately a third of the way along the bone, a very small nodule of bone 

marks the insertion of the teres major major. There seems to be some torsion in the shaft 

of the humerus. When seen from posterior view, the head appears to be twisted at 90o to 

the orientation of the distal end of the humerus.    

 

Toward the distal end of the humeral shaft of N. caurinus is a broad, wing-like 

expansion of the lateral epicondyle (supracondylar ridge). This ridge extends proximally 

for nearly a third of the length of the bone, wrapping around somewhat obliquely 

towards the posterior surface, and providing the site of origin for a number of the 

forearm extensor muscles. The lateral supracondylar ridge is roughly equivalent in size 

for N. caurinus and N. typhlops. It is much larger relatively in marsupial moles than in 



 61 

other marsupials, reflecting the expansion of the extensor musculature and also, 

probably, a reduction in the length of the shaft of the humerus itself.  

 

Distally the bone is greatly enlarged by the extension of the medial epicondyle. The 

shaft expands rapidly to a width at the base of the bone that is equal to nearly 2/3 the 

height. The medial epicondyle is the site of origin for forearm flexor and pronator 

musculature. In N. caurinus the medial epicondyle is large, flat and round in shape, and 

has a distinct fossa on the anterior surface for the origin of the flexor muscles of the 

forearm. In N. typhlops the condyle terminates in a “hook-like process” (Stirling 1891, 

p.175), but in N. caurinus, the medial epicondyle is more rounded in outline. The lateral 

epicondyle is less prominent than its medial counterpart, and is highly irregular in 

shape. It provides the site of origin for a number of the forearm extensor muscles in 

addition to the lateral supracondylar ridge. The trochlea is broadly convex and spindle-

shaped. The capitulum is separated from the trochlear by a distinct notch and provides 

the point of articulation of the radius. It is robust and quite cylindrical in shape.  

 

The humerus of Notoryctes caurinus is almost twice as long as the radius, which is 

atypical of marsupials in general (see Appendix 1). In more generalised forms 

(Trichosurus and Dasyurus), the radius is often approximately the same length as the 

humerus. The radius of the wombat is approximately 90% of the length of the humerus, 

while in the bandicoot the radius length is 80% of the humerus. In generalised mammals 

the radius is about 85% of the length of the humerus (Davis 1955). However, it is 

difficult to say in this instance whether the long relative length of the humerus is the 

result of an elongate humerus or a reduced radius. Given the burrowing habit of the 

marsupial mole, and the general pattern of reduction in limb bone length in fossorial 

mammals (Hildebrand et al. 1985), that it is more likely the result of a relatively short 

radius than a particularly lengthened humerus. This is intuitive given the relative 

mechanical strength of shorter limb bones and the forces that are acting during 

burrowing. 

 

Ulna and Radius (Figs. 4.8, 4.9) 

The ulna of the marsupial mole is of remarkable proportions, due to the enormously 

enlarged olecranon. The olecranon accounts for nearly half the length of the bone and 

forms a huge, curved, semicircular hook. The shaft of the ulna is quite short relative to 

the length of the humerus, and tapers from the neck to the distal end. The styloid 
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process, for articulation with the carpus, is small and bears a rounded facet for the 

cuboid and pisiform bones on its antero-medial surface 

 

The form of the ulna is quite unlike that of any other living marsupial. The olecranon, 

measured from the centre of the semilunar notch, averages 43% of the total length of the 

bone itself. This is strikingly different to that of other marsupials, which range from 

around 15% in the possum and chuditch, to 28% in the wombat. The form of the 

olecranon is not a straight extension but rather a long medially curving and quite broad 

structure. At its termination, the width of the olecranon from the centre of the semilunar 

notch is greater than 35% length of the ulna in N. caurinus. The curve of the olecranon 

is much gentler and elongate in N. typhlops (width of olecranon tip approximately 26% 

of ulna length) than in N. caurinus. Both the dorsal and ventral sides of the process 

serve for muscle attachment, the triceps and extensors of the wrist respectively. It shows 

numerous muscle scars and at its tip is swollen into a small bulb.  

 

The olecranon serves for the insertion of the triceps group of muscles, which are 

responsible for the extension of the elbow. This is one of the main actions of marsupial 

moles during burrowing. The action of the triceps is opposed not only by the partial 

weight of the animal, as in normal cursorial locomotion, but also by the resistance of the 

soil itself, thus requiring an ‘immense’ input force by the triceps. The grossly enlarged 

olecranon not only provides an enlarged surface area for the insertion of the enlarged 

muscle group, but also improves the mechanical advantage of the muscle fibres by 

increasing the length of the in-lever. 

 

The semilunar (trochlear) notch is bounded by the coronoid process ventrally and the 

anconeal process dorsally. Both of these processes are large and well-developed. The 

notch itself, which articulates with the trochlea of the humerus, is broad and deeply 

concave in profile, much more so than the usually quite shallow/semicircular hollows of 

other marsupials. Internally the articular surface is smooth. The radial notch is a broad 

depression on the lateral side of the anconeal process. Above the radial articulation is a 

deep concavity bounded superiorly by a distinct lip that forms a continuation of the 

ulnar articulation with the humerus. This functional enlargement of the articular surface 

suggests some specialisation of the elbow joint, primarily spreading the forces acting at 

the point of articulation over a larger surface area and thus reducing stress on the joint. 
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Figure 4.8 – Right Ulna of the North-Western Marsupial Mole, Notoryctes caurinus, A dorsal 
(anterior), B medial and C ventral (posterior) views (specimen WAM M6157). Scale ~ 7x, 
actual shaft length 8.4 mm. Inset: Notoryctes typhlops ulna (not to scale). 
 
1 Olecranon; 2 Radial notch; 3 Semilunar notch; 4 Coronoid process; 5 Articular surface for 
radius; 6 Styloid process. 
 
 
 
 
 
 
 
 
 
Figure 4.9 – Right radius of the North- 
Western Marsupial Mole, Notoryctes 
caurinus, A lateral and B medial views  
(specimen WAM M6157). Scale ~ 10x, 
actual length = 7.2 mm. 
 
1 Articular surface for capitulum; 2 Facet 
for ulna. 

A C B 

A B 
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The radius is a short, stout bone that lies dorsal to the shaft of the ulna, and articulates 

with the lateral side of the distal end of the humerus. Both the proximal and distal ends 

of the bone expanded for their articulation with the humerus and ulna, and carpus 

respectively. From the dorsal/anterior view the shaft of the radius curves slightly 

laterally, perhaps as an improvement for strength against the medial forces of the 

attached muscles. Along the posterior aspect of the shaft of the bone is a narrow groove 

into which a tendinous sheet binding the shafts of the two bones together inserts.     

  

Manus 

The bones of the manus are highly derived and very difficult to diagnose. No attempt 

was made to determine the homologies of the bones in this study. For a description of 

the bones of the carpus of marsupial moles see Stirling (1891) and Szalay (1994). 

 

Osteology of the Pelvic Girdle and Limb of Notoryctes caurinus 

 

Although much of the emphasis for locomotion has been shifted to the forelimbs in 

marsupial moles, the hindlimbs have also become remarkably robust. Indeed, a number 

of osteological features of the hindlimbs of the marsupial mole are quite uniquely 

developed. Generally, the hindlimb of mammals has a far less varied function than the 

forelimb, which may be used for functions other than locomotion such as foraging, food 

manipulation or digging. The hindlimb is the predominant structure for support and 

propulsion during locomotion (Davis 1964). The physical forces acting on the pelvis 

and hindlimb are usually less varied and less complex than those acting on the forelimb. 

In the marsupial moles the hindlimb has diverged less substantially from the normal 

quadrupedal function than has the forelimb. 

  

Pelvic Girdle (Fig. 4.10) 

The pelvis, like the scapula, is moulded primarily by the forces acting upon it. As well 

as muscular forces, thrust from the ground is transmitted from the femur to the sacrum 

through the body of the ilium; the shape of the pelvis reflects non-muscular forces 

(Davis 1964). The pelvis of the marsupial mole is highly specialised, and differs from 

those of  all other marsupials. Overall, there is exceptional fusion between the bones of 

the pelvis and spinous processes of the sacral vertebrae. The result is a very strong, 

immovable ‘synsacrum’. From the dorsal view, the pelvis forms an almost solid 
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rectangular shape. Laterally the pelvis is roughly triangular in outline. The innominate 

lies almost horizontal and parallel to the body axis, as noted by Johnson and Walton 

(1989).     

 

It is almost impossible to make any measurement of the individual bones of the pelvis 

of the marsupial mole for comparison with other marsupials. The ilium is elongate in 

basic structure and extends anteriorly past the 5th lumbar vertebrae. The anterior border, 

which is fused with the metapophyses, is marked by an elongate swelling, from which 

the sartorius muscle arises. On the posterior portion of the ilium, dorsal and slightly 

anterior to the acetabulum, is a raised ridge from which the rectus femoris extends. The 

ischium, fused with the sacral processes at the posterior of the broad arch, extends 

postero-laterally. The ischial tuberosity is apparent and serves as the site of origin for 

the muscles of the hamstring group. The pubis is more typical in form and extends 

ventrally towards the midline of the animal.  

 

 

 
 
Figure 4.10 – Pelvis of the North-Western Marsupial Mole, Notoryctes caurinus (specimen 
WAM M6157). lateral view. Actual length 20.6 mm. 
 
1 Superior anterior process of ilium; 2 inferior anterior process of ilium; 3 ilium; 4 acetabulum; 
5 pelvic symphysis; 6 obturator foramen; 7 ischium; 8 ischial tuberosity.  
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Figure 4.11 – Osteology of the hindlimb of the North-Western Marsupial Mole, Notoryctes 
caurinus (specimen SCIRO CM6010), A lateral view, B medial view and C anterior view. Scale 
~ 4x. 

Patella 

Tibia 

Femur 

Fibula 
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The pubic symphysis appears to be unfused in some of the specimens that were 

dissected, but was present and completely ankylosed in the dry museum specimens 

observed. From the literature, and even the specimens I have seen, there is apparently 

some difficulty with the determination of the nature of the pubic symphysis. Stirling 

(1891) described it as completely fused in his specimens of N. typhlops. However, 

where the fusion exists it is apparently very thin bone. Perhaps, as is the case in some 

species of pocket gophers (Chapman 1919) the formation of the pubic symphysis is 

variable within marsupial moles. As will be described later, any functional requirements 

of a fused pubic symphysis may be negated by the highly fused nature of the pelvis and 

sacrum (Chapter 6). 

 

The acetabulum is small and circular, but quite deep. In other marsupials the 

acetabulum is more ovoid in shape, being generally longer than wide. This suggests a 

more mobile hip joint in the marsupial mole, and is possibly related to the fact that its 

hindlimbs are not weight-bearing (that is holding the body above the substrate). The 

obturator foramen is small and circular, approximately the same size as the acetabulum.  

 

The epipubic bones of the North-Western Marsupial Mole were not found as ossified 

remnants during any dissections, except one (M7083) where a thin, 

fibrous/cartilaginous plate extended anteriorly from the pelvis, possibly including the 

vestigial epipubic bones. No ossification of the epipubic bones is apparent on x-rays. 

According the Stirling (1891), in N. typhlops the epipubic bones are present but very 

small and difficult to see even during dissection. 

 

Femur (Figs. 4.11, 4.12)  

The femur of marsupial moles is relatively short compared to that of other marsupials 

(determined by ratio of femur to presacral vertebral length). The head of the femur is 

hemispherical in N. caurinus, and about 2.3 mm in diameter, equivalent to 

approximately 17% of femur length. This is roughly the same as in N. typhlops. The 

size of the head of the femur of marsupial moles is relatively larger than other, more 

generalised marsupials (approximately 10% femur length; see Appendix 1).  

 

The greater trochanter provides the attachment site for the gluteal muscles, and is large 

and laterally displaced in the marsupial mole. The greater trochanter extends away from 

the head of the femur by the development of a wing-like process that runs along the 
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proximal quarter of the femur. The base of this process may reflect the development of 

the third trochanter as found in some other groups of mammals for the insertion of the 

gluteal muscle group.  The lesser trochanter is much smaller than the greater trochanter. 

It is roughly rounded in shape and serves as the attachment site of the iliacus muscle.   

 

 
Figure 4.12 – Right femur of the North-Western Marsupial Mole, Notoryctes caurinus (WAM 
M6157), A posterior and B anterior views. Scale bar = 1 cm, actual length 14.1 mm. 
 
1 Head; 2 Greater trochanter; 3 Lesser trochanter; 4 Medial condyle; 5 Lateral condyle; 6 
Intercondylar notch; 7 Shaft. 
 

 

The shaft of the femur is short but usually robust. It is roughly straight, narrowing only 

slightly midway along. The distal end of the femur is marked by two ball-like condyles, 

lateral and medial. The medial condyle is much the larger and broader of the two from 

the anterior view. It serves as the articulation point of the femur with the enlarged tibia. 

The smaller lateral condyle is irregular in shape and articulates with the fibula.    

 

Patella (Fig. 4.11) 

The presence of a wholly ossified patella is highly unusual among marsupials. In fact, 

apart from the bandicoots (peramelids) which have a disc-like sesamoid bone, marsupial 

A B 
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moles are the only marsupial group that possess an ossified patella. Generally, the 

marsupial patella is small and remains cartilaginous (Reese 2001), so the presence of a 

large, wholly ossified patella in the marsupial moles is of some particular interest. 

Moreover, the unusual shape and size of the marsupial mole patella is noteworthy 

among the Mammalia as a whole.    

 

The patella of Notoryctes is 7 mm long and 5 mm wide at its largest points. Anteriorly it 

is marked by a large keel-like crest that is bounded by large fossae on either side. The 

entire surface bears marked protrusions and is very rough in outline as a result of the 

muscle attachments of the quadriceps and medially the adductors. When articulated, the 

patella sits along the proximal end of the tibia, covering the articulation of that bone 

with the femur. In outline, the anterior crest of the patella appears almost as a 

continuation of the tibia, forming an immense protrusion from the dorsal aspect of the 

knee joint. The highly irregular development of the patella in the marsupial moles is 

almost undoubtedly unique amongst mammals, but does show some similarities to 

obligate water birds such as grebes that are capable of generating very strong propulsive 

forces with their hindlegs (W. Boles pers. comm.).       

 

Tibia and Fibula (Figs. 4.11, 4.13, 4.14) 

The tibia of the marsupial mole is relatively short, roughly 78% of the length of the 

femur. This is very similar to the tibia of the wombat (78%), but much shorter than 

those of more generalised cursorial marsupials (95-112%). The fibula is longer than the 

tibia in Notoryctes, and roughly approximates the femur in length. It is unusual among 

marsupials, that the fibula is the longer of the two bones of the lower leg; generally the 

tibia is the longer of the two bones.  

 

The tibia is very thick and peculiarly formed, with the development of a large blade-like 

projection along the proximal 2/3 of the anterior surface. The width along the antero-

posterior axis is very closely approximate to 2/3 of the total length of the tibia at the 

proximal end, and tapers distally. The articular surface of the knee joint is irregular in 

shape, and the expanded proximal end is deeply concave and articulates with the patella. 

The distal end articulates with the tarsus. 

 

The fibula is also unusual in morphology. Its proximal end is greatly expanded both 

anteriorly and posteriorly; the proximal width is almost equal to half the length of the 
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bone. The expanded surfaces are concave with raised edges, for the attachment of the 

lateral muscles of the lower limb. In the medial surface of the proximal end is an ovoid 

hole, the purpose of which remains unknown; it appears to be covered by a thin muscle 

sheet. The shaft is narrow and straight, relative to the tibia, but in comparison with other 

mammals of its size, is quite robust. The distal end is lengthened and expanded for the 

articular surface of the astragalus.    

              
 

Figure 4.13 - Tibia of Notoryctes caurinus (specimen WAM M6157), A medial and B lateral 
view. Scale bar =1 cm, actual length 10.5 mm. 

 
 

Figure 4.14 - Fibula of Notoryctes caurinus (specimen WAM M6157), A medial and B lateral 
view. Scale bar = 1 cm, actual length 12.9 cm. 

A B 

A B 
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Discussion 

 
Widespread and substantial specialisation of the skeletal system is present in both 

species of marsupial moles, which differ from each other in few respects. All 

components of the skeleton, from the skull to the distal end of the vertebral column, and 

in both the pectoral girdle and limb and the pelvic girdle and limb, have undergone 

marked changes from more generalised marsupials reflecting the highly specialised 

subterranean lifestyle of Notoryctes. No other fossorial or subterranean mammal 

displays such a complete and extreme degree of skeletal modification. This section 

compares the pattern of osteological specialisation of the marsupial moles with that seen 

in other mammals, particularly in those specialised for the subterranean habit.  

 

Vertebral Column 

As described by Slijper (1946, p. 31) the shape and size of the vertebral bodies of 

mammals depend on the “static function of the body-axis (vertebral column and epaxial 

musculature) to resist bending in the dorsal direction (ventrally concave)”. While it was 

not possible to measure accurately the dimensions of each of the vertebral centra on the 

semi-articulated specimens of N. caurinus available, it is clear that the dimensions of 

the vertebral bodies varied very little in the pre-sacral region (Fig. 4.2). This may well 

reflect selective pressure for strength and against flexion of the spine when burrowing. 

 

The structure, development and inclination of the neural spines chiefly depend on the 

structure and development of the epaxial musculature. The arrangement of these 

structures is thus closely related to the type of locomotion. In theory, the optimal angle 

of inclination of the neural spines is perpendicular to the muscular force acting upon 

them. However, there is rarely (or never) only one muscle acting on a particular neural 

spine, hence the angle of inclination of the spine is often a compromise between the 

forces of two or more attached epaxial muscles or ligaments. The neural spines in 

Notoryctes are strongly inclined caudally in the anterior thoracic vertebrae. Of the 

various taxa measured by Slijper (1946), the maximum caudal inclination of the neural 

spines was approximately 30o. Inclination of the anterior thoracic spines in Notoryctes is 

approximately 20o to the horizontal. This suggests that some considerable forces act in 

the anterior region of the body-axis of Notoryctes, most probably applied by large 

epaxial musculature that passes from the posterior surface of the skull to the anterior 
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thoracic neural spines. This extreme vertebral morphology may indicate that the head is 

being raised against the substrate to perform a buttressing function, as described for the 

Namib Desert Golden moles (Gasc et al. 1986).   

 

Pectoral Girdle 

The scapulae of subterranean talpids, chrysochlorids, rodents and marsupial moles show 

a similar trend towards an elongate, narrow form, with specialised muscle attachments. 

In particular the attachment of the triceps and teres major muscles are strongly 

developed in all groups examined. As is typical for subterranean mammals (Campbell 

1939; Reed 1951; Lehmann 1963; Gasc et al. 1986), the scapula of Notoryctes is narrow 

and elongate (Fig. 4.5). The meso-scapular spine is large, dividing the narrow 

suprascapular and infrascapular fossae.  A secondary spine is developed along which 

the large triceps originate. The two spines almost completely enclose the infraspinatus 

muscles within a tunnel of bone. A large teres major process is developed on the 

inferior-vertebral angle; a similar process arises from the superior-vertebral angle and is 

associated with the subscapular muscle. Of the scapulae described in the literature, the 

overall form of the scapulae in the marsupial moles most resembles that of the pocket 

gophers (Geomys; Lehmann 1963), being much broader than those of the most 

specialised talpid and golden moles. 

 

The large, completely ossified meso-scapular segment of Notoryctes is quite unusual 

among mammals. This element is normally ossified as part of the clavicle. While small, 

separately ossified meso-scapular segments occur in a number of the fossorial mammals 

described above, in none do they come close to the size seen in marsupial moles. As 

previously described, the meso-scapular segment appears to develop in response to the 

large insertion of the subclavian muscle, and a high degree of mobility of the shoulder 

in Notoryctes (see Chapter 6 for further discussion of functional morphology). 

 

The clavicles of the various groups examined vary in development. In the talpids, the 

clavicles are greatly reduced in length and strengthened to act as a brace between the 

sternum and the humerus. In most other groups the clavicle articulates with the 

acromion of the scapula, as is typical in mammals, rather than the modified articulation 

with the humerus as seen in the talpids and some chrysochlorids. Generally, even where 

strengthened, the clavicle is long and curved. The clavicles of the marsupial moles are 

quite different from those previously described in any subterranean mammal. In 
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comparison with most other mammals the clavicles of the marsupial moles are feebly 

developed, being particularly thin and flexible. In fact, the clavicle is not wholly 

ossified, being attached to the manubrium with a tendon. As described in a later section, 

this suggests that the clavicle is poorly suited to resisting compressive forces. The 

clavicle is also highly mobile due to its articulation with the freely moving meso-

scapular segment, rather than with the acromion. This is quite different to the situation 

that occurs in other subterranean mammals, where the clavicle acts to brace the shoulder 

in a lateral position. The sternum, the site of origin of the very powerful pectoralis 

musculature, is nonetheless firmly attached in Notoryctes. In part this is achieved by the 

enormously enlarged and strengthened first rib, which appears to compensate for the 

feebly developed clavicle, and would stabilise the sternum during contraction of the 

strong pectoralis musculature. This anatomical arrangement in marsupial moles is a 

unique solution to the problem of shoulder mobility compromising forelimb strength.  

 

The manubrium of Notoryctes is greatly modified from the primitive marsupial form, 

and shows numerous adaptations to fossoriality. The manubrium has been lengthened 

slightly, but more importantly is greatly widened with broad lateral wings. There is a 

distinct fossa for the origin of the subclavian muscle from the antero-lateral tip of the 

lateral expansions, reflecting a lateral shift in the attachment of the subclavian muscle. 

Also the mid-ventral ridge of the manubrium in the marsupial moles is enlarged 

ventrally to provide a large area of attachment for the pectoralis musculature. 

Development of a mid-ventral keel on the manubrium is a common specialisation in 

subterranean mammals. 

 

Specialisations in the osteology of the pectoral girdle of subterranean mammals have 

resulted in a number of convergent characteristics between mammals of very different 

phylogenetic histories. A forward shift and change in the orientation of the shoulder 

itself is a major feature of subterranean mammals. All groups examined showed a 

lengthened manubrium of the sternum, which has the consequence of shifting the 

pectoral girdle anteriorly from the anterior thorax into the neck region. There is a 

tendency among a number of subterranean groups to develop, at least partially, a more 

abducted posture of the forelimb. This is seen in most extreme form in the most highly 

specialised talpid moles, Talpa and Scapanus, where the shoulder girdle has been 

modified to such an extent that the humerus extends laterally from the shoulder to 

produce a posture more like that of a reptiles that typical mammals. In a less extreme 
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condition, the chrysochlorid golden moles and the myospalacid rodents utilise a semi-

abducted posture of the forelimb while digging.  

 

From the anatomical specialisations of the pectoral girdle of Notoryctes, it seems likely 

that it also uses a semi-adducted posture of the shoulder during digging. The key 

adaptations are the high degree of mobility of the shoulder joint (as evidenced by the 

reduced form of the clavicle and large development of the meso-scapular segment), the 

torsion of the humerus, and the huge development of the pectoralis muscles that act to 

adduct the limb during the power stroke (apparent from the enlarged sites of insertion). 

Chapter 5 provides a more detailed discussion of the adaptations of the pectoral girdle 

for burrowing. 

 

Forelimb 

The long bones of the forelimbs of fossorial mammals that dig with a modified rapid-

scratch method show a characteristic pattern of modification. As a result of an increase 

in muscle mass, the long bones become short and stout to improve their robustness and 

strength against the large mechanical forces acting on them. Where muscles attach to 

bones for digging, the bony processes they attach to are often enlarged, e.g. the 

olecranon process of the ulna. Functionally, this improves the mechanical advantage by 

increasing the length of the in-lever. Similarly, where bones serve as the beam of an 

out-lever used in digging, e.g. the shaft of the ulna, the bones have been reduced in 

length for improved strength of the bone itself and for mechanical advantage of the 

lever.  

 

The humerus of fossorial species typically shows a suite of extreme morphological 

features relating to muscle attachment. The lesser tuberosity often becomes larger than 

the greater tuberosity as a result of the development of the humeral rotator muscles, 

many of which insert onto the lesser tuberosity. The epicondyles on the distal end of the 

humerus, particularly the medial epicondyle, typically show great development in 

relation to muscle development. Overall, the humerus of subterranean mammals is 

characterised by a very stout general form with a highly irregular outline, reflecting the 

extensive development of muscle attachments. The humerus of Notoryctes conforms in 

all respects with this typical subterranean pattern of specialisation. 
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Both the radius and ulna of the marsupial mole are short and stout, providing strength to 

the forearm. As in other rapid-scratch diggers, the olecranon (attachment site of the 

elbow extensor muscles) has been enormously developed for large out-forces for 

digging. The articulation between the bones of the forearm and the humerus is expanded 

and strengthened in ways that allow free extension and flexion, but minimal rotation of 

the lower limb. The enlargement of the articulation between the radius and ulna, and the 

expansion of the ulna onto the humero-radial joint exemplify this.  

 

Pelvic Girdle and Limb 

Three main functions influence the architecture and mechanics of the pelvis, as 

described by Davis (1964). These are: firstly to provide support (to transmit the thrust 

from the legs to the vertebral column); secondly to provide attachment sites and lever 

arms for hip and thigh muscles; and thirdly, to convey and protect the terminal parts of 

the digestive and urinogenital systems, especially the birth canal. 

  

Burrowing rodents and insectivores, including the talpid moles and golden moles, all 

show similar (convergent) specialisations of the pelvis to burrowing. Chapman (1919) 

noted some significant common modifications. Three main trends were noted in the 

subterranean groups investigated were: 1) the ilial axis of the pelvis becomes more 

horizontal in alignment (i.e. parallel to the sacral axis of the vertebral column); 2) there 

is a high degree of fusion, ‘co-ossification’, of the vertebral and pelvic elements, in 

particular fusion of the ischium and sacral vertebrae; and 3) a reduction or loss of pelvic 

symphysis. 

 

Chapman (1919, p.194) included observations on the pelvis of N. typhlops and noted 

that “the firm union of the pelvis and the vertebral column is well illustrated in the 

marsupial mole in which the co-ossification is complete and the structure is widely 

different from that of other marsupials”. This statement hardly does justice to the unique 

extent to which this fusion of the pelvis and vertebrae has taken place. As described 

previously, all three bones of the pelvis as well as the sacral vertebrae have become 

greatly modified and completely fused to form an immovable, bony unit. Far beyond 

any similar modification among other mammals, this reflects more the development of 

the immobile synsacrum of birds, where the pelvis has no movement independent of the 

sacral vertebrae. Nevo (1999) describes the convergent modifications of the pelvis in 

subterranean mammals as the result of forces that converge on the pelvis from the 
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bracing action of the hind legs. Clearly then, the form of the sacrum in marsupial moles 

strongly suggests that they employ their hind limbs for bracing during burrowing. 

 

As noted by Stirling (1891) and Chapman (1919), and confirmed by observations in this 

study, the pelvic symphysis of marsupial moles is greatly reduced. While this structure 

may not be completely degenerate, as it has become in some chrysochlorids, the 

formation of the pubic symphysis in Notoryctes is variable to the extent that some of the 

specimens that were dissected appeared to have an unformed symphysis, while in others 

it was only weakly formed. In generalised mammals, fusion between the two halves of 

the pubis is an adaptation to resist torsion (twisting forces) during the out-of-phase 

movement of hindlimbs during cursorial movement (Hildebrand 1988). Fusion of the 

symphysis allows the pelvis to be mobile but still convey propulsive forces forward 

through the vertebral column.  

 

However, in subterranean mammals, it is common for the pelvic symphysis to be 

weakly formed (Chapman 1919). Hildebrand (1988) suggests that the reduction of the 

pelvic symphysis is a result of the dorsally placed hip joint reducing the compressive 

pressures acting at the symphysis. Perhaps, also, the fusion of the pelvis to the sacral 

vertebrae negates any advantage to having a fused pelvic symphysis. Further evidence 

for this is found in birds, where the pelvis symphysis has been lost due to the formation 

of a ‘synsacrum’ by the fusion of the sacral vertebrae and its connection with the pelvic 

elements (Hildebrand 1988). Particularly in Notoryctes, the degree of co-ossification 

between the components of the pelvis and the sacral vertebrae would resist any torsion 

generated by the movement of the hindlimbs, and therefore negate any selective 

pressure acting for pelvic symphyses.  This theory would be supported if those species 

that have the highest degree of fusion between the pelvis and sacrum that have the most 

reduced formation of the pelvic symphysis; however, there seems to be a phylogenetic 

influence (inertia), as well as a function influence, on the development of the pelvis (see 

Chapman 1919).  

 

As a further hypothesis, there may be a functional link between synchronous use of 

kicking hindlimbs and fusion of the pelvic symphysis. Later (Chapter 6), I speculate that 

marsupial moles use their hindlimbs simultaneously to remove the spoil, excavated by 

the forelimbs while burrowing, effectively backfilling as they go. If this is so, 

simultaneous use of the hindlimbs would fundamentally change the way in which the 
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forces act on the pelvis, in that the forces applied would be balanced and therefore not 

generate the torsion observed during cursorial locomotion. Further, a reduction in 

unbalanced twisting forces on the pelvis would then reduce the need for a fused pelvic 

symphysis, which was described above as a means of resisting torsion. 

 

Hindlimb 

The long bones of the hindlimb of the marsupial moles are highly modified in relation 

to the ‘primitive’ marsupial condition, and many of the modifications appear to be 

related to their burrowing habit. All of the bones are relatively short and stout, and all 

have enlarged sites of muscular attachment. The greater trochanter of the femur is 

extensively developed, while the anterior crest of the tibia is expanded. The fibula is 

particularly specialised in relation to its typical form, which is a slender splint in 

cursorial groups. The fibula too, has expanded processes and fossae for muscle 

attachment, particularly at the proximal end. Adaptation of the hindlimb is variable 

among subterranean mammals. Talpid moles and golden moles tend to show only 

minor, if any, specialisations of the hindlimb. Armadillos, however, are the exception, 

with powerful hindlimbs. Fusion between the tibia and fibula, both proximally and 

distally, often occurs in the hindlimbs of armadillos for improved strength and enlarged 

muscle attachments (Vaughan et al. 2000). However, no other subterranean mammals 

show digging adaptations of the hindlimb, including the patella, to the extent observed 

in Notoryctes.    

 

Reese et al. (2001) observed that the sesamoid patella protects the tendon of the 

quadriceps femoris muscle against compression and shearing forces. In particular, it 

reduces the risk of splitting the tendon, particularly when the knee is strongly flexed and 

the tendon comes into close contact with the femoral trochlea. The patella of Notoryctes 

is greatly enlarged and ossified, and it might be inferred that this is to protect the tendon 

against excessive shearing forces. However, the form of the patella has been modified 

so greatly in Notoryctes that this hypothesis does not seem complete. The patella of the 

marsupial moles is no longer a simple sesamoid bone in the tendon of the quadriceps. 

The huge bulk of the fleshy fibres of the quadriceps now insert onto the bony 

tuberosities and fossae of the patella itself, and there is also secondary insertion of the 

adductor muscles to its medial side. These remarkable developments involving the 

patella beg explanation. The expansion of the quadriceps insertion onto the patella may 

be related simply to an increase in the potential force of extension of the knee (for 
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example by lengthening the in-lever). Fleshy insertion onto the patella might also allow 

some degree of functional independence between the different portions of the 

quadriceps; although what functional advantage this might provide is unclear.  

 

The insertion of the adductors onto the medial side of the patella is also unusual and 

requires explanation. Perhaps this was an opportunistic development subsequent to 

enlargement and modification of the patella for the fleshy insertion of the quadriceps. 

Alternatively, insertion of the adductors onto the patella may have been necessary to 

resist dislocation of the knee-cap. Finally, the possibility of some direct advantage for 

the new adductor insertion cannot be discounted. 

 

Summary 

 
In summary, the skeletal system of the marsupial moles is highly derived, both in terms 

of its phylogenetic history as a marsupial, but also in comparison to other subterranean 

mammals. The key adaptations of the skeleton of Notoryctes for its subterranean mode 

of locomotion include: 

• A conical-shaped skull with reduced dentition, convergent with other subterranean 

mammals. 

• The fusion of a number of cervical vertebrae. 

• The unique development of the clavicle, being only partially ossified and tendinous 

in its medial third. 

• A large, separately ossified meso-scapular segment, apparently unique among 

mammals. 

•  Modification of the scapula into an elongate, triangular shape with enlarged sites 

for muscle attachment, in particular the development of a secondary scapular spine 

and post-scapular fossa for the origin of the scapular triceps and the development of 

a teres major process at the posterior-vertebral margin, convergent with other 

subterranean groups. 

• The long bones of the forelimb have undergone immense strengthening, and are  

very robust bones. The processes for muscle attachment have become greatly 

enlarged, including the delto-pectoral crests, the medial epicondyle and the lateral 

supracondylar ridge on the humerus, and the olecranon of the ulna. 

• The pelvis is in a horizontal alignment, and the bones of the pelvic girdle have 

become completely fused with the sacral vertebrae. As a consequence of the change 
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in orientation of the pelvis, the hip joint is quite dorsally placed and the pelvic 

symphysis is only weakly developed. While the fusion of pelvic elements is 

convergent with other subterranean mammals, it is perhaps observed to a unique 

degree in Notoryctes.  

• The long bones of the hindlimb, femur, tibia and fibula, have become very stout and 

robust, with enlarged sites for muscles attachment. 

• The patella of Notoryctes is uniquely developed into a large, triangular keel of bone 

for muscle attachment. Not only is an ossified patella unusual among marsupials, 

where the patella is often represented only by a cartilaginous patelloid, but the form 

of the bone is unique among mammals as a whole. 

 

The convergent evolution of the skeletal system of subterranean mammals has been 

described previously (Shimer 1903; Chapman 1919; Ellerman 1956; Nevo 1979; Nevo 

1999). The marsupial moles demonstrate many, if not all, of the adaptations of the 

skeletal system commonly observed in subterranean mammals. Uniquely, however, they 

have developed a number of additional features, including the anatomy of the pectoral 

girdle and pelvic limb to an extent not seen in any other mammal. Clearly this is related 

to a distinct phylogenetic history of the marsupial moles in Australia.   
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Chapter 5 – Musculature of the North-Western Marsupial Mole, 

Notoryctes caurinus 

 

 

Introduction 

 

The muscular systems of marsupials are moderately well-known from descriptions of 

various American didelphids and caenolestids (Osgood 1921; Cheng 1955; Jenkins 

1979; Minkoff 1979; Stein 1981), and Australian phalangers (Trichosurus vulpecula 

(Barbour 1963) and species of Phalanger (Sonntag 1923)), the koala (Macalister ; 

Young 1882; Sonntag 1923), wombat (MacAlister 1870; Sonntag 1923), various 

macropods (Boardman 1941) various dasyurids (McCormick 1886; MacAlister 1870; 

Wood Jones 1949), and peramelids (Parsons 1903; Horiguchi 1981; Filan 1990). While 

these descriptions provide a wealth of anatomical information, most of these works 

were published at a time when the primary interest of comparative anatomy was to 

establish patterns of muscle homology and phylogeny. Very rarely was any attempt 

made to provide a functional interpretation of the observed anatomy (Davis 1964). 

 

The muscular system of the first named marsupial mole, Notoryctes typhlops, the 

Central Marsupial Mole, has been described: the muscles of the pectoral girdle and 

forelimb by Wilson (1894) and the muscles of the pelvic girdle and hindlimb by 

Thompson and Hillier (1905). While these descriptions contain a wealth of information 

on the muscular system of N. typhlops, the authors made no attempt to interpret any 

functional aspects of the muscular anatomy. 

 

The purpose of this chapter is to describe the muscular system of N. caurinus, the 

North-Western Marsupial Mole. The musculature of N. caurinus is compared with that 

of N. typhlops, based on the previous descriptions, supplemented with my own 

dissections of this species. These descriptive and comparative accounts provide the 

basis for an analysis of the functional morphology of the marsupial moles (Chapter 6), 

for a comparison of the functional morphology of the marsupial moles with other 

subterranean mammals, and for a phylogenetic assessment of the marsupial moles in 

relation to the other groups of marsupials. 
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Skeletal muscles 

Skeletal muscle cells are formed by the end-to-end fusion of myocytes, and they are 

controlled by nerve impulses. Skeletal muscles can be classified into four types (Fig. 

5.1); (1) Strap muscles (Fig. 5.1A) for example the semimembranosus muscle of the 

thigh, have long muscle fibres and broad attachment sites; (2) Fusiform muscles (Fig. 

5.1B; e.g. M. biceps brachii) also have long muscle fibres, but the attachment sites of 

the muscles are constricted into tendons; (3) Unipennate muscles (Fig. 5.1C; e.g. many 

of the forearm flexors) have short muscle fibres that pass diagonally from a large area of 

origin to a tendon that runs along the side of the muscle and then extends to the site of 

insertion; and (4) Multipennate muscles (Fig. 5.1D; e.g. M. subscapularis), like the 

previous group, have short muscle fibres arising from a large area of origin, but differ in 

that the muscle fibres converge from two or more directions onto a central tendon that 

then passes to the insertion (Hildebrand 1988). 

 

Strap and fusiform muscles, with long muscle fibres, are capable of rapid and 

proportionately high length of contraction, and typically produce extensive movement 

but of low force. Uni- and multi-pennate muscles are characterised by shorter muscle 

fibre length. They are able to generate a much greater force than strap or fusiform 

muscles, but the resulting movement is more restricted in range. 

 

 

 
 

Figure 5.1 - Types of muscles, A strap muscle, B fusiform muscle, 
C unipennate muscle, D multipennate muscle (modified from Hildebrand 1988). 

 

Comparative myology 

Skeletal muscles are responsible for movements of various body structures, the most 

obvious of which are the large scale movements of the limbs and trunk for locomotion. 
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Muscles effect this movement by contracting against their bony attachments which are 

subsequently rotated around a movable joint. As such, muscles are subject to the 

mechanical demands of the action they are to perform (Hildebrand 1988). 

 

Muscles may respond to change in the imposed mechanical demands in two ways. They 

may change in relative size, or they may change the position of attachment and/or 

insertions to be more favourable for the required lever action. However, the response to 

mechanical demand is constrained both by phylogeny and by the surrounding structures. 

Davis (1964) summarised the main modes by which phylogenetic alterations 

(evolutionary changes over many successive generations) can affect a muscle placed 

under fluctuating of shifting functional demands:  

(1) The bony attachment sites of a muscle may move within the limits of their 

embryologic origin, and provided they do not encroach on some other vital 

structure.  

(2) The relative size of a muscle may change. Phylogenetic decrease in volume 

is no problem, as the resulting space may be readily filled by nearby 

structures. However, it should be noted, that if a muscle is lost entirely 

within a phylogenetic lineage, then it is unlikely to reappear (depending on 

what developmental process is involved in the loss of the muscle).  

(3) The scope for an increase in the volume of a muscle, to increase its power, is 

more restricted. In the case of a fusiform muscle, an increase in cross-

sectional area may not be accompanied by a greatly increased size of the 

attachments to the bone. However, an increase in a muscle with more diffuse 

bony attachments will often require the enlargement of attachment areas by 

one of the following methods:  

a) an increase in the size of the bony attachment, for example the size of 

the scapula, or part thereof;  

b) a flat muscle sheet may be reflected, like folding a piece of paper, to 

increase the total length of the attachment without increasing the 

overall linear extent of the muscle;  

c) accessory attachments from superficial aponeuroses or embedded 

tendinous sheets may be used, as for example in the temporalis or 

masseter muscles; or  

d) surrounding muscles may be displaced. 
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(4) The transformation of fleshy muscle bodies into tendons may occur as an 

active mechanical adaptation (e.g. to change the direction of the muscle 

action, i.e. like a pulley around a bone or through a ligament), or may be a 

reflection of a limitation in the range of contraction resulting from either 

pressure by surrounding tissues or simple degeneration.  

(5) The development of bony attachment sites to form fossae, or protruding 

tubercles or processes, often reflects the need for a larger area of muscle 

attachment due to the mechanical demands imposed on muscles (Davis 

1964). 

 

Embryology 

The muscular system is primarily of great importance in the analysis and interpretation 

of locomotor mechanisms and actions. However, and especially in the development of 

muscle systems, it can also be used as a tool for establishing phylogenetic relationships 

among animals. Hildebrand (1988, p.191) states that “homologies are nearly always 

evident among muscles of related orders and lower taxa, and can usually be established 

among classes …”. He continues “within orders it is usually possible, and within 

families it is nearly always possible, to recognise equivalent muscles on the basis of 

position and the relationships with other muscles and the skeleton” (Hildebrand 1988). 

However, as Romer (1949) notes, the comparative study of the muscular system is a 

difficult procedure as a result of the wide variability of muscles and the apparent ease 

with which they alter their arrangement, attachments and functions. “A mass of muscle 

tissue which is a unit in one animal may be split into two or more distinct muscles in 

another animal, and there appear to be other cases in which originally separate muscles 

have fused” (Romer 1949 p.253). Whether the aim of a study includes the search for 

phylogenetic patterns, or just the functional interpretation of the muscular system, 

knowledge of the embryological pattern provides an invaluable framework for 

description and interpretation of the muscular system. 

 

The determination of homologies within the muscular systems of vertebrates is best 

achieved by the study of embryological development, rather than through phylogenetic 

comparison. It has been found that “groups of individual muscles in the adult can be 

traced back to larger aggregations of muscular or premuscular tissue in the embryo and 

that the mode of breaking up of these mother masses gives valuable evidence of 

homologies” (Romer 1949 p.254). Unfortunately the amount of work done on the 
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embryology of the muscular system is limited. The most notable works are by Romer 

(1927, 1942, 1944) and Cheng (1955). Other papers of interest include phylogenetic 

works by Haines (1924), Howell (1938) and Ellsworth (1972), each of whom attempted 

to trace modification of the limb musculature within major groups of mammals, usually 

with considerable success. An important analytical element of these comparative 

phylogenetic studies is the concept of nerve-muscle specificity. This concept is founded 

on the observation that the nerve-muscle unit is firmly established early in embryology, 

and maintained through subsequent development, irrespective of the extent of 

subsequent migrations of the nerve-muscle units. From a practical viewpoint, the idea of 

nerve-muscle specificity implied that the homology of a muscle usually can be traced by 

following its pattern of innervation. Although the general concept is robust, various 

exceptions have been reported in which individual muscles show double innervation 

and even embryological replacement of an early pattern of nerve supply by a subsequent 

one. 

 

The phylogenetic history of the appendicular musculature can be understood in the 

context of the shift from the relatively voluminous axial muscles combined with 

modestly developed and simple appendicular muscles that characterises the fishes, to 

the tetrapod condition of a reduced axial musculature combined with bulky, complex 

limb musculature. In broad terms, the appendicular musculature of tetrapods comprises 

two groups of muscles. The first group includes those muscles derived from some 

division of the trunk musculature that extends from the body wall to the paired 

appendages and/or girdles. Such muscles include the rhomboid, trapezius and serratus 

magnus musculature of the pectoral girdle. The second group includes those muscles 

which extend from one part of the appendicular skeleton to another. These muscles are 

derived from mesoderm, which aggregates on either side of the developing limb 

skeleton to form two premuscular masses, one dorsal and the other ventral. 

Phylogenetically, these premuscle aggregates can be regarded as equivalent to the dorsal 

levator and ventral depressor muscle groups in the limbs of the fishes (Hildebrand 

1988). 

 

Romer’s early works were based on the assumption that it should be possible to classify 

the muscles of tetrapod limbs as being derived either from dorsal or ventral groups in 

the embryo and thus to establish a basis for the analysis of more complex situations. He 

demonstrated a common pattern of embryological development of the muscles in the 
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thigh of the chick and a lizard, beginning with the establishment of two muscle masses 

(dorsal and ventral) followed by successively more complex subdivision and 

specialisation of muscles from these two portions (Romer 1927, 1942).  
 

Muscles of the pectoral girdle and forelimb 

Knowledge of the embryology of the forelimb muscular system of marsupials comes 

from Cheng’s (1955) study of the American opossum Didelphis marsupialis. In general, 

the embryonic pattern is comparable to the pattern of development of the pectoral limb 

of the lizard Lacerta (Romer 1944) and the salamaner Necturus (Cheng 1955). As was 

described for Lacerta (Romer 1944), mesenchyme cells condense into two primary pre-

muscle masses, dorsal and ventral, on opposite sides of the developing skeleton. The 

dorsal and ventral masses of the shoulder region in Didelphis show rapid differentiation 

of individual muscles over a relatively short period of time. 

 

Progressive splitting of the dorsal muscle mass in Didelphis leads to four muscle groups 

in the adult. The deltoid division includes the deltoids and teres minor muscles. The 

subscapular division gives rise to the subscapularis and teres major musculature. The 

latissimus dorsi division divides into latissimus dorsi and dorso-epitrochlearis muscles, 

and the triceps division forms the triceps extensor muscles of the upper arm. The only 

major difference between the pattern of development described for the opossum and for 

Lacerta is the development in the former of four main divisions rather than three, 

caused by a splitting of the proximo-medial division of the reptile into the separate 

subscapular and latissimus dorsi divisions of mammals.   

 

The ventral pre-muscle mass of the opossum embryo divides into three divisions. The 

supracoracoid division includes the supraspinatus, infraspinatus and cleidoacromialis of 

adult mammalian musculature. The ventral brachial division gives rise to the 

coracobrachialis, biceps and brachialis muscles. It seems that Cheng (1955) combined 

the deep group and lateral distal group of Romer’s classification in the reptile. The 

pectoral division comprises the pectoralis and dermobrachialis (panniculus carnosus) 

musculature. 

 

Cheng (1955) concluded that there is a definite and conservative pattern in the 

development of the limb muscles of the shoulder region that parallels the phylogenetic 

history of the pentadactyl limb. In comparison with the development described for 
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Lacerta, there is almost perfect agreement despite the wide phylogenetic gap. Where 

divergence does occur, it is evident in the later stages of development where increasing 

specialisation of the adult animals is reflected, rather than the initial pattern of 

differentiation. 

 

With regard to the limb musculature derived from the trunk, for example the Mm. 

trapezius, subclavius, serratus magnus and levator scapulae, Cheng (1955) concluded 

that these are secondarily associated with the limb structures and therefore should not be 

grouped within the limb musculature. 

 

Below is a schematic representation of the pattern of cleavage of the musculature of the 

pectoral region (Cheng 1955). “From this diagram it is seen that the pattern of the 

differentiation in the mammal embryo, as in birds, reptiles and amphibians, is a definite 

and conservative one which parallels the phylogenetic history of the pentadactyl limb in 

its evolution from the fish fin” (Cheng 1955 p. 456).  
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Romer (1986) provides a summary of the homologies of the muscles of the forearm. 

However, this arrangement is based primarily on phylogenetic rather than on 

embryological studies, reflecting the sparsity of embryological studies of the muscular 

system of distal limb segments. 

 

The extensor division of the muscles of the lower arm are derived from the dorsal 

muscular mass of the developing limb. The superficial layer runs longitudinally from 

the elbow and is divisible into radial, intermediate and ulnar portions. The intermediate 

portion is responsible for the extension of the digits while the portions on either side act 

to perform or prevent rotation of the wrist and hand. The radial portion includes the M. 

supinator and M. extensores carpi radiales, while the ulnar group includes the M. 

anconeus and the M. extensor carpi ulnaris. The central group comprises the  M. 

extensor digitorum communis. The deep extensor muscles of the forearm are shorter 

than the superficial layer, and include the M. extensores digitorum breves. 

 

The flexor muscles of the forearm act to produce a propulsive force by the flexion of the 

wrist acting against the substrate. As a result they are more strongly developed and 

more complex than the extensor muscles. The long flexor muscles can be grouped into 

radial, intermediate and ulnar portions. In reptiles, the radial group includes the M. 

pronator teres and the M. flexor carpi radialis, the central division termed the M. flexor 

palmaris superficialis and the ulnar muscles are the M. epitrochleoanconeus and M. 

flexor carpi ulnaris. Deeper muscles include the M. flexor digitorum profundis, which 

passes to the palmar aponeurosis and the M. pronator profundis, extending from ulna to 

radius. In mammals the major developments are the presence of three, rather than two, 

palmar flexors: Mm. palmaris longus, flexor digitorum sublimis (derived from the flexor 

palmaris superficialis of reptiles) and flexor M. digitorum profundis (from flexor 

palmaris profundis). The epitrochleoanconeus muscle is usually small or absent, and the 

M. pronator teres and M. pronator quadratus are usually reduced. Below is a schematic 

representation for the derivations of the lower arm musculature of mammals, adapted 

from Romer (1986). 
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Muscles of the pelvic girdle and hindlimb  

The differentiation of the pelvic- limb musculature in the chick takes place in a very 

definite and orderly sequence of events (Romer 1927). Initially the premuscular tissue is 

seen to divide into opposing dorsal and ventral portions. Through successive division 

the dorsal portion separates into superficial and deep layers. The superficial layer leads 

to the development of the ilio- fibularis and tricep musculature. The deep portion gives 

rise to various ilio-femoral muscles. The ventral portion divides into three main groups. 

The first is the obturator group. The second gives rise to the M. pubo-ischio-femorales. 

The third is responsible for the development of the posterior group of flexors, the M. 

coccygeo-femorales and the M. ichio-femorales.  

 

The development of the thigh muscles of Lacerta follows the same general pattern 

(Romer 1942). At the first stage of development the limb bud has three layers of 

mesenchyme arranged dorso-ventrally. The middle layer is the future bone tissue of the 
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pelvic girdle and limb. Above and below are the premuscular sheets, the future dorsal 

and ventral muscle masses. At the beginning of stage two the girdle and limb are 

represented by a mass of condensed mesenchyme in which the shape of the adult 

structure appears gradually, but in which no separation between elements can be 

identified. Differentiation in the dorsal and ventral muscle masses is beginning to occur. 

The dorsal mass is long and slender with the cells aligned proximo-distally. The 

proximal end is partially divided into two heads by the femoral nerve. The anterior head 

eventually gives rise to the pubo- ischio-femoralis internus and the ambiens muscles. 

From the posterior head develops the M. ilio-tibialis, M. ilio-femoralis and M. ilio-

fibularis. The ventral muscle mass is still a single unit but shows more sub-division. 

The proximal posterior portion becomes the M. caudi-femoral and M. flexor tibialis 

externus. 

 

From these and other embryological works, Romer (1949) developed the following set 

of homologies for the muscles of the pelvis girdle and hindlimb. 
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As with the lower portion of the pectoral limb, little, if any, embryological work has 

been undertaken on the lower hindlimb. The following classification of the muscles is 

adapted from the table in Romer (1986). 
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Results  

 

Muscles of the pectoral girdle and brachium of Notoryctes caurinus 

 

Accessory field 

The accessory field musculature or the pectoral girdle derives from the muscles of the 

axial skeleton in lower vertebrates. The M. trapezius is fundamentally a single sheet 

arising from the nuchal (lamboid) crest and along the mid-dorsal line caudally to the 

posterior thorax. It may insert onto the lateral surface of the clavicle, the acromion, the 

anterior part of the scapular spine and/or the dorsal part of the scapula. As a result of the 

diverse muscle fibre directions and attachments, the trapezius is often separable into a 

number of portions, commonly the Mm. cleido-trapezius, acromio-trapezius and spino-

trapezius. However, only two portions, the pars cervicalis and pars thoracica, are 

recognised in the N. A. V. The M. sterno-cleido-mastoid is a single muscle complex of 

the cranio-ventral part of the accessory field. Arising from the cranial end of the 

sternum and mid-ventral region of the clavicle, this complex is usually divisible into M. 
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sternomastoid, M. cleidomastoid, and sometimes also M. cleido-occipital. The former 

two muscles are fused in some marsupials. 

 

M. trapezius (Fig. 5.2) 

The trapezius group is commonly divided into four portions: cleido-trapezius, delto-

trapezius, acromio-trapezius and spino-trapezius, being named according to the area of 

insertion around the shoulder region. As noted by Wilson (1894) for N. typhlops, the 

cleido-trapezius and delto-trapezius are incompletely separable from one another in the 

marsupial moles. The various portions of the trapezius muscle form very thin sheets of 

muscle in Notoryctes spp.  

 

Mm. cleido-trapezius and delto-trapezius  

Origin – The nuchal crest (“crista lambdoidalis or occipitalis” of Stirling, 1891) of the 

posterior region of the skull and most anterior part of the mid-dorsal line in the cervical 

region.  

Insertion – The most anterior portion of the trapezius wraps around the neck and 

shoulder region. Part of the muscle inserts onto the lateral third of the clavicle (cleido-

trapezius); the remainder inserts with the deltoids to the deltoid ridge of the humerus 

(delto-trapezius). 

Action – Contraction pulls the clavicle and shoulder joint cranio-dorsad. In Notoryctes 

spp. this muscle probably functions mostly to brace the shoulder from posterior 

movement.  

Remarks – The clavicular insertion of the trapezius appears to cover a larger area in N. 

typhlops than in N. caurinus. The delto-trapezius inserts with the deltoids to form, in 

part, the cephalo-humeral muscle. A cephalo-humeral muscle has been described in a 

number of both metatherian and eutherian groups. In eutherian mammals, a cephalo-

humeral muscle is commonly found in cursorial species that lack a clavicle (Shrivastava 

1962). Among marsupials, dasyurids, peramelids and some diprotodonts are known to 

develop a cephalo-humeral muscle. The marsupial cephalo-humeral muscle was studied 

by Shrivastava (1962) who concluded that it was not homologous with the cephalo-

humeral muscle of eutherian mammals. He termed it the “marsupial trapezius”. 
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Figure 5.2 – Superficial anterior musculature of the North-Western Marsupial Mole, Notoryctes 

caurinus, dorso-lateral view. 

 

1 M. temporalis; 2 M. trapezius clavicular portion; 3 M. trapezius deltoid portion; 4 M. 

trapezius acromial portion; 5 M. rhomboideus; 6 M. deltoideus scapular portion; 7 M. triceps; 8 

M. trapezius scapulo-spinal portion (spino-trapezius); 9 M. latissimus dorsi (Latissimus dorsi-

dorso epitrochlearis complex). 
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M. acromio-trapezius 

Origin – The acromio-trapezius originates along the mid-dorsal line in the cervical 

region, extending posteriorly to the level of the first dorsal spine. The anterior border of 

this muscle is immediately posterior to the origin of delto-trapezius. 

Insertion – To the acromion and lateral one-third of the scapular spine. 

Action – To draw the acromial end of the scapula medio-dorsad. 

Remarks – The acromial portion of the trapezius in Notoryctes spp. is extremely thin, 

being only a few muscle fibres in thickness. The fibres run horizontally and pass 

transversely across the back of the marsupial mole to their insertion on the meso-

scapular spine. The muscle is quite broad in comparison to the usual acromial section of 

the trapezius found in other marsupials. This thin, rectangular sheet in Notoryctes is 

partly covered by the scapulo-spinal part of the trapezius.  

 

M. spino-trapezius 

Origin – From the 7th, 8th and 9th dorsal spines in N. caurinus. The thin, ribbon- like 

band of muscle fibres passes obliquely and anteriorly towards their insertion. 

Insertion – Medial/posterior half of crest of the meso-scapular spine. 

Action – The spino-trapezius pulls the scapula posterior-dorsad along the long axis of 

that bone.   

Remarks – This ribbon- like muscle (divided into two layers in one specimen; the upper 

much narrower than the lower) is, at its origin, quite separate from and distally placed to 

the rest of the trapezius group. Among marsupials, the trapezius consistently arises as a 

single sheet along the mid-dorsal line. The separate origin of the spino-trapezius in 

Notoryctes is unique among marsupials. The fibres of this portion are aligned in the 

exact orientation of the meso-scapular spine, to which they attach, and therefore act as a 

strap that restricts the anterior movements or rotation of the scapula, or alternatively 

realigns the scapula after rotation. Wilson (1894) gives the origin of the spino-trapezius 

to be from the 7th to 11th dorsal spines in N. typhlops, In this study this was found to be 

narrower in my specimens, from the 7th and 8th or 9th, as in N. caurinus. Among other 

marsupials, the trapezius consistently arises as a single sheet along the mid-dorsal line, 

although the posterior extent of the origin is variable. The separate origin of the spino-

trapezius in Notoryctes spp. is unique. 

  



 94 

M. sternocephalis pars mastoidea (commonly sternomastoid) 

Origin – The sternomastoid takes its origin from the rostral process at the cranial end of 

the manubrium of the sternum.  

Insertion – The site of insertion of this muscle is a small hollow, just behind the bony 

ear canal, in the mastoid/occipital region of the skull. 

Action – To turn the head laterally. 

Remarks – The sternomastoid of Notoryctes spp. is a relatively thick strap muscle. 

Some fibres arising from the medial tendon of the clavicle may represent the 

cleidomastoid, which is otherwise absent. It was observed that the clavicular origin was 

in both species, in contrast to the lack of a clavicular origin in N. typhlops noted by 

Wilson (1894).  

 

Comparative remarks 

The accessory field musculature shows varying degrees of development in fossorial 

mammals. The anterior portion tends to be more highly developed in groups that use 

their head as a tool during part of the digging cycle, in particular the Namib Desert 

golden mole which compacts soil by raising its head. The posterior portion of the 

accessory field group is often quite separate in origin from the anterior section in 

fossorial groups and generally acts to hold the scapula in place. The muscles of the axial 

region, including the M. trapezius, M. subclavius and M. costo-scapularis, form a 

muscular webbing that reinforces the cohesion of the pectoral girdle (Gasc et al. 1986). 

Given the added stresses acting on the pectoral girdle resulting from burrowing, it is not 

surprising that modification of the accessory field musculature is common and 

convergent in fossorial mammals. The specialisations of the accessory field muscles of 

the marsupial mole are consistent with the pattern of specialisation seen in other 

fossorial mammals. 

 

The division of the trapezius muscle is highly variable among fossorial mammals. 

However, whereas the general form of the M. trapezius is to arise as a single continuous 

sheet regardless of the division of insertion sites, in fossorial animals the origin of the 

posterior portion of the trapezius muscle, the M. spino-trapezius, is often quite separate 

from that of the anterior trapezius. When this division occurs, the spinotrapezius portion 

takes on a narrow, strap- like form. Separate origin of the spinotrapezius portion has 

been described for golden moles (Erimtalpa, (Gasc et al. 1986); Chrysochloris, (Puttick 

and Jarvis 1977), fossorial rodents (Geomys; Orcutt 1940), armadillos (Chlamyphorus; 
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Windle and Parsons 1899, Macalister 1875; Burne 1901), and also the digging anteater 

Manis (MacAlister 1875). One may assume from Reed’s (1951) description of a 

“trapezius posticus” that a similar division also occurs in the talpid moles. However, in 

groups such as the rodents and xenarthrans, the separation of the spinotrapezius only 

appears to occur in the most specialised digging forms. The parallel development of a 

separate spinotrapezius in the marsupial moles, and the convergent specialisation of this 

muscle group in so many fossorial forms, points to some strong selective pressure for 

the anchoring of the scapula to the posterior region of the spine, presumably associated 

with rapid-scratch digging 

 

The development of the sterno-cleido-mastoid muscle complex is variable in fossorial 

mammals. The development of the sterno-cleido-mastoids is directly related to the 

degree of fossoriality. Specifically, side-to-side movements of the head are important 

for predator detection above ground, but they are likely to serve little purpose and may 

even be restricted below ground. As the marsupial moles are almost completely 

subterranean, it is likely that side-to-side movements of the head are of limited value in 

terms of predator detection, hence the reduction in this group of muscles.  

  

Suprazonal matrix 

The muscles of the suprazonal matrix pass between the axial skeleton and the scapula, 

and include the M. serratus magnus and M. levator scapulae (dorsalis); the latter arises 

by subdivision of the serratus magnus from the anterior cervical region. Where a 

thoracic division of serratus magnus occurs, anterior/posterior nomenclature is 

employed. The caudal part of the serratus magnus is responsib le for the depression of 

the scapula. The M. omotrachelien extends from the atlas to the acromion and is derived 

from the levator scapulae dorsalis. The M. rhomboideus is embryologically derived 

from the  serratus magnus. In marsupials it is usually a single muscle sheet from head to 

thorax, originating along the dorsal midline. 

 

M. serratus anterior and  M. levator-scapulae  

Origin – The fan-shaped serratus anterior arises from the first to fifth costal cartilages 

with a small portion originating from the posterior cervical vertebrae. 

Insertion – Ventral surface of the vertebral border of the scapula. 

Action – To draw the scapula to the body.  
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Remarks – The origin given here for the serratus anterior in N. caurinus corresponds to 

that given for N. typhlops by Wilson (1894). The insertion of the serratus anterior in the 

marsupial moles is relatively small; in mammals it is generally a large muscle. The 

serratus anterior usually functions as a sling for the thorax, which is held above the 

ground and between the forelimbs. Due to the burrowing locomotion of the marsupial 

mole, the serratus is no longer of such importance – the body is not suspended off the 

ground between the forelimbs.  The portion descending from the cervical vertebrae 

could be termed the levator scapulae, but in Notoryctes spp. it is difficult to separate this 

completely from the rest of the muscle mass. Wilson (1894) did not locate a separate 

levator scapulae muscle (M. levator anguli scapulae) for his specimens of N. typhlops. 

An incompletely separable levator scapulae portion is common among marsupials.  

 

M. rhomboideus (Fig. 5.2) 

Origin – The rhomboid arises as a single sheet from the medial part of the nuchal crest, 

deep to the trapezius, and along the mid-dorsal line, posterior to the 2nd dorsal spine to 

level with the base of the scapula. 

Insertion – To the dorsal aspect of vertebral border of the scapula and extending along 

the anterior border of the medial half of the scapular spine.  

Action – To pull the scapula in a cranio-dorsad direction.  

Remarks – The rhomboid is relatively large in both species of marsupial mole. From its 

thin tendinous origin it rapidly becomes thick and bulky, particularly towards its 

relatively extensive insertion. A thick portion of muscle fibres passes horizontally from 

the second dorsal spine out to the medial corners of the two scapulae. Wilson (1894) 

also noticed the interesting fan- like arrangement of the muscle fibres of the rhomboid in 

the central marsupial mole, the anterior fibres running longitudinally along the back of 

the animal from the base of the skull, and the posterior fibres running transversely from 

the dorsal spines to the medial border of the scapula.  

  

M. omotransversarius (omotrachelien) 

Remarks – Both omo-trachelien muscles are absent in the two species of Notoryctes. 

Wilson (1894) suggested that omotrachelien either had been absorbed by, or were 

undifferentiated from, the rhomboid. Given that the omotrachelien muscles are usually 

embryologicaly derived from the rhomboid, the latter explana tion seems more likely. 

Generally the omotrachelien function to rotate the scapula during retraction of the limb. 

Thorington et al. (1997) noted the lack of omotrachelien muscles in burrowing squirrels 
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and suggested that the muscle may be in a poor position to effect any rotation when the 

arms are held laterally. Given that the forelimbs are probably held in a more lateral 

posture during burrowing in the marsupial moles, this hypothesis may also apply to 

Notoryctes spp.  

 

Comparative remarks 

In fossorial mammals, the suprazonal matrix shows some consistent trends. In 

particular, the rhomboid is typically strengthened, while the serratus anterior and the 

omotrachelien muscles are generally relatively weak. Obviously, the development of 

these muscles is related to the functional aspects of burrowing which will be discussed 

later. 

 

The rhomboid of fossorial mammals is generally highly subdivided. In talpid moles the 

rhomboid is divided into three portions. The most anterior rhomboideus capitus pulls 

the vertebral border of the scapula anteriorly, the rhomboideus cervicis inserts to the 

vertebral border of the scapula and on contraction pulls that bone anteromedially and 

dorsally, and the rhomboideus posticus pulls the vertebral border of the scapula 

dorsally. Reed (1951) demonstrated that the morphology of the rhomboid, in particular 

the latter portion, is closely related to the locomotor habits of moles, being most highly 

developed in the truly fossorial Scapanus. The rhomboid of Erimitalpa follows a similar 

pattern of division, although the nomenclature employed is different (rhombodeus pars 

occipitalis, pars cervicis and pars interscapularis; Gasc et al. 1986). The pars 

interscapularis passes between the medial angles of the scapulae and draw the scapulae 

medially. The rhomboid muscles of other golden moles, rodents and armadillos show 

similar division into at least two sheets. The lack of obvious subdivision of the 

rhomboid muscle in Notoryctes spp. is atypical for fossorial mammals. 

 

The development of the serratus anterior/ventralis is highly variable among fossorial 

mammals. In digging xenarthrans, the omotrachelien (acromio-transversarius) are 

commonly absent in armadillos and always absent in anteaters (MacAlister 1875a;, 

1875b; Windle and Parsons 1899). In golden moles the omotrachelien 

(“atlantoscapularis”) are present but there is uncertainty regarding the homology of 

these muscles (e.g. Puttick and Jarvis 1977). Among fossorial rodents there is no 

mention of the omotrachlien in the literature; however, the “M. levator claviculae” of 

Orcutt (1940) may represent a derivative of this group (Lehmann 1963). In other 
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rodents, the omotrachelien are commonly found, labelled as an “M. omocervicalis”, 

(Stein 1986).  In talpid moles, omotrachelien muscles (“atlanto-scapularis” pars anterior 

and posterior) are absent (Reed 1951). Reed (1951 p. 625) correlates the loss of this 

muscle and its function with the “reduced mobility of the shoulder-joint, which is in 

turn associated with a more fossorial life”.  

 

In contrast to the accessory field musculature, the suprazonal matrix musculature of the 

marsupial moles is not as obviously specialised as in other fossorial forms. The 

rhomboid is thick and well developed but not clearly divisible into two sheets arising 

from the occiput. This may reflect a phylogenetic constraint, as marsupials in general do 

not show the division of the rhomboid typical of eutherian mammals. However, there is 

a strong portion of fibres in Notoryctes spp. passing horizontally between the vertebral 

column and the medial corners of the scapulae; this is equivalent to the pars 

interscapularis described in other fossorial mammals. The serratus anterior appears to 

be relatively weak in Notoryctes spp. in comparison with other marsupials (see 

Appendicies 2 and 3). The omotrachelien muscles are completely absent in marsupial 

moles. 

 

Infrazonal matrix 

The muscles of the infrazonal matrix of the mammalian muscular system are derived 

from a group of variable muscular sheets that in primitive tetrapods passed from the 

sternum and ribs to the coracoid bone. These muscles are axial in origin, and typically 

include the M. subclavius and M. costoscapularis. 

 

M. subclavius  

Origin – The subclavius is a strap muscle that arises from the semicircular indentation 

on the anterior edge of the lateral extension of the manubrium of the sternum.  

Insertion – Head of the humerus, acromion and the medial side of the mesoscapular 

segment.  

Action – The subclavian muscle typically stabilises the distal end of the clavicle, which 

serves as a strut for positioning the shoulder joint. 

Remarks – The subclavius is relatively large in the marsupial mole. It passes under the 

clavicle, with some fibres wrapping around to insert onto the anterior surface of this 

bone. From its insertions, it appears to help prevent hyperextension of the shoulder. The 

costal origin described by Wilson (1894) for N. typhlops was not observed in this study. 
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Figure 5.3 – Superficial anterior musculature of the North-Western marsupial mole, 

Notoryces caurinus, ventral view.  

 

1 M. trapezius deltoid portion; 2 M. deltoideus acromial portion; 3 M. deltoideus 

scapular portion; 4 Superficial masseter muscle; 5 M. sternomastoid; 6 M. trapezius 

clavicular portion; 7 M. pectoralis superficialis; 8 Mm. triceps; 9 M. extensor carpi 

radialis; 10 Forearm flexor muscles; 11 Remnant of M. panniculus carnosus.      
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M. costoscapularis  

Remarks – Absent. 

 

Comparative remarks 

The subclavius and costoscapularis of fossorial mammals (when present) tend to be 

large and well developed. In talpid moles the subclavius and costoscapularis are large, 

thick muscles. Both muscles are present in golden moles, including Erimitalpa and 

Chrysochloris (Puttick and Jarvis 1977; Gasc et al. 1986). In armadillos including 

Chlamyphorus, the subclavius is large and inserted chiefly to the acromion and the 

fascia of the supraspinatus (MacAlister 1875; Windle and Parsons 1899; Burne 1901). 

The strong development and enlargement of attachment sites of these muscles in 

fossorial mammals points to a probable function in helping to bind the clavicular-

acromial joint. 

 

In Notoryctes the subclavius muscle is large, extending from the anterior- lateral part of 

the manubrium and inserting, in particular, to the meso-scapular segment, as well as to 

the acromion, clavicle and fascia of the supraspinatus. As will be discussed in the 

following chapter, the large development and the unusual pattern of insertion of the 

subclavius may prevent hyperextension of the shoulder during digging, in conjunction 

with the clavicle. This is different from the more typical insertion of the subclavius 

being mostly to the clavicle. 

  

Deltoid group 

The deltoid group of muscles is derived from a single sheet originating from the dorsal 

muscle mass of the membranous girdle. When the primitive cleithrum was lost with the 

evolution of the mammalian pectoral girdle, division of the muscle mass occurred with 

a portion ‘settling’ on the scapula forming the M. teres minor, and another portion 

arising from the clavicle to become the M. deltoideus. The teres minor arises from the 

axillary border of the scapula or metacromion, or the teres minor fossa when present. It 

is usually inserted to the greater tuberosity of the humerus, and sometimes to the 

capsule of the shoulder joint. The teres minor is often fused with adjacent muscles. The 

deltoids, originally from the clavicle, spread to the acromion and spine of the scapula 

(Kardong 1995). The division of the muscle into three separate portions is often 

observed. Fibres from the clavicle usually insert more distally on to the pectoral ridge of 

the humerus; those from the scapular spine the most proximal insertion. The 
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spinodeltoid is absent in some groups, including the golden moles. A ‘cephalohumeral’ 

fusion of cleidomastoid and cleidodeltoid occurs in some marsupials, for example in the 

phalangers (Shrivastava 1962).  

 

M. deltoideus (Figs. 5.2, 5.3) 

Origin – The clavicular part (pars clavicularis) originates from the lateral 1/3 of the 

clavicle; the scapular part has a continuous origin along the entire length of the scapular 

spine and acromion, and also has a meso-scapular segment (= pars scapularis +  pars 

acromialis). 

Insertion – Both parts of the deltoid insert onto the more proximal and lateral portion of 

the greatly enlarged delto-pectoral ridge of the humerus. The portion arising from the 

clavicle inserts the most distally on the delto-pectoral ridge, while the scapulo-spinal 

portion inserts the most proximally and laterally. The insertion of the acromial portion 

extends partway along the neck of the humerus, from the proximal part of the delto-

pectoral ridge. 

Action – The clavicular deltoid in the marsupial mole pulls the clavicle posteriorly. The 

scapular part of the deltoid protracts and rotates the humerus, causing extension of the 

shoulder. 

Remarks – The clavicular part is very small and is covered by the cephalo-humeral 

muscle with which it is completely blended at its insertion. The apparent fusion of the 

acromial and scapular parts of the deltoid results in a bipartite arrangement of the 

deltoid group in Notoryctes.  

 

M. teres minor  

Remarks – Absent. Usually functions to rotate the humerus. 

 

Comparative remarks 

The combined role of the deltoids is the protraction and rotation of the humerus. In 

fossorial mammals, particularly those with a semi-abducted posture during burrowing, 

the deltoids are of some significance. Typically the deltoid muscle mass is divisible into 

three portions, clavicular, acromial and scapulo-spinal parts. These three portions 

remain distinct in the talpid moles, Talpa and Scapanus, but in most other groups some 

fusion of the parts takes place. In fossorial rodents, Orcutt (1940) described two 

portions, one of which results from the fusion of the clavicular and the acromial deltiod. 
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In armadillos, three portions are often described; however, the acromial and spinous 

parts are sometimes fused (Windle and Parsons 1899). 

 

In a number of different fossorial groups, including the marsupial moles, the mechanical 

advantage of the deltoids has been improved by the distal migration of the insertion of 

the deltoids. This shift is evident in golden moles, talpid moles and fossorial rodents 

where the deltoid ridge is large and procumbent and more distally positioned than in 

generalised mammalian forms (Reed 1951; Gasc et al. 1986; Fernandez et al. 2000). 

 

The M. teres minor, in general, is a rather insignificant muscle in mammals. When 

present, it acts to rotate the humerus. It is absent in a number of major groups including 

the talpid moles and golden moles. It is usually present in marsupials, but is absent in 

Notoryctes spp. 

      

Subscapular group 

The M. subscapularis generally arises from the whole subscapular surface, it may 

become greatly hypotrophied as, for example, in the talpid moles (Reed 1951). The 

insertion of the subscapularis is usually to the lesser tuberosity of the humerus and 

sometimes over the capsule of the shoulder joint. The M. teres major is embryologically 

derived from the subscapularis. 

 

M. subscapularis (Figs. 5.4, 5.5) 

Origin – The multipennate subscapularis originates from the entire ventral surface of 

the scapula. Strong tendons arise from the hook-like processes at the anterior and 

posterior vertebral corners of the triangular scapula. The origin of the subscapularis 

extends outside the borders of the scapula to also join the fascia of the supraspinatus 

anteriorly and triceps posteriorly.     

Insertion – The large bulk of the subscapularis extends across the shoulder joint to 

insert onto the lesser tuberosity of the humerus. The insertion is ovoid in shape and 

covers most of the medial aspect of the lesser tuberosity. 

Action – The subscapularis acts to stabilise the shoulder and medially rotate (adduct) 

the humerus. 
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Figure 5.4 – Diagrammatic representation of the muscular attachments in the shoulder region of 

the North-Western Marsupial Mole, Notoryctes caurinus.  

 
Biceps, M. biceps brachii; Brach., M. brachialis; Delt. Deltoid muscle group; Extensors, 

forearm extensor musculature; Flexors, forearm flexor musculature; Infraspin., M. 

infraspinatus; Pect. Maj, M. pectoralis major (superficialis); Pect. Min., M. pectoralis minor; 

Rhomb., M. Rhomboideus; Sp. Delt., M. spinodeltoideus; Sp. Trap.; M. spinotrapezius; Subclav, 
M. subclavius; Subscap., M. subscapularis; Suprapin., M. supraspinatus; Teres maj., M. teres 

major; Triceps, M. triceps brachii;  
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M. teres major (Figs. 5.4, 5.5)  

Origin – From the medial hook that forms at the posterior medial border of the scapula 

as well as from the tendinous border of the M. subscapularis. 

Insertion – Distinct insertion along a ridge extending distally from the lesser tuberosity 

of the humerus. A slightly raised bony area was noted in one specimen of N. caurinus 

during dissection. 

Action – Retracts and rotates the humerus.  

Remarks – The more usual origin of the teres major along the axial border of the 

scapula is displaced in Notoryctes spp. by the enormous origin of the triceps group of 

muscles. It is also unusual in that there is little or no connection with the latissimus. The 

expansion of the teres major process at the posterior border of the postscapular fossa 

may be an adaptation to improve the mechanical advantage of this muscle. 

 

 
Figure 5.5 – Forelimb of the North-Western Marsupial Mole, Notoryctes caurinus, medial view. 
 
1 M. subscapularis; 2 M. teres major; 3 Latissimus dorsi-dorso-epitrochlearis complex; 4 M. 
triceps humeral portion; 5 Forearm flexors; 6 Lesser tuberosity of humerus; 7 Clavicle; 8 M. 
brachialis; 9 Delto-pectoral ridge; 10 M. biceps brachii; 11 M. pronator teres; 12 M. extensor 
carpi radialis. 
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Comparative remarks 

The subscapularis and teres major muscles, in conjunction with the latissimus dorsi, 

serve as the major retractors of the humerus. Retraction of the humerus is the principal 

action during the powerstroke of digging, so these muscles are typically strongly 

developed in fossorial mammals. Both the surface area of the attachment sites and the 

overall volume of the subscapularis are often greatly enlarged in fossorial talpids (Reed 

1951),  golden moles (Puttick and Jarvis 1977; Gasc et al. 1986), and rodents such as 

Geomys where the subscapularis is “twice as wide and three times as thick as in the rat” 

(Orcutt 1940; Lehmann 1963). 

 

In fossorial talpid moles, the teres major is massively developed. Campbell (1939) 

described the teres major as the chief effector of the shoulder action in the ‘true’ moles. 

In Scapanus the teres major is the largest muscle in the body, originating from the teres 

major fossa (developed on the scapula) as well as the vertebral border of the scapula 

(Campbell 1939; Reed 1951). In fossorial rodents the teres major is relatively large 

(compared with non-fossorial forms) and originates from the teres major process and 

post scapular fossa developed at the posterior angle of the scapula, in addition to the 

axillary border of the scapula. Windle and Parsons (1899) and Macalister (1875a) both 

noted that the teres major of armadillos in general (most are fossorial to some degree) 

are very powerful. In golden moles the insertion of the teres major is shifted distally 

along the humerus to improve the mechanical advantage of the muscle. Instead of being 

inserted to the upper region of the humerus, the teres major inserts to the olecranon of 

the ulna (Puttick and Jarvis 1977; Gasc et al. 1986).  

 

While the sites of origin and insertion of the teres major of the marsupial mole have 

shifted away from the shoulder joint to improve the mechanical advantage, the muscle 

itself has actually been reduced in relative mass. Overall, the teres major in Notoryctes 

accounts for less than 3% of the total muscle mass of the shoulder region. This is 

considerably less than in Dasyurus and  Isoodon (~ 7%) and Trichosurus (> 9%; see 

Appendix 2). The reduction in the size of the teres major is, no doubt, compensated for 

by the extensive modification of other muscles responsible for retraction of the 

forelimb, including the latissimus dorsi-dorso-epitrochlearis complex. 
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Latissimus dorsi group 

The latissimus dorsi group is comprised of the M. latissimus dorsi and M. dorso-

epitrochlearis. The latissimus dorsi is found in all tetrapods; the origin is variable but 

the muscle usually inserts to the proximal end of the shaft of the humerus. The dorso-

epitrochlearis is embryologically derived from the latissimus dorsi. 

 

In the marsupial moles the latissimus dorsi and the dorso-epitrochlearis muscles are not 

separable from one another. Instead they form a single muscle with unique insertions 

that is here identified as the latissimus dorsi – dorso-epitrochlearis complex. 

 

Latissimus dorsi – Dorsi-epitrochlearis Complex (Figs. 5.2, 5.4, 5.5)   

Origin – From the fourth to tenth dorsal spines in N. caurinus. 

Insertion – To the deep fascia over the elbow and flexor muscles of the lower limb. 

There is no humeral insertion of this muscle. The entire fleshy part of the latissimus 

dorsi has become completely cont inuous with the dorso-epitrochlearis. Any 

embryological division between the two muscles cannot been seen in the adult 

condition. 

Action – To extend the forearm. 

Remarks – The origin of the latissimus dorsi – dorso-epitrochlearis in N. typhlops was 

found to be from the  third to the twelfth dorsal spines, in accordance with Wilson’s 

(1894) account.  

 

Comparative remarks 

The complete lack of a humeral insertion of the latissimus dorsi for the two species of 

marsupial mole is unique among the marsupials, and as far as is known among 

mammals in general. In all other marsupials the latissimus and dorso-epithrochlearis 

form distinct muscles (Wilson 1894). Usually, the latissimus dorsi is an adductor of the 

humerus, acting to retract the humerus in conjunction with the teres major muscle. 

Particularly in fossorial mammals, the latissimus dorsi is often large and it is often 

tightly bound to the teres major. Additionally, the close association of the latissimus 

dorsi and the teres major provides a more stable base for the origin of the dorso-

epitrochlearis.  The unique morphology of these muscles in the marsupial moles poses 

some interesting phylogenetic and functional questions that will be addressed in later 

chapters. 
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The latissimus dorsi, together with the teres major muscle, acts as one of the principal 

generators of the digging force of the forelimb. In fossorial forms the insertion to the 

humerus is often distally shifted, to increase the potential power of humeral retraction, 

while the origin from the mid-dorsal line and fascia are constant. A distal shift of the 

insertion to the medial epicondyle of the humerus has been described in fossorial talpids 

(Reed 1951), golden moles (Puttick and Jarvis 1977; Gasc et al. 1986), and rodents 

(Orcutt 1940; Lehmann 1963). Windle and Parsons (1899) described an expanded 

origin of the latissimus dorsi in armadillos, as well as a distally shifted insertion. 

 

The dorso-epitrochlearis is much more variable in its attachment points. Its general form 

is to insert to the olecranon with the triceps. In talpid moles the dorso-epitrochlearis is 

always present, passing from the mid-region of the latissimus to the fascia of the 

elbow/forearm (Whidden 2000). In golden moles, including Erimitalpa, the dorso-

epitrochlearis also inserts to the fascia of the elbow (Puttick and Jarvis 1977; Gasc et al. 

1986). In armadillos the muscle is very large and generally inserts to the olecranon 

(Windle and Parsons 1899). In Chlamyphorus the insertion is broad, attaching to the 

olecranon and the forearm fascia (Burne 1901). In fossorial rodents, the dorso-

epitrochlearis has a unique development. In unspecialised forms, for example Rattus 

and Tachyorctyes, the muscle arises as usual from the surface of the latissimus dorsi. In 

more specialised forms, such as Liomys and Heteromys, the origin is expanded from the 

latissimus to the fascia of the teres major muscle. In the most fossorial forms, such as 

Geomys species, the dorso-epitrochlearis has lost most of its connection with the 

latissimus dorsi and arises from the axilliary order of the scapula with the teres major 

and triceps. From this derived origin the muscle passes as usual to the olecranon  

(Orcutt 1940; Lehmann 1963). Thus in the rodents, the length of the in- lever has been 

improved by shifting the origin on the muscle, rather than its insertion.      

 

Wilson (1894 p. 17) stated of marsupial moles that “in no other marsupial whose 

myology is recorded is the humeral insertion [of the latissimus dorsi] lacking, and in all 

there is a distinct dorso-epitrochlearis present”. I suggest that this statement could be 

expanded to state that, as in no other mammal is the humeral insertion lacking. This is 

surely one of the most highly and uniquely derived features of marsupial mole anatomy. 
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Triceps 

The triceps are enormously developed in marsupial moles. The typical divisions within 

this group (caput longum, caput lateral and caput mediale) are not clear, in particular 

the placement of the lateral head of the triceps which may be combined with either the 

long or the medial head. The triceps group is here described in terms of a scapular head 

and a humeral head. 

 

M. triceps – scapular head (Figs. 5.2, 5.4) 

Origin – The scapular head of the triceps in N. caurinus arises from the axillary border 

of the scapula, the entire posterior side of the secondary scapular spine (which encloses 

the infraspinatus), and the whole bony surface of the scapula that lies between these two 

lines. 

Insertion – The scapular head of the triceps passes distally to insert to the outer surface 

of the proximal half of the olecranon. 

Action – Extends the forearm. 

Remarks – This portion of the triceps is fleshy throughout and very large. The 

arrangement of this muscle is similar in the two species of marsupial mole. 

 

M. triceps – humeral head (Figs. 5.4, 5.5) 

Origin – Over the entire medial surface of the shaft of the humerus and possibly some 

fibres from the glenoid region.  

Insertion – The humeral fibres of the triceps insert to the entire length of the olecranon, 

inserting mostly to the dorsal/anterior aspect of the curve of the bone. There are a 

number of shorter muscle fibres that fill the gap between the olecranon and the distal 

end of the humerus as described by Wilson (1894) for N. typhlops. 

Action – Extends the forearm. 

Remarks – While the humeral head is not as large in bulk as the scapular portion, it has 

an extensive origin over the humerus. The muscle is fleshy throughout and is difficult to 

separate into lateral and medial portions.  

 

Comparative remarks 

The triceps of fossorial mammals are without exception hugely developed. Reed (1951) 

considered the development of the triceps in the talpid moles to be the most extreme in 

any tetrapod. The combination of a greatly lengthened olecranon and the shortness of 

the humerus produces what is probably the most powerful triceps relative to body size 
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in any animal (also Whidden 2000); indeed, it has been estimated that the extension of 

the elbow of the mole is capable of lifting 32 times its body weight (Reed 1951). The 

triceps of golden moles are also greatly enlarged, in particular the scapular head, and 

insert onto an elongated olecranon (Puttick and Jarvis 1977; Gasc et al. 1986). In pocket 

gophers, the triceps muscle group is responsible for almost all of the power generated 

for the digging stroke of the animal; the claws are embedded in the soil and the arm is 

extended using the triceps and the dorso-epitrochlearis. All portions of the triceps are 

enlarged, but the long head has undergone the most extensive modification arising from 

almost the entire length of the glenoid border of the scapula, and increasing in both 

length and bulk (Orcutt 1940; Lehmann 1963). In armadillos, separation of the triceps 

into three or even four heads is not uncommon, and two scapular heads are often found 

(Windle and Parsons 1899; Burne 1901). There is a further specialisation of the internal 

head of the triceps in some anteaters, described by Macalister (1875), whereby a long 

tendon is formed and extends around the medial epicondyle to become continuous with 

the flexor of the enlarged third claw. The great enlargements of the triceps and the 

olecranon in the marsupial mole are thus consistent with the increase in the power of 

elbow extension seen in all fossorial mammals. 

 

Pectoral group 

The pectoral matrix represents the original pectoral musculature passing from the 

sternum to the humerus in reptiles, and arising embryologically from the ventral muscle 

mass. The M. panniculus carnosus is a dorsal muscle sheet, usually associated with the 

skin; its typical insertion is to the humerus, just distal to the greater tuberosity. In 

marsupials, slips of the panniculus extend to enter the marsupium or, in gliders, the 

gliding membranes. The M. pectoralis minor and M. pectoralis abdominalis are also 

derived from the original pectoral matrix. The former arises from the sternum, the latter 

usually from the linea alba. The pectoral group of muscles was studied extensively by 

Windle (1889) using comparative methods. N.A.V. nomenclature of pectoralis muscles 

is Mm. pectoralis superficiales (pectoralis major) divided into M. pectoralis descendens 

(pectoralis minor?) and M. pectoralis transverus (pectoralis quartus?), and M. 

pectoralis profundis. 

 

M. pectoralis descendens (minor, ‘pectoralis C’ of Wilson 1894) 

Origin– Arises from the first to fifth ribs in N. caurinus.  
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Insertion – Inserts onto the greater tuberosity and medial surface of the descending 

neck of the humerus. 

Action – To adduct (draw medially) the entire forelimb.  

Remarks – The pectoralis minor arises deep to, and mostly just lateral to, the origin of 

the pectoralis superficialis (major). A small slip from abdominal fascia may represent 

the pectoralis transversarius (quartus) which is otherwise absent. The pectoralis minor 

has a more extensive origin in N. typhlops, being from the first to seventh ribs (Wilson 

1894). 

 

Comparative remarks 

Specialisations of the pectoralis minor are rarely described for fossorial mammals. 

However, it is noteworthy that the pectoralis minor is absent in Chlamyphorus and some 

other armadillos (MacAlister 1875; Windle and Parsons 1899; Burne 1901). The 

arrangement of the pectoralis minor in Notoryctes resembles that of other marsupials 

but is much larger relatively than is common. The degree of subdivision of the 

pectoralis group varies among marsupials. 

 

Supracoracoid group 

In primitive tetrapods the muscles of the supracoracoid group passed from the 

procoracoid to the humerus. The disappearance of the procoracoid in the evolution of 

mammals resulted in a shift in the origins of the derivative muscles, namely the Mm. 

pectoralis superficialis (major), supraspinatus and infraspinatus. The pectoralis major 

arises from variable portions of the sternum, superficial to the pectoralis minor; in 

marsupials it sometimes encroaches onto the clavicle. The supra- and infra-spinati 

originate from the scapula on either side of the meso-scapular spine. Both muscles are 

present in all mammals, except some talpid moles where the infraspinatus is lost 

(Howell  1937). 

 

M. pectoralis superficialis (Figs. 5.3, 5.4) 

Origin – Arises from the manubrium of the sternum, including the ventral ridge and 

anterior medial portion of the lateral wing like extensions of this bone, and from almost 

the entire length of the sternum, including costal cartilages one to three.   

Insertion – It inserts with fleshy fibres onto the ventral, more medial portion of the 

deltopectoral ridge of the humerus. 

Action – Adducts and medially rotates the forelimb. 
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Remarks – The pectoralis major is a very thick, broad muscle. The pectoralis major 

corresponds to the portions of the pectoralis mass described as A and B by Wilson 

(1929) for N. typhlops. The attachments of the pectoralis major are similar in the two 

species of marsupial mole. 

 

M. supraspinatus (Fig. 5.4, 5.6) 

Origin – From the supraspinous fossa of the scapula, passes under the acromion and 

over the shoulder joint.  

Insertion - Onto the top of the greater tuberosity of the humerus. 

Action – The supraspinatus functions mostly in stabilisation of the shoulder joint. The 

thick tendinous antero-proximal insertion helps to prevent dislocation of the joint. It 

also acts as an auxillary of the deltoids, to protract (extend) the arm and partially abduct 

the humerus.  

   

 
 
Figure 5.6 – Forelimb of the North-Western Marsupial Mole, Notoryctes caurinus, lateral view. 
 
1 Meso-scapular segment; 2 Clavicle; 3 M. Brachialis; 4 Pectoral crest; 5 Lateral supracondylar 
ridge; 6 M. Anconeus lateralis; 7 M. Extensor communis digitorum; 8 Meso-scapular spine; 9 
M. Supraspinatus; 10 M. Infraspinatus; 11 Post-scapular fossa; 12 Olecranon; 13 M. flexor 
carpi ulnaris.  
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M. infraspinatus (Figs. 5.4, 5.6) 

Origin – From the infraspinous fossa which lies as a deep channel between the two 

spines of the scapula.  

Insertion – The dorsal aspect of the head of the humerus, above the articulating surface. 

Action – Stabilisation of the shoulder joint during extreme stances via tendinous 

insertion to the lateral tuberosity. Also abducts (rotates outwards) the humerus. 

Remarks – While not large in bulk, this muscle is comprised of many strong tendons. 

Enlarged spinati muscles in some arboreal animals are important for strengthening the 

shoulder joint. The highly tendinous nature of the infraspinatus suggests that this is also 

an important function in the marsupial mole. 

 

Comparative remarks 

The pectoralis major of the talpid mole is divided into anterior and posterior parts. The 

pectoralis superficialis anticus acts during the recovery stroke to pull the humerus 

anteriorly and to rotate it back to its resting position. The posterior portion is noted by 

Reed (1951) to be one of the largest muscles in the body of Scapanus sp., acting in 

connection with the teres major and latissimus dorsi to retract the humerus during the 

digging stroke. The supraspinatus and infraspinatus act to extend the humerus and 

counter-rotate in opposition to the teres major and posterior pectoralis major. The 

infraspinatus is almost wholly tendinous in talpids, and it is greatly reduced or absent in 

highly fossorial forms. 

 

In golden moles the pectoralis muscles arise from the sternum, in particular the enlarged 

manubrium, and from the ventral surface of the ribs. There is no obvious division of 

pectoralis major and minor (Puttick and Jarvis 1977). The pectoralis inserts to the 

enlarged delto-pectoral crest of the humerus and acts to adduct the forelimb. Both the 

supra- and infra-spinatus of the golden moles are very weak (Gasc et al. 1986). The 

pectoral muscles apparently show no specialisation in the armadillos (MacAlister 1875; 

Windle and Parsons 1899; Burne 1901) or among the fossorial rodents (Orcutt 1940; 

Lehmann 1963).   

 

In marsupial moles, the pectoral muscles are relatively large among marsupials. The 

pectoralis superficialis combined with the pectoralis minor and abdominis account for 

over 42 % of the total muscle mass of the shoulder group. This is in contrast to other, 

more generalised, marsupials in which these muscles combined account for less than 40 
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% (Trichosurus 27 %, Dasyurus 31 %, Isoodon 38.5 %). The spinati, however, in 

marsupial moles are reduced in relative size from the more generalised form in 

marsupials. The supraspinatus and infraspinatus muscles account for approximately 3.8 

% and 4.8 % respectively of the shoulder muscle mass, compared with an average of 13 

% and 9 % respectively for the other marsupial species dissected. 

 

Ventral brachial group 

The ventral brachial group is a small group of muscles which, in mammals, extends 

from the coracoid region of the scapula, originally derived from the true coracoid of 

primitive tetrapods. The Mm. coracobrachialis are small and highly variable in 

mammals, and the nomenclature of the various portions is problematic. The M. 

brachialis in its primitive condition arises from the scapula in two heads, lateral and 

medial, inserting on the radius and ulna respectively. The M. biceps brachii is derived 

from the brachialis and is usually divisible into radial and ulnar heads (Howell 1937). 

 

M. coracobrachialis   

Remarks – Absent in both Notoryctes species. The usual function of the 

coracobrachialis muscle is to adduct the humerus.  

 

M. brachialis (Figs. 5.4, 5.6) 

Origin – The brachialis of N. caurinus arises from the lateral surface of the proximal 

part of the humerus, along the ridge that runs distally from between the head and greater 

tuberosity. The fleshy fibres of the muscle passes distally via a broad groove that runs 

between the proximal side of the delto-pectoral ridge and the lateral supracondylar 

ridge.    

Insertion – Coronoid process of the ulna, just below the articulation with the humerus. 

Action – Flexes the elbow. 

Remarks – As in many marsupials the brachialis of Notoryctes possesses only one 

head. 

 

M. biceps brachii (Figs. 5.4, 5.5) 

Origin – The single head of the fusiform biceps muscle of N. caurinus arises as a thin 

tendon from the upper margin of the glenoid and coracoid process. The tendon passes 

over the shoulder joint and between the tuberosities of the humerus through the bicipital 

groove and deep to the insertion of the pectoralis minor.  
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Insertion – The muscle extends distally along the medial side of the humeral shaft to 

insert onto the medial side of the proximal end of the radius, just below the articular 

surface. 

Action – Flexes the elbow and causes some supination of the forearm. 

Remarks – The biceps is usually represented by two heads in marsupials, at least at its 

insertion (to radius and ulna) if not at its origin. 

 

Comparative remarks 

In contrast to the enormous development of the elbow extensor musculature, the flexor 

muscles (biceps and brachialis) are often weakly developed in fossorial mammals. It is 

not uncommon for the loss of one of the heads of the biceps to occur, as for example in 

talpid moles (Reed 1951), golden moles (Puttick and Jarvis 1977; Gasc et al. 1986) and 

highly fossorial armadillos (Windle and Parsons 1899). The comparatively weak 

development of the elbow flexor muscles of the marsupial mole is highlighted by the 

fact that the weight of the extensor triceps group is more than 30 times that of the flexor 

group. For comparison, the triceps group of other marsupials is usually 2 to 3 times the 

size of the combined biceps and brachialis muscles (Trichosurus 2.0, Dasyurus 2.6, 

Isoodon 2.2; see Appendix 2).    

 

The coracobrachialis muscle of eutherians is highly variable, ranging from absent to 

having a number of different portions; the nomeclature is also confused, making 

interpretation difficult. No coracoid muscles are found in the talpid moles (Reed 1951; 

Whidden 2000); and they are rarely mentioned in descriptions of the pectoral girdle 

musculature of other fossorial mammals. No coracobrachialis was found in the 

marsupial mole specimens studied. 

  

Muscles of the forelimb of Notoryctes caurinus 

 

Dorsal division  

M. brachioradialis (supinator longus) 

Action – To rotate the radius dorso- laterally (supination of manus). 

Remarks – Absent in Notoryctes. The brachioradialis is absent in a number of 

marsupials, including Sarcophilus, Perameles and Isoodon (MacAlister 1870; Parsons 

1903). It is repeatedly present in Didelphis (Jenkins 1966), diprotodonts including 
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wombats, koala and phalangers (Young 1882; Sonntag 1923), and Dasyurus spp. 

(McCormick 1886; this study). 

  

M. extensor carpi radialis (Figs. 5.4, 5.7) 

Origin – The single head of the extensor carpi radialis takes its origin from the 

supracondylar ridge, running proximally from the lateral epicondyle, and from the large, 

oval fossa situated in front of the supracondylar ridge. 

Insertion – The large body of the muscle constricts rapidly just before the wrist, giving 

rise to a very strong tendon that inserts to the base of the third metacarpal bone.  

Action – To extend the carpal joint (i.e. extend the manus) and also to flex the elbow. 

Remarks – The tendon of the extensor carpi radialis passes outside the transverse 

ligament of the wrist and is crossed by the tendon of the extensor ossis metacarpi 

pollicis. The extensor carpi radialis is only a single muscle in Notoryctes; this muscle is 

commonly divided into longus and brevis portions among marsupials (see Appendix 3). 

Given that its insertion is solely to the third metacarpal, the muscle in the marsupial 

moles probably represents the brevis portion (the longus portion inserts to the second 

metacarpal;  McCormick 1886; Jenkins 1966). 

 

 
 
Figure 5.7 – Superficial forearm extensor musculature of the North-Western Marsupial Mole, 
Notoryctes caurinus, lateral view of right pectoral limb. 
 
1 (+2) M. Extensor carpi radialis; 3 M. Extensor communis digitorum; 4 M. Anconeus lateralis; 
5 Remnant of M. Triceps; 6 M. Flexor carpi radialis; 7 M. Extensor carpi ulnaris; 8 M. 
Extensor ossis metacarpi pollicis; 9 M. Extensor indicis et medius; 10 M. Pronator teres.  
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M. extensor digitorum communis (Fig. 5.7) 

Origin – The common extensor of the digits is an elliptical-shape muscle that arises 

from the lateral epicondyle of the humerus, just distal to the origin of the extensor carpi 

radialis. 

Insertion – The muscle divides into two portions immediately proximal to the wrist, 

with each portion giving rise to a strong tendon. The tendons pass together through the 

transverse ligament of the wrist before inserting onto the metacarpal bones of the two 

enlarged digits (III and IV). The radial tendon inserts to the base of the third metacarpal 

and the larger ulnar tendon inserts to the base of the fourth metacarpal. 

Action – To extend digits III and IV. 

Remarks – The common extensor of the digits usually gives rise to four, if not five, 

tendons that insert to all of the metacarpal bones (see Appendix 3). The huge 

development of the third and fourth digits, and the reduction of the others, has led to the 

reduction in Notoryctes, of the number of insertions of this muscle. 

 

M. extensor carpi ulnaris (Fig. 5.7) 

Origin – The extensor carpi ulnaris arises from the lateral epicondyle of the humerus, 

just distal to and almost blended with the origin of the extensor digitorum communis. 

Insertion – The muscle passes distally to the wrist where it bends around the base of 

the ulna to insert onto the small fifth metacarpal. 

Action – Extension of the carpal joint. 

Remarks – The extensor carpi ulnaris is relatively small compared to the other 

superficial extensors of the forearm, no doubt as a result of the rudimentary form of the 

fifth digit. Wilson (1894) gave a similar account of this muscle in his specimens of N. 

typhlops. 

  

M. supinator (supinator brevis)  

Origin – Low on the lateral epicondyle, under cover of the extensor carpi radialis. 

Insertion – To the proximal third of the lateral surface of the radius.  

Action – Supination (medial rotation) of the manus. 

Remarks – Wilson (1894) describes a larger insertion of this muscle in N. typhlops, to 

the upper three fifths of the shaft of the radius. For the specimens of N. typhlops in this 

study, the insertion appeared to be to the proximal half of the radial shaft. However, the 

increased size of the insertion in the larger species did not reflect a relatively larger 

muscle (see Appendix 2). 
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M. extensor pollicis (extensor ossis metacarpi pollicis, abductor pollicis) (Fig. 5.7) 

Origin – From the upper half of the shaft of the ulna, less so from the shaft of the radius 

and the interosseous septum between these two bones. 

Insertion – The long tendon passes deep to the common extensor of the digits then 

superficially to the extensor carpi radialis as it wraps around the wrist and passes across 

the medial (anatomically dorsal) surface of the manus to insert to the base of the first 

metacarpal. 

Action – Extends the first digit. 

Remarks – This muscle does not appear to be as large as it is in other marsupials (see 

Appendix 3; comparative dissections in this study).  

 

M. extensor digitorum II and III (extensor indicis et medii digiti proprius) (Fig. 5.7) 

Origin – Usually a deep muscle of the forearm, the extensor of the second and third 

digits arises in the superficial plane from the base of the olecranon of the ulna, the most 

lateral point as it curves outwards. 

Insertion – The thin muscle body extends along the ulna for most of its length and then 

passes obliquely across the distal part of the forearm, deep to the tendons of the 

extensor carpi ulnaris, extensor digitorum communis and extensor carpi radialis (in that 

order) to wrap around to the medial side of the wrist. At the base of the third metacarpal 

bone the tendon divides into two parts, one inserting to the index (second) digit and one 

to the third digit. 

Action – Extension of digits II and III. 

  

No other deep extensor muscles of the digits are found in Notoryctes. 

 

Comparative remarks 

The extensor musculature of the forearm of fossorial mammals is quite variable. 

However, in general it can be said that the extensor musculature is poorly developed in 

comparison with the flexor musculature. 

 

The brachioradialis is absent in all insectivores including talpid moles and golden moles 

(Reed 1951), and is also absent in armadillos (Windle and Parsons 1899). The supinator 

(brevis) passes from the lateral epicondyle to the medial surface of the proximal radius 

in talpid moles (Whidden 2000). In fossorial rodents the origin of the muscle is shifted 
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from the antero- lateral portion of the capsular ligament to the proximal radial collateral 

ligament, and a large sesamoid bone forms in the tendon of origin (Lehmann 1963). In 

armadillos the supinator is small or absent (Windle and Parsons 1899). 

 

The extensor carpi radialis is always present, but it is not uncommon for the two heads 

of the muscle to fuse, as in talpids (Whidden 2000) and some armadillos (Windle and 

Parsons 1899). In pocket gophers the two portions remain distinct (Orcutt 1940). In 

golden moles only one tendon of insertion is present (Puttick and Jarvis 1977; Gasc et 

al. 1986). The common extensor of the digits sometimes has insertions to all the digits, 

and may have a reduced number of attachments as seen in marsup ial moles; to digits II, 

III and IV in armadillos (Windle and Parsons 1899) and golden moles (Puttick and 

Jarvis 1977; Gasc et al. 1986), and often to II – V in talpid moles (Whidden 2000). Of 

the extensors, the extensor carpi ulnaris is often well developed and always present, 

inserting to the fifth metacarpal (Windle and Parsons 1899; Orcutt 1940). Other small 

extensor muscles of the forearm are variably present, with no obvious pattern. 

 

The forearm extensor musculature of Notoryctes has undergone substantial reduction, 

reflecting its fossorial habit. A number of the extensor muscles commonly present 

among marsupials are absent in marsupial moles, including the extensor digiti minimi, 

the extensor digiti profundis, and the supinator longus (see Appendix 3). Additionally, 

many of the insertions of the remaining muscles have been reduced, with the exception 

of the insertions to the enlarged third and fourth digits. 

 

Ventral division 

M. pronator teres (Figs. 5.7, 5.8) 

Origin – From the most proximal part of the medial epicondyle of the humerus. 

Insertion – The pronator teres runs along the length of the radius to insert onto the 

distal end of the outer border of the radius. 

Action – Pronation (lateral rotation) of the manus, so that the palmar surface becomes 

lateral. 

 

M. flexor carpi radialis (Figs. 5.7, 5.8) 

Origin – The very large, fleshy body of the flexor carpi radialis arises entirely from the 

medial epicondyle of the humerus. 
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Insertion – The insertion of this muscle was not identified in N. caurinus due to the 

necessity of preserving the bones for later use. The insertion of this muscle is assumed 

to be the same as that found by Wilson (1894) for N. typhlops, that is to the metacarpals 

of the first and second digits. 

Action – To flex the carpal joint. 

 

M. flexor carpi ulnaris (Fig. 5.8) 

Origin – The flexor carpi ulnar of N. caurinus, like that of N. typhlops (Wilson, 1894) 

arises in two distinct parts, one arises from the medial epicondyle of the humerus, and 

the other from the very tip of the in-curved olecranon. 

Insertion – The two muscle bodies unite approximately halfway along the forearm and 

give rise to a single, very thick tendon that inserts to the pisiform bone. 

Action – Flexes the wrist. 

Remarks – The dual origin of the flexor carpi ulnaris takes the commonly bipinnate 

arrangement of this muscle in the marsupials to the extreme.  

 

 

 
Figure 5.8 – Superficial forearm flexor muscles of the North-Western Marsupial Mole, 
Notoryctes caurinus, medio-ventral view. Inset of deeper flexor muscles. 
 
1 M. Anconeus medialis; 2 M. Flexor carpi ulnaris; 3 M. Pronator teres; 4 M. Flexor carpi 
ulnaris; 5 M. Flexor digitorum profundis (FDP); 6 M. FDP ulnaris proprius; 7 M. FDP 
condylo-radialis and condylo-ulnaris; 8 M. FDP radialis proprius.     
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M. flexor digitorum profundus (Fig. 5.8) 

Origin – The deep flexor mass of the forearm has a wide and segmented origin in the 

forearm of N. caurinus. Two portions arise from the medial epicondyle, one portion 

associated with each of the radius and the ulna. These two portions are difficult to 

separate completely. A large portion arises from the entire underside of the large 

olecranon. All of the previously mentioned portions are comprised of both fleshy and 

tendinous fibres. The final portion arises from the mid-region of the radius, entirely as 

fleshy fibres. 

Insertion – The portions of the deep flexor mass combine to insert together onto the 

large sesamoid bone of the palm. 

Action – Flexes the wrist. 

Remarks – Wilson (1894) found a similar arrangement of the deep flexors in N. 

typhlops; however, the nomenclature is varied. He suggested that the various parts 

corresponded to the condylo-radialis, condylo-ulnaris, ulnaris proprius and radialis 

proprius respectively. The N.A.V nomenclature divides the flexor digitorum profundis 

into three heads, caput humeral, caput radiale and caput ulnare. The flexor digitorum 

profundus usually inserts to the digits to act in flexion of the digital joints as well as to 

the carpal joint. 

 

No other flexors of the wrist are found in Notoryctes. The palmaris longus, flexor 

sublimis and flexor longus pollicis are variably present among marsupials, but absent in 

Notoryctes. 

 

Comparative remarks 

The forearm flexor muscles are strongly developed in fossorial mammals, with 

important roles in holding or pulling the manus against the resistance of the soil during 

digging. Gasc (1986) noted the striking disparity of development in the forearm of 

Erimitalpa, in which the flexors are very strongly developed in contrast to the poorly 

developed extensors. In particular, the M. flexor profundis and M. flexor carpi ulnaris 

are often very large in fossorial groups including armadillos (Windle and Parsons 1899). 

 

Muscles involved in the rotation of the wrist are also generally well developed in 

fossorial or digging mammals. In armadillos, pronation and supination are strong, 

evidenced by the large development of the pronator radii teres passing from the internal 

condyle to the distal third of the radius (MacAlister 1875; Windle and Parsons 1899). In 
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golden moles the M. pronator radii teres and M. supinator brevis are well-developed 

(Puttick and Jarvis 1977). However, rotatory movements of the wrist are highly 

restricted in talpine moles; the function of the greatly hypertrophied pronator radii teres 

muscle in Scapanus sp. was not considered by Reed (1951).    

 

The forearm flexor musculature of the marsupial mole, while reduced in number, is 

strongly deve loped. Amongst marsupials in general, it is the rule that the forearm flexor 

musculature is larger than the extensor muscles, accounting for around 65% of the total 

muscle mass of the forearm (Trichosurus 67.5 %, Dasyurus 63.9 %, Isoodon 68.8 %; 

see Appendix 2). In marsupial moles the disparity between the antagonistic groups of 

muscles has been increased by the relative strengthening of the flexor muscle mass, 

accounting for greater than 73 % of the total muscle mass of the forelimb (Appendix 2). 

This increase in the relative importance of the flexor musculature is convergent with a 

similar pattern in other fossorial mammals and reflects the use of the flexed paw during 

digging. The reduction in the absolute number of muscles of the forearm flexor division,  

including the palmaris longus, pronator quartus, and flexor sublimis, undoubtedly 

reflects the loss of manual dexterity.      

 

Other forearm muscles 

M. pronator quadratus 

Attachment – The pronator quadratus binds the distal half of the radius and the ulna  

together. Wilson (1894) found no trace of it in his specimens of N. typhlops, but this 

muscle was observed in specimens of both N. caurinus and N. typhlops in this study, as 

a thin aponeurotic sheet on the dorsal aspect of the forearm. A ridge along the lower 

half of the radius marks the attachment of this muscle. 

Action – Pronator of the manus. 

Remarks – The pronator quadratus is usually absent in talpid moles (Whidden 2000) 

and in armadillos (Windle and Parsons 1899). No mention is made of this muscle in the 

literature describing golden moles (Puttick and Jarvis 1977; Gasc et al. 1986). 

 

M. anconeus medialis (Fig. 5.8)  

Origin – The anconeus medialis forms a distinctly oval shaped muscle that originates 

from the posterior edge of the medial epicondyle of the humerus. 

Insertion – It inserts to the medial side of olecranon, as Wilson (1894) states for N. 

typhlops, not far from the tip. 
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M. anconeus lateralis (Figs. 5.6, 5.7) 

Origin – This muscle is derived from a continuation of the medial head of the triceps. It 

is a small muscle originates from the back of the lateral epicondyle of the humerus as 

well as the capsule of the elbow joint. 

Insertion – From its origin the muscle fans out to insert to the lateral surface of the base 

of the olecranon and upper part of the ulna. 

Action – Tensor of the elbow joint. 

Remarks – The ulnar insertion of the lateral anconeus is partially covered by the M. 

extensor indicis et medii digiti. 

 

 

Summary of pectoral girdle and limb musculature  

Various authors including Hildebrand (et al. 1985; 1988) and Nevo (1979, 1999) have 

established a set of generalised characteristics for the morphology of the forelimbs of 

fossorial mammals. Most of these relate to an increase in the power or mechanical 

advantage of muscles functioning during the digging strokes. This is achieved by 

various structural changes including an increase in the absolute size of individual 

muscles, or changes in the attachment sites. Other changes relate to the common 

tendency for a more abducted posture of the forelimbs while digging. The Australian 

marsupial moles have a number of convergent features of the muscular system of the 

forelimb with other fossorial mammals. 

  

Firstly, the insertions of many of the muscles involved in the powerstroke of digging 

have undergone a distal migration in fossorial mammals. This includes muscles of the 

upper arm such as the M. teres major, M. latissimus dorsi, M. dorso-epitrochlearis and 

the deltoid muscles, and to a lesser extent some of the flexor muscles of the forearm. 

The distal shift of the muscular insertion of such muscles increases the length of the in-

lever arm, which results in an increase in the potential power of that lever. Similar 

changes in muscle insertions for improved mechanical advantage during burrowing are 

clearly apparent for the forearm musculature of marsupial moles, including the 

latissimus dorsi-dorso-epitrochlearis complex, the deltoids, pectoralis muscles and a 

number of the forearm muscles. The adaptations are explained in more detail in Chapter 

6. 
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Secondly, Gasc et al. (1986) noted “a striking disparity between the development of 

antagonistic groups of muscles” among fossorial mammals. The massive development 

of the triceps (elbow extensors) in contrast to the weak brachialis and biceps (flexors) is 

evident in all fossorial forms. In both the golden moles (Puttick and Jarvis 1977; Gasc et 

al. 1986), talpid moles (Campbell 1939; Reed 1951) and marsupial moles, only one 

head of the biceps is retained to flex the elbow, while the triceps forms an immensely 

bulky muscle group that acts with improved mechanical efficiency due to its attachment 

to the enlarged olecranon. The unbalanced development of the antagonistic muscle 

groups in the marsupial moles, as in other fossorial mammals, is also exemplified in the 

powerful development of the medial rotators of the shoulder in contrast to the weak 

development of the lateral rotators, and in the disparate development of the forearm 

flexors and extensors.  

 

Muscles of the Pelvic Girdle and Thigh of Notoryctes caurinus 

 

There is a comparative paucity of work describing the hindlimb musculature of 

subterranean mammals. However, such information as is available suggests that the 

hindlimb in most cases remains relatively unspecialised (Reed 1951; Stein 1993; 

Whidden 2000). Given these two factors, a comparative review of muscle groups is not 

presented for the hindlimb. Some assessment of the degree of hindlimb specialisation of 

Notoryctes is made in the foregoing discussion of osteology.    

 

Iliacus group 

M. iliacus 

Origin – From a large area on the medial surface of the ilium. 

Insertion – To the lesser trochanter of the femur. 

Action – Protraction of the femur by flexion of the hip joint, and perhaps some 

abduction.  

 

M. psoas major (psoas magnus) 

Origin – From the lateral surface of the bodies of the four lumbar vertebrae as well as 

the last thoracic vertebrae.  

Insertion – Passes longitudinally down the body to insert onto the lesser trochanter. 

Action – Protraction of femur/flexion of the hip joint 
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Remarks – This muscle and the M. psoas minor were not entirely separated in either 

species of Notoryctes. Given the small size of the animal and the many muscles passing 

along the lumbar region, it was difficult to identify with certainty these muscles. 

 

M. psoas minor (psoas parvus) 

Origin – From the transverse process of the second lumbar vertebra. 

Insertion – To the ilio-pectineal eminence, inserting with a slender tendon. 

Action – To flex the lumbar region of the vertebral column. 

 

M. pectineus 

Origin – From the mid-ventral surface of the pubis, just lateral to the pubic symphysis, 

and anteriorly extending to the base of the vestigial epipubic bone.  

Insertion – Broad insertion to the posterior aspect of the femur. 

Action – True adductor of the thigh, lateral rotation of the thigh 

 

Gluteal group 

M. tensor fasciae latae 

Remarks – Absent, see Gluteus maximus. 

 

M. gluteus superficialis (gluteus maximus; ecto-gluteus) (Figs. 5.9, 5.10) 

Origin – A fan-shaped muscle made up of short muscle fibres, arising from the anterior 

two thirds of the bony ridge formed by the fusion of the transverse processes of the 

sacral vertebrae.  

Insertion – The muscle constricts to a tendon that inserts to the antero- lateral surface of 

the expanded greater trochanter of the femur. There is also a small expansion to the 

fascia of the thigh, as noted by Thompson and Hillier (1905) for N. typhlops. 

Action – Retraction of the thigh / extension of the hip joint. Also acts to abduct the 

femur. 

Remarks – The origin of this muscle is slightly broader for N. typhlops, covering the 

anterior three quarters of the bony arch of the sacrum. In both N. caurinus and N. 

typhlops the muscle is weakly separable into two parts in the posterior region. 

Thompson and Hillier (1905) found no separation but suggest that the muscle is 

probably a combination of the gluteus maximus with the tensor fasciae latae. 
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M. gluteus medius (Figs. 5.9, 5.10) 

Origin – The gluteus medius arises in numerous bundles of fleshy fibres from the large 

hollow formed between the ilium and the under surface of the fused metapophyses of 

the sacral vertebrae, extending posteriorly to just behind the level of the hip joint. 

Insertion – To the anterior aspect of the greater trochanter. 

Action – Extension of the hip; retraction and partial abduction of the thigh. 

Remarks – The large fleshy muscle described here would appear to be the combina tion 

of the well developed gluteus medius with the smaller, non-distinct gluteus minimus 

and also with the piriformis which does not otherwise exist as a separate muscle. This 

fusion of the deep gluteal muscles occurs in both species of marsupial mole. The fusion 

of these muscles probably reflects the fusion of many of the osteological elements of the 

pelvis and sacrum. 

 

M. gluteus minimus 

Remarks – see gluteus medius. 

 

M. piriformis 

Remarks – See gluteus medius. 

 
Figure 5.9 – Muscular attachments on the pelvic girdle on the North-Western Marsupial Mole, 
Notoryctes caurinus, Lateral view. 
 
Adductors, M. adductor group; Biceps, M. biceps femoris; Gemelli, Mm. gemelli; Glut. Max., 
M. gluteus maximus; Glut. Med., M. gluteus medius; Gracilis, M. gracilis; Iliacus, M. iliacus; 
Pectineus, M. pectineus; Presemimembranosus, M. presemimembranosus; Rectus femoris, M. 
rectus femoris; Sartorius, M. sartorius; Semimemb., M. semimembranosus; Semitendinosus, M. 
Semitendinosus; Tenuissimus, M. tenuissimus. 
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Figure 5.10 – Muscular attachments on the leg of the North-Western Marsupial Mole, 

Notoryctes caurinus, A lateral, B medial and C anterior views. 

 

Adductors, M. Adductor group; Biceps, M. biceps femoris; Extensors, deep extensor muscles; 

Gluteus, M. gluteus maximus et medius; Gastroc., M. gastrocnemius;  Gracilis, M. gracilis; 

Iliacus, M. iliacus; Peroneus, peroneal  muscle group; Presemi., M. presemimembranosus; 

Rectus fem., M. rectus femoris; Sartorius, M. sartorius; Semimemb., M. semimembranosus; 

Semitend., M. semitendinosus; Tibialis cran., M. tibialis cranialis; Vastus lat., M. vastus 

lateralis; Vastus med., M. vastus medialis. 

 

A 

B 

C 
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Quadriceps femoris group 

M. sartorius (Figs. 5.9, 5.10, 5.11, 5.12) 

Origin – This is a thick muscle from the swollen anterior end of the bony ridge of the 

ilium, covering the anterior aspect muscles of the thigh both laterally and medially.  

Insertion – Strong tendinous insertion that passes to the very tip of the patella and the 

front of the tibial tubercle. There is no attachment to the femur. 

Action – Acts to extend the knee and flex the hip (i.e. protract thigh).   

Remarks – This muscle is relatively large and well-defined in the marsupial moles, but 

quite separate from the other anterior muscles of the thigh. 

 

 
 

Figure 5.11 Superficial muscle of the thigh and lower leg of the North-Western Marsupial Mole, 
Notoryctes caurinus, lateral view. 
 
1 M. Gluteus superficialis; 2 M. Gluteus medius; 3 M. Vastus lateralis; 4 M. Sartorius; 5 M. 
Tibialis cranialis; 6 M. Extensor longus digitorum; 7 M. Peroneus brevis; 8 M. Peroneus 
longus; 9 M. Biceps femoris; 10 M. Tenuissimus; 11 M. Gastrocnemius lateralis; 12 M. Rectus 
femoris. 
 

 

M. quadriceps femoris (Figs. 5.9, 5.11) 

The quadriceps is made up of the following four muscles, which typically combine to 

form a common tendon that passes over the knee to insert onto the crest of the patella 

and the top of the tibia. Unlike most marsupials, the marsupial moles have a very large, 

ossified patella. 

 

12 
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M. rectus femoris (Figs. 5.9, 5.11) 

Origin – Completely under cover of the sartorius anteriorly and vasti distally, the rectus 

femoris arises from the pelvis, just above the acetabulum. This attachment is clearly 

marked by a bony tuberosity. The muscle is not easily separable into two heads. 

Insertion – The muscle produces a small tendon that inserts to the enlarged anterior 

crest of the patella.   

Remarks – Lies along the top of the femur in a bed formed by the vasti. 

 

M. vastus lateralis (Fig. 5.11) 

Origin – Very large muscle with an origin that is no t limited to the greater trochanter as 

is the common arrangement, but arising from the length of the lateral surface of the 

shaft of the femur, particularly from the broad anterior surface of the shaft between the 

head and expanded greater trochanter of the femur. 

Insertion –Fleshy fibres of this muscle fill the lateral fossa of the patella. 

 

M. vastus medialis (Fig. 5.12) 

Origin – Medial surface of the shaft of the femur, from the neck to the inner condyle. 

Insertion –The fleshy muscle fibres insert to the medial surface of the large keel of the 

patella. 

 

M. vastus intermedius (crureus) 

Origin – From the anterior surface of the shaft of the femur. 

Remarks – The vasti are somewhat fused and difficult to separate, in particular the 

intermediate portion that forms a bed of muscle fibres deep to the rectus femoris 

between the lateral and medial vasti. 

 

Adductor group 

M. gracilis (Fig. 5.12) 

Origin – Arises as a broad thin and fleshy sheet from the length of the pubic symphysis, 

and posterior to this the sub-pubic margin for a short distance. 

Insertion – To the upper half of the ridge running just medial to the anterior border of 

the tibia. There is also an expansion to the fascia of the leg, covering the tibialis 

anterior. 

Action – Adductor of the thigh and also to extend the hip. 
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Figure 5.12 – Superficial muscles of the thigh of the North-Western Marsupial Mole, Notoryctes 
caurinus, medial view. Right side, after removal of m. gracilis. 
 
1 M. Sartorius; 2 M. Vastus medialis; 3 M. Gracilis; 4 Crest of patella; 5 M. Adductor longus; 6 
Anterior edge of tibia; 7 M. Semitendinosus. 
 

M. adductor longus (Fig. 5.12) 

Origin – The superficial portion of the adductor mass arises from the sub-pubic arch, 

anterior to the semimembranosus, and undercover of the gracilis. 

Insertion – This muscle portion inserts to the anterio-medial border of the patella. 

Action – Adducts and extends the thigh. 

Remarks – The insertion to the patella is most unusual. The adductor muscles typically 

insert to the medial surface of the shaft of the femur. The distal migration of the 

adductors to the patella increases the mechanical advantage.  

 

M. adductor brevis (parvus) and M. adductor magnus 

The deep portion of the adductor mass appears to be the combination of the adductor 

brevis and the adductor magnus. 

Origin – From the outer surface of the ischium, near the ischial tuberosity. 

Insertion – To the proximal medial surface of the tibia and distal medial part of the 

femur. 

Action – To adduct the thigh. 
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Remarks – The adductor muscles of the thigh are somewhat fused together and difficult 

to dissect, as they are thick and all lie in the same orientation.    

 

M. oburatorius externus 

Origin – A small fan-shaped muscle from the contour of the ischium posterior to the 

acetabulum and covering the obturator foramen. 

Insertion – Short tendon to the back of the greater trochanter. 

Action – Rotates and flexes the thigh. 

 

Ischiotrochanteric group 

M. obturatorius internus 

Remarks – Absent in Notoryctes. This internal obturator muscle is also absent in some 

other marsupials including the wombat (Phascolomys) and Tasmanian devil 

(Sarcophilus) (MacAlister 1870; see Appendix 3). 

 

Mm. gemelli  

Origin – Two very small muscles arising from a hollow in the ischium just dorsal and 

slightly posterior to the acetabulum. 

Insertion – To the apex of greater trochanter of the femur. 

Action – Abducts and rotates the thigh. 

 

M. glutofemoralis (caudo-femoralis, quadratus femoris, ischio-femoralis) 

Origin – Arising from the pelvis, just anterior to the ischial tuberosity. 

Insertion – Along part of the distal part of the posterior surface of the shaft of the 

femur. 

Action – Extends and abducts the thigh. 

Remarks – There is some difficulty with nomenclature and dissection of this muscle. 

Thompson and Hillier (1905) note that two muscles are found originating from the 

ischial tuberosity in many marsupials (see also Appendix 3). These are given numerous 

names throughout the literature, but represent the M. caudo-femoralis and the M. 

quadratus femoris. Both apparently insert to the posterior surface of the femur, but the 

former is innervated by the great sciatic nerve while the latter is innervated by the 

obturator nerve. In Notoryctes only one muscle is present. This may be a product of 

fusion of the two muscles; however it would be necessary to study the innervations and 

embryology to establish the true homology of this muscle.   
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Hamstring group 

M. presemimembranosus (semimembranosus anticus) 

Origin – The smallest member of the hamstring group of muscles from the ischium, just 

below the tuberosity, anterior to the origin of the semimembranosus. 

Insertion – Inserts onto the inner condyle of the femur. 

Action – Abducts thigh. 

Remarks – This muscle was found in N. caurinus to fit the description given by 

Thompson and Hillier (1905) for N. typhlops; however, it was not possible to separate 

this muscle from the semimembranosus in the latter species. The N.A.V nomenclature 

for this muscle is unclear. 

 

M. semitendinosus (Fig. 5.12) 

Origin – From the ischium immediately below the ischial tuberosity. 

Insertion – Medial surface of the shaft of the tibia, from approximately half way along 

the small ridge distally to where the bone begins to expand into its articular surface.  

Action – Extensor of hip and flexor of knee. 

Remarks – The semitendinosus descends from the ischium, dorsal to the 

semimembranosus, then crosses over the dorsal surface of that muscle to insert more 

distally on the tibial shaft. 

 

M. semimembranosus 

Origin – Posterior end of the ischium below the semitendinosus.  

Insertion – Short, thin tendinous sheet inserts to the ridge on the medial side of the 

proximal end of the shaft of the tibia, proximal to the insertion of the semitendinosus. 

Action – Extends the hip/humerus, flexes the knee. 

 

M. biceps femoris (Figs. 5.10, 5.11) 

Origin – Single origin from the tuber ischii, dorsal to semitendinosus. 

Insertion – Double insertion to the lateral side of the patella and tubercle of the tibia.  

Action – Extends the hip and abducts the thigh, usually flexes the knee.  

Remarks – There is no insertion of this muscle to the femur. An additional muscle 

described by Thompson and Hillier (1905) was found in dissections to arise also from 

the ischial tuberosity with the biceps. The muscle was quite variable in size, within 

specimens as well as between, and was considerably larger in the specimen of N. 
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caurinus than it was in either of the N. typhlops dissected in this study. Thompson and 

Hillier (1905) state that the femorococcygeus in marsupials is usually more closely 

associated with the gluteus maximus than it is in the marsupial moles. The correct 

N.A.V. nomenclature for this muscle is unclear; it has been termed many different 

things in the literature, including biceps anticus and agitator caudae but it may be a 

derivation of the biceps.  Without studying the embryology of the muscle it is not 

possible to determine its true associations. 

  

M. tenuissimus (bicipiti accessorius) (Fig. 5.11)  

Origin – Very small, ribbon- like muscle arising from the ischial tuberosity, closely 

associated with, and ventral to, the posterior end of the origin of the biceps. 

Insertion – Passes down the posterio- lateral side of the thigh and over the 

gastrocnemius to insert onto the fascia of the lower leg. As described by Thompson and 

Hillier (1905) for N. typhlops, this fascia forms a sheath for the Achilles tendon. Action 

– Adducts the thigh and assists in ankle extension.  

Remarks – This muscle is smaller in N. caurinus than in N. typhlops. Thompson and 

Hillier (1905) suggest that the arrangement of the tenuissimus in the marsupial moles is 

reminiscent of that observed in ungulates, where the muscle forms a facial sheath that 

envelopes the Achilles tendon. The N.A.V. nomenclature for this muscle is unclear.  

 

General remarks  

The muscles of the pelvis and inner thigh are difficult to dissect in most marsupials but 

particularly so in marsupial moles due mostly to the high degree of fusion of the 

osteological components of the pelvis. A number of muscles are problematic when 

trying to reconcile nomenclature with the N.A.V. The iliacus group of muscles and the 

adductor muscles posed particular difficulties, hence muscle weights of these groups are 

either not included (iliacus and psoas muscles) or they are given as an undivided group 

(adductors). 

 

 

Muscles of the  Lower Leg of Notoryctes caurinus 

Flexor group 

M. triceps surea 

The triceps group of muscles in the lower leg includes the two heads of the M. 

gastrocnemius, caput laterale and caput mediale, and the M. soleus. 
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M. gastrocnemius (Fig. 5.11) 

Origin – The gastrocnemeus arises in two bellies. The lateral head (gastrocnemius 

lateralis) arises from the posterior surface of the upper part of the fibula, including the 

head of that bone. The medial head of the gastrocnemius arises in two parts from the 

posterior surface of the femur in its distal half, one from the shaft of that bone and the 

other from the medial condyle. 

Insertion – The development of the Achilles tendon in the marsupial moles appears to 

be more continuous with the medial head. The lateral head of the gastrocnemeus does 

not contribute a large separate tendon itself, but rather gives off many oblique fibres to 

the tendon of the medial head. This is quite different to the condition in other 

marsupials, as will be discussed in following sections. As usual, the Achilles tendon of 

the gastrocnemius inserts to the tuberosity of the calcaneum. 

Action – Flexion of the tarsal (ankle) joint. 

Remarks – Thompson and Hillier (1905) make the suggestion, following that of many 

other authors, that in marsupials the lateral head of the gastreocnemius includes the 

soleus muscle, which is otherwise absent. 

 

M. soleus 

Remarks – Refers to gastrocnemius above. 

 

M. plantaris 

Origin – Arising from the posterior surface of the head of the fibula, along with the 

lateral head of the gastrocnemius, the plantaris is a small muscle, that is difficult to 

separate from the lateral head of the gastrocnemius in either species of Notoryctes. 

Insertion – It produces a long thin tendon that passes behind the Achilles tendon and 

then through the groove between the tibial sesamoid and the fifth metatarsal as 

described by Thompson and Hillier (1905) for N. typhlops. The tendon enters the sole of 

the foot forming the plantar fascia. 

Action – Flexes phalanges. 
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Deep flexors  

Mm. flexor digitorum profundi (flexor digitorum tibialis) 

Origin – The tibial flexor arises in two portions from firstly the upper third of the 

posterior surface of the tibia, and secondly the posterior surface of the upper part of the 

fibula. 

Insertion – The two bellies combine soon after their origin and give rise to a long, 

slender tendon that passes around the posterior side of the medial malleolus and through 

the annular ligament together with the tendon of the tibialis posterior. The tendon of the 

tibial flexor inserts to the prominent tubercle on the tibial sesamoid bone. 

Action – Flexes tarsal joint. 

Remarks – The two bellies of the tibial flexor may correspond to the M. flexor 

digitorum lateralis and M. flexor digitorum mediale of the N.A.V. 

 

M. flexor digitorum superficialis (flexor digitorum fibularis) 

Origin – The flexor fibularis arises from the posterior surface of the head and upper 

part of the shaft of the fibula, as well as the interosseous fascia. 

Insertion – The tendon passes within a groove formed between the bases of the tibia 

and fibula before entering the sole of the foot where it attaches to the “marked 

triangular-shaped sesamoid bone, situated in the middle of the sole” (Thompson and 

Hillier 1905). 

Action – Flexes the tarsal joint. 

Remarks – Thompson and Hillier (1905) state that the flexor fibularis is larger than the 

flexor tibialis. In this study the opposite was found to be true. In both specimens of N. 

typhlops, as well as N. caurinus the flexor tibialis was found to be the larger of the two 

by more than 50% in weight.    

 

M. tibialis caudalis (tibialis posterior, tibialis posticus) 

Origin – The small tibialis caudalis arises from the upper third of the posterior surface 

of the shaft of the fibula and also from the pronator fascia. 

Insertion – A thin tendon is formed from this muscle and passes together with the 

tendon of the flexor tibialis around the medial malleolus to insert onto the scaphoid. 

Action – Flexion and possible adduction of tarsal joint. 

Remarks – The muscle was not easily divisible into two portions as described by 

Thompson and Hillier (1905), and was far smaller in size than suggested by their 

description. 
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M. popliteus 

Remarks – Absent 

 

M. pronator tibiae 

Remarks – This muscle binds the inner edges of the tibia and fibula. It is small in bulk 

and for the most part is tendinous.  

 

Tibial extensor group 

M. tibialis cranialis (tibialis anterior, tibialis anticus) (Fig. 5.11) 

Origin – From the broad hollow on the lateral aspect at the proximal end of of the tibia. 

The more posterior fibres arise from the tibia behind the broad proximal end of the 

fibula. 

Insertion – The long tendon arises from the muscle approximately half way down the 

leg and passes down the ankle in the groove between the medial malleolus and the 

astragulus, within the broad annular ligament. From the ankle the tendon passes along 

the medial side of the foot to insert onto the medial cuneiform bone with a small slip to 

the first metatarsal. 

Action – Extension of tarsal joint and lateral rotation of pes. 

 

M. extensor digitorum longus (Fig. 5.11) 

Origin – From the proximal half of the anterior aspect of the shaft of the fibula, 

including the head of that bone, and the upper part of the intermuscular septum between 

the fibula and tibia. 

Insertion – Approximately halfway down the leg the muscle gives rise to four tendons, 

two superficial and two deep. Of the deep pair, one is particularly fine and difficult to 

find. These pass together through the annular ligament of the ankle and to the dorsal 

aspect of the foot. The most laterally placed tendon passes to insert to the fifth toe. 

Similarly, the next two tendons insert to the fourth and third toes respectively. The hair-

like fourth tendon passes across the dorsum of the pes, running underneath the third 

tendon to insert to the second toe. 

Action – Extends the digits. 

Remarks – Thompson and Hillier (1905) describe the fleshy part of this muscle in N. 

typlops as being easily divided into three portions. Their description was confirmed in 
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N. typhlops. However, in N. caurinus, it is much more difficult to separate cleanly the 

muscle into the three portions. 

 

M. extensor hallucis longus 

Origin – This small muscle arises from the upper part of the shaft of the fibula. Its 

origin is covered by the peroneus brevis and the bulk of the extensor hallucis longus is 

deep to the tibialis anterior. 

Insertion – The fleshy belly of the extensor hallux soon gives way to a long thin tendon 

that passes down the leg with the tendon of the tibialis anterior. These two tendons run 

together through the ligamentous ring of the annular ligament before the tendon of the 

extensor hallucis crosses over the dorsal aspect of the tendon of the tibialis anterior and 

passes over the dorsum of the foot to insert mostly to the distal phalanx of the hallux. A 

small tendon also inserts to the base of the first metatarsal. 

Action  – Extend digit I.  

 

Mm. extensores digitorum brevis 

Remarks – This muscle is entirely absent in N. caurinus, as noted for N. typhlops by 

Thompson and Hillier (1905). 

 

Peroneal group 

M. peroneus longus (Fig. 5.11) 

Origin – From the outer surface of the shaft of the fibula, and the posterior half of the 

outer surface of the expanded upper extremity of that bone, posterior to the origin of the 

peroneus brevis. 

Insertion – The muscle gives rise to a thick tendon that passes around the lateral 

malleolus and around the lateral side of the foot above the fifth metatarsal. It passes 

over the sole of the foot to insert to the first metatarsal.  

Action – Flexion of tarsal joint and lateral rotation of the plantar aspect of the foot. 

 

M. peroneus brevis (Fig. 5.11) 

Origin – The peroneus brevis arises from the anterior half of the expanded head of the 

fibula, in front of the peroneus longus, and from the upper part of the outer side of the 

shaft of that bone. 

Insertion – The muscle descends and produces a tendon not far above the ankle. The 

tendon passes through the groove formed between the tubercles at the base of the fibula 
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and along the lateral side of the foot, crossing over the tendon of the peroneus longus 

before inserting to the lateral side of the fifth metatarsal. 

Action – Flexion of the tarsal joint and lateral rotation of the foot. 

 

M. peroneus digiti quarti 

Remarks – Absent. 

 

M. peroneus digiti quinti 

Remarks – Absent. 

 

Summary of pelvic girdle and hindlimb musculature  

While the musculature of the hindlimb is by no means as derived as that of the forelimb, 

there are a number of interesting and important features of hindlimb architecture of 

marsupial moles. These include reduction/fusion of the muscles associated with the 

pelvis, a shift in the insertion of the quadriceps femoris to the patella and a general 

distal migration of a number of the muscular insertions, in particular the adductor 

muscles. 

 

Firstly, there is a high degree of reduction or fusion of the muscles typically arising 

from the dorso- lateral aspects of the pelvis. In particular, the small deep muscles of the 

gluteal region, including the gluteus minimus and piriformis, are closely united with the 

gluteus medius. This lack of definition between the muscles is most likely the result of a 

high degree of fusion of the bony elements of the pelvis. A corresponding fusion of 

muscles has been noted for other fossorial mammals, including armadillos and pocket 

gophers, where the pelvis undergoes structural modifications for transmission of forces 

from the hindlimb to the vertebral column (Hildebrand 1988). Reed (1951) stated that 

the musculature of the soricoids, including the talpid moles was not specialised. 

Unfortunately, there is no information about these muscles in golden moles. 

 

Secondly, the quadriceps muscles have a unique attachment, with fleshy fibres, to the 

ossified patella. Ossified patellae are uncommon in marsupials. Furthermore, in 

mammals in general, the patella serves as a sesamoid bone within the quadriceps 

tendon, and is not a site of attachment for fleshy muscle fibres. The possible functional 

implications of this are discussed in later chapters. 
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Thirdly, a number of muscles of the leg have undergone a distal migration of their 

points of insertion, presumably to improve the mechanical advantage of their particular 

actions. Most interesting of these is the adductor group of muscles, which has migrated 

from the mid-region of the femur to the distal end and the medial side of the patella. 

This insertion to the patella may be an opportunistic attachment, subsequent to the 

initial adaptation of the patella for the unique arrangement of the quadriceps. 

 

 

Musculature of the tail of Notoryctes cauinus 

 

The functional morphology of the tail of the marsupial moles shows exceptional 

specialisations related to their fossorial habit. While it is beyond the scope of this thesis 

to derive the correct nomenclature of the muscles of the tail, it is not possible to give a 

full account of the locomotory adaptations of Notoryctes without some reference to the 

anatomy of this region. 

 

There is a striking disparity in the development of the antagonistic muscle groups in the 

tail of marsupial moles. The ventral flexor musculature is enormously developed, while 

the dorsal flexors are poorly developed in comparison. While the homology and correct 

nomenclature of the various muscles is not clear, it is clear that a number of the muscles 

attaching to the tail are greatly modified from the typical mammalian pattern.  

  

The following is a description of six major ventral flexor muscles of the tail (Fig. 5.13). 

In many cases it was impossible to establish the exact site of insertion as the thick skin 

of the tail was too firmly attached with dense connective tissue. 

Muscle A – Origin from the posterior ventro- lateral border of the pelvis, just medial to 

the lateral crest. This muscle inserts with fleshy fibres to the large, prominent lateral 

process located approximately two-fifths of the distance along the lateral aspect of the 

tail, on caudal vertebrae 5. 

Muscle B – A triangular muscle arising from the posterior ventro- lateral edge of the 

pelvis. This appears to become combined with the deeper muscles of the tail. 

Muscle C – A large muscle arising from the deep surface of the pubis. It gives rise to 

two tendons that pass around the lateral process and along the tail. 

Muscle D – A muscle arising from the deep surface of the pelvis gives rise to a tendon 

that runs along the tail to be inserted near the distal end. 
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Muscle E – Positioned dorsal to the previous muscle, this muscle arises from the 

posterior border of the pelvis and gives rise to a strong tendon that passes ventral to 

lateral process and then runs along the tail. 

Muscle F – Positioned between the previous two muscles, this muscle body, which is 

long and flat, arises from the posterior border of the pelvis and gives off a long tendon 

that passes under the lateral process before continuing along the length of the tail.  

 
 
Figure 5.13 – Schematic representation of the tail muscles of the North-Western Marsupial 
Mole, Notoryctes caurinus, lateral view.  
 
A, muscle A; B, muscle B; C, muscle C; D, muscle D; X, transverse process of fifth caudal 
vertebrae.   
 

 

Deep to these large flexor muscles, there is a group of four or five muscles that arise 

from the ventral aspect of the pelvis. These also give rise to distal tendons that are held 

within circular ligaments and run the length of the tail. 

 

Dorsal to the flexors there is a line of spindle-shaped muscles that join the bony 

transverse processes from the caudal vertebrae that lie along the lateral aspect of the tail. 

Presumably these muscles flex the tail from side to side. The dorsal extensor group 

consists of two or three long muscles that originate from the posterior dorsal edge of the 

pelvis, and a number of small fusiform muscles with long tendons. It is interesting that 

no muscles, either of the body axis or of the pelvic girdle or thigh, take origin from or 

overlie the dorsal surface of the pelvis. In all specimens dissected, this area is covered 

by thick, fatty connective tissue. It is also interesting that there is a large amount of fat 

stored around the anterior half of the tail, particularly ventral to the pelvis and tail. 
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Presumably, this is because a bulk of stored fat is less likely to affect locomotor 

efficiency when stored at the posterior end of the animal.   

 

 

Summary 

  

The aim of the following section is to provide a summary of the key aspects of the 

muscular anatomy of the marsupial mole. From a phylogenetic viewpoint, on a small 

scale, the interspecific and intraspecific variation of the muscular system within 

Notoryctes was considered, and on a larger scale, a comparison with the patterns of 

musculature within the main lineages of marsupials. These comparisons provide an 

opportunity firstly to contribute to the debate on the level of speciation within the genus 

Notoryctes, and secondly to attempt to interpret the phylogenetic affinities of the 

marsupial moles within the Marsupialia. Finally, I summarise the key similarities and 

differences between the marsupial moles and other subterranean mammals as a measure 

of evolutionary convergence. 

 

Interspecific and intraspecific variation in Notoryctes 

Given the small numbers of each marsupial mole species dissected, little can be said 

about intraspecific variation. However, it is apparent that there are very few differences 

in the muscular system between the two species of marsupial mole. Among the more 

significant differences are: 

• The latissiums dorsi – dorso-epitrochlearis muscle is relatively larger in N. caurinus 

(21.3 % of total muscle mass of the pectoral region) compared to N. typhlops (16.7 

%). 

• Broader origin of the spino-trapezius muscle in N. typhlops (thoracic spines 7-11) 

compared with N. caurinus (thoracic spines 7-8 or 9). 

• Broader origin of pectoralis minor in N. typhlops (ribs 1-7) than in N. caurinus (ribs 

1-5). 

• Apparently larger clavicular insertion of the trapezius to the deltoid muscle in N. 

typhlops (difficult to quantify).   

• A slightly larger area of insertion on the radius of the supinator brevis in N. 

typhlops. 

• Apparently larger area of origin of the gluteus superficialis in N. typhlops. 
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Marsupial moles compared with other marsupials  

(Appendix 3 provides a review of the patterns of musculature among marsupials) 

Although the muscular system of marsupial moles is highly derived, there are a number 

of features that obviously reflect their marsupial phylogeny, and reflect fundamental 

differences in the muscular systems between of metatherian and eutherian mammals. 

Such differences include: 

• the simple form of the suprazonal matrix in marsupials, including the lack of 

lamination of the rhomboid;  

• the morphology of the clavicular ‘marsupial’ deltoid (a tendency to fuse parts of the 

trapezius with the insertion of the deltoids, as described by Shrivistava 1962);  

• the retention of only one head of the brachialis anticus and a trend towards atrophy 

of the biceps brachii. 

 

The marsupial moles present a highly derived accessory field musculature, in particular 

the trapezius. The anterior portion of the trapezius is strongly divided into clavicular, 

deltoid and acromial parts. Such defined subdivision of the trapezius is not found 

elsewhere among the marsupials. The delto-trapezius in Notoryctes becomes somewhat 

combined with the deltoids, sharing a common insertion to the delto-pectoral ridge, and 

leading to the formation of a cephalo-humeral muscle. It is obvious that the form of the 

cephalo-humeral muscle in the marsupial moles reflects their marsupial phylogeny. 

However, the obvious functional significance of the varying modes of insertion of the 

cephalo-humeralis makes any phylogenetic comparison within marsupials of 

questionable value. In Notoryctes, the scapulo-spinal portion of the trapezius arises as a 

distinct muscle, separated from the other portions by a large distance along the mid-

dorsal line. The arrangement of this muscle portion, lying in the direct plane of its wide 

insertion, could improve the mechanical advantage during its function of bracing the 

scapula against anterior movement. It is a highly specialised adaptation that is not 

observed in any other marsupials (Appendix 3), but is strongly convergent with other 

subterranean mammals. Clearly, in this case, the mechanical demands on the muscles 

have outweighed any phylogenetic constraints.   

 

The suprazonal muscles of marsupial moles are rather typical in their arrangement, but 

exceptional in their size (Appendix 2, 3). The rhomboid muscle of marsupial moles 

becomes increasingly thick towards its insertion, to an extent beyond that noted for any 

of the other marsupials that have been dissected. In their lack of the dorsal portion of the 
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omo-trachelien the marsupial moles are similar to the bandicoots. This similarity may 

point to a functional aspect of the omotrachelien muscles that is lost with the evolution 

of digging. However, this notion is challenged by the condition in the wombats, which 

are also fossorial but possess both omotrachelien muscles. Alternatively, this shared 

feature may indicate a special phylogenetic relationship between the marsupial moles 

and bandicoots. While not a muscle of the suprazonal matrix, the omohyoid was 

observed during the dissection of this group of muscles. The insertion of this muscle in 

the marsupial moles at the superior vertebral angle of the scapula was similar to its 

insertion in bandicoots. This is another interesting morphological similarity between 

notoryctids and peramelids, distinct from other marsupial taxa.  

 

The highly derived condition for the latissimus dorsi muscle that is not matched in any 

other group of mammals. The functional importance of the development of the dorso-

epitrochlearis will be discussed in Chapter 6. The axillary group of marsupial moles is 

enormously developed in comparison to other marsupials. The deltoids account for 

about 8% and the M. subscapularis 25% of the muscles of the shoulder. Acting to rotate 

the humerus medially, without adducting the forelimb greatly, the subscapularis may be 

replacing the teres major and latissimus dorsi as the major rotator of the humerus.  

 

In the marsupial moles the M. subclavius is large, arising from the anterior end of the 

manubrium and inserting onto the head of the humerus, the acromion and media l side of 

the meso-scapular segment as well as the underside of the clavicle itself. The insertion 

to the thin clavicle and large meso-scapular segment suggests that part of the function of 

this muscle is to brace the clavicle against the actions of other muscles. The pectoral 

matrix makes up 19 % on average of the total muscle mass of the pectoral girdle. This is 

much larger than that measured in Trichosurus and Dasyurus (approximately 9 %), but 

is less than that found in Isoodon (24 %; Appendix 2). Strong adduction of the forelimb 

in the marsupial mole is clearly necessary to move the mole through the soil. In the 

marsupial moles, the pectoralis major muscle made up between 23 % of the total 

pectoral girdle muscle mass. This is much larger than for the other marsupials measured 

(Trichosurus 18 %, Dasyurus 22 %, Isoodon 15 %; Appendix 2), and again suggests 

that there are requirements of strong adduction of the forelimb during digging.  

 

The elbow extensors of the marsupial mole are enormously developed. The Mm. triceps 

in total account for approximately 70 % of the dry muscle weight of the muscles of the 
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elbow. As described in a previous section, the M. latissimus dorsi is completely 

continuous with the M. dorso-epitrochlearis in the marsupial moles. As a result, the 

LD-DE complex adds greatly to the power of the dorsal extensor group, though not as 

much as in the bandicoots. In Notoryctes, the latissimus dorsi/dorso-epitrochlearis 

makes up between 22 and 28 % of the dry muscle weight of the elbow. In total the 

dorsal extensors account for 95 % of the dry muscle weight of the elbow matrix in the 

marsupial moles. The large development of the elbow extensor muscles in the marsupial 

mole correlates well with its fossorial habit.  

 

The other extensor muscles vary in relative importance among the taxa investigated 

(Appendix 2, 3). In the possum, Trichosurus, after the M. extensor carpi radialis, the M. 

extensor carpi ulnaris and M. extensor ossis metacarpi pollicis are quite well 

developed. In Dasyurus and Isoodon, the common extensor of the digits and the 

extensor carpi ulnaris are the largest extensors after the extensor carpi radialis. In 

Notoryctes, after the extensor carpi radialis, the common extensor of the digits is 

moderately well developed while the other extensors are poorly developed in 

comparison. 

 

The flexors of the wrist, the Mm. flexors carpi radialis and ulnaris, typically are 

moderately developed in the marsupials (Trichosurus: 3.6 % and 9.7 %; Dasyurus: 3.6 

% and 8 %; Isoodon: 3.7 % and 5.1 %). In the marsupial mole, flexion of the wrist 

during burrowing must be of great importance, if judged by the much greater 

development of these muscles (M. flexor carpi radialis: 10-16 %; M. flexor carpi 

ulnaris: 11-17 %).  

 

Like the muscles of the forelimb, the muscles of the hindlimb in the marsupial mole are 

substantially modified from the general marsupial form. In particular, many of the 

muscles that are present are enlarged to some degree. There is a high degree of fusion of 

the muscles around the pelvis, most probably related to the fusion of the osteological 

components, and a related shift in some of the muscular attachments. The M. gluteus 

superficialis, which in other marsupials has a variable site of origin that often extends, 

at least partially, onto the caudal vertebrae and ilium, in Notoryctes arises wholly from 

the fused transverse processes of the sacral vertebrae. The gluteus minimus and 

piriformis muscles are not distinguishable from the M. gluteus medius in marsupial 

moles. 
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The origin of the quadriceps femoris muscle group in Notoryctes is not notably different 

from the other marsupial groups, however, the insertion of these muscles to the highly 

modified patella is unusual. In no other marsupial is there an insertion of fleshy muscle 

fibres of the quadriceps to the patella. As previously stated, in other marsupial groups, 

the patella is sesamoid element, lying within the tendon, and it is rarely ossified, the 

main exception being the bandicoots. The great modification of the patella in Notoryctes 

for the insertion of the quadriceps is unique among the marsupials. 

 

Of the hip flexor system, the adductor group of muscles of the marsupial mole are 

enormously developed in size. They have also extended their insertion to include the 

medial surface of the enlarged patella. In all other marsupial groups the insertion of the 

adductors does not stray from the femur. The M. gracilis of the marsupial mole seems 

relatively broad, and the M. obturator externus relatively small, but the attachments of 

these muscles do not differ particularly from the general condition in other marsupials.      

 

The hamstring group of muscles is quite variable in number among marsupials, in 

particular the division of the biceps muscle and the presence of the 

presemimembranosus. The M. biceps has been described as being single in Didelphis 

and consisting of up to four portions in Dasyurus (see Appendix 3). In Notoryctes, two 

main portions appear to be present; the biceps femoris proper, and the tenuissimus 

(biceps accessorius). The morphology of this muscle seems to be most similar to the 

pattern observed in Isoodon, where the large biceps femoris is partially separable into 

two portions (see Appendix 3). Further, the presemimembranosus has been described 

only in Isoodon, in addition to its presence in the marsupial mole.   

 

The marsupial moles present a typical marsupial arrangement of the flexor muscles of 

the leg. The M. gastrocnemius arises in two major portions as is constant throughout the 

Marsupialia. The lateral head arises from the posterior surface of the upper part of the 

fibula, including the fibular head. The medial portion arises in two parts from the distal 

half of the femur, one from the posterior surface of the femoral shaft and the other from 

the medial condyle. The Achilles tendon develops mostly from the medial head; the 

lateral head does not contribute a large separate tendon itself, but rather gives off 

numerous oblique fibres to the tendon of the medial head. This is quite different from 

the other marsupials described. Thompson and Hillier (1905) earlier suggested (as have 
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many authors on marsupial anatomy) that the soleus has been combined with the lateral 

head of the gastrocnemius (it is otherwise absent). The small M. plantaris arises from 

the posterior surface of the head of the fibula, along with the lateral head of the 

gastrocnemius muscle; it could not be separated from the M. gastocnemius lateralis in 

either species of Notoryctes in this study. The deep flexor muscles of the leg of the 

marsupial moles conform to those in other marsupials.  

 

The tibial extensor and peroneal muscle groups are somewhat reduced in number in the 

marsupial mole; only three extensors and two peroneal muscles are retained. In other 

marsupials up to four peroneal muscles are present. The normal function of the lower 

leg in supporting the body off the ground in an upright posture has been significantly 

modified in the sprawling marsupial moles. Overall, reduction in this muscle group 

probably reflects that change.  

 

The muscles of the tail are highly developed in marsupial moles when compared to 

other marsupials. While a direct comparison cannot be made, due to the lack of known 

nomenclature of this group of muscles, it is apparent that the caudal region of 

Notoryctes is highly specialised. In particular, the ventral flexor group of muscles are 

extremely well developed.    

 

The key developments of the muscular system of Notoryctes are as follows: 

• The muscles of the pectoral girdle are very well-developed for strong retraction of 

the forelimb. In particular, the M. latissimus dorsi is uniquely modified within 

Notoryctes, where it has lost its humeral insertion entirely and become continuous 

with the M. dorso-epitrochlearis, inserting to the fascia of the elbow. 

• The muscles of the upper arm show an extreme disparity in the development of the 

antagonistic muscles groups. The triceps are enormously enlarged, in comparison to 

the reduced morphology of the flexor muscle group, comprising a single head of the 

M. biceps brachii and a small M. brachalis. 

• Similarly, there is a disparity in the development of the antagonistic muscle groups 

of the forearm, where the flexors are more highly developed than the extensor 

muscle group. Overall, there has been a reduction in both the number of muscles in 

both groups, and a reduction in the number of insertions of the remaining muscles 

reflecting the highly reduced morphology of the first, second and fifth digits of the 

manus. 
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• The muscles of the pelvic girdle of Notoryctes are reduced, or at least difficult to 

separate, reflecting the highly modified morphology of the pelvic girdle, where the 

bony elements of the pelvis have become completely fused with the sacral vertebrae. 

In particular the M. gluteus minimus and M. piriformis are difficult to separate from 

the larger gluteal muscles, and the internal obturator muscle is absent. 

• The muscles of the thigh are well-developed. The quadriceps groups of muscles are 

enormously developed and exhibit a unique insertion with fleshy muscle fibres to 

the unusually shaped, ossified patella. The hamstring group of muscles is also well 

developed. The M. biceps femoris is bipartite is structure with a portion (M. 

tenuissimus) branching to the lower leg where it forms a sheath around the Achilles 

tendon.  

• Compared to the rest of the body, the muscles of the lower leg of Notoryctes are 

relatively unspecialised and are, to some extent, reduced from the typical 

arrangement seem among marsupials. 

• The muscles of the tail are extremely well developed. However, there is a disparity 

between the size of the dorsal and ventral muscles, the ventral flexor group being 

much more strongly developed. 

 

A number of morphological characteristics of the muscular system show a strong 

resemblance of the pattern of musculature of the peramelid bandicoots. These 

similarities, in addition to the presence of an ossified patella, may reflect a phylogenetic 

affiliation between the two groups. The key similarities between bandicoots and moles 

are: 

• Enlarged and complex morphology of the pectoralis and supracoracoid groups of 

muscles. 

• Absence of any muscles of the coraco-brachialis group. 

• Reduction (bandicoots) or absence (marsupial moles) of the omotrachelien muscles. 

• Formation of cephalo-humeral muscle by the partial insertion of the trapezius 

muscle group onto the deltoid musculature, bypassing the clavicle. 

• Retention of only a single head of the biceps brachii muscle. 

• Enlarged and modified morphology of the scapular head of the triceps muscle 

group. 

• Reduction of the forearm musculature to reflect the highly reduced morphology of 

the first and fifth digits of the manus. 
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• Presence of a distinct and separate presemimembranosus muscle in the hamstring 

group. 

• A bipartite arrangement of the biceps femoris muscle (partially expressed in 

bandicoots). 

 

While many of these similarities may be attributed to functional adaptations, some do 

not seem so clearly functionally linked. These non-functional similarities between the 

marsupial moles and bandicoots may concur with the most recent cladistic analysis of 

Horovitz and Sanchez-Villagra (2003) who found a close phylogenetic relationship 

between Notoryctes and the Peramelia.  

 

Marsupial moles as subterranean mammals 

Fossorial mammals typically show muscular modifications that produce large forces for 

digging. Considering the physics of levers, improved mechanical advantage may be 

accomplished in three different ways: by increasing the in-force, by increasing the 

length of the in- lever, or by decreasing the length of the out- lever (Hildebrand 1988). 

The ways in which such changes are accomplished were described by Davis (1964) as 

noted in the introduction of this study (Chapter 1).  

 

Fossorial mammals often demonstrate adaptations of the musculo-skeletal system that 

reflect all these transitions to improve the mechanical advantage of their digging 

apparatus. Most obviously, there is an increase in the absolute volume of muscles 

employed during digging, thereby increasing the magnitude of the in- lever force. In 

marsupial moles this is most prominent in muscle groups that contribute to elbow 

extension (triceps, dorso-epitrochlearis), shoulder flexion (teres major, pectoralis, 

latissimus dorsi), wrist flexion and digit flexion. It is also apparent in the hindlimb 

muscles that are responsible for generating a forward thrust of the body against the 

digging tools (quadriceps femoris, etc) and in the flexor muscles of the tail. 

 

To increase the length of the in- levers, the attachments of many muscle groups are 

moved away from the joints they move. The triceps group and their insertions to the 

olecranon are an obvious example of this. The length of the olecranon is effectively the 

length of the in- lever in this case, i.e. the distance between the tip of the olecranon and 

the articulation point of the elbow. The huge extension of the olecranon greatly 

increases the length of the in- lever of the elbow extensors (a great proportion of the 
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triceps inserts with tendons to the very tip of the olecranon). Another example, unique 

to the marsupial moles, is the insertion of the latis simus dorsi (continuous with dorso-

epitrochlearis) to the fascia of the elbow/forearm, rather than to the proximal end of the 

humeral shaft. This insertion has two functional outcomes, firstly to improve the 

mechanical advantage of the latissimus dorsi for flexion of the shoulder (by increasing 

the length of the in- lever), and secondly to effect elbow extension at the same time as 

shoulder flexion. Nearly all of the muscles important for digging (e.g. the deltoids and 

pectoralis muscles) show a distal displacement of their insertions to some degree, giving 

improved mechanical advantage of the in- levers. This adaptation to improve the in- lever 

strength has also occurred in muscles of the hindlimb (e.g. adductors) and in the flexor 

musculature of the tail. 

 

The reduction in the length of the out- lever is the third way of improving the 

mechanical advantage of a lever system. The long bones of fossorial mammals are 

generally short, stout bones, a structural change clearly related, at least in part, to the 

need to shorten the out- lever length. In the marsupial moles, this not only applies to the 

long bones of the forelimb, but also those of the hindlimb. Also, many of the lever 

systems in the limbs of mammals are second-class levers, that is, the in- lever and the 

out- lever occur on the same side of the fulcrum. In such cases, distal migration of 

muscle insertions not only lengthens the in- lever, but at the same time shortens the out-

lever. For example, the distal insertion of the deltoids achieves both lengthening of the 

in- lever and shortening of the out-lever to improve the mechanical advantage twice. 

Similarly the shift in the insertion of the adductor muscles of the hindlimb, from a mid-

femoral position, to the patella, shortens the out- lever almost to the extreme, as well as 

lengthening the in- lever. 

 

The development of bony processes to serve as attachment sites for muscles also 

strengthens the bone against the stresses caused by the muscle. Such processes may also 

improve the mechanical advantage if they lengthen the in- lever. The elongation of the 

olecranon has already been discussed as the prime example of this, but there are other 

examples. The protruberance of the delto-pectoral crest of the humerus of the marsupial 

moles would contribute to the length of the in- levers of the deltoids and pectoralis major 

muscles respectively. Expansion of the medial epicondyle of the humerus, and the 

development of the teres major (subscapularis) process, from the cranial and caudal 

vertebral angles of the scapula are furthe r examples of this.  
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Many of these adaptations in the marsupial mole are unique among marsupials. 

However, they conform clearly to the adaptations seen in many other groups of fossorial 

to subterranean mammals, and they serve to highlight the convergent evolution of 

subterranean mammals (Nevo 1999). Despite the close overall similarities of the 

musculature between Notoryctes and other fossorial mammals, there are a number of 

important differences. While the key actions of the forelimbs may be similar in all 

fossorial mammals, the way in which morphological specialisations have been achieved 

has progressed through different means in different groups. This is particularly evident 

in the case of Notoryctes. That this is so is not at all surprising given the extreme 

phylogenetic separation of the marsupial moles from each of the eutherian burrowing 

groups.  
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Chapter 6 – Functional Interpretation of the  

Musculo-Skeletal System of the Marsupial Mole 

 

 

Introduction 

 

 

Fossorial subterranean mammals, those that spend most of their lives underground, are 

divided into two main groups – those that use their forelimbs as their main digging tool; 

and those (mainly by rodents) that dig primarily with their incisors (Nevo 1979, 1999). 

Only those animals that fit into the first category shall be considered here.  

 

Fossorial mammals must be capable of applying large forces to the soil in which they 

are digging. As such, the structure of their skeleto-muscular system is specialised to 

produce large out-forces. This pattern is unlike that of a typical cursorial mammal where 

the lever systems of the limbs are designed for efficient and rapid terrestrial locomotion, 

i.e to achieve large velocities. There are three major ways in which the resultant out-

force may be increased, that is the mechanical advantage is improved (Hildebrand 

1988).  

 

The most obvious way of increasing the out-force is to increase the in-force. This 

strategy is clearly seen in fossorial mammals, where the muscle groups responsible for 

digging are often enormously enlarged, for example the triceps muscles for extending 

the elbow joint. However, increasing the size of muscles requires the enlargement of 

muscle attachment sites. For example, corresponding to the enlargement of the triceps, 

the olecranon process of the ulna is elongated to provide the insertion site of this 

muscle. The enlargement of bony attachment sites and processes often gives the bones 

of diggers an irregular outline, particularly of the long bones of the forelimb. 

 

The second way to improve the out-force of the out-lever is to reduce the length of the 

out-lever. For example, the limbs and neck of fossorial animals are often short. Whereas 

cursorial mammals increase the length of the distal segments of the limbs for speed, 

fossorial mammals reduce the distal segments for improved strength. In diggers, the 
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radius is nearly always shorter than the humerus, and the manus (excluding the terminal 

phalanx and claws) is shorter than the radius.  

 

The third way to improve the mechanical advantage of the lever system is to increase 

the length of the in-lever. Consequently in burrowers, the insertions of muscles are 

usually a long distance from the joints they move. An example of this is the more distal 

position of the delto-pectoral crest in fossorial mammals, when compared to cursorial 

forms.    

 

Extreme specialisation to a subterranean fossorial lifestyle has taken place in a number 

of different mammalian groups including Insectivora (now disbanded), Rodentia and 

Xenarthra (Nevo 1979, 1999; Hildebrand 1988). The comparisons described shall 

encompass only the most specialised forms and their nearest relatives. The four families 

of greatest relevance are the golden moles (Chrysochloridae), the true moles (Talpidae), 

the pocket gophers (Geomyidae) and the armadillos (Dasypodidae). These groups 

encompass the range of forelimb digging styles typical of mammals, ‘rapid-scratch’ or 

‘terrier’ digging (golden moles, pocket gophers and armadillos), ‘humeral-rotation’ 

digging (talpid moles) and ‘sand-swimming’ (Namib Desert golden mole), and so 

provide a suitable range of comparisons for the marsupial mole (Nevo 1999). 

  

The subterranean locomotion of Notoryctes has not been studied previously, hence the 

actual movements of the limbs during burrowing are not known. However, we do have 

6 mins of video footage, taken in 1998 (Withers et al. 2000) of a captive North-Western 

Marsupial Mole moving about on the surface and undertaking initial penetration into the 

loose sand. There are also some previous casual observations (Howe 1973; Johnson and 

Walton 1989). The objective of this chapter is to evaluate all possible movements of the 

limbs, by correlating the described features of the skeletal and muscular systems. Based 

on this information, the likely pattern of burrowing movement used by the marsupial 

moles will be outlined. 
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Results 

 

Movements of the Pectoral Limb 

Rotation of scapula  

One would infer from the descriptions of muscles in Chapter 5 that anterior rotation of 

the scapula (by the rhomboid muscle) is likely to be more important than, and/or to 

meet with more resistance than the posterior rotation of the shoulder (by the trapezius). 

Accordingly one would also assume that the anterior rotation of the scapula takes place 

during the propulsive phase of locomotion. This is intuitive as the propulsive phase of 

nearly all modes of locomotion involves the retraction of the limb under the body (to 

propel the animal forwards). The anterior rotation of the scapula would be part of the 

retraction of the whole limb, particularly with the likelihood of the shoulder/scapula 

itself being highly mobile (see below). 

 

Anterior rotation of scapula  

Anterior rotation of the scapula involves medio-cranial displacement of the vertebral 

border of the scapula and the latero-posterior movement of lateral acromial end of the 

scapula. This rotation would take place in concert with the retraction of the arm during 

the powerstroke of digging. The large rhomboid muscle, extending from the back of the 

skull to the vertebral border of the scapula, provides the main muscular force 

responsible for this rotation. The levator scapulae, and usually the omotrachelien 

muscles (not present in Notoryctes), may also play a role in the anterior rotation of the 

scapula. 

 

The m. rhomboid in Notoryctes arises from the nuchal crest and mid-dorsal line of the 

body axis and extends postero-laterally to insert along the dorsal aspect of the vertebral 

border of the scapula and medial part of the meso-scapular spine (Fig.  6.1). As noted by 

Wilson (1894), “the fibres of the muscle have a somewhat complicated arrangement” in 

N. typhlops, unlike those of any other marsupial. The same arrangement was observed 

in N. caurinus in this study. The most superficial anterior fibres lie in an almost 

completely longitudinal direction, passing posteriorly to the outer surface of the 

vertebral border of the scapula. The deeper fibres from the occipital region of the skull 

also pass longitudinally, but have a more extensive insertion along the lip of the meso-

scapular spine. Contraction of these longitudinal fibres would induce a large anterior 

force on the medial (vertebral) part of the scapula. Such fibres are likely to act at the 
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beginning of the anterior rotation of the scapula, given their long length and orientation. 

The intermediate fibres incline slightly from the mid-dorsal line to the scapula and 

would presumably function slightly later during scapular rotation. The most posterior 

fibres lie in the transverse plane and pass directly from the mid-dorsal line to the 

vertebral border of the scapula, and would exert a large medial force on the vertebral 

border of the scapula. The complex arrangement of the muscle fibres of the rhomboid 

provides a large rotational force, over a greater range of movement than normal. The 

scapula in Notoryctes may rotate through a wider range than occurs in more typical 

quadrupeds. While only developed as a single sheet, the rhomboid muscle of Notoryctes 

is relatively thick compared to that of other marsupials (personal observations), and this 

also suggests an increase in the potential power of the muscle.  

 

The m. levator scapulae, while not completely separate from the m. serratus anterior, 

would also function during the anterior rotation of the scapula. Passing posteriorly from 

the anterior cervical vertebra to the anterior vertebral border of the scapula, the muscle 

fibres are appropriately orientated to rotate the scapula anteriorly. The effect of this 

muscle would be much less than that of the rhomboid, but in combination with that 

large muscle mass it would spread the muscular force over a greater area of the scapula. 

Taylor (1974) noted that the levator scapulae (insertion to the scapula) is larger in 

terrestrial trotting forms than in arboreal climbing and walking forms of African 

viverrids. He suggests that this reflects a greater rotational movement of the scapula in 

walking and trotting (Taylor 1974). However, the levator scapulae will produce more 

effective scapular rotation when the limb is travelling in a parasaggital plane (adducted 

position), rather than in an abducted posture, and this may explain the tendency among 

fossorial groups to reduce this muscle. 

 

The mm. omotrachlien of mammals are derived from the rhomboid and also contribute 

to rotation of the scapula during retraction of the limb. The two omotrachelien muscles 

typically pass from the anterior cervical and occipital regions to the meso-scapular 

spine. These muscles are absent in the marsupial moles. Wilson (1894 p. 11) noted the 

absence of the omotrachelien (“acromio-trachelien”) which led him to suggest, in 

conjunction with consideration of the extensive insertion of the rhomboid to the meso-

scapular spine, that the omotrachelien muscles had been “absorbed by the rhomboideus, 

or, rather, has not been segmented off from it”. It is more likely that the absence of the 

omotrachelien results from its lack of differentiation from the rhomoboid, rather than by 
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later fusion of the two muscle groups.  Thorington (1997) noted that the omotrachelien 

are also lost in burrowing squirrels and he suggests that the omotrachelien “may be in a 

poor position to effect [the rotation of the scapula] when the arms are held laterally”. In 

this position, the scapula is already rotated a long distance posteriorly before the 

commencement of the powerstroke of digging. Accordingly, muscles attached along the 

lateral half of the meso-scapular spine are less likely to effect anterior rotation of the 

medial half of the scapula (Thorington 1997). A similar case can be made for 

Notoryctes, with the suggestion that the forelimbs are held in a more lateral, abducted 

position during burrowing locomotion. The levator scapulae muscle is better situated to 

accomplish subsequent anterior scapular rotation given its more medial placement and 

orientation to the vertebral border of the scapula. 

            
Figure 6.1 – Simplified representation of the skeleton and muscles of the head-and-pectoral 
girdle system (from CT scan reconstructions), A dorsal and B ventral views.  
 
LD-DE, latissimus dorsi-dorso-epitrochlearis complex; p. maj, M. pectoralis major 
(superficialis); p. min, M. pectoralis minor; rhom, M. rhomboid; st. mast, M. sternomastoid; 
subclav, M. subclavius; t. maj, M. teres major; trap, M. trapezius anterior portions; sp. Trap, M. 
trapzius scapulo-spinal portion.  

A B 



 155

From the large and complex morphology of the marsupial mole’s rhomboid muscle it is 

apparent that it plays an important role in the anterior rotation of the scapula during 

burrowing activity. The “loss” of the omotrachelien and the possible supplementary role 

of the levator scapulae in the anterior rotation of the scapula point to some unusual 

specialisations in these marsupials, chiefly involving a splayed gait. Compared with 

other marsupials, it is likely that anterior rotation of the scapula is much more important 

and extreme in the marsupial moles, perhaps as a response to the mechanical demands 

of burrowing. 

 

Posterior rotation of scapula  

The antagonistic movement to anterior rotation of the scapula is posterior rotation of the 

scapula, in which the vertebral border of the scapula is drawn medio-caudally and the 

acromial end of the scapula is moved latero-cranially. This action occurs during the 

recovery stroke of the locomotory cycle, during which the arm is extended forwards. 

The unique morphology of the trapezius, particularly the spinotrapezius in Notoryctes, 

and changes in the role of the serratus anterior, are specialisations for the posterior 

rotation of a highly mobile scapula.  

 

The fibres of the m. acromiotrapezius pass transversely from the mid-dorsal line to the 

acromion. While the muscle is very thin, contraction of this muscle would tend to rotate 

the acromion antero-medially. At the other end of the scapula, the m. spinotrapezius 

passes obliquely forward from the mid-dorsal line to the meso-scapular spine (Fig. 6.1). 

The arrangement of this muscle in Notoryctes is quite different from the general form in 

marsupials. In the typical arrangement, the trapezius muscle group has a continuous 

origin along the mid-dorsal line. In the marsupial moles the thin strap-like 

spinotrapezius has a distinct and separate origin from the 7th – 9th dorsal spines in the 

posterior thoracic region. This muscle portion inserts along nearly the whole length of 

the scapular spine; this arrangement greatly improves its mechanical advantage with the 

insertion sub-parallel to the line of action of the muscle. The spinotrapezius has two 

functions. Firstly, when the scapula has been rotated anteriorly, the spinotrapezius 

would act with the acromiotrapezius to counter-rotate the scapula posteriorly. Secondly, 

when the scapula has been posteriorly rotated, further contraction of the spinotrapezius 

would pull the scapula posteriorly and brace it from any anterior movement, i.e. not 

rotation per se but anterior-posterior movement. This unique morphology of the 
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trapezius muscle group in the marsupial moles again points to a highly specialised 

function for the scapula during burrowing in these animals.  

 

The m. serratus anterior may also rotate the scapula posteriorly in the marsupial moles. 

Usually the serratus anterior functions to support the thorax between the two scapulae, 

acting as a sling for the body, which is suspended above the ground between the 

forelimbs. In the marsupial moles, much of this function has become redundant as the 

body is no longer suspended off the ground. Indeed, the architecture of the limbs 

renders them unable to elevate the body which is supported by the substrate even when 

the marsupial moles are on the surface of the soil. Loss of the typical body suspensory 

role of the serratus anterior is apparent in the reduced size of the muscle and extent of 

its muscular attachments. The remaining functions of the serratus anterior are to draw 

the scapula towards the body and to rotate the scapula posteriorly (given its insertion to 

the underside of the vertebral border of the scapula). These functions would be 

important during the recovery stroke of the marsupial mole forelimb. 

 

Mobility of the pectoral girdle 

 
In mammals, the primitive structural arrangement for the maintenance of shoulder 

(gleno-humeral articulation) position is provided by the clavicle. Jenkins (1974) 

surgically removed the clavicles of laboratory rats to demonstrate that the clavicle acted 

both as a spoke, to maintain a fixed distance between the acromion and manubrium, and 

as a strut, under compressive forces to maintain the lateral position of the shoulder. 

Removal of the clavicle resulted in a medial collapse of the shoulder during normal 

locomotion by the clavectomised rats. This collapse was attributed to the actions of the 

latissimus dorsi and pectoral muscles, which propel the body forward through the 

forelimb, but which also generate a substantial medial transverse force that is usually 

opposed by the clavicle. Thus the clavicle functions during quadrupedal locomotion to 

maintain the lateral position of the shoulder by resisting compressive forces acting on 

the shoulder joint. The clavicle of Notoryctes is very thin and only partly ossified, being 

tendinous for its medial third including the attachment to the manubrium sterni. The 

clavicle of marsupial moles is clearly not required to resist compressive stresses in the 

same way that it does in most mammals. 
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Loss of the clavicle has occurred in a number of mammals, including some other 

marsupials (bandicoots and Thylacinus). This aclaviculate condition is generally 

believed to facilitate longer strides, but with the limitation that it restricts movements of 

the forelimb to the sagittal plane. The typical aclaviculate mammal thus tends to be 

strictly cursorial, with no manual dexterity. The marsupial moles clearly do not fit this 

profile and reduction of the clavicle in this group demands another explanation. 

 

Although the clavicle of marsupial moles is poorly structured to resist compressive 

forces, it is well suited for dealing with tensile stresses while also allowing significant 

migration of the shoulder region during locomotion. One of the principle roles of the 

clavicle of the marsupial moles may be to prevent hyperextension of the shoulder. If this 

is the case, then the clavicle of Notoryctes is uniquely specialised among the Mammalia 

for such a function. A secondary and related hypothesis is that increased mobility of the 

position of the shoulder joint is not detrimental to, indeed may even be important to, 

locomotion and digging capability of marsupial moles. In particular, a highly mobile 

shoulder region would allow greater reach of the limb.  

 

Reduction of the clavicle seen in Notoryctes is highly atypical among fossorial 

mammals, the majority of which show the opposite tendency, i.e. the pectoral girdle is 

in general highly strengthened. The clavicle of talpine moles in particular is very robust 

and restricts shoulder mobility (Reed 1951, 1958; Yalden 1966). However, in 

Erimitalpa, the clavicle is long and very slender, and the muscles of the pectoral girdle 

are strongly developed. Although these features suggest a mobile but strong shoulder, as 

postulated here for Notoryctes, no previous workers have commented to that effect in 

regard to Erimitalpa.  

 

The unusually well-developed meso-scapular segment of Notoryctes is noteworthy. This 

element is found in many mammals, but is typically a small cartilaginous structure.  

Sometimes the meso-scapular segment is incorporated into the clavicle itself and 

ossified to form the head of that bone. Where it is separately ossified, as in species of 

Bathyergus, Crocidura, Chrysochloris and Sorex, the meso-scapular segment is usually 

a small, sesamoid bone. Interestingly, all of these taxa are at least semi-fossorial. 

Among marsupials, the meso-scapular segment is often present, but it is usually very 

small and rarely ossified (Parker, 1868).  
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The specialised form of the meso-scapular segment in Notoryctes is probably also 

instrumental in allowing a high degree of mobility of the shoulder region yet 

simultaneously preventing hyperextension of the shoulder. The m. subclavius is 

particularly large and well developed in marsupial moles. Arising from the manubrium 

of the sternum, it passes deep to the clavicle and then runs parallel to that bone. It 

inserts to the lateral end of the clavicle and along the entire medial surface of the meso-

scapular segment. The strong development of the meso-scapular segment is thus likely 

to reflect enlargement of the subclavius muscle. Contraction of the subclavius pulls the 

shoulder joint ventro-medially, thus bracing the gleno-humeral joint against 

hyperextension. It is also possible that the subclavius pulls the entire shoulder region 

medially if required.  

 

The partial ossification of the clavicle similarly may reflect the need for limited muscle 

attachment to that bone. The m. cleido-deltoid arises from the lateral third of the 

clavicle. The clavicular part of the trapezius, m. cleido-trapezius, also inserts to the mid-

region of the anterior surface of the clavicle, wrapping around the neck from the nuchal 

crest of the skull. As a result of the clavicle being only partially ossified and therefore 

very flexible, contraction of these muscles in isolation would result in large movements 

of the shoulder. For example, contraction of just the cleido-trapezius would draw the 

clavicle and shoulder cranially; contraction of the cleido-deltoid would bend the clavicle 

towards the humerus. Whether such movements occur and are used in marsupial mole 

locomotion is difficult to know without observing the actual mechanics of burrowing, 

but are probably unlikely as the partially ossified clavicle could not really support the 

contraction of just one of the muscles. Alternatively, simultaneous contraction of these 

muscles would brace the clavicle and allow protraction of the humerus by muscles 

including the cleido-deltoid (Fig. 6.2). 

 

The two muscular spinati also stabilise the shoulder joint. As tendinisation generally 

strengthens muscles by reducing their flexibility, the highly tendinous nature of these 

muscles in the marsupial moles, particularly the m. infraspinatus, would suggest that the 

shoulder joint is subjected to large mechanical stresses during locomotion. A mode of 

subterranean locomotion, which involves propulsion of the body not along but through 

the substrate, would place great stress on the shoulder joint. The spinati muscles of the 

marsupial moles are clearly specialised to protect the shoulder joint from dislocation 

during fossorial locomotion. 
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The shoulder joint of the marsupial moles shows clear specialisations to counter stresses 

during burrowing locomotion. Muscles that prevent hyperextension and dislocation of 

the shoulder joint are well developed and morphologically specialised to maintain the 

integrity of the shoulder joint. However, the form of the clavicle and subclavian muscle 

would also suggest that the position of the shoulder joint is highly mobile during the 

locomotory sequence. In a situation where the length of the limbs is so highly 

constrained for mechanical advantage, a highly mobile but also muscular shoulder 

would potentially improve reach without sacrificing the strength of the forelimb. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 6.2 – Schematic representations of the clavicular region of the marsupial mole, N. 
caurinus.  
 
Muscles represented are the M. cleido-trapezius passing from nuchal crest to the clavicle; the M. 
cleido-deltoid passing from the clavicle to the humerus; and M. subclavian passing deep to the 
clavicle from the manubrium sterni to the meso-scapular segment. 
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Movements about the shoulder joint 

 

Extension of shoulder  

The protraction of the humerus involves the actions of the m. spinodeltoid, the m. 

supraspinatus and the cephalohumeral muscle. Contraction of these muscles extends the 

shoulder so that the humerus lies with its distal end (and thus the forearm) pointing in a 

cranial direction (Fig. 6.2). The protraction of the humerus is a complex movement that 

would occur in conjunction with the posterior rotation of the scapula and anterior 

movement of the shoulder joint.  

 

The m. deltoideus has a bipartite arrangement in the marsupial moles. The clavicular 

part has been mentioned already in relation to the mobility of the shoulder region and 

the clavicle. The second part includes both the acromial and scapular spinal portions, 

which are continuous in the marsupial moles.  This combined portion is herein termed 

the spino-deltoid. Insertion of the deltoids onto the large, relatively distally placed 

deltoid tuberosity serves to increase the mechanical advantage. Simplistically, 

protraction of the humerus is a third class lever system (see Chapter 2 - basic lever 

mechanics). The distal shift of the deltoid insertion increases the distance between the 

effort and the fulcrum, and thus improves the mechanical advantage. Lateral expansion 

of the deltoid tuberosity also shifts the insertion laterally. This improves the angle of the 

in-lever, particularly after the arm has been raised and the muscle is under tension. 

 

The cephalohumeral muscle of Notoryctes is formed from the fusion of parts of the 

trapezius and deltoid. A portion of the anterior trapezius passes over the clavicle to 

insert onto the deltoid ridge. This is closely associated with the clavicular deltoid. The 

part of the trapezius that inserts onto the deltoid process in some marsupials is the 

‘deltoidean trapezius’ or the ‘marsupial deltoid’ (Shrivistava 1962). Formation of a 

cephalohumeral muscle is common in aclaviculate eutherian mammals (Shrivastava 

1962). The insertion of the cephalohumeral muscle to the deltoid process reflects the 

function of this muscle to protract the humerus in conjunction with the spinodeltoid. 

 

Shoulder flexion, humeral retraction  

Flexion of the shoulder results from the retraction of the humerus towards the axillary 

border of the scapula. In most modes of locomotion the retraction of the humerus is an 
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important action during the propulsive phase of the forelimbs. The main muscular 

instigators of this action are the m. teres major and m. latissimus dorsi (Figs. 5.5, 6.1, 

6.3). 

 

The form of the m. latissimus dorsi represents one of the most specialised features of 

the muscular system of the marsupial moles. In Notoryctes, the latissimus dorsi arises 

from the fourth to tenth dorsal spines and extend to insert into the deep extensor fascia 

of the elbow joint. This is a unique arrangement of this muscle not only among the 

marsupials, but among mammals in general. The unusual morphology of this muscle 

has occurred as a result of the latissimus dorsi losing its usual humeral insertion and 

becoming completely continuous with the dorso-epitrochlearis. There is no connection 

of this muscle to the humerus in Notoryctes.  

 

The dorso-epitrochlearis muscle is derived (embryologically and evolutionarily) from 

the latissimus dorsi. Furthermore, the muscular dorso-epitrochlearis in mammals (where 

present) generally arises (anatomically) from the ‘fleshy’ fibres of the mid-region of the 

latissimus dorsi muscle. The latissimus dorsi is an old muscle that is found in reptiles as 

well as in mammals. Commonly in fossorial mammals the latissimus dorsi is tightly 

bound to the teres major muscle, thereby providing a more stable base for the dorso-

epitrochlearis. Instead of arising from the latissimus dorsi, the dorso-epitrochlearis and 

the latissimus dorsi of the marsupial moles are combined to form one muscle that acts as 

both a flexor of the shoulder and an extensor of the elbow. This combined muscle is 

here termed the latissimus dorsi-dorso-epitrochlearis complex (LD-DE). This unique 

muscular adaptation in the marsupial moles clearly serves to increase the potential 

muscular force acting to retract the forelimb as well as extend the elbow.  

 

Functionally, the latissimus dorsi typically retracts the forelimb of mammals by pulling 

the humerus dorsally. This decreases the angle between the humerus and the axillary 

border of the scapula (flexing the shoulder). In generalised mammals, the latissimus 

dorsi passes from the mid-dorsal line and the posterior thoracic region to insert on the 

postero-medial aspect of the neck of the humerus. In fossorial mammals the insertion of 

the latissimus dorsi commonly migrates distally to approximately one third of the 

distance along the shaft of the humerus. The humeral insertion of the latissimus dorsi is 

an example of a third class lever system. In third class levers, the load and the force act 

on the same side of the fulcrum. A more distal insertion places the force closer to where 
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the load is acting and thus improves the mechanical advantage of the lever. However, a 

more distal insertion would compromise speed for strength. 

 

In marsupial moles this distal migration of the humeral insertion is so extreme that 

insertion is not to the humerus at all, but to the fascia of the elbow region. This 

arrangement increases the potential force generated to retract the entire forelimb. While 

the arrangement of the LD-DE muscular complex can be interpreted from a functional 

view, it is also possible that the migration of the insertion of the latissimus dorsi was not 

driven purely be functional requirements. As mentioned earlier (Chapter 4) changes to 

muscle attachments only can occur where they will not interfere with existing muscles 

(Davis 1964). Perhaps, in its migration distally to improve the mechanical advantage, 

the latissimus dorsi was blocked from inserting to the distal half of the humerus by the 

enormous mass of the triceps muscle group. The humeral portion of the triceps arises 

from the entire posterior surface of the humerus and may have allowed no room for the 

distally migrating latissimus dorsi to attach. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3 – Schematic representation of the latissimus dorsi-dorso-eptrochlearis complex in the 
marsupial mole, Notoryctes A The generalised pattern of the latissimus dorsi and dorso-
epitrochlearis muscles and the action of the M. latissimus dorsi. retracting the limb during 
terrestrial locomotion in marsupials; B the modified form and action of the latissimus dorsi-
dorso-epitrochlearis complex, retracting and extending the limb in the marsupial mole. 
 
LD-DP, latissimus dorsi-dorso-eptrochlearis muscle complex; Lat. Dorsi, M.  latissimus dorsi; 
Dorsoep., M. dorso-epitrochlearis.  
 

A B 

Lat. Dorsi. 

Dorsoep. LD-DE 
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Insertion of the muscular LD-DE complex to the elbow has the additional effect of 

simultaneously extending the elbow. This reflects the primitive action of the dorso-

epitrochlearis, which functions with the triceps to aid elbow extension. When 

considering the burrowing locomotion of the marsupial mole the functional significance 

of the LD-DE complex becomes apparent. Contraction of the latissimus dorsi in its 

usual form (with humeral insertion) acts to retract the humerus. During such a 

movement, the resistance of the soil would tend to act against the forearm, resulting in 

flexion at the elbow joint. This is usually countered by contraction of the triceps and 

dorso-epitrochlearis. In the marsupial mole contraction of the muscular LD-DE complex 

retracts the entire pectoral limb and maintains the extension of the elbow at the same 

time. This is a unique morphological solution to this functional problem in the fossorial 

marsupial moles. 

 

Humeral abduction  

Abduction of the humerus is the raising of the humerus laterally from the body. The 

abduction of the humerus is brought about largely by the two muscular spinati (more so 

the supra-spinatus than the infraspinatus) and by the spino-deltoids. These muscles also 

act to protract the humerus (extend the shoulder joint) so it is likely that the abduction 

of the humerus may occur concurrently with extension of the arm. Thus, abduction of 

the humerus would usually occur during the extension/recovery stroke of the forelimb. 

 

The m. supraspinatus passes from the supraspinous fossa of the dorsal surface of the 

scapula, under the acromion and onto the greater tuberosity of the humerus. The 

infraspinatus also inserts to the greater tuberosity. The size of the greater tuberosity is 

indicative of the importance of the action of these muscles to extend and abduct the 

humerus – a vertically enlarged greater tuberosity provides greater leverage (Taylor 

1974).   

 

The scapulo-spinal portion of the m. deltoideus is of moderate size. However, the more 

distal position of the deltoid process on the humerus improves the mechanical 

advantage of this system somewhat. Taylor (1974) notes that elongation of the acromial 

process improves the mechanical advantage of the acromio-deltoid for the abduction of 

the humerus. Given that the spino-deltoid of Notoryctes is formed by the fusion of the 

acromial and scapulo-spinal portions, the elongate acromion of the marsupial moles also 
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improves the mechanical advantage of this portion of the deltoids for the abduction of 

the humerus during extension. 

 

It is clear from the musculature and associated osteological changes that at least some 

amount of abduction of the humerus occurs during extension of the forelimb into the 

soil prior to the propulsive, digging stroke. 

 

Humeral adduction 

Adduction of the humerus occurs during the power stroke and is facilitated by the 

pectoral muscles, subscapularis, teres major, and usually by also the latissimus dorsi 

(Fig. 6.1). Strong adduction of the forelimb during the power stroke of digging is clearly 

important to the marsupial mole. Adduction of the limb during this stage of the 

locomotor system is important in cursorial animals for resisting the laterally orientated 

forces acting against the limb from the substrate. In arboreal mammals, the adduction of 

the limbs draws them tighter against the tree branches. In fossorial mammals the 

adduction of the limb during the power stroke prevents a loss of mechanical advantage 

by keeping the limbs in a parasagittal plane. 

 

The pectoral muscles are enormously developed and function almost exclusively to 

adduct the forelimb and rotate the humerus medially. The development of the pectoral 

muscles is also reflected in the bony attachments of this muscle group. The origin of the 

pectoralis major on the manubrium of the sternum has seen the transformation of this 

bone from a relatively small, flat, thin bone to a large, robust, highly textured structure. 

The mid-ventral ridge has been augmented into a thick, keel-like protrusion from which 

the anterior portion of the pectoralis major arises. The ventral expansion of the 

manubrium accommodates the increased thickness of the muscle without altering the 

fibre length or orientation. The bony plate of the manubrium is substantially longer than 

the norm, and supports broadened, wing-like expansions. Almost the entire surface area 

is covered by the origin of the pectoralis major, which also extends posteriorly along the 

length of the sternum. From the manubrium, the pectoralis major extends laterally to the 

mid-region of the humerus, where it inserts to the greatly developed pectoral ridge. It is 

obvious that contraction of this muscle would result in adduction of the limb, whether it 

is extended forward near the head, or more posteriorly, near the thorax. The orientation 

of the pectoral ridge may serve to improve the mechanical advantage of this muscle 

even further. The pectoralis minor also acts to adduct the humerus, but from a slightly 
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different angle. Passing from the first to fifth ribs (costal cartilages) the pectoralis minor 

inserts to the greater tuberosity, thus acting to adduct the humerus from a more proximal 

direction. Acting together, the pectoralis major and minor would produce enormous 

force acting over a large proportion of the humerus to adduct the entire limb.    

 

The m. subscapularis also adducts the forelimb. This muscle extends from the 

subscapular fossa (ventral surface) of the scapula across the front of the shoulder joint to 

insert on the lesser (anterior) tuberosity of the humerus. Contraction of this muscle 

would pull the lesser tuberosity medially towards the subscapular region, hence causing 

adduction of the humerus, irrespective of the position of the humerus. The subscapular 

muscle is powerfully developed and possesses many tendinous sheets that fan out into 

the fleshy fibres covering the entire subscapular area. The strong development of the 

muscle is also reflected in the form of the scapula, in particular the anterior and 

posterior corners of the vertebral border which are calcified into curved, hook-like 

processes. Strong muscle fibres and tendons arise from these processes. The lesser 

tuberosity of the humerus is enlarged and the site of insertion of the subscapularis is 

roughened, indicating the stress that this muscle places on the respective bones. The 

insertion of this muscle is particularly strong and tendinous. 

 

The latissimus dorsi usually is also involved in adduction of the humerus. However, as 

previously discussed the latissimus dorsi is functionally absent in Notoryctes.  

 

The teres major usually functions to retract the humerus from an extended position. 

However, after abduction of the limb, with the humerus in a more laterally extended 

posture, contraction of the teres major would certainly adduct the limb somewhat. The 

strong development of the pectoralis and subscapularis muscles suggest that powerful 

adduction of the humerus is important during burrowing locomotion by marsupial 

moles. This undoubtedly reflects the increased resistance of the soil to movement of the 

limb during the power stroke. 

 

Humeral rotation   

Rotation of the humerus around its long axis occurs both in the lateral direction and the 

medial direction. Muscles that tend to abduct the humerus also tend to rotate the 

humerus laterally around its long axis. Similarly, muscles that adduct the humerus also 

tend to rotate the humerus medially. Muscles that medially rotate the humerus include 
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the pectoralis and subscapularis muscles, as well as the teres major. Lateral rotation of 

the humerus is accomplished by the muscular spinati and deltoids. 

 

Movements about the elbow joint 

Elbow extension  

Extension of the forearm via the elbow is one of the major actions during the power 

stroke of digging. The muscles responsible for the extension of the elbow in Notoryctes 

are the triceps and also the latissimus dorsi-dorso-epitrochlearis complex. The elbow 

extensor musculature and associated bony structures of marsupial moles are enormously 

developed. The m. triceps represents approximately 47 % of the total appendicular 

muscle mass of the forelimb (including shoulder, elbow and forearm muscles). This is a 

substantial increase from the average value of 15 % in more generalised marsupials 

(Trichosurus 16.2 %, Dasyurus 17.4 %, Isoodon, 10.3 %). This huge increase in bulk 

has required the expansion of the areas of attachment of these muscles. Typically, the m. 

dorso-epitrochlearis also extends the elbow, along with the triceps group. In marsupial 

moles the dorso-epitrochlearis is uniquely developed as already described with respect 

to the latissimus dorsi and retraction of the humerus. However, it also retains its usual 

function of extending the elbow.  

 

The humeral origin of the triceps covers the entire postero-medial surface of the shaft of 

the humerus. The bulk of this muscle is clearly constrained by the size of the humerus, 

as it covers every possible portion of the humeral surface. The humeral portion of the 

triceps is fleshy throughout and has a large area of insertion that covers almost the entire 

length of the olecranon. The scapular portion of the triceps shows a marked departure 

from the typical form. The typical origin along the lateral part of the axillary border has 

been expanded to cover the entire length of that border. The morphology of the scapula 

has been modified to accommodate the muscle by formation of a secondary spine that 

encloses the infraspinous fossa and produces a postscapular fossa along the axillary 

side. The scapula portion of the triceps arises not only from the axillary border but also 

fills the entire postscapular fossa and the posterior side of the secondary spine. The 

large increase in the bulk of the scapular part of the triceps muscle group suggests a 

corresponding major increase in the potential power of that muscle.  

 

The insertion of the triceps to the olecranon is also modified to increase the potential 

power of this muscle group. The olecranon of the marsupial moles is uniquely 
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developed. It is a large, curved structure that represents more than 40% of the length of 

the ulna, a marked increase from the norm. The olecranon serves as the site of insertion 

of the triceps only, and hence the functional significance of its massive increase in 

length is easily inferred. It serves two functions. Firstly it results in a larger surface area 

to accommodate the attachment of the bulk of the triceps. Secondly, and more 

importantly, it improves the mechanical advantage of that muscle, in particular the 

scapular portion of the triceps which inserts more distally on the olecranon than the 

humeral portion. This results from the increased distance between the elbow (fulcrum) 

and the muscular insertion (effort), and also from the shortened muscle fibres.  

 

The m. dorso-epitrochlearis is completely continuous with the latissimus dorsi in 

marsupial moles. While it does play a role in the extension of the elbow, it also 

functions as a major flexor of the shoulder though retraction of the humerus. As 

discussed previously, the incorporation of these two actions in one movement greatly 

improves the extension of the elbow. 

 

It is apparent that strong extension of the elbow is of great importance during burrowing 

locomotion in Notoryctes. From the enormous development of the triceps and the 

unique morphology of the dorso-epitrochlearis, we can infer that very large muscle 

forces are acting on the olecranon to facilitate elbow extension. These developments are 

consistent with the strong resistance acting against these muscles as they act to propel 

the body not along the top of the substrate, but through it. The extra resistance met by 

the elbow extensors from the soil is much greater than the resistance typically met by 

these muscles in cursorial quadrupeds.      

 

Elbow flexion 

Flexion of the elbow joint occurs most commonly during the recovery stroke of 

locomotion when the limb is lifted from the ground and carried forward. This action is 

not weight bearing and does not meet as much resistance as does extension of the 

elbow. The size of the major elbow flexor muscles, m. brachialis and m. biceps brachii, 

is reduced in the marsupial moles. 

 

The m. brachialis in Notoryctes arises from the lateral surface of the proximal part of 

the humerus and passes along the lateral side of the delto-pectoral ridge to insert to the 

coronoid process of the ulna. The single head of the m. biceps brachii arises as a thin 
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tendon from the upper margin of the glenoid and tip of the coronoid process of the 

scapula. The tendon of this fusiform muscle passes over the shoulder and along the 

bicipital groove before expanding into a thick mass of fleshy muscle fibres. The fleshy 

part of the muscle extends distally along the antero-medial side of the humeral shaft to 

insert onto the medial side of the proximal end of the radius. In marsupials the biceps is 

often represented by two muscle bodies, at least at the point of insertion, if not at their 

origin.  

 

The m. extensor carpi radialis may also play a minor role in the flexion of the humerus, 

given its attachments to both the humerus and the antibrachium. However, this is likely 

to be insignificant in comparison to the actions of the biceps and brachialis. 

 

The reduction of the biceps to a single head in marsupial moles is indicative of the 

relative reduction of the functional significance of elbow flexion in these animals. The 

striking disparity between the size and morphology of the elbow flexors in comparison 

with the elbow extensors is consistent with the difference in resistance experienced 

during these two actions.  

 

Movements about the wrist joint 

Extension of wrist and digits  

There are five extensor muscles of the wrist and digits in Notoryctes. The superficial 

layer consists of the m. extensor carpi radialis, m. extensor digitorum communis, and 

the m. extensor carpi ulnaris. The deeper extensors are the m. extensor pollicis and the 

m. extensor digitorum II and III. In more generalised marsupials there are usually 6-8 

extensor muscles present in the forearm. Clearly, some reduction in the functional 

significance of this muscle group has taken place.   

 

The m. extensor carpi radialis is reduced in marsupial moles to insert solely to the third 

metacarpal bone. Commonly, the radial extensor of the wrist is divided into long and 

short portions; however, in marsupial moles only the brevis portion is retained. The m. 

extensor digitorum communis, or common extensor of the digits, typically gives rise to 

four or five tendons, one to each of the digits. In marsupial moles this has been reduced 

to two, inserting to digits II and III only. The m. extensor carpi ulnaris inserts to the 

metacarpal bone of the fifth digit. It is the smallest of the superficial extensors of the 

forearm, no doubt as a result of the rudimentary form of the fifth digit.  



 169

 

In the deeper layer, the m. extensor pollicis, the extensor of the metacarpal of the thumb, 

has its usual attachments. However, it does not appear as large as in other marsupials. 

The m. extensor digitorum II and III extends the second and third digits; unusually, it 

arises relatively superficially, from the base of the olecranon. The longer distance from 

the joints at which this muscle is acting, probably serves to improve the mechanical 

advantage.   

 

Overall, the extensor muscles of the marsupial moles are reduced in number and in size 

both overall, and in the extent of their insertions. The insertions of the remaining 

muscles are clearly related to the highly modified architecture of the manus. The 

enormous development of digits II and III, with enlarged claws for digging, is strikingly 

contrasted with the rudimentary form of digits I, IV and V. This is reflected in the 

extensor musculature, particularly with insertion of the common extensor of the digits 

as well as the deeper digital extensor (extensor indicis and medii digiti proprius) to the 

second (index) and third (medial) digits only.      

 

Flexion of wrist/manus 

The flexors of the wrist and digits of the marsupial moles are quite reduced in number 

when compared to those of the general marsupial form. Only three flexors are present, 

the m. flexor carpi radialis, m. flexor carpi ulnaris and m. flexor digitorum profundis, 

compared with the six forearm flexor muscles of typical marsupials. 

 

The m. flexor carpi radialis is very large in Notoryctes and inserts with a strong tendon 

to metacarpals I and II. The action of this muscle is to flex the carpal (wrist) joint. The 

large, strong m. flexor carpi ulnaris also flexes the wrist. It arises in two portions, one 

from the medial epicondyle, and the other from the olecranon. This arrangement takes 

the usual bipennate morphology of this muscle in marsupials to the extreme. The fibres 

from the olecranon would greatly improve the mechanical advantage of this muscle. 

The m. flexor digitorum profundis takes a wide and segmented origin in the forearm of 

Notoryctes. Two portions arise from the medial epicondyle, one from the underside of 

the olecranon, and another from the shaft of the radius. The portions of the deep flexor 

mass combine to insert onto the large palmar sesamoid bone. The flexor digitor muscle, 

as its name suggests, normally inserts to the digits, functioning as a flexor of the digits 
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rather than just the wrist. The digital insertion in Notoryctes is lacking, indicating that 

the muscle is specialised for strong flexion of the wrist.   

 

While reduced in number, the flexor muscle mass of the forearm has roughly three 

times the volume of the extensor musculature. From this large difference, one may infer 

that the flexor muscles are subject to a much greater resistance than the extensors, 

presumably during the propulsive phase of locomotion when the forearm is being drawn 

through the substrate. 

 

Rotation of the forearm and manus 

Rotation through the long axis of the forearm may be in an outward direction in which 

the palm of the manus becomes lateral (pronation) or an inward direction resulting in 

the palm facing medially (supination). 

 

The muscles typically involved in pronation of the forearm are the m. pronator teres 

and m. pronator quadratus. The pronator teres makes up about 4.7 % of the total 

forearm musculature, while the pronator quadratus is represented only by a thin 

tendinous sheet. Clearly, very little pronation of the wrist is possible. Relative to other 

marsupials, with more dexterous hands for grasping and such, the size of the pronator 

musculature of the marsupial mole is small (Trichosurus 8.6 %; Dasyurus 8 %); 

however, it is equal to that of the bandicoot Isoodon (4.7 %; see Appendix 2). 

 

Supination of the forearm is normally achieved mainly by the m. supinator brevis, with 

small input from the brachioradialis and biceps muscles. The supinator muscle of 

Notoryctes has the typical attachments, from the lateral condyle of the humerus to the 

lateral surface of the radius. This muscle makes up less than 1% of the total muscle 

mass of the forearm in N. typhlops and just over 1% in N. caurinus. The brachioradialis 

is absent in Notoryctes. Again, relative to the other marsupials measured, relative mass 

of the supinator of the marsupial mole is very small, but closest to that of the bandicoot 

(Trichosurus 6.3 %; Dasyurus 3.9 %; Isoodon 2.6 %; Appendix 2). 

   

Movements of the pectoral limb - Summary  

There is a striking disparity in the development of antagonistic muscle groups within the 

pectoral limb of Notoryctes. Muscle groups that are active during the propulsive stroke 

are enormously developed in comparison to the muscle groups that are active during the 
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recovery stroke. This result is not unexpected, given the large resistance to movement 

experienced on the pectoral limb during the propulsion through the substrate. In 

comparison, the muscles acting during the recovery stroke would be met by more 

modest resistance, moving into already excavated soil under the body of the marsupial 

mole.  

 

It is possible to summarise the probable movements of the pectoral limb during the two 

basic phases of locomotion in Notoryctes. During the propulsive stroke, probably 

movements of the limb include the anterior rotation of the scapula, retraction of the limb 

by flexion of the shoulder, extension of the elbow and flexion of the carpus. Protraction 

of the limb during the recovery stroke, the likely movements include the posterior 

rotation of the scapula, extension of the shoulder, flexion of the elbow and extension of 

the carpus (Fig. 6.1). 

 

Movements of the Pelvic Limb 

In terrestrial vertebrates, it is typically the hind limbs, via the pelvic girdle, that provide 

the main propulsive force for locomotion. In subterranean mammals the pelvic limb is 

typically less specialised compared with the extensive adaptations of the pectoral limb. 

In marsupial moles, the pelvic girdle and limb show extensive modifications, to an 

extent matched by few, if any other burrowing mammals. In Notoryctes the hindlimbs 

perform three functions. Firstly, when travelling on the substrate surface, the hindlimbs 

function as normal to produce the propulsive force for walking. Secondly, during 

digging with the forelimb, the hindlimbs presumably brace the body against the 

resistance of the soil, and may also force the weight of the body against the digging 

claws for more efficient digging. And thirdly, the hindlimbs are responsible for moving 

the soil, excavated by the forelimbs, out from under the body. 

 

Small burrowing mammals must force their body weight against their digging claws in 

order to prevent digging motions from merely pushing the body away from the soil 

(Hildebrand 1988). Humeral-rotation diggers (i.e. talpid moles) brace themselves 

against one side of their burrow with one forepaw, while digging with the other. This is 

made possible by their laterally positioned and orientated forelimbs. Many other 

burrowers (e.g. armadillos, golden moles and pocket gophers) brace themselves with 

their hind legs. As summarised by Hildebrand (1988), changes to the pelvic girdle of 

mammals in response to the use of the hindlimbs for bracing include a more horizontal 
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alignment of the innominate bones (in line with the forward thrust), a relatively dorsal 

position of the hip joint to almost level with the spine, and strong connections between 

the innominate bones with an often increased length of the sacral vertebrae. All of these 

modifications enable the more efficient transfer of the forward thrust from the hind 

limbs to the work being done by the anterior digging tools. If such modifications do not 

occur, much of the force generated would be lost though unwanted movement around 

the pelvis and spine.  

 

The suite of modifications of the sacrum and pelvis of Notoryctes basically conform to 

the generalisations of Hildebrand (1988). However, the degree of specialisation in the 

marsupial moles (as described in Chapter 4) probably exceeds that seen in any other 

group of mammals. In keeping with the extreme modification of the bony pelvic girdle, 

the muscular system around the pelvis and upper part of the thigh has also undergone a 

number of changes.    

 

Mobility of pelvic girdle 

Movements of the pelvic girdle in the marsupial mole are completely restricted by the 

extensive ankylosis of the bony components of the pelvis with the sacral vertebrae. This 

represents an extreme contrast with the highly mobile pectoral girdle. 

 

The restriction of mobility of the pelvic girdle ensures that the force generated by the 

hind limbs, to push the animal forward and brace against the posterior forces generated 

by the soil against the digging claws, is passed as efficiently as possible through the 

body. By minimising unwanted movements around the connection of the pelvis to the 

spine, the loss of forward directed force from the hind limbs is also minimised. The 

form of the sacrum in the marsupial moles represents the most extreme specialisation of 

its kind in the Mammalia (see Chapter 4 for comparison with burrowing eutherians). 

 

Movements about the hip joint 

Flexion of the hip  

Flexion of the hip joint, or protraction of the femur, is the forward movement of the 

femur in the sagittal plane, so that the knee moves anteriorly. During locomotion this 

action is non-weight-bearing, occurring during the recovery phase when the leg is lifted 

from the ground and carried forward under the body. Muscles that contribute to this 
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movement include the iliacus and psoas major, as well as muscles of the quadriceps 

group. 

 

The large m. iliacus arises from the entire medial surface of the ilium and inserts to the 

lesser trochanter of the femur. Its sole purpose is to protract the femur. Since its 

insertion is proximal to the load that the muscle is acting to move, this muscle and its 

interaction with the femur can be described as a third class lever system. As such, its 

function is to move the distal end of the femur a large distance for a relatively small 

contraction of the muscle. However, such a system has little strength and it can be 

assumed that protraction of the femur is not met by significant resistance. Presumably 

the femur of the burrowing mole is moving into space, or at least soft soil, under the 

body as the animal moves within the substrate.  

 

The m. psoas major inserts to the lesser trochanter along with the iliacus. Arising from 

the lateral surface of the centra of the last thoracic and four lumbar vertebrae, the 

direction of the muscle fibres is exactly in line with the direction of the action they 

affect. Thus they exert a strong forward pull on the femur. 

 

The m. rectus femoris and m. sartorius of the quadriceps group of muscles arise from 

the pelvis and insert to the proximal end of the tibia (Fig. 6.4). While their main 

function is the extension of the knee joint, this action can only be accomplished when 

the forward movement of the femur is opposed. When the femur is not held in place, the 

contraction of the superficial quadriceps acts to protract the femur somewhat.        

 

No great specialisation of the protractor muscles of the femur has occurred in the 

marsupial moles. There are a number of possible functional reasons for this. Firstly the 

protraction of the limb takes place during the recovery phase, rather than the propulsive 

phase. Thus, protraction of the femur does not generate any force to propel the mole 

against the resistance of the soil. Secondly, while there will obviously be some soil 

resistance to the protraction of the femur, the soil under the belly of the animal, the site 

into which the legs will be protracted, is likely to have been loosened by the action of 

the forelimbs and body during the previous propulsive stroke. Thirdly, the limbs of the 

marsupial mole are very short and, to some extent, are more enclosed within the skin of 

the body than normal. This may reduce the external resistance to the forward movement 

of the femur.  
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Figure 6.4 – Simplified representation of the skeleton and muscles of the pelvis-and-thigh 
system (from CT scan reconstructions), A dorsal and B ventral views. 
 
Muscles: add, Mm. adductors; bic, M. biceps femoris; glut, gluteal muscle group; grac, M. 
gracilis; ham, hamstring muscle group; r.fem, M. rectus femoris; sart, M. sartorius. 
 

 

Extension of the hip 

Extension of the hip joint, or retraction of the femur, is the movement in which the long 

axis of the femur moves caudally from an anterior, or cranial, position. In most forms of 

locomotion this movement generates most of the forward propulsion of the animal, with 

the hind foot placed on the ground. In the burrowing marsupial moles this action forces 

the body forward against the digging tools and braces the body against any posterior 

A B 
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movement. The gluteal muscles are mostly responsible for this movement, but the 

hamstring muscles (semitendinosus, semimembranosus, femorococcygeus and biceps) 

and the caudo-femoralis also help to extend the hip joint at various points in the 

locomotor cycle.  

 

The m. gluteus maximus arises as a fan-shaped muscle from the anterior two-thirds of 

the lateral, bony ridge of the pelvis (formed from the fusion of the sacral transverse 

processes) and inserts with a short tendon to the antero-lateral surface of the greater 

trochanter of the femur (Figs. 5.10, 5.11, 6.4). When the femur is protracted (in anterior 

position), the line of action of the gluteus maximus is approximately 90 degrees to the 

long axis of the femur. Thus it is perfectly placed to produce a strong rotation 

(retraction) of the femur around the head of that bone (fulcrum). The m. gluteus medius 

(combined with the gluteus minimus and probably also the piriformis) is represented by 

a large muscle mass arising from the broad hollow formed between the ilium and the 

fused metapophyses of the sacral vertebrae. A short tendon provides the insertion to the 

apex of the greater trochanter. The fusion of the gluteus profundis and piriformis with 

the gluteus medius is a reflection of the high degree of fusion of the bony parts of the 

pelvis.  

 

The hamstring muscle group also contributes to retraction of the femur. The m. 

presemimembranosus, m. semimembranosus, m. semitendinosus, and m. biceps femoris 

all pass in a similar direction, from the ischium to the inner surface of the knee and 

proximal end of the tibia. All would act to extend the hip joint. The m. 

presemimembranosus passes from the ischium to the inner condyle of the femur. While 

its main role is during abduction of the thigh, contraction in isolation would also draw 

the femur posteriorly from a protracted position. The m. semimembranosus extends 

from the margin of the ischium, between the gracilis and the semitendinosus, to the 

medial prominence of the proximal end of the tibia. Its main function is in retraction of 

the femur/extension of the hip. The m. semitendinosus arises from the lower part of the 

ascending ramus of the ischium and extends to insert to the medial side of the proximal 

shaft of the tibia. As such, it is an extensor of the hip and flexor of the knee.      

 

The m. biceps femoris takes its single origin from the tuberosity of the ischium, along 

with the semitendinosus, and inserts to the lateral side of the patella and the tubercle of 

the tibia. It functions to both extend the hip and abduct the thigh. The insertion onto the 
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patella is unusual among marsupials and mammals in general, as is the lack of any 

connection to the femur. In general the biceps of marsupials (e.g. Didelphis, 

Trichosurus) has a much broader insertion to the outside of the tibia.  The reduced 

insertion of the biceps to the knee region in the marsupial moles suggests that the 

function of this muscle has changed with the shift from a weight bearing, propulsive 

role of the hindlimb, to an abducted, bracing or soil shifting role.  

 

The m. femorococcygeus arises from the ischial tuberosity, deep to the biceps, and 

inserts to the lateral side of the patella. While the homology and nomenclature of this 

muscle is in doubt, the action is not. With its given alignment, contraction of the muscle 

femorococcygeus would retract the femur from an anterior position, and probably also 

abduct the femur to some extent. As the femorococcygeus lies in the same direction, but 

deep to the biceps, it is likely that these two muscles act together to retract the femur. 

 

A great number of muscles contribute to the action of the femoral retraction/hip 

extension. In addition a number of these are specialised in size or arrangement to 

improve the mechanical advantage of this action. For example, the gluteal muscles act 

in a first class lever system (effort on opposite side of fulcrum to load). The 

enlargement/elongation of the insertion site, the greater trochanter, serves to improve 

the mechanical advantage of this muscle group to some extent. It is logical to assume 

that extension of the hip takes place during the propulsive phase of locomotion in the 

marsupial mole, as it does in terrestrial forms. This movement fulfils multiple roles in 

marsupial mole locomotion. During burrowing, extension of the hip has two roles. 

Firstly, during initial excavation of the soil with the forelimbs, extension of the legs 

forces the body against the digging claws, thereby increasing the force at the site of 

digging, and also bracing the body from being pushed backwards by the resistance of 

the soil. Secondly, a strong, rapid extension of the hip joint allows the hindlimbs, 

having been drawn underneath the body, to kick back simultaneously, thereby removing 

the soil excavated by the forelimbs.  

 

Femoral abduction   

Abduction of the thigh, that is the extension of the femur in a lateral, rather than 

parasagittal plane, does not usually receive a large emphasis in the locomotor patterns of 

mammals. Most mammals, with the exception of monotremes, move their limbs in a 

parasagittal plane. An abducted posture of the pelvic girdle, such as is seen in 
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Notoyctes, is more reminiscent of a reptilian stance, although it is sometimes utilised 

during specific locomotory activities such as climbing. A number of muscles in the 

marsupial moles have attachments that might be used to facilitate the abduction of the 

thigh. Such muscles include the m. gluteus medius, m. femorococcygeus, m. gemelli, m. 

caudo-femoralis, m. biceps, m. obturator externus and m. presemimembranosus. 

 

Observations of live marsupial moles moving on the surface suggest that the hindlimbs 

are held in a semi-abducted posture while walking. While this is not a particularly 

advantageous posture for walking at great speed on the surface, it may improve the 

strength of the hindlimbs during burrowing. The shift from the abducted limb posture of 

reptiles to the parasagittal limb posture of mammals was basically a shift from strength 

to speed, correlated with a shift from lateral undulations of the spin to vertical flexion. 

The secondary development of an abducted posture of the hindlimbs in the marsupial 

moles represents a return to an emphasis on strength. The hindlimbs function to brace 

the body against the forces acting at the digging claws. The abducted posture of the 

hindlimbs provides a stronger, more stable brace for digging.      

 

Femoral adduction 

The morphology of the femoral adductors is somewhat specialised, particularly the m. 

adductor longus. As previously noted by Thompson and Hillier (1905), the adductor 

longus muscle inserts to the medial surface of the patella (Figs. 5.10, 5.12, 6.4). This is 

a unique morphological adaptation in the marsupial moles, as noted by Thompson and 

Hillier (1905: 319):  

 “The adductor longus arises from the subpubic arch, and is inserted into the 

front part of the patella at its inner margin. We were somewhat surprised to find such 

an unusual insertion, and we have not so far discovered any record of a similar 

insertion in any other marsupial. In Notoryctes the thigh bone is short, whereas the 

patella and the upper end of the tibial crest are relatively greatly developed, apparently 

to provide the necessary leverage for the quadriceps extensor mass. Not only is the 

patella very large, but it is irregular in form, being compressed laterally, and 

presenting a shape margin in front and below. Associated with the insertion of the 

quadriceps extensor mass into the patella is the insertion of the adductor longus, and it 

is significant that the area of its attachment on the inner side of the anterior marin of 

the bone, together with that of the vastus internus, should be coextensive with that of the 

vastus externus on the opposite side of the bone, suggesting, indeed, that the influence 
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of these two lateral forces is exerted in maintaining the patella in the line of the axis of 

the limb – a very necessary provision when one considers the great size of the patella in 

proportion to the lower end of the femur.” 

  

The dissections in this study confirm that the adductor muscle mass in Notoryctes is 

particularly specialised. However, the specialisation may have more to do with the 

typical role of the adductors, that of adduction of the femur, rather than maintenance of 

the position of the patella. The potential out-force generated by this muscle group is 

improved in two ways. Firstly the relative size of the adductors is increased 

substantially from the general form in marsupials. Secondly, and more interestingly, the 

insertion has shifted distally away from the hip joint. The increase in the length of the 

in-lever improves the out-force and therefore the mechanical advantage of the adductor 

mass. The distal insertion of the adductors is not only unusual in its proximity but also 

in that it is attached to the patella. This is a most unlikely adaptation for a marsupial, 

given that, in general, ossification of the patella does not occur. In no other mammal do 

the adductors insert even partially onto the patella. Davis (1964) noted in regard to 

specialisation of muscles, the attachment sites of a muscle may move almost at random 

within their embryological area, providing that they do not displace any other necessary 

structure. Perhaps the distal progression of the insertion of the adductors is hindered by 

the attachments of other muscles to the distal end of the medial surface of the femur. 

However, prior ossification of the patella for insertion of the quadriceps attachment, 

may have provided a unique opportunity for the attachment of the expanding adductors. 

The insertion of the adductors to the lateral surface of the patella was probably an 

opportunistic adaptation to improve the mechanical advantage of that muscle group by 

increasing the in-lever even further.  

 

Femoral rotation 

Rotation of the femur in either the lateral or medial direction is generally quite restricted 

in mammals, rarely rating a mention in the literature. Lateral rotation may be effected 

by a number of muscles in the pelvic region, including the m. obturator externus, m. 

gemelli, and the m. pectineus. These muscles in the marsupial moles are smaller than the 

average relative size in the marsupials measured, suggesting that lateral rotation of the 

femur is only marginally important (Trichosurus 5.9 %; Dasyurus 5.1 %; Notoryctes 3.5 

%; Appendix 2). 
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Medial (recovery) rotation of the femur would be caused by the m. semitendinosus, m. 

semimembranosus and the adductor muscles. If the femur was in a laterally rotated 

position, medial rotation would occur automatically on the contraction of these muscles 

during their usual roles during femur extension or adduction, respectively. As such, the 

medial rotation of the thigh is probably also a stabilising force.  

 

 

Movements about the knee joint 

 

Knee extension 

Extension of the knee joint usually occurs during the propulsive stroke of terrestrial 

locomotion and is accomplished by the quadriceps muscle group of the thigh. The 

quadriceps muscles, the m. rectus femoris and mm. vasti, are very strongly developed in 

the marsupial moles. Although the architecture of the quadriceps is not particularly 

modified, the development of a large ossified patella for the partial insertion of the 

quadriceps is remarkable among marsupials. In eutherian mammals, the patella develops 

as a sesamoid bone within the quadriceps tendon (which inserts to the tibia) and it is 

believed to provide protection from splitting of the tendon, an improved mechanical 

advantage for a tendon bent over a joint, and protection for the knee joint itself (Vogel 

and Koob 1989, cited in Reese et al. 2001). The marsupial mole patella is not only 

unusual among marsupials (bandicoots are the only other marsupials to possess an 

ossified patella), but it also differs from this element in eutherian mammals in showing 

fleshy insertion of the quadriceps mass rather than the more typical sesamoid 

arrangement.  

 

The unique, highly irregular morphology of the patella of the marsupial moles suggests 

some unique and obscure specialisation of the extensor musculature of the knee. Having 

fleshy muscle fibre insertions to the patella may provide differentiation in the actions of 

the different muscular components of the quadriceps mass. When the patella is a 

sesamoid bone lying within the quadriceps tendon, effectively all the action of the 

quadrieps is along the direction of longitudinal axis the tendon. By having a fleshy 

insertion to the patella the actions of the quadricep muscles can the functionally 

separated somewhat, i.e. the vastus lateralis can be contracted in isolation from the rest 

of the quadriceps and effect a more lateral pull on the patella and lower leg, or the 

vastus medialis can contracted preferentially to effect a more medial action on the knee 
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joint. However, it is not obvious how this functional differentiation would be 

advantageous. Alternatively, the specialised knee morphology may simply strengthen 

the action of the quadriceps muscles (given that fleshy muscle fibres can contract, but 

tendons cannot) for extension of the knee joint. Strengthening of the extensor 

musculature would be appropriate for an action made more strenuous by resistance of 

the soil to the movement of the anterior part of the body.    

 

Knee flexion 

Flexion of the knee joint is performed by the hamstring group of muscles, including the 

m. semitendinosus, m. semimembranosus, and m. biceps femoris. The hamstring 

muscles of the marsupial mole are not particularly modified from the general form in 

marsupials.  

 

The m. semitendinosus arises from the ascending ramus of the ischium immediately in 

front of the ischial tuberosity and it inserts to the inside of the tibial just below the knee 

joint. This muscle typically is a flexor of the knee, but it also acts to flex the hip. The m. 

semimembranosus passes from the ischium, between the gracilis and semitendinosus, to 

the proximal end of the tibial shaft where it inserts with a short tendon. Like the 

semitendinosus, it acts to flex the knee and extend the hip joint. 

 

The m. biceps femoris takes a single origin from the tuber ischii and inserts to the lateral 

side of the patella and tubercle of the tibia. Typically the biceps femoris acts to flex the 

knee, as well as to extend the hip and abduct the thigh. The lack of a connection of this 

muscle to the femur is unusual.  Its area of insertion to the tibia is reduced in 

comparison to more generalised marsupials, and this suggests that the flexion of the 

knee is not important during the propulsive phase of locomotion.  

 

 Movements about the tarsal (ankle) joint 

 

Extension of tarsal joint and digits 

The extensors of the tarsus and digits are highly reduced in number in Notoryctes, with 

only three muscles persisting, the m. tibialis cranialis (anterior) and two mm. extensors 

digitorum. The extensor breves are entirely absent in Notoryctes. No specialisations for 

improved mechanical advantage occur in the extensor group; in fact the muscles are 

quite reduced in size compared with the general marsupial form. From this, we can 
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assume that the extension of the digits does not play a role during the propulsive phase 

of digging, instead being functional only during the recovery stroke of the limb when no 

large resistance to the muscle action is met.  

 

Flexion of tarsal joint and digits 

Flexion of the tarsus is accomplished by a large group of flexor muscles on the posterior 

side of the lower leg including the m. gastrocnemius, the m. plantaris, the deep flexors, 

the mm. flexor digitorum superficiales, profundus and tibialis caudalis, and the mm. 

peroneus longus and brevis. In combination with the extension of the hind limb, the 

flexion of the tarsal joint contributes to the propulsive or bracing force of the pelvic 

limb. As such, the flexor muscles of the lower leg are much more strongly developed 

than the extensor musculature. However, specialisations in the arrangement of the flexor 

muscles are minimal, although the tibialis caudalis is larger than its usual form in 

marsupials. 

 

Thompson and Hillier (1905) describe the m. tenuissimus, extending from the pelvis to 

the fascia of the lower leg to form a sheath around the Achilles tendon. They suggest 

that the muscle aids tarsal extension by prolonging the fascia of the ankle joint. 

Apparently, a similar arrangement has been described in ungulates (Parsons 1903, cited 

in Thompson and Hillier 1905). It is interesting that such a similarity would be found in 

two groups of animals so different in both locomotor habit and phylogeny. However, if 

this comparison is drawn, then it may be assumed that flexion of the tarsus and pes by 

the Achilles tendon is under considerable stress in Notoryctes, and of significance to the 

propulsive power generated by the hindlimbs. 

 

Rotation of lower leg and tarsus 

Rotation of the lower leg and tarsus is effected by the mm. peroneus and the m. 

popliteus. Such movements are generally fairly restricted in the hindlimbs of mammals, 

given the nature of the joints in the limb (Young 1881). The peroneal muscle group is 

often comprised of up to four muscles. However, only two of these persist in the lower 

leg of the marsupial moles, while the popliteus is absent entirely. Accordingly, it seems 

reasonable to assume that rotatory movements of the lower leg and tarsus are of little 

functional importance during subterranean locomotion.  However, the insertions of the 

peroneal muscles may point to a functional adaptation for burrowing. Arising along the 

lateral side of the ankle, the tendons of the peroneus longus and brevis pass across the 
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distal surface of the sole to insert to the first and the fifth metatarsals respectively. 

Contraction of the muscles in this arrangement functionally raises the lateral side of the 

foot. This could certainly be a useful function during burrowing. By lifting the lateral 

side of the foot, while the hindlimbs are held in an abducted posture, a greater surface 

area is provided by the sole of the foot to provide bracing resistance and therefore 

contribute to the propulsive force of the hindlimbs.  

 

Movements of the pelvic limb - Summary 

The role of the hindlimbs has been greatly modified with the transition of the marsupial 

moles to an almost completely subterranean lifestyle. These changes have been extreme, 

even for a fossorial mammal, especially given that the marsupial moles, unlike nearly 

all other subterranean mammals, do not build permanent open burrow systems but 

instead burrow continuously through the soil. 

 

Large-scale changes have occurred in the hindlimbs of marsupial moles in association 

with the shift from the typical upright posture, and weight-bearing, propulsive role in 

terrestrial quadrupeds to a sprawling, subterranean burrowing mode of locomotion. The 

role of muscles normally associated with standing upright has been lost, as the body is 

no longer supported off the ground. This probably accounts for some of the changes in 

musculature, including reduced insertions of muscles such as the biceps femoris. 

 

The functions of the hindlimbs in Notoryctes are threefold. When burrowing, the 

hindlimbs function firstly to brace the body against the posteriorly directed force 

produced at the digging claws of the forelimb. Secondly, also during burrowing, the 

hindlimbs are brought under the body to remove the excavated soil by kicking it out 

behind the animal. Thirdly, when travelling on the surface, the hindlimbs provide for 

the main propulsive force of locomotion. 

 

The movements for which the musculature of the hindlimb has been strengthened are 

the extension of the hip (retraction of the femur), the extension of the knee joint and the 

flexion of the tarsus and digits. In effect, these actions constitute the straightening of the 

leg from the hip joint down to the foot. Given the disproportionately large muscle mass, 

and changes in the attachments of the muscles that are responsible for these movements, 

it can be inferred that these movements are opposed by significant resistance and 

further, that they are active during the propulsive phase of the hindlimb. 



 183

 

The propulsive extension of the hindlimb occurs at least twice during the burrowing 

cycle of the marsupial moles. Initially, it acts to brace the body against the forces acting 

at the claws of the hand while digging. Secondarily, it serves to remove the excavated 

soil from underneath the body. Underground propulsion is many times harder than 

walking on the surface, due to the resistance of the soil experienced at the anterior end 

of the animal. This increased resistance to locomotion is reflected in both muscle 

enlargement and changes in the attachments of muscles for improved mechanical 

advantage.  

 

In addition to the improved mechanical strength of the hindlimbs for subterranean 

propulsion, Notoryctes shows extreme strengthening of the pelvis and its connection to 

the vertebral column. This accomplishes two important functions. Firstly, the robust, 

immobile nature of the pelvic girdle, as well as the spine in general, provides a more 

efficient transfer of propulsive forces from the posterior limbs to the anterior parts of the 

body. Secondly, the rigid connection between the pelvis and the sacral vertebrae 

minimises the loss of propulsive force through unwanted lateral movements of the 

pelvis during locomotion. 

 

 

Movements of the Tail 

While much of the axial skeleton of the marsupial mole is specialised in response to 

their burrowing mode of locomotion, the functional morphology of the tail deserves 

special mention here. Although determination of the homology of the caudal muscles 

was beyond the scope of this research, it was clearly evident upon dissection that the tail 

of the marsupial moles is uniquely specialised to perform one or more important roles. 

 

The muscular structure of the tail of the marsupial mole shows a striking disparity in the 

development of the antagonistic muscle groups. The dorsal extensor muscles are only 

moderately developed. In contrast, the ventral flexor muscles are enormously developed 

and no doubt highly derived in their attachment points in comparison to the general 

form in marsupials.   

 

When travelling on the surface, the tail of the mole is directed postero-ventrally. This 

would seem to be a somewhat impractical orientation, given that the tail drags through 
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the soil (evident in marsupial mole tracks) and no doubt increases the overall resistance 

to locomotion. This ventrally directed tail is presumably more useful during burrowing. 

Two functions during burrowing can be hypothesised for the tail. Firstly, it may help to 

brace the posterior end of the animal against the force applied at the digging claws, 

perhaps forming a tripod arrangement with the hind limbs to brace the front of the body 

while digging. To apply the maximum force for digging at the claws of the manus, 

burrowing mammals tend to hunch their back and push with the posterior limbs. It is 

likely that the hind limbs with the added support of the ventrally directed tail perform 

this bracing function in the marsupial moles. Secondly, and perhaps more importantly, 

the tail appears to act by itself to brace the body against posteriorly-directed forces as 

the hind limbs are drawn forwards simultaneously to receive the excavated soil from the 

forelimbs.   

 

Use of the tail as the main support mechanism of the body during an important phase in 

the burrowing cycle has not been reported before, either for marsupial moles, or for any 

other fossorial mammals. This is a highly specialised aspect of the functional 

morphology of the marsupial moles. During burrowing locomotion of marsupial moles, 

the soil excavated by the forelimbs is retracted under the abdomen. The hind limbs 

move forward in unison to receive this soil, and then simultaneously kick it out behind 

the animal.  

 

It is obvious that the forward moving hind limbs would meet with considerable 

resistance, even though the soil is relatively loose. Without a means of bracing the body 

against this resistance, the mole would tend to push itself backwards. The forelimbs, at 

this stage of locomotion, are either held under the body, or are moving forwards 

themselves, and so are of little use to prevent this posterior movement. Evidently, it is 

the tail of the marsupial mole that serves to prevent posterior movement of the animal at 

this stage of burrowing. Strong flexion of the tail into the soil behind the animal 

prevents the unwanted posterior movement of the body resulting from resistance to the 

movement of the hind limbs by the soil. As such, the tail of the marsupial mole is used 

as a fifth limb and is an integral part of subterranean locomotion in marsupial moles. 

This use of the tail as a fifth limb during locomotion is analogous to the pentapedal role 

that the tail of a kangaroo (Ride 1979; Hume et al. 1989) plays when moving slowing 

forwards on all fours (or fives). 
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It is remarkable that two marsupials of such different histories and lifestyles have 

independently coopted the tail for an active role in locomotion. It would be interesting 

to know whether there are any similarities in the tail musculature and vertebral joints, 

given this apparently convergent evolution of function between the marsupial moles and 

kangaroos.  

 

Hildebrand (1988) states that some fossorial mammals use their tail as a prop while 

digging. Often the tail is used in conjunction with the hind limbs to provide a support 

base, forcing the body against the digging tools to provide the maximum leverage. 

Taber (1945) described the use of the tail in Dasypus as a fifth limb forming a tripod 

with the forelimbs during burrowing, and allowing the use of the hindlimbs to kick the 

loose soil backwards. However, among subterranean mammals, such use of the tail 

during burrowing has not been reported.  I suggest that the differences in burrowing 

habits between these groups and the marsupial moles may provide an explanation for 

this difference. Nearly all subterranean mammals, with the exception of the Namib 

Desert golden mole (Erimitalpa granti nambiensis), dig permanent tunnels or burrow 

systems in relatively hard, compacted soil. During the construction of these tunnels, the 

soil is excavated by the strong claws, or, in the case of rodents, the incisor teeth, and 

then completely removed from the burrow. This often involves the animal turning 

around and pushing the soil out with its forelimbs, held in a scoop-like formation. 

Furthermore, there is usually space around the body of the animal, sufficient room for 

the animal to manoeuvre itself to remove the soil. In contrast, the marsupial moles have 

little or no ‘space’ around the body while burrowing, and as a result, they meet a lot of 

resistance. Also, as described above, their forelimbs are not able to fulfil a bracing role. 

So, rather than being used as a simple prop in conjunction with the hind limbs, as is 

sometimes the case in fossorial mammals, the tail of the marsupial mole forms a fifth 

limb that is an integral part of their burrowing mechanism.  

 

Summary 

 

The burrowing technique of the marsupial moles is a modified form of the parasagittal 

digging technique used by other fossorial mammals including golden moles, armadillos 

and rodents such as pocket gophers. Not surprisingly, the morphology of the pectoral 

girdle and forelimbs of the marsupial mole shows many convergent features with 

animals of similar burrowing habit.  
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From the anatomy of the appendicular muscular-skeletal system, I propose that 

burrowing locomotion of the marsupial moles can be divided into four basic stages (not 

including surface locomotion or initial burrowing):  

 

1) The forelimbs are extended anteriorly, with the claws 

entering the soil near the nose of the animal. At this stage, the 

hindlimbs and possibly also the tail are used to brace the body 

and probably also to generate some propulsive thrust to help 

push the claws into the compacted soil. 

 

2) The forelimbs are drawn, apparently slightly out of phase 

(from video footage), ventrally and posteriorly through the 

soil, with the elbow extended and the wrist held in a flexed 

position. Again, the hindlimbs provide some propulsive effort 

to push the anterior part of the body forwards and apply the 

weight of the body via the claws into the soil. 

 

3) The hindlimbs are drawn forward under the body by 

flexion of the hip and knee joints. Here, they receive the 

excavated soil from the claws at the termination of the digging 

stroke. During this movement of the hindlimbs, the ventrally 

directed tail braces the body against the posteriorly directed 

forces generated by resistance of the soil. 

 

4) The hindlimbs extend posteriorly and simultaneously to 

remove the excavated soil from under the body of the animal. 

This effectively backfills the excavated tunnel. The force of the 

hindlimb extension also provides a propulsive force that 

pushes the anterior end of the animal, in particular the head 

with its thick nose shield, forwards through the soil.     
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Use of the hindlimbs by Notoryctes during subterranean locomotion is highly and unusually 

specialised. Differences in functional morphology of the hindlimb of the marsupial moles, in 

comparison to other fossorial mammals, are a reflection of the fact that marsupial moles do 

not construct permanent open burrow systems, but instead dig constantly through the soil, 

backfilling as they progress. Excavated soil is not removed from the burrow. As such, the 

use of the hindlimbs by the marsupial moles most closely resembles that of the “sand-

swimming” Namib Desert golden mole (Gasc et al. 1986).  

 

The functional morphology of the tail is uniquely specialised in the marsupial moles to act 

as a prop during the burrowing cycle. The tail of the marsupial moles is effectively a fifth 

limb that functions as the main support of the body while the hindlimbs are drawn 

simultaneously under the body to remove the excavated soil. Such behaviour, analogous to 

the slow pentapedal locomotion of kangaroos, has never been described before in a 

burrowing mammal. 
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Chapter 7 – Functional Morphology of the  

Riversleigh Miocene Marsupial Mole 

 

 

 

Introduction 

 

In previous chapters the structure and function of the locomotor system of modern 

marsupial moles have been described. The focus now becomes, ‘Where did the highly 

specialised modern marsupial moles come from?’ There are two obvious avenues to 

investigate this problem. One avenue could involve studying the embryology of 

marsupial moles, making detailed observations of the developmental pattern of the 

various skeleto-muscular complexes in the hope that these might return some clues to 

their anatomy, where they might have come from phylogenetically and through what 

morphological steps. Embryological studies of this kind are not currently practical; we 

lack adequate series of staged pouch young, and we also lack comparative information 

in other marsupials, especially for the hindlimbs and the axial skeleton. A second 

avenue is to examine the fossil record of marsupial moles. Fortunately, good fossil 

material of at least one ancient notoryctid is known, and I was kindly given permission 

by Prof. M Archer of the University of NSW and the Australian Museum to study this 

important material. To this end, I examined the collection of fossil material (held in the 

University of NSW palaeontology collection) from the Riversleigh fossil sites.  

 

The Riversleigh area of Western Queensland has provided a wealth of fossil material, 

ranging mainly from the late Oligocene to Holocene (the last 25 million years). Within 

this time-frame, the late Oligocene to middle Miocene is the best represented period; 

during this time fossil-rich layers of limestones were formed (Archer et al. 1991). The 

fossils found in the area include a vast array of mammalian groups, particularly 

marsupials and bats, that had previously been poorly represented in Australia’s fossil 

record. In 1985, fossil teeth and bones of what appeared to be a pleisiomorphic 

marsupial mole were recovered from some of the sites (Archer et al. 1991).  

 

At least one species of ‘primitive’ marsupial mole is present in the early Miocene 

sediments of Riversleigh (Gott 1988; Archer et al. 1994, 1997). The dental and 
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postcranial remains are unmistakably notoryctid; however, all elements are more 

pleisiomorphic than for the living taxa. In particular, the molar morphology is pre-

zalambdodont, a fact which has helped to clarify the otherwise ‘enigmatic’ structure of 

the upper molars of living marsupial moles (Archer et al. 1999). With the exception of 

an honours project (Gott 1988), little work has been done on these notoryctid remains. 

A formal description of the taxon is currently in preparation (S. Hand, pers. comm.). 

Apart from the Riversleigh mole remains, no other fossil notoryctid finds have been 

reported from any palaeontological site. 

 

In September, 2001, the Palaeontology Collection of the University of NSW was 

examined with the assistance of Henk Godthelp, Ken Aplin and Anna Gillespie. We 

searched for additional remnants of notoryctids from the Riversleigh collection. During 

this time we found many bones closely resembling those of living marsupial moles, and 

these were added to those previously recognised to give a sizable collection. This 

includes most of the major limb and some axial elements of the skeleton. Notoryctid 

postcranial remains have been found from a number of the system B sites (early to 

middle Miocene period; ~20-17 mya) of the Riversleigh area including Godthelp Hill 

(Upper Site, Camel Sputum Site), Hal’s Hill (Creaser’s ramparts, and Wayne’s Wok), 

Bitesantennary Area (Neville’s Garden Site) and Dirk’s Towers (Archer et al. 1991). 

These system B sites are particularly rich in fossiliferous material, ranging from 

invertebrates to large mammals (Archer et al. 1991).  

 

Results 

 

Postcranial Osteology of Riversleigh Notoryctids 

 
The bones described here were identified as belonging to Riversleigh notoryctids either 

because they bear an obvious similarity to the same element in modern marsupial 

moles, e.g. the bones of the pectoral girdle and limb including scapula, humerus, radius 

and ulna, or because they are so distinctive and unusual that they could not be referred 

to any other group of mammals, e.g. the pelvis, femora and tibiae. In each case, the 

latter class of elements do show modifications that could be seen as precursors to the 

condition seen in Notoryctes. Measurements taken on the fossil specimens are presented 

in Appendix 4. 
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Scapula (Figs. 7.1A, B) 

Three scapulae closely resembling those of Notoryctes were recognised from Neville’s 

Garden (23383) and Upper Site (16194 x 2). Of these, one from the Upper site was 

almost complete (just lacking acromion; Fig. 7.1A) and the other two scapulae were 

partial specimens. The scapula is a narrow, elongate triangle in shape when viewed 

from the dorsal aspect (Fig. 7.1A). The coracoid border of the scapula follows a 

concave shape immediately distal to the glenoid, and then expands towards the vertebral 

border; it appears to be quite smooth in outline. The junction between the coracoid and 

vertebral borders makes an angle of approximately 80o but is smoothly rounded. A 

distinct protuberance from the cranial side of the glenoid cavity marks the coracoid 

process. Immediately behind the glenoid process, the glenoid border is expanded with a 

second blade-like spine, which tapers along the lateral half of the glenoid border. This 

second spine is a particularly specialised feature of the scapula of Notoryctes; it 

effectively widens the glenoid border for the attachment of the triceps. The second spine 

of the Riverlseigh notoryctids is less developed than in Notoryctes. At the vertebral end, 

the glenoid border is thickened. The vertebral border is gently convex in shape and is 

thickened particularly in the caudal half, for strong muscular attachment. 

 

The dorsal surface of the scapula is slightly convex, particularly in the vertebral third, 

and is divided into the supraspinous and infraspinous fossae by the distinct 

mesoscapular spine. The supraspinous fossa is triangular in shape and much larger in 

surface area than the infraspinous fossa. The latter is very narrow and elongate in shape, 

lying between the mesoscapular spine and the blade-like expansion of the glenoid 

border. The infraspinous fossa does not flare posteriorly into a fan-shape as it does in 

the Notoryctes (Fig. 7.1B), but rather remains very narrow at its vertebral end.  

 

The partial expansion of the glenoid border into the raised secondary spine represents a 

primitive development of the notorcytid postscapular fossa, the enlarged site of origin 

for the scapula portion of the triceps. In the fossil scapulae, the postscapular fossa only 

extends along the glenoid half of the scapula. The development of a similar postscapular 

fossa as a result of tricep enlargement is common in fossorial mammals.  

 

Transformation of the fossil mole scapula into that of the modern Notoryctes would 

involve primarily enlargement of the sites of muscular attachment involved in 

burrowing (Fig. 7.1B). In particular, the vertebral border would be lengthened and 
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modified into hook shaped processes at both the coracoid (subscapular attachment) and 

axillary angles (teres major process). Further ossification of the vertebral border will 

also occur to strengthen both for the attachment of the rhomboid. On the dorsal surface, 

the meso-scapular spine and the secondary scapular spine will become further 

developed and curve medially to form a deep depression for the origin of the 

infraspinatus muscle. Posteriorly, the post-scapular fossa will enlarge substantially for 

the enlarged origin of the triceps muscle group.  

 
 

Figure 7.1A – Riversleigh fossil notoryctid scapula (UNSW 16194); A dorsal and B ventral 
views. Scale bar = 3 mm. 
 
1 Glenoid cavity; 2 Intraspinous fossa; 3 Secondary scapular spine; 4 Supraspinous fossa; 5 
Vertebral border; 6 Teres major process; 7 Subscapular fossa. 
 

 

         

 

 

 

Figure 7.1B – Comparative osteology of the scapula, from left to right Brushtailed Possum 
(Trichosurus vulpecular), Riversleigh fossil mole, Notoryctes typhlops (not to scale). 
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Humerus (Figs. 7.2A, B) 

Numerous humeri were identified. They bear a close resemblance to the humerus of 

Notoryctes. Specimens have been recovered from five sites at Riversleigh: Creaser’s 

Ramparts Site (23513, 36292), Dirk’s Towers Site (176943, 17945, 19748 x2), 

Neville’s Garden Site (17920, 17921, 17950, 36292, 23383A), Upper Site (17935, 

17937) and Wayne’s Wok Site (17928, 17930). The intact bones range from 12.7 to 16 

mm in total length, which closely approximates the size range found for the living 

Notoryctes. In overall morphology, the Riversleigh notoryctid humeri closely resemble 

the modern form; the main differences are the extent to which the various bony 

processes for muscle attachment are developed (Fig. 7.2B).   

 

The proximal end of the humerus is characterised by the head and two large bony 

tuberosities, located one on either side of the head. The humeral head protrudes postero-

medially from the proximal end of the bone to articulate with the glenoid fossa of the 

scapula. Roughly hemispherical in shape, the articular surface of the head is smoothly 

rounded, and roughly approximates the area of the opposing surface of the glenoid. The 

proximal tuberosities tend to be poorly preserved in the Riversleigh specimens; 

however, they do not appear to be particularly large or modified from the general 

marsupial form. Compared with Notoryctes, the proximal end of the fossil mole 

humerus is only slightly less robust. The most obvious difference between the fossil and 

modern specimens is the depth of the bicipital groove that runs between the two 

tuberosities on the lateral aspect of the bone; the groove is much deeper in the 

Notoryctes. 

 

The neck of the humerus is clearly apparent as a deep constriction under the head of the 

humerus on the posterior side. As in the living species of Notoryctes, the shaft of the 

humerus is highly irregular in outline due to the massive development of several 

prominent ridges. The delto-pectoral ridge is a large, well-developed process that 

protrudes laterally from the middle of the humeral shaft. The crest of the ridge is thick 

and robust and a number of narrow ridges (rugosities) are evident, running 

perpendicular to the edge of the ridge. A continuation of the delto-pectoral crest runs 

distally and medially toward the medial epicondyle. 
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Figure 7.2A – Riversleigh fossil notoryctid humerus (UNSW 17921); A lateral and B anterior 
views. Scale bar = 4 mm.  
 
1 Head; 2 Greater (lateral) tuberosity; 3 Lesser (medial) tuberosity; 4 Neck; 5 Delto-pectoral 
ridge; 6 Lateral supracondylar ridge; 7 Lateral epicondyle; 8 Medial epicondyle; 9 Trochlea; 10 
Capitulum.  
 

         

Figure 7.2B – Comparative osteology of the humerus, from left to right Brushtailed Possum 
(Trichosurus vulpecular), Riversleigh fossil mole, Notoryctes caurinus (not to scale). 

 

 

Distally the shaft expands rapidly to a width (at the base of the bone) that is equal to 

approximately half the total length of the bone. Expansion of the distal end is due 

primarily to the enlargement of the medial epicondyle.  The medial epicondyle is 

rounded and bulbous, being comprised of a greatly thickened region of bone. The lateral 

A B 
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epicondyle is expanded by a supracondylar ridge than runs proximally along the lateral 

edge of the shaft, to the level of the delto-pectoral ridge. As in living notoryctids, the 

ridge extends proximally for nearly a one-third of the length of the bone, wrapping 

around towards the posterior surface of the humeral shaft.  

 

Lying between the epicondyles of the humerus, on the distal extremity, are the sites of 

articulation for the ulna and radius; the trochlea and capitulum respectively. Both 

articular surfaces appear to be quite elongate, but not as bulbous as in modern 

Notoryctes. On the posterior surface, two hollows are evident above the articular 

surfaces, marking the limit of extension of the forearm.  

 

Transformation of the fossil mole humerus into that of a modern Notoryctes would 

require further enlargement and strengthening of the musclar attachments (Fig. 7.2B). In 

particular, the delto-pectoral ridge would undergo further enlargement and 

strengthening, the medial epicondyle would expand to have a much larger surface area, 

and the lateral supracondylar ridge would extend laterally and proximally to form a 

wing of bone along the lateral aspect running from the level of the delto-pectoral crest 

to the epicondyle. A further reduction in the distance between the delto-pectoral crest 

and the distal end of the humerus would also be required. This may be achieved by 

further distal migration of the insertion, and/or by a compaction of the distal end of the 

humeral shaft, and further expansion of the articular surfaces of the trochlea and 

capitulum.  

 

Ulna (Figs. 7.3A, B) 

A number of ulnae, closely resembling those of living Notoryctes, have been recovered 

from six sites at Riversleigh; Creaser’s Ramparts site (36292), Camel Sputum Site 

(23503), Dirk’s Towers Site (17942, 17464), Neville’s Garden Site (17917, 17920, 

17925, 24262, 23383A), Upper Site (16309, 16480) and Wayne’s Wok (16736, 17924, 

17929). The specimens range in length from approximately 12 to 16.2 mm which 

closely approximates the size range of ulnae for living notoryctids. The shafts of the 

Riversleigh notoryctid ulnae are relatively short in comparison to those of other 

marsupials, and they taper from the radial notch to the distal articular surface. 

 

As described in previous chapters, the ulna of Notoryctes is of remarkable proportions 

due to the enormously enlarged olecranon. The olecranon of the fossil taxon is also 
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greatly enlarged relative to that of other marsupials; it accounts for more than 40% of 

the total length. Although this proportion is almost as high as in the living Notoryctes, 

the olecranon process of the fossil mole ulnae are much straighter than those of living 

species (Fig. 7.3B), curving only slightly at the epiphysis at the very tip of the bone. 

The whole olecranon process is broad and robust, and concave on both the lateral and 

medial surfaces.  

 

The semilunar or trochlear notch is bounded by the coronoid process ventrally and  by 

the anconeal process dorsally; the former is often the larger of the two in the Riversleigh 

specimens. The semilunar notch itself is semicircular in profile. The radial notch is 

found on the lateral side of the anconeal process, slightly distal to the articular surface 

for the trochlear of the humerus. Above the radial articulation is a deep concavity, 

bounded superiorly by a distinct lip that forms a continuation of the ulnar articulation 

with the humerus. This region is very similar to the condition in living notoryctids (see 

Chapter 4). The articular surface for the radius is more deeply concave and narrow in 

profile than the trochlear notch. The posterior aspect of the ulna, behind the articulation 

sites, is expanded and concave medially, continuing the contour of the medial fossa of 

the olecranon. The distal end of the ulna is quite narrow, with only a small articular 

surface. 

 

Transformation of the fossil mole ulnae to the morphology seen in the modern 

marsupial mole would involve further enlargement and strengthening of the olecranon 

and articular surfaces. The olecranon of the Riversleigh mole, while already greatly 

enlarged from the norm, would require further lengthening and, in particular, 

development of a marked lateral curvature. Additionally, the tip of the olecranon would 

become strengthened for the insertion of the scapular triceps. The articular surfaces of 

the Riverlsigh mole ulna, that is the semilunar and radial notches, show the distinct 

distal displacement of the radial articulation characteristic of Notoryctes. However, 

further broadening of the semilunar notch and deepening of the radial notch would be 

required to reflect the morphology of the modern marsupial moles. 
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Figure 7.3A – Riversleigh fossil notoryctid ulna (UNSW 17920); A anterior and B medial 
views. Scale bar = 4 mm.  
 
1 Olecranon; 2 Supra-semilunar notch; 3 Coronoid process; 4 Supra-radial notch; 5 Radial 
notch; 6 Shaft; 7 Posterior fossa. 
 

                                                

Figure 7.3B – Comparative osteology of the ulna, from left to right Brushtailed Possum 
(Trichosurus vulpecular), Riversleigh fossil mole, Notoryctes caurinus (not to scale). 
 

 

A B 
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Radius (Figs. 7.4A, B) 

Numerous radii referred to as fossil notoryctid were recovered from four sites at 

Riversleigh: Neville’s Garden (17919, 17921, 17951, 23383), Wayne’s Wok (17926, 

17931, 17932), Upper Site (17936), and Dirk’s Towers (17944, 17949). They are short 

bones, ranging in length from 7.9 to 10.9 mm; this size range is only slightly larger than 

that of the living Notoryctes specimens measured. Both the proximal and distal ends of 

the bone are expanded, and approximately the same size in total width.  The proximal 

end is ovoid and smoothly concave for its articulation with the humerus. Below the 

articular surface, on the ventro-medial surface, there is a small nodule of bone. A 

distinct ridge curves around the dorsal/anterior surface of the shaft. Along the postero-

medial aspect of the shaft is an obvious groove, as is present in the radii of living 

species (see Chapter 4). The distal end of the radius is very broad and possesses a small 

projection for articulation with the carpus.      

 

In general shape and robustness, the fossil notoryctid radii is similar to Notoryctes. 

Transformation to the modern notoryctid radial form would involve increased concavity 

of the articular surfaces for the humerus and ulna at the proximal end of the bone, and 

broadening of the distal end of the radial shaft. 

                  
 

Figure 7.4A – Riversleigh fossil notoryctid radius (UNSW 17936); A medial and B lateral 
views. Scale bar = 3 mm. 
 
1 Articular surface for humeral capitulum; 2 Shaft; 3 Carpal articulation.  
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Pelvic Girdle (Figs. 7.5A, B) 

A partial pelvic girdle was recovered from the Neville’s Garden site (17923). It is unlike 

the same element of any living marsupial. However, it shows structural modifications 

resembling the form of the pelvis in some fossorial mammals and it is of an appropriate 

size to be referred to as that of a primitive notoryctid. The most obvious modification is 

the enlargement and fusion of the transverse processes of the sacral vertebrae. The 

transverse processes of the most anterior sacral vertebrae present are very broad and the 

articular surface for the pelvis is enlarged and strengthened. Ventrally, there is some 

degree of ankylosis between the lateral process and the sacral fossa on the ilium. The 

second sacral vertebra also has enlarged transverse processes that are also as wide but 

not as broad as the previous vertebrae. Anteriorly, the lateral tips of these processes of 

the second vertebrae are fused with the posterior edge of the articular surface of the 

transverse processes of the previous vertebra. The processes of the third sacral vertebrae 

are not as large, and are posteriorly directed.  

 

 

 
 
 
 
Figure 7.5 – Riversleigh fossil notoryctid pelvis, dorsal views (UNSW 17923). Scale bar = 3 
mm.  
 
1 Ilium; 2 Ischium; 3 Ischial tuberosity; 4 Obturator foramen; 5 Pelvic articulation of the sacral 
vertebrae. 
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The rod-like ilium is elongate and robust. It is thicker than the same bone in other 

similarly-sized marsupials, the sacral articulation is expanded and shows evidence of 

ankylosis. Along the ventral edge of the ilium, the bone is slightly flared to border the 

articular fossa. On the posterior portion of the ilium, anterior to the acetabulum, is an 

obvious roughened ridge (similar to the site of origin of the rectus femoris in living 

Notoryctes, see Chapter 4).  

 

The ischium extends posteriorly and is typical in form. The ischial tuberosity at the 

posterio-lateral extremity of the pelvis is small relative to the condition in Notoryctes. 

The pubis has a typical form for marsupials. The acetabulum strongly resembles that of 

living Notoryctes, being small, circular, and deep. It faces slightly postero-ventrally and 

on the medial aspect has a deep groove. The obturator foramen is elongate; much larger 

than that of living Notoryctes. The medial portion of the pubis and any remnant of the 

pubic symphysis are not retained in this partial specimen.  

 

Transformation of the fossil pelvis to the condition of living Notoryctes would involve 

substantial enlargement and coossification of the sacral transverse processes to form a 

broad dorsal shield of bone, and subsequent fusion between these processes with both 

the ilium and ischium. The ilium would become much more robust and the ischium 

would expand into a broad sheet of bone with the pubis. The expansion of the pubis and 

ischium would also result in a reduction in size of the obturator foramen and the fusion 

of the pelvic symphysis would become less important.  

 

 
Femur (Figs. 7.6) 

The femur is identified on the basis of a very unusual morphology, the most distinctive 

feature being a distinct process that protrudes postero-laterally from the middle of the 

shaft of the bone (Fig. 7.6). While this process is unknown in Notoryctes (and indeed 

any other marsupials), the bones are otherwise approximately correct in size and shape 

to belong to the fossil mole, and they occur at approximately the same abundance and in 

the same sites as definitive mole remains. If these elements do not belong to a 

Riversleigh fossil mole, then we can only presume that this element in the fossil mole is 

completely unremarkable and remains hidden in the general Riversleigh collection. Four 

specimens, one complete from Wayne’s Wok (17925), and three partial bones from 

Upper site (16193), Neville’s Garden (17918), and Dirk’s Towers (17946) were 
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recovered. The total length of the femora ranged between 14.4 and 17.4 mm. This is 

within the size range of the femora measured from the specimens of living Notoryctes 

species (see Appendix 1). The head of the femur is slightly ovoid (1.7 mm wide; 1.2 

mm high), and approximately the same overall proportion to the other parts of the femur 

as in more generalised quadrupedal marsupials, for example Dasyurus geoffroyii (head 

width is approximately 10% femur length).  

 

  

 
 
 
Figure 7.6 – Riversleigh fossil notoyctid femora, A left anterior view (UNSW 17918) and B 
right posterior view (UNSW 17925). Scale bar = 4 mm. 
 
1 Head; 2 Lesser (medial) trochanter; 3 Greater (lateral) trochanter; 4 Neck; 5 Shaft; 6 third 
trochanter; 7 Medial condyle; 8 Lateral condyle. 
 

 

The greater trochanter is enlarged and extends laterally away from the head of the 

femur. This process, for the insertion of the gluteal muscles, is proportionately very 

large, and widens at the proximal end of the femur to almost 30% of the length of the 

bone. While this is not as extreme as in living Notoryctes (37-58% of femur length) it is 

much greater than in other, more generalised marsupials (e.g. Trichosurus 23.7%, 

A B 
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Isoodon 24%, Dasyurus 23%) and equivalent to the expansion seen in the wombat 

(proximal width – femur length ~ 30%; see Appendix 1). The lesser trochanter is 

situated medial to the head of the bone and is considerably smaller than the greater 

trochanter. However, compared to marsupials of comparable size, it is also strongly 

developed. 

 

The shaft of the femur is relatively thick for an animal of this size.  It has a very slight 

lateral curve and tapers only slightly towards the distal condyles. As previously 

mentioned, there is a distinct muscle process (third trochanter) projecting laterally from 

the middle of the femoral shaft. In other marsupials, including Notoryctes, there is no 

enlarged muscle attachment on the shaft of the femur at this point, hence this feature in 

highly unusual. Logic dictates that it can only reflect the very strong development of an 

unknown muscle (probably gluteus; a number of possibilities are identified in the 

discussion below). As is usual, the distal end of the femur bears two rounded condyles, 

lateral and medial. Similar to that in living notoryctids, the medial condyle is much 

larger and broader than the lateral condyle. The smaller lateral condyle presumably 

articulates with the fibula. The fossil femora show enough general points of similarity to 

Notoryctes to promote confidence that the allocation of these elements to the fossil mole 

taxon is correct. 

 

The fossil mole femur is already substantially modified from the typical marsupial form. 

Transformation of this morphology to the modern form would require further 

enlargement of the greater trochanter and the head of the femur, proximal migration or 

reduction of the third trochanter and a change in the orientation of the lesser trochanter 

towards the posterior aspect of the bone (Fig. 7.6B). Of these, the change in the size of 

the greater trochanter, perhaps by integration of the third trochanter, would be the most 

significant.  Additionally an increase in overall robustness of the shaft of the femur 

relative to its length would be required to reflect the morphology of Notoryctes.     

 

Tibia (Figs. 7.7) 

Three unusually shaped limb bones, two from Wayne’s Wok Site (17933, 17934) and 

one from Dirk’s Towers Site (17941), are tentatively described here as possible tibiae 

from the fossil notoryctid. The bones range in length from 10.2 – 12.7 mm. 
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The tibiae are peculiarly formed, but they resemble the tibiae of living Notoryctes in 

each having a large blade-like projection along the proximal 2/3 of the anterior surface. 

Unlike the form for the living species, however, the widest part of the bone along the 

antero-posterior axis is not at the proximal extremity but rather is at the middle region 

of the bone (see Chapter 4). Further, the longitudinal projection of the fossils is not flat, 

but slightly curved laterally. At its proximal end the width along the antero-posterior 

axis is approximately equal to one quarter of the total length of the tibia. At its widest 

point, the width of the bone is still less than a third of the total length of the bone. The 

anterior crest reduces rapidly in height along the distal third of the bone. The articular 

surface of the knee joint is irregular in shape and is roughly convex. The distal end has 

three small articular facets. Of all the referred structural remains, these are the least 

confidently identified. However, the sheer peculiarity of the elements along with their 

size and distribution among the Riversleigh sites does lend support to this view. 

 

 
 
 
Figure 7.7A – Riversleigh fossil notoryctid tibia (UNSW 17933), A Lateral and B Medial 
views. Scale bar = 4 mm.  
 
1 Femoral articular surface; 2 Shaft; 3 Anterior crest; 4 Tarsal articular surface. 
 

A B 
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Transformation of the fossil mole tibia into that of a modern Notoryctes would require 

large changes to the shape of muscle attachment sites and the articular surfaces. The 

anterior crest of bone in Notoryctes is larger, more triangular in shape and expands 

much more proximally than the similar structure in the fossil specimens (Fig. 7.7). 

Thus, transformation of the fossil tibia would involve a large proximal expansion of the 

anterior crest. Also, the femoral articular surface would require modification into a 

much more obvious structure, rather than merely a flat proximal end to the shaft of 

bone. The shaft itself would become much more robust and the posterior curvature lost.   

 

Discussion 

 

The bones of the pectoral girdle and limb of the Riversleigh fossil mole are all highly 

modified from the typical condition in marsupials. Further, all the modifications that are 

evident reflect changes that are related to strong burrowing capabilities in mammals 

(Chapman 1919; Orcutt 1940; Reed 1951; Lehmann 1963; Gasc 1986; Nevo 1979, 

1999; Farina 1997; Vizcaino et al. 1999; Vizcaino and Milne 2002). These features 

point to a high degree of morphological specialisation in the fossil notoryctid, with clear 

links to fossoriality. 

 

The scapula is elongate in form, with a reduction in the size of the infraspinous fossa 

and development of strengthening of the vertebral border. The elongate scapula 

resembles the morphology seen for living marsupial moles and golden moles, and to a 

lesser extent talpid moles, where the fossae of the scapula are greatly reduced in width 

(Reed 1951; Puttick and Jarvis 1977). Also, the expansion of the glenoid border into a 

second scapular spine and the development of a postscapular fossa, is highly indicative 

of an increase in the size of the triceps for digging. This adaptation is observed in a 

number of fossorial and semifossorial groups including living marsupial moles (see 

Chapter 4), talpid moles, anteaters and ground squirrels (Reed 1951; Lehmann 1963; 

Taylor 1978; Thorington et al. 1997).  

 

The humerus is highly derived, with enlargement of many of the sites of muscle 

attachment. The shaft is short and stout, reflecting a substantial strengthening of the 

bone. The delto-pectoral ridge has migrated distally; it is placed halfway along the shaft 

of the humerus, approximating the position in living notoryctids. A distal shift of the 

delto-pectoral ridge is typical of fossorial mammals, with the effect of increasing the 
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mechanical advantage of the deltoid and pectoralis musculature by lengthening the in-

lever of those muscle systems (Lehmann 1963; Nevo 1979, 1999; Hildebrand 1988). 

The placement of the delto-pectoral crest in the fossil notoryctid is approximately 

halfway along the lateral surface of the shaft of the bone, similar in position to that of 

living marsupial moles. In comparison to other fossorial mammals, the delto-pectoral 

insertion is more distally placed in the fossil mole than in digging armadillos 

(Macalister 1875; Burne 1901; Hildebrand 1988) and fossorial rodents (e.g. pocket 

gophers, Geomys) (Lehmann 1963), but less distally placed than the same structure in 

golden moles (Gasc et al. 1986).  

 

The distal end of the humerus has been greatly expanded, particularly by the increase in 

size of the medial epicondyle. While the development of the medial epicondyle in the 

fossil species is not as extreme as in the living Notoryctes, it is greatly enlarged from the 

basic form in marsupials (Fig. 7.2B). The degree of development is comparable to the 

specialisation show in other fossorial groups of mammals, including armadillos and 

some golden moles (Reed 1951; Gasc et al. 1986). The expansion of the medial 

epicondyle reflects the enlargement of the forearm flexor musculature and it points to 

strong flexion of the wrist during digging. The lateral supracondylar ridge is highly 

developed in the humerus of the fossil notoryctid, almost to the same degree as in the 

modern marsupial moles, similarly reflecting an increase in the size of the muscles of 

the lower arm. The articular surfaces of the elbow are elongate, a means of 

strengthening the joint by spreading the high mechanical forces produced during 

digging, over a greater surface area. A similarly expanded articular surface is found in 

the elbow of other fossorial groups including golden moles (Gasc et al. 1986) and in 

xenarthrans including anteaters (Taylor 1978). Overall, the morphology of the humerus 

leaves little room for doubt that the fossil notoryctid was a very capable digger.  

 

Corresponding to the specialisations of the humerus, the bones of the lower arm are also 

highly modified for digging. In particular, the proximal process of the ulna, the 

olecranon, is greatly enlarged. The enlarged olecranon not only provides an expanded 

surface area for the insertion of the triceps muscle group but also improves the 

mechanical advantage of the muscle fibres by increasing the length of the in-lever from 

the elbow fulcrum. An enlarged olecranon is a typical feature of fossorial and semi-

fossorial mammals (e.g. Hildebrand 1988). The degree of enlargement of the olecranon 

of the fossil marsupial mole approximates that of other burrowers, including armadillos 
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and golden moles. Vizcaino et al. (1999) developed the ‘index of fossorial ability’ (IFA) 

to relate the development of the olecranon to fossorial ability in armadillos. While the 

IFA for the fossil marsupial mole ulnae (IFA = 0.64 to 1.1) is not equivalent to that of 

living marsupial moles (IFA = 2.5 to 4.8), it is greater than that of bandicoots (mean = 

0.58) and wombats (mean = 0.7) among marsupials (see Appendix 1), suggesting that 

the fossil marsupial mole was significantly adapted for digging. Further, the shafts of 

both the radius and ulna are short and robust, also reflecting a substantial strengthening 

and improvement of mechanical advantage (short out-levers) for digging (Hildebrand 

1988). As with the morphology of the humerus, the form of the radius and ulna provide 

strong evidence that the Riversleigh marsupial mole was already a very powerful 

digger.  

 

Modifications to the osteology of the pelvic girdle and limb are apparent in the 

Riversleigh specimens, but are by no means as extreme as the specialisations found in 

the modern marsupial moles. The fusion between the transverse processes of the sacral 

vertebrae is one of the key features that suggests this pelvis probably belonged to a 

primitive notoryctid. Apart from the living marsupial moles, wombats are the only other 

marsupial to demonstrate fusion between the vertebral elements of the sacrum. The 

degree of fusion of the sacral elements in the Riversleigh specimen, also resembles the 

condition seen in some semi-fossorial placental mammals, including the armadillos and 

pocket gophers.  

 

The pelvis and sacrum of the fossil marsupial mole shows a particularly strong 

resemblance to these elements in wombats, where the transverse processes of a number 

of the sacral vertebrae are elongated and fused laterally. This morphological similarity 

between the form of the pelvis with wombats might suggest a similarity in function. 

Wombats are prodigious diggers and can excavate burrows up to 30 m in length (Trigg 

1988). During burrow construction, wombats use their forelimbs to excavate the soil, 

while the hindlimbs brace the body. The hindlimbs are also used to remove the spoil by 

kicking the excavated soil out behind the animal (Trigg 1988; Wells 1989). It is 

suggested that the Riversleigh marsupial mole used their hindlimbs in a similar fashion, 

probably bracing the body against the forces of digging and perhaps also used to push or 

kick the spoil backwards as in wombats and armadillos do. 
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The fossil mole femur is quite robust in morphology for its size and the proximal 

trochanters are large and prominent. The most notable feature of the femur is the 

unusual lateral process found midway along the femoral shaft. Although this process 

clearly represents an attachment site for some well-developed muscle, it is not clear 

what muscles this might have been. No other marsupials possess an additional femoral 

process in this position. Among placental mammals, armadillos and horses have a 

lateral process found projecting from the middle of the femoral shaft, commonly 

referred to as the “third trochanter” (Macalister 1875; Sonntag 1925; Getty 1975). In 

those groups, the process serves as an additional site of insertion for the gluteal muscles. 

This clearly provides one possible explanation for the presence of this process in the 

fossil marsupial mole. However, the gluteal musculature of Notoryctes is not especially 

modified compared with that of other marsupials and there is no indication in the living 

species of an additional, distal insertion of the gluteal musculature. An alternative 

explanation is that the mid-femur process in the fossil marsupial mole represents a 

strong, femoral attachment for the M. biceps femoris muscle. In the living marsupial 

moles this muscle has an secondary attachment (additional to the insertion to the tibia) 

to the lateral aspect of the greatly enlarged patella. It is possible that an earlier stage in 

the progressive enlargement of the M. biceps femoris led to the development of a strong 

mid-femoral insertion, that was subsequently lost as the secondary insertion migrated to 

the patella. An additional insertion of the biceps would point to a strongly abducted 

position of the legs during some important stage in locomotion and/or burrowing. This 

could well represent an intermediate stage in the development of the very specialised 

stance of the modern marsupial moles where the legs appear to project laterally from the 

body and no longer play a role in supporting the body off the substrate. Although this 

notion of a secondary biceps attachment admittedly is speculative, this scenario is 

favoured over the alternative of the development of an additional gluteal insertion, 

primarily because the morphology of the gluteal muscles in the living Notoryces is not 

greatly modified from a typical marsupial form, while the arrangement of the biceps 

muscles and their insertion to the patella demonstrably is.  

 

An alternative hypothesis is that the third trochanter served as the insertion of the 

gluteus musculature as it does in some living mammals today. If this were the case, 

during the evolution of the marsupial moles to a completely subterranean way of live, 

the trochanter may have migrated proximally until it became incorporated into the 
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greater tuberosity. In this way the ‘generalised’ condition of the pelvic musculature in 

living marsupial moles would be secondarily derived.  

 

The bones identified as possible tibiae of the fossil marsupial mole are unusual. The 

main feature that suggests an affinity with the living marsupial moles is the prominent 

crest running along the proximal half of the anterior surface of the bone. The tibia of 

modern marsupial moles has a large blade-like ridge running distally along the anterior 

aspect of the bone. A similar development is seen in the hindlimbs of armadillos, where 

the bones of the lower leg, in particular the tibia, are flattened to increase the surface 

area of the bone for attachment of the flexor and extensor musculature (Macalister 

1875; Burne 1901; Vaughan et al. 2000; Vizcaino and Milne 2002). The similarity 

between the fossil elements and the tibiae of armadillos is suggestive of some functional 

equivalence, and may point to a comparatively strong development of the hindlimb for 

bracing the body during digging with the forelimbs. Modern marsupial moles show a 

similar development of the muscular attachments of the tibia.  

 

Conclusions 

The osteology of the forelimb elements of the fossil marsupial mole, the scapula, 

humerus, radius and ulna, present a highly consistent and compelling picture of a highly 

competent digging marsupial with a level of specialisation not far below that of the 

living species of Notoryctes. In contrast, the morphology of the hindlimb elements 

suggests a more generalised gait and function than that of living Notoryctes, but with a 

probable bracing role of the hindquarters during digging. The degree of morphological 

specialisation of the fossil marsupial mole for digging considerable exceeds that seen in 

various semi-fossorial marsupials, such as the bandicoots and wombats, and is 

equivalent in some respects to the degree of specialisations observed in armadillos. In 

contrast to previous suggestions that the fossil marsupial mole was either semi-aquatic 

or spent its time foraging through litter on the Miocene rainforest floor, I suggest that 

the fossil marsupial mole was a highly specialised fossorial mammal that dug habitually 

in search of food, and probably also for shelter. Four lines of evidence point to a highly 

fossorial, even subterranean, existence for the Miocene marsupial mole.  

 

Firstly, and most convincingly, the major forelimb elements, especially the humerus, 

radius and ulna, and to a lesser extent, the scapula, are each modified in ways that are 

strongly correlated with habitual burrowing ability in other mammalian groups. In 
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particular, the muscular attachments are greatly enlarged and often shifted distally 

(increased in-levers) from the joints (fulcra) that they move, thereby improving the 

mechanical advantage of the forelimb joints. In comparison to other living mammals of 

known burrowing prowess, the morphological adaptations of the forelimb in the fossil 

marsupial mole closely resemble the extent of the adaptations in living Notoryctes, and 

in several groups of fossorial placental mammals including pocket gophers and 

armadillos, and far surpass the morphological adaptations observed in wombats.          

 

Secondly, the morphology of the fossil marsupial mole hindlimb is also substantially 

modified from the basic marsupial form, and in ways that suggest adaptation towards a 

subterranean life. As a general rule the hindlimbs of subterranean mammals are 

typically much less specialised than the forelimbs. However, they do tend to show a 

number of convergent morphological features, most notably the horizontal alignment of 

the pelvis, fusion of the pelvis with the sacral vertebrae, reduction in the length of the 

long bones of the leg, and increase in size of muscle attachment sites (Chapman 1919; 

Hildebrand 1988). The fossil marsupial mole remains provide evidence for a number of 

these characteristics. In particular, there is evidence of some degree of fusion between 

the sacral vertebrae and pelvis, and of realignment of the pelvis into a horizontal 

position. The long bones of the hindlimb are relatively short and stout, and there is clear 

evidence for an increased size of muscle attachment sites exemplified by the mid-lateral 

process of the femur and the anterior crest of the tibia. These modifications resemble the 

changes correlated with a specialised fossorial habit in other mammals. 

 

Thirdly, the fact that there is a clear disparity between the development of the forelimbs 

and the hindlimbs in the fossil moles is highly characteristic of a fossorial specialised 

mammal, the majority of which employ their forelimbs for much of the excavating work 

of digging burrows. Compared with living Notoryctes species, the hindlimb and pelvic 

girdle of the fossil marsupial mole was not as heavily modified. The closest similarity in 

terms of specialisation is observed with some of the armadillos, where the bones are 

strengthened for bracing against digging forces but still retain their principle functions 

of supporting the body off the ground during ambulatory terrestrial locomotion. 

 

Finally, the small size of the fossil marsupial moles, not much bigger than the living 

marsupial moles, is consistent with the notion of a highly fossorial or partially 

subterranean lifestyle. There is strong selection for small body size in subterranean 
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mammals (Davis 1938; Nevo 1999). Fully subterranean fossorial mammals range in 

size from 12-24 cm in length, although subterranean insectivores, including the 

marsupial mole, tend to be much smaller than rodents of similar habit (Nevo 1999). A 

combination of small size and relatively slow ambulatory locomotion (as indicated by 

short limb elements) puts all fossorial mammals at considerable disadvantage in relation 

to predation pressure. Digging of semi-permanent burrows is one way of reducing the 

risk of predation for a fossorial mammal. Although there is no way of proving this 

assertion, it is regarded as very likely that the fossil marsupial mole occupied semi-

permanent burrows in the Miocene rainforest floor. 

 

The hypothesis of a highly fossorial, at least partially subterranean lifestyle for the fossil 

marsupial mole could be further tested with additional evidence. For example, there is a 

strong tendency among subterranean mammals for reduction of eye function (Nevo, 

1999). Cranial remains of the fossil marsupial mole could provide valuable insights into 

the extent of reduction of the eye. This in turn could help to determine the extent 

whether the fossil marsupial mole was completely subterranean or whether it emerged 

onto the forest floor. Other information that more accurately could help determine the 

lifestyle of the fossil marsupial mole might include the shape of the snout and the size 

and form of the claws.  

 

Finally, is the fossil marsupial mole likely to be the direct ancestor to the genus 

Notoryctes? According to Archer et al. (1999), the dental evidence is consistent with 

direct ancestry. Overall, there is a very highly degree of similarity between the fossil 

moles bones and the osteology of modern marsupial moles. Further, where differences 

are observed between the fossil and modern bones, such as in the morphology of the 

pelvic girdle and hindlimbs, it is quite easy to see, for the most part, how the modern 

form could have evolved from the fossil taxon. One final argument is that such highly 

specialised adaptations to particular modes of life, such as fossoriality, are not very 

common or serendipitous – there are no other highly specialised fossorial marsupials 

living or the fossil record, and such highly specialised modes of locomotion/lifestyle 

tend to occur in monophyletic patterns. The most parsimonious explanation for a 

highly-specialised fossorial Miocene marsupial is that is was ancestral to the living 

marsupial mole. 
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Chapter 8 – General Discussion 
 

 

Functional morphology of notoryctids 

 
The skeleton of marsupial moles, both axial and appendicular, has been remarkably 

modified in response to the selective pressures imposed by their burrowing mode of 

locomotion (Chapter 4). The skull is conical in shape and particularly strong in the 

basicranial region to resist compaction forces. The orbit is very shallow and the 

zygomatic arch thin, the sutures between the bones are poorly defined, and the 

smoothly-curved cranium has no sagittal or occipital crests. The smooth shape and 

strong junctions between the bones of the skull reflect the large forces of resistance that 

act upon the anterior end of the marsupial mole during subterranean burrowing. The 

vertebral column is greatly strengthened, the individual vertebrae are compact in size, 

and fusion between the vertebrae has occurred in both the cervical and sacral regions. 

This vertebral fusion, as well as the overall flattened shape of the vertebral column, 

allows for a more effective transfer of the propulsive forces from the hindlimbs to the 

anterior end of the body during locomotion through the substrate. The appendicular 

skeleton is similarly specialised, also displaying many features that are convergent with 

the modifications seen in other subterranean mammals, i.e. short limb bones, large 

processes for muscular attachment, and broad articular surfaces to spread the forces 

acting at the joints.  

 

In addition to specialisations common to the skeletal system of many subterranean 

mammals, a number of modifications to the notoryctid skeleton are unique. In the 

pectoral girdle, the morphology of the clavicle is unique. Whereas the clavicle is 

generally fairly robust in other fossorial species, the clavicle of marsupial moles is 

feebly developed and is only partially ossified. Additionally, the clavicle does not 

articulate directly with the acromion but, rather, articulates through a large, ossified 

meso-scapular segment. Functionally, the unique arrangement of the clavicle in the 

marsupial mole reflects a highly mobile pectoral limb, possibly with improved reach 

and flexibility for the limb to be either abducted or adducted during burrowing. In the 

hindlimb, the patella is uniquely developed as an enormously enlarged site of muscle 

attachment. The causal factors effecting this development are unknown, but functionally 
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are most likely linked to the unusual use of the hindlimbs for pushing against the soil 

during the sand-swimming locomotion of the marsupial mole. 

 

Correlated with the modifications of the skeletal system, the muscular system of 

marsupial moles is also highly derived (Chapter 5, Appendix 3). In particular, the 

groups of muscles related to the extension of the forelimb (e.g. M. latissimus dorsi, Mm. 

pectoralis and Mm. triceps) and the hindlimb (e.g. Mm. quadriceps femoris and the 

hamstring group) are enormously strengthened. This strengthening has occurred in three 

main ways: (1) increase in the relative size of the muscle, (2) migration of attachments 

away from joints, and (3) enlargement of the bony processes of attachment to increase 

the length of the in-lever of the muscle system. The enormous development of muscles, 

in both relative muscle mass and migration of the insertion points, is correlated with the 

need for an increase in the forces generated by these muscles to both excavate the soil 

and push the body through the substrate during subterranean locomotion.   

 

Functionally, the modifications of the musculo-skeletal systems act together to improve 

the mechanical advantage of the lever systems acting on the body of the marsupial mole 

for burrowing (Chapter 6). Increasing the in-force (effort) and in-lever length 

(efficiency of the effort) and reducing the length of the out-lever improves the 

mechanical advantage. The long bones have become short and stout to improve their 

strength to resist the large mechanical forces acting on them. The size of bony processes 

has been greatly enlarged for muscle attachment, e.g. the delto-pectoral ridge, medial 

epicondyle and later epicondylar ridge of the humerus, and the olecranon of the ulna. 

Functionally, the increase in the length of these processes improves the mechanical 

advantage of the musculo-skeletal system by increasing the length of the in-levers. 

Similarly, where bones provide the beam of an out-lever used in digging, reduced length 

improves the mechanical advantage of the lever system. 

 

The form of the m. latissimus dorsi is one of the most specialised features of the 

muscular system of the marsupial moles. In Notoryctes, the latissimus dorsi arises from 

the fourth to tenth dorsal spines and insert into the deep extensor fascia of the elbow 

joint. The unusual morphology of this muscle has occurred as a result of the latissimus 

dorsi losing its usual humeral insertion and becoming completely continuous with the 

dorso-epitrochlearis. There is no connection of this muscle to the humerus in 

Notoryctes. This unique muscular adaptation in the marsupial moles performs two 
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functions. The extreme distal migration of the muscular insertion clearly serves to 

increase the potential muscular force acting to retract the forelimb, and at the same time 

provides additional strength to extend the elbow against the resistance of the soil during 

excavation.  

 

The functional morphology of the tail is uniquely specialised in the marsupial moles to 

act as a prop during the burrowing cycle. Analogous to the role of the tail during slow 

pentapedal locomotion by kangaroos, the tail of the marsupial mole is effectively a fifth 

limb that functions as the main support of the body while the hindlimbs are drawn 

simultaneously under the body to removed the excavated soil. Use of the tail as the 

main support mechanism of the body during an important phase in the burrowing cycle 

has not been reported before, either for marsupial moles, or for any other fossorial 

mammal. This is a highly specialised aspect of the functional morphology of the 

marsupial moles.  

 

The interpretation of the functional morphology of the skeletal and muscular systems in 

this study has enabled a prediction of a unique pattern of limb use during locomotion by 

the marsupial mole. No permanent burrow is formed, and the burrow is apparently 

immediately backfilled (Pearson and Benshemesh 2003). The four limbs and the tail are 

used in a cyclical pattern for continuous progression through the substrate. The 

hypothetical pattern of locomotion is described here in four steps. Initially, the 

forelimbs are extended anteriorly with the claws entering the soil near the nose of the 

animal. During this stage the hindlimbs and tail are used in a tripod-like arrangement to 

brace the body. Next, the forelimbs are drawn postero-ventrally, pulling the soil 

underneath the body. Following this movement, or possibly even during, the hindlimbs 

are brought forward under the body to receive the excavated soil; the tail at this stage 

acts functionally as a fifth limb to brace the body against posterior movement. Finally, 

the soil is kicked out behind the animal with the hindlimbs and the body propelled 

forward into the space created by the forelimbs.  

 

This modified form of the parasagittal, rapid-scratch method used by marsupial moles is 

in many ways similar to that described for other subterranean mammals, including 

golden moles and pocket-gophers (Lehmann 1963; Stalheim-Smith 1984; Gasc et al. 

1986; Gambaryan and Kielan-Jaworowska 1997; Nevo 1999). However, marsupial 

moles exhibit many specialisations of the musculo-skeletal systems to an extreme 
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degree in comparison to the adaptations described in other parasagittal diggers. Such 

specialisations include the morphology of the long bones of the arm and complete 

ankylosis of the pelvis and sacral vertebrae. Further, marsupial moles display a number 

of extreme adaptations for subterranean locomotion that are wholly unique amongst 

mammals, including the previously mentioned latissimus dorsi-dorsoepitrochlearis 

muscular complex, the enlarged and irregular patella and the highly specialisaed tail.  

 

Phylogenetic history of notoryctids: Fossil record 

 

The Riversleigh fossil marsupial mole shows a number of the specialisations apparent in 

the modern marsupial moles, particularly in relation to structural modifications of the 

forelimb (Chapter 7). The morphology of the bones of the forelimb (scapula, humerus, 

radius and ulna) clearly suggests that these Miocene fossil moles Riversleigh rainforest 

were highly capable diggers. Further, while their hindlimb osteology appears to be 

much more pleisiomorphic than for the forelimb, the morphology of the hindlimb 

elements are indicative of the bracing role of the hindquarters during digging.  

 

The interpretation from the skeletal remnants in this study, is that the mode of 

locomotion of the Riversleigh moles was likely to be one of small mammals digging 

permanent burrow systems through the forest floor. The highly adapted forelimbs 

provided the tools for the excavation of burrowing. The hindlimbs, while used for 

bracing during burrowing, were still capable of supporting the body off the ground for 

slow terrestrial locomotion. In terms of its fossorial capabilities, the Riversleigh 

marsupial mole probably reflected the degree of specialisation seen in modern forms 

such as the Neurotrichus or Condylura among the insectivorous talpid moles.  Both 

these forms are capable of digging substantial burrow systems. However, they retain the 

ability to bring their forefeet underneath the body to support the body during terrestrial 

locomotion. Neurotrichus and Condylura represent a lesser stage of adaptation to the 

subterranean habit, demonstrating more plesiomorphic modifications of the forelimb 

and less muscular power, in contrast to the highly specialised Scapanus and Talpa. Even 

so, they are remarkably strong diggers (Campbell 1939; Reed 1951). The Miocene 

marsupial moles from Riversleigh are to the modern marsupial mole as Neurotrichus 

and Condylura are to Talpa and Scapanus. 
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A possible path of evolution towards the subterranean ‘sand-swimming’ lifestyle of the 

marsupial moles is as follows. Initially, rapid-scratch digging of shallow holes with the 

forelimbs was probably utilised as a way of securing food from the substrate. Many 

marsupials, including bandicoots, numbats, and some of the small macropods, dig 

shallow holes to obtain food such as invertebrates and fungi from the soil. Adaptations 

of the forelimbs for this type of digging are often fairly slight, with the enlargement of 

the claws and triceps muscles being the most obvious. Over time, the specialisations for 

digging these holes became more and more pronounced, possibly leading to the 

utilisation of deeper food sources that were otherwise untapped. The bones of the 

forelimb became further strengthened and the muscles involved in digging were 

enlarged. The improving specialisations allowed for a greater ability to dig in the 

substrate, and at some point this ability to dig holes in the ground provided an 

advantage for more than just acquiring food, i.e. a burrow for shelter. As the forelimbs 

became more specialised for digging, the animal’s speed of locomotion presumably 

became compromised and therefore predator avoidance became a greater selective 

pressure. The ability to dig burrows provided a means of acquiring not only food, but 

also shelter from predators both while foraging in the soil for food and while raising 

young. 

 

The proposed fossorial lifestyle of the Miocene marsupial mole lends itself well as an 

intermediate in the evolutionary history of the modern marsupial moles.  Over the last 

20 million years the increasing aridity (where the geology has permitted) has given rise 

to the formation of vast sandy deserts and sand-dune country (Frakes et al. 1987; Main 

1987). The subterranean microhabitat meant that the marsupial moles were pre-adapted 

for the increasing aridity of the continent; burrows afford protection from extremes of 

climate as well as from predators (Nevo 1979, 1990). In this way, the subterranean 

lifestyle of the pleisiomorphic notoryctid allowed for the habitation of an increasingly 

arid area without requiring great modification of physiological systems. (Modern 

marsupial moles have the most specialised metabolic physiology of all marsupials but 

apparently show little physiological specialisation related to their current distribution in 

extremely arid areas; Withers et al. 1999). 

 

Functionally, however, the drying out of the continent from the mid-Oligocene (Main 

1987) led to another problem. As the distribution of sand dune systems become 

expanded, the substrate became less suitable for the construction of permanent burrow 
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systems. This could have led to the evolution of the current functional morphology of 

the marsupial moles, that is, the ability to move continuously through loose soil or 

‘sand-swim’. The pattern of limb use changed from excavation with highly modified 

forelimbs and relatively non-specialised, bracing hindlimbs, to a constant progression 

through the soil in which the forelimbs and hindlimbs are used as part of a continuous 

cycle. Given the already highly specialised form of the forelimb in the fossil species, the 

evolution since the Miocene has apparently been primarily a shift in the functional 

morphology of the hindquarters, rather than the forelimbs. Examination of cranial 

material (to provide evidence of modification of sensory systems and overall 

strengthening of the skull) would also help to elucidate the degree of adaptation of the 

Miocene marsupial mole to a subterranean lifestyle.  

 

It is likely that the Riversleigh fossil moles lie in the ancestral lineage of the living 

species of marsupial mole. The dental (Archer et al. 1999) and skeletal morphology 

(this study) of the fossil specimens are certainly pleisiomorphic, but show a high degree 

of similarity and relatedness to the living marsupial moles. Further, such highly 

specialised adaptations to a particular mode of life, such as fossoriality, are not very 

common and thus the most expedient explanation for a highly fossorial Miocene 

marsupial is that it was an ancestral form to the living marsupial moles. The fact that the 

Miocene marsupial moles were already highly adapted for burrowing suggests that the 

time of divergence of marsupial moles from the rest of the marsupial line occurred well 

before the Miocene. Molecular techniques have estimated that the marsupial moles 

diverged from the main marsupial line at least 50 mybp (Johnson and Walton 1989). 

 

Phylogenetic history of notoryctids: Affinities within the Marsupialia 

 

The affinities of the marsupial moles within the Marsupialia remain enigmatic. 

Previously, the marsupial moles have been phylogenetically linked with various groups 

among marsupials including peramelids and dasyurids (Retief 1995; Springer et al. 

1998; Horovitz and Sanchez-Villagra 2003). Overall, the highly modified form of the 

musculo-skeletal system of the marsupial mole seems to provide little evidence of their 

phylogenetic affinities. The entire skeleton, from the skull to the tail, has been so highly 

modified in its evolution towards the subterranean lifestyle that any patterns reflecting 

its ancestry among marsupials have been obscured. It may even be possible that the 

marsupial moles represent a separate line of evolution from the microbiotherian 
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ancestors of the Australian marsupials. However, some morphological evidence 

suggests a phylogenetic affinity between the marsupial moles and the bandicoots, and 

this corroborates the recent results of Horovitz and Sanchez-Villagra (2003). 

 

In terms of their musculo-skeletal system, the marsupial moles share a number of 

similarities with the bandicoots that are not shared with any other marsupial group. 

Osteological similarities include enlargement of the third and fourth digits of the 

forepaw, enlargement of the bony processes for muscle attachment in the forelimb, 

reduction of the clavicle, and ossification of the patella. With respect to their myology, 

similarities include a reduction of the forearm flexor musculature, reduction of the 

omotrachelien muscles (the dorsalis portion is absent in bandicoots, and both portions 

are absent in the marsupial moles), the site of insertion of the omohyoid muscle, and the 

absence of the coraco-brachialis muscles. Many of these undoubtedly reflect similarities 

in functional evolution, i.e. modifications of the forelimb for digging, including the 

enlargement of the muscular attachments on the forelimb, the enlargement of the third 

and fourth digits for digging, and related changes in the forearm musculature. Similarly, 

the reduction of the clavicle reflects a common loss of manual dexterity in the two 

groups. Other similarities, however, are less easily attributed to functional requirements 

and therefore may reflect phylogenetic affinities. In particular, the ossification of the 

patella is an unusual similarity between the two groups among marsupials, where all 

other groups lack ossification of the patella cartilage. There is no clear functional reason 

for this similarity between the marsupial moles and the bandicoots, to the exclusion of 

other marsupial groups. While I would agree that these morphological characters in 

isolation are not nearly enough to establish a phylogenetic affinity between the 

marsupial moles and bandicoots, they do provide some interesting similarities. 

 

Szalay (1994) concluded on the basis of tarsal bone morphology that the syndactylous 

marsupials arose from a common microbiotheriid ancestor, while the dasyurids arose 

separately. He also concluded that the tarsal morphology of the marsupial mole suggests 

an affinity with syndactylous marsupials. Perhaps the additional similarities described 

above between the marsupial moles and the bandicoots suggest that the notoryctids 

came from a basal part of the Syndactyla lineage near the primitive peramelids.   

 

Another question related to the phylogeny of the marsupial mole is ‘why are there 

apparently only one (or two) species of marsupial mole?’ Presumably the Riversleigh 
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and extant marsupial moles are the result of a monophyletic pattern of evolution. During 

the evolution of such a highly specialised mode of life the selective pressures on the 

working functional systems for burrowing would be highly constrained. So, 

morphologically, there is unlikely to be any significant variation leading to the 

development of different species. The only way in which such a highly specialised 

group of animals is likely to divide into two or more species is through geographic 

separation, and this seems to be the case for the two living marsupial moles. Two 

species have been formally named and recent molecular studies confirm the division 

between the two species (Aplin pers. comm.). While there are significant molecular 

differences, morphologically the two species are almost identical. So highly constrained 

are the functional systems of the marsupial moles by the selective pressures imposed on 

them that the different species remain morphologically similar even when random 

genetic drift may have occurred. So, while genes not attributed to functional systems 

may apparently drift at random in populations that are reproductively isolated, 

functional systems will not change. In other words, speciation is likely to be minimal 

because once they are so highly specialised for a burrowing lifestyle, there are strong 

constraints on changes to functional and physiological systems. 

 

Notoryctids as a study of evolutionary convergence 

 

Reflecting the selective pressures on subterranean locomotion, the marsupial moles 

show remarkable convergent evolution with other subterranean mammals including 

golden moles (Chrysochloridae), talpine moles (Talpidae) and highly fossorial rodents 

such as pocket gophers (Geomyidae). The entire 3-dimensional anatomy of marsupial 

moles has been modified by their adaptation to a subterranean lifestyle (Chapter 3). 

From the overall body form to the sensory organs, almost no part of the body remains 

unspecialised. The body is compact, stocky and cylindrical, the limbs are greatly 

reduced in length, and the proximal limb segments are contained within the body 

contour. All these are general characteristics described by Nevo (1999) to reduce 

resistance to the soil during burrowing. The neck is short and muscular and a large, 

tough nose pad covers the nasal region; these reflect the forces that act on the anterior 

part of the body during burrowing. The external sensory organs are modified to keep 

dirt out of their orifices; the eyes are vestigial and the ear canal is covered by fur.    
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The morphology of the pectoral girdle and forelimbs of the marsupial moles show many 

convergent features with those mammals of similar burrowing habit. However, their use 

of the hindlimbs during subterranean locomotion is highly specialised. Differences in 

the functional morphology of the hindlimb of the marsupial mole in comparison to other 

fossorial mammals presumably reflect the fact that marsupial moles do not construct a 

permanent burrow system, but rather dig continuously through the soil, back-filling as 

they go.  

 

Only one other fossorial mammal is able to burrow continuously through the substrate 

without building a permanent burrow, the Namib Desert Golden Mole (Erimitalpa 

granti namibiensis). This golden mole is found in the aeolian sand-dunes of the Namib 

Desert and forages on and in the loose sand of the dunes. The Namib Desert Golden 

Mole can progress through very loose sand by a series of buttressing movements by the 

head pushing in opposition to the forelimbs, in conjunction with a propulsive phase, 

which incorporates pushing the body forwards through the soil using all four limbs. The 

loose sand falls down behind the animal as it progresses (Gasc et al. 1986). Generally, 

other subterranean mammals dig permanent burrow systems within the substrate. While 

observations of captive marsupial moles (Withers, pers. comm.) suggest that the 

marsupial mole is not adept at the initial burrowing into the surface of loose sand 

compared to the Namib Desert Golden Mole, once below the surface the Australian 

species progresses without difficulty. As such, I have called the continuous locomotion 

through the substrate of the marsupial mole without the construction of a permanent 

burrow as ‘sand-swimming’, but it is nevertheless not necessarily the same as ‘sand-

swimming’ by the Namib Desert Golden Mole. Without direct observation of the 

subterranean burrowing of the marsupial mole it is difficult to know exactly how similar 

is its mode of burrowing when compared to the Namib Desert Golden Mole. Certainly 

the forelimbs are remarkably convergent; however, whether or not the marsupial mole 

employs a similar buttressing action with its head is unknown. Morphologically, while 

there are differences in the neck musculature (such as the lamination of the rhomboid 

muscle) between the marsupial mole and golden mole, these may reflect phylogenetic 

rather than functional differences. With respect to the use of the tail, I suggest that the 

marsupial mole relies much more on the use of its tail during burrowing than does the 

Namib Desert Golden Mole. Morphologically, the tail of the marsupial mole is much 

more modified than that of its placental counterpart.  
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The main selective pressures on all animals relate to the need to survive to reproduce 

successfully. They must be able to acquire food, move between sites of food and water, 

and avoid predators. Davis (1964) describes how the evolution of the functional 

morphology of the Giant Panda has been driven primarily by the pressure for the 

acquisition of food, initially by manipulation with the forefeet and subsequently by 

processing by the mechanical and chemical digestive systems. Pressure on the 

locomotor system has been minimised by a lack of predators and a plentiful supply of 

areas for foraging. As a result, all the specialisations of the anatomy of the giant panda 

are related to acquiring food. The evolution of some other animals, including animals 

with armoured bodies such as pangolins and armadillos, seems to have been driven by 

the pressure of defence against predators. If it is possible for the evolution of an animal 

to be dominated by one of these selective pressures above all others, then it seems 

reasonable to suggest that the evolution of the marsupial moles, and similarly for 

subterranean mammals in general, has been driven primarily by the pressures acting on 

the locomotor system for burrowing.  

 

The selective pressures for subterranean locomotion apparently act at the expense of 

other functional systems. For example, reduction of the teeth to zalambdodont (one 

cusp) dentition, as is seen in extremis for marsupial moles, is also seen in other 

subterranean mammals that feed on soft, small food e.g. termites and insect larvae. 

Other examples of the compromise in response to the changing needs and pressures 

imposed on subterranean mammals are the loss manual dexterity, the reduction in 

sensory organs, particularly the eyes, and the loss of effectiveness of locomotion on the 

substrate surface. Further, these compromises and constraints on the functional 

morphology of highly fossorial animals are not confined to subterranean mammals. 

Burrowing snakes appear to have been similarly constrained, primarily reflecting the 

use of the head as a shovel (Parker 1977). The path of evolution to the highly adapted 

mode of digging in the burrowing snakes has resulted in patterns of morphology 

convergent with those of the subterranean mammals, in particular a significant reduction 

in the teeth and sensory organs including the eyes. The strengthening of the head for 

pushing through soil has been to the detriment of other functional systems positioned 

within the skull.  

 

Marsupial moles provide an excellent example of how the selection for a particular 

mode of life can greatly influence the entire bauplan of an animal and further evidence 
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for the conclusion that subterranean locomotion imposes selective pressures on the 

functional morphology of animals at the expense of other systems. 
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N. caurinus M6157 22.9 6.3 42 4.5 8.6 16.1 13.5 3.5 14.5 10.1 5.3 4.2
N. caurinus M44175 23.2 6 37.6 4.3 7.7 14.9 13 3.5 13.1 9.1 6.2 3.6
N. typhlops CM6010 28.4 8.2 50.9 5.1 11.8 20.7 16.4 5.1 16.1 12.5 7.8 4.7
N. typhlops AM18163 N/A N/A N/A N/A N/A N/A 13.8 4 14 10.3 5.6 3.5
N. typhlops AM18165 N/A N/A N/A N/A N/A N/A 14.3 3.5 14.5 9.9 6.2 2.8
I. obesulus M12188 81 40.7 187 21.2 9.3 61.2 48.8 10.4 41.7 30.4 7.5 11
I. obesulus M6929 76.6 33.6 190 N/A N/A N/A 46.6 9.4 42.5 27.3 8.8 9.6
I. obesulus M6932 79 33.9 169.1 20.2 7 54.2 48.5 8.9 40.9 25.3 7.4 9.4
I. obesulus M6789 63.5 27.5 140 13.5 6.6 37.4 35 6.7 31.2 17.3 6 6.8
I. obesulus 12174 65.7 28 148.7 15.1 16.4 55.8 35.2 6.8 29.8 17.4 7.1 7.1

T. vulpecula 6776 79.1 39.1 179.1 16.6 9.5 65.8 44.7 10.5 40 19 12 11.6
T. vulpecula 6774 74 39.3 204 17.1 11.1 57.1 43.1 9.6 38.9 18.1 10.7 11.5
T. vulpecula 24376 81.1 38.7 193.8 17.2 11.1 73.3 47 10.8 44.8 20.8 9.8 13.2
T. vulpecula 6745 75.1 39 204.1 16.8 10.3 66.3 43.4 9.4 38.5 16.3 10.2 11.5
T. vulpecula 6926 78.3 41 207 17.2 10.1 63.6 45.1 11 41.2 20.1 9.2 13.3
T. vulpecula 6934 78.6 41 208 18.6 9.5 65.5 47.7 9.7 40.8 20.8 10.1 11.9
D. geoffroyi 6735 74 36.3 155.3 21.9 7.9 80.5 36.3 7.4 31.6 13.2 11 9.3
D. geoffroyi 7490 85 48 178.2 26.6 9.5 94.1 47.9 9.9 43.5 22 16.7 11.9
D. geoffroyi 11021 72.8 38.5 136.8 20.4 7.5 64.6 34.4 6.4 30.1 14.8 13.8 10.6
D. geoffroyi 15489 73.7 39.5 174.7 N/A N/A N/A 38.1 9.4 31.7 18 12.2 10.4
D. geoffroyi 15492 71.7 37.7 140 N/A N/A N/A 35.6 7.7 30.7 16 14.3 10.3
D. geoffroyi 7488 81.2 43.1 173.5 23.7 9.6 89.7 44.3 9.3 42 18 11.9 11.1
L. latifrons 6553 180 83.9 449.5 57 32.5 154 110 40 118 55 48 44
L. latifrons 924 156 N/A N/A N/A N/A N/A 110 38.5 117 55 41 46

Abbreviations: Skull length (Skull L); cervical vertebral length (C vert); throaco-lumbar vertebral length (Pre-sacral ); length of manubrium sterni (Manub L); width of 
manubrium sterni (Manub W); length of sternum (Sternum L); length of scapula (Scap. L); maximum height of meso-scapular spine (Scap. Spine L); length of meso
scapular spine (Scap. Spine L); width of scapular vertebral border (Scap. W); length of acromion of scapula (Scap. Acrom. L); height of acromion  (Scap. Acrom. H).

All measurements in mm
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N. caurinus M6157 N/A N/A 2.1 2.5 12.7 10.2 4.8 8.2 5 3.8 14.2 6
N. caurinus M44175 N/A N/A 2.1 2.3 11.9 10 5.4 7.5 4.2 3.2 13.4 5.8
N. typhlops CM6010 N/A N/A 2.9 3.2 15.6 12.2 6.3 10.4 6.2 4.7 18.7 8.2
N. typhlops AM18163 2 1.9 2 2.45 12.2+ N/A 6.4 7.7 4.4 3.3 16.2 5.9+
N. typhlops AM18165 2 1.7 2.2 2.3 13.4 11.1 5.6 7.6 4.2 3.2 15.4 7
I. obesulus M12188 N/A N/A 8.3 7.3 54.4 49.4 12 15.6 6.5 7 58.5 15.8
I. obesulus M6929 N/A N/A 7.3 6 52.7 45 11 14.1 4.8 6.8 54.4 14.8
I. obesulus M6932 N/A N/A 7.4 6.2 49.9 43.2 11.2 14 5 6.9 54.5 14.9
I. obesulus M6789 5.3 3.8 6.1 4.3 40.5 35.5 7.6 10.9 3.3 5 39.8 11
I. obesulus 12174 5.3 3.9 5.7 4.6 37.7 31.7 6 10.5 3.7 7 39.4 10

T. vulpecula 6776 7.3 6.8 N/A N/A N/A N/A N/A N/A N/A N/A 75.4 11
T. vulpecula 6774 6.7 5.3 7.9 8.8 57.4 48.7 18.9 17.7 5.3 9.8 76.4 12.9
T. vulpecula 24376 7.4 7 8.3 9.2 64.7 56.7 19.5 18.6 6.6 10.2 84.5 13.1
T. vulpecula 6745 7.3 5.7 7.9 8.8 58.8 51.9 19.6 17.2 7 10.5 75.3 12.7
T. vulpecula 6926 8.4 6.6 8 8.4 58.1 50.5 18.6 17.8 7 10.3 79.4 11.9
T. vulpecula 6934 6.9 5.9 7.6 8.6 62.4 52 18.3 18 6 13 83.5 12.9
D. geoffroyi 6735 6.4 4.8 6.3 6.3 51.9 44.8 9.6 11.9 3.4 13.4 59.6 9.2
D. geoffroyi 7490 8.5 6.2 9.2 7.7 63.5 54.4 14.8 13.9 4.3 16.9 74.8 10.5
D. geoffroyi 11021 6.5 5.8 7.4 7.8 41.6 34.4 11.6 13.1 4 14 53.3 10.5
D. geoffroyi 15489 5.5 5.1 8.1 7.6 54 46.5 13.8 11.3 3.4 12.6 65.3 9.2
D. geoffroyi 15492 5.6 5 6.4 6 48.2 42 12.2 11.1 3.5 11 60 8.2
D. geoffroyi 7488 7 5.7 8.5 8.3 57.3 49 14 14.8 4.6 19.4 67.8 10.8
L. latifrons 6553 21 20 24 28 120 97 47 54 13 28 135 38
L. latifrons 924 19.5 19.5 18.5 22.5 110 87 39 49 12 23.5 136 39.5

Abbreviations: glenoid fossa length (Glenoid L), glenoid fossa width (Glenoid W); humeral head vertical diameter (HHead. V D); horizontal diameter humeral head  
(HHead. H D); length of humerus (Hum. L); humeral length from neck to distal end (Hum. Neck L); length of lateral supracondylar ridge (Hum. Epiridge L);  distal width 
humerus (Hum.Distal W); medial condyle to trochlea width (Hum.Troch W);deltopectoral ridge length (Hum.Delt L); ulna length (Ulna L); olecranon length (Ulna ole L).

All measurements in mm
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N. caurinus M6157 4.7 8.4 7.2 N/A 20.6 12.4 13.5 2.8 2.7 14.1 4.2 7.4
N. caurinus M44175 5 7 6.9 N/A 18.2 11.1 11.4 N/A N/A 12.4 3.9 4.6
N. typhlops CM6010 4.9 10.8 8.5 N/A 25 14.5 16.2 3.8 3.8 16.8 5.5 8.3
N. typhlops AM18163 2+ 9.9 7.5 N/A N/A N/A N/A N/A N/A 14.3 4.9 8.4
N. typhlops AM18165 4 9.1 7.4 N/A N/A N/A N/A N/A N/A N/A N/A N/A
I. obesulus M12188 5.6 41.6 44.4 12 85.8 N/A N/A 11.9 9.8 80.5 15.1 19.9
I. obesulus M6929 6.8 40 40.6 N/A 81 66 32 8.8 7.1 73.8 13.8 17.6
I. obesulus M6932 3.2 40.5 41.1 13.7 82 70 32.4 9.6 8.3 73.6 13.7 16.6
I. obesulus M6789 2.2 29.8 30.8 13.3 62.3 44.6 26 N/A N/A 59 12.4 14.4
I. obesulus 12174 2 28.6 29.7 11.7 59.4 45.6 28.4 7 6.3 53.2 10.8 13.1

T. vulpecula 6776 4.3 64.2 61 13.7 72.7 44.3 39.3 12.6 10.6 73.8 14 18
T. vulpecula 6774 4.7 63.5 62.4 13.8 71.9 40.2 35.4 10.5 9.3 76.1 13.6 18.1
T. vulpecula 24376 4.1 72.1 70.5 N/A 81.4 49.6 39.4 11.2 10.5 80.5 14.2 20.5
T. vulpecula 6745 3 63 62.7 13.5 70.5 48 37.2 10.7 9.6 77.9 15.4 17.3
T. vulpecula 6926 5.1 65.3 65.8 14.2 75 45.5 39.7 10.2 9.8 77.1 13.8 18
T. vulpecula 6934 4.4 68.3 69 13.6 75.2 49.6 39.2 10.7 9.1 80.8 15 18.8
D. geoffroyi 6735 3.3 51 49.4 12.5 54.9 35 26.6 7.1 6.1 60.2 9.4 12.5
D. geoffroyi 7490 3.6 61.2 60.8 14.4 68.7 45.2 34.8 10.8 8.3 71.6 13.6 15.4
D. geoffroyi 11021 3 43.4 42.5 13.8 53 34 26 9.4 6.4 48.1 10 13.2
D. geoffroyi 15489 2.5 56.6 56 13.3 58 35 27 8.8 7.5 64.9 10.3 13.3
D. geoffroyi 15492 3.2 51.6 51.1 11.8 53 37 27 8.3 7 58.7 9.8 13
D. geoffroyi 7488 3.7 56 55.7 14.2 61.2 41.3 31.6 9 7.9 62.1 10 16.3
L. latifrons 6553 13 92 109 N/A 199 202 141 29.5 12.5 155 53 47
L. latifrons 924 10 95.5 103 N/A N/A N/A N/A N/A N/A 139 38 43

Abbreviations: olecranon width (Ulna Ole W); length of ulna shaft (Ulna shaft L); radius length (Radius L); third metacarpal length (meta III L); pelvis length (Pelvis L); 
anterior width of pelvis (Pel Ant W); posterior width of pelvis (Pel P W); length of acetabulum (Acetabulum L); width of acetabulum (Acetabulum W); length of femur
(Femur L); length of trochanteric ridge (Femur idge L); proximal width of femur (Femur Prox W).

All measurements in mm
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N. caurinus M6157 2.1 2.4 3.5 10.5 7 2.8 12.9 6.4 2.5 N/A
N. caurinus M44175 2.3 2.4 3.7 10.1 6.6 3 12.7 5.2 1.7 3.5
N. typhlops CM6010 2.9 2.8 4.5 13.1 8.2 2.8 16 8.1 2.7 N/A
N. typhlops AM18163 2.4 2.8 4.1 12.6 7.6 2 N/A N/A N/A N/A
N. typhlops AM18165 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
I. obesulus M12188 8.4 8.5 14.5 75.6 13.3 6.8 68.7 7.3 6.1 2.5
I. obesulus M6929 6.7 7 14.4 70.3 13.1 6.6 64.9 5.5 4.5 23.1
I. obesulus M6932 6.9 7.2 14.2 69.5 12.7 6.4 62.7 6.1 5.1 25.2
I. obesulus M6789 6 6 11.8 55.4 11.3 6 52 4.6 4.4 N/A
I. obesulus 12174 5.7 6.1 11.9 52.7 11.5 6.3 47.7 4.1 3.8 19

T. vulpecula 6776 8.3 8.8 14.4 70.5 13.1 6.5 69.9 11.7 6.9 16.5
T. vulpecula 6774 8.3 8.6 14.9 72.4 14.1 8.8 70.4 13.2 6.7 15.3
T. vulpecula 24376 8.1 8.5 15.3 78.7 13.3 9.1 77 11.7 7 N/A
T. vulpecula 6745 8 8.6 14.1 77.4 13 8.6 77 11.9 7.4 15
T. vulpecula 6926 9 9 15 73.1 12.5 8.7 73 11.4 7.4 17.5
T. vulpecula 6934 8.5 8.6 14.3 81.9 13 8.3 80.4 12.3 7.4 16.6
D. geoffroyi 6735 4.8 5.7 11.5 65.9 9 6.3 64.6 6.2 5.2 25.5
D. geoffroyi 7490 8 6.9 13.4 80.7 10.3 7.4 78.4 7.2 6 29.8
D. geoffroyi 11021 6.7 7.4 12.8 55.6 9.2 6.6 54.5 7 5 24.8
D. geoffroyi 15489 7 6.3 11.4 69.8 9.2 6.5 67.5 6.5 4.4 26.8
D. geoffroyi 15492 6.1 6.1 11 ~70 9.8 N/A N/A N/A N/A 23.9
D. geoffroyi 7488 6.8 6.9 13.4 72.6 10.7 7.7 71.5 7.7 5.4 28
L. latifrons 6553 21 23 36 115 28 19 114 24 16.5 N/A
L. latifrons 924 18 21 32 115.5 30.5 16 114.5 24 14.5 N/A

Abbreviations: Vertical diameter of femoral head (Fhead V D); horizontal diameter of femoral head (Fhead H D); distal width of femur (Femur distal W); length of tibia
(Tibia L); proximal width of tibia (Tibia prox W); distal width of tibia (Tibia dist W); length og fibula (Fibula L); proximal width of fibula (Fibula prox W); distal width of
fibula (Fibula dist W); length of third metatarsal (Metatarsal L).

All measurements in mm



Appendix 2 - Dry muscle masses of Notoryctes cauinus, N. typhlops, Isoodon obesulus, Trichosurus 
vulpecula, Dasyurus geofroyii, and Lasiorhinus latifrons.

Trichosurus Dasyurus Isoodon N. typhlops N. typhlops N. caurinus
Shoulder group

Latissimus dorsi 0.662 1.914 1.384 0.044 0.045 0.045
Teres major 0.360 0.804 0.482 0.007 0.010 0.005

Axillary group
Deltoideus - acromial 0.072 0.182 0.029 0.015 0.023 0.015
Deltoideus - scapulospinal 0.129 0.472 0.191 N/A N/A N/A
Deltoideus - clavicular 0.066 0.216 N/A N/A N/A N/A
Teres minor 0.012 0.022 0.018 A A A
Subscapularis 0.505 1.522 0.714 0.054 0.061 0.041

Pectoral matrix
Pectoralis minor 0.220 0.595 0.929 0.050 0.055 0.037
Pectoralis quartus 0.120 0.400 0.692 N/A N/A N/A

Anterior coracoid matrix
Pectoralis major - superficial 0.606 2.422 1.005 0.030 0.035 0.048
Pectoralis major - deep 0.058 N/A N/A 0.034 0.028 N/A
Supraspinatus 0.484 1.629 0.782 0.009 0.014 0.006
Infraspinatus 0.351 0.879 0.585 0.009 0.013 0.013

Posterior coracoid matrix
Coracobrachialis - brevis 0.024 0.031 A A A A
Coracobrachialis - medius 0.007 A A A A A

Elbow dor.
Dorso-epitrochlearis 0.089 0.136 1.077 N/A N/A N/A
Triceps longus 0.625 1.889 0.677 0.044 0.050 0.085
Triceps lateralis 0.400 1.014 0.182 0.087 0.100 0.022
Triceps medialis 0.168 0.726 0.347 0.130 0.150 0.107

Elbow ven.
Brachialis 0.153 0.383 0.303 0.005 0.007 0.004
Biceps brachii 0.444 0.985 0.243 0.004 0.002 0.003

Ante. Dor.
Supinator brevis 0.076 0.150 0.024 0.001 0.001 0.001
Ex. C. Rad.Long 0.082 0.759 0.204 0.012 0.015 0.009
Ex. C. Rad.brevis 0.101 N/A N/A N/A N/A N/A
Ex. Comm. Dig. 0.046 0.154 0.118 0.005 0.007 0.004
Ex. Dig. Min. 0.028 0.094 0.059 A A A
Ex. C. Ulnaris 0.083 0.182 0.078 0.001 0.001 0.001
Ex. Dig. Prof. 0.019 A A A A A
Ex. Os. Me. Pol. 0.073 0.120 0.056 0.001 0.001 0.001
Supinator longus 0.039 0.029 0.032 A A A
Anconeus Lat. 0.042 0.073 0.059 0.001 0.001 0.002
Ex. S. I. P. A 0.037 A A A A
Ex. I. & M. Dig. A 0.056 A 0.001 0.002 0.002
Ex. 2nd met. A A 0.030 A A A

Ante. Ven.
Anco. Medius 0.034 0.021 N/A 0.002 0.002 0.001
Flex. C. Rad. 0.065 0.166 0.079 0.014 0.014 0.007
Flex. C. Ulnaris 0.176 0.368 0.108 0.012 0.011 0.011
Pron. teres 0.136 0.316 0.078 0.004 0.005 0.003
Palmaris longus 0.062 0.126 A A A A
Flex. Dig. Prof. 0.730 0.814 1.007 0.036 0.039 0.025
Pron. Quart. 0.020 0.053 0.022 A A A
Fl. Sublimis A 0.087 0.162 A A A
Fl. Long Pol. A 0.979 A A A A

Muscles masses in grams, average of bilateral muscles.
A - Muscle absent
N/A - Not available



Appendix 2 - Dry muscle masses of Notoryctes cauinus, N. typhlops, Isoodon obesulus, Trichosurus 
vulpecula, Dasyurus geofroyii, and Lasiorhinus latifrons.

Trichosurus Dasyurus Isoodon N. typhlops N. typhlops N. caurinus
Iliacus group

Iliacus 0.311 1.001 0.731 0.033 0.017 0.017
Pectineus 0.086 0.530 N/A 0.010 0.008 0.005

Gluteal group
Glut. Max. 0.247 1.301 0.574 0.018 0.021 0.008
Glut. Med. 1.156 1.921 3.950 0.032 0.045 0.020
Glut. Min. 0.065 0.332 0.298 N/A N/A N/A
Glut. Quart N/A N/A 0.403 N/A N/A N/A
Femorococ./agitator caudae 0.224 N/A 0.182 0.007 0.008 0.020
Pyriformes 0.120 0.090 0.134 N/A N/A N/A

Quadriceps
Sartorius 0.166 0.949 1.506 0.040 0.048 0.035
Rectus femoris 0.561 0.232 5.723 0.060 0.066 inc. below
Vasti 1.459 4.732 N/A 0.124 0.152 0.101

Adductor group
Gracilis 0.565 1.187 0.545 0.013 0.015 0.007
Adductor longus 0.698 0.691 3.220 0.020 0.029 0.013
Adductor brevis inc. above 0.928inc. above 0.011 0.010 0.002
Adductor magnus inc. above 3.386inc. above inc. above inc. above inc. above
Obturator externus 0.398 0.590 N/A 0.007 0.010 0.003

Ischiotrochanteric group
Gemelli 0.065 0.103 N/A 0.002 0.002 0.001
Glutofemoralis 0.126 0.619 0.375 0.027 0.041 0.003

Hamstring group
Presemimembranosus 0.642 0.247 1.737 N/A 0.002 0.003
Semimembranosus 1.058 0.831 2.217 0.026 0.028 0.020
Semitendinosus 0.231 0.919 2.182 0.047 0.044 0.009
Biceps femoris 1.106 3.192 6.144 0.014 0.021 0.009
Tenuissimus A A A 0.003 0.003 0.001

Flexor group
Gastrocnemius (lat) 0.666 2.070 2.001 0.045 0.028 0.025
Plantaris N/A 0.485 1.496 N/A N/A N/A
Flexor tib 0.121 0.151 0.569 0.012 0.008 0.007
Flexor fib 0.643 0.738 0.597 0.008 0.005 0.004
Tibialis posterior 0.041 0.140 N/A 0.002 0.002 0.001
Pronator tibiae 0.121 N/A 0.170 0.001 0.002 0.001

Extensor group
Tibialis anterior 0.264 1.061 0.838 0.011 0.009 0.007
Ext. dig. Long. 0.117 0.223 0.261 0.012 0.010 0.007
Ext. hall. Long. 0.059 0.029 A 0.002 0.003 0.002

Peroneal group
Per. Longus 0.184 0.203 0.409 0.009 0.007 0.004
Per. Brevis 0.119 0.197 N/A 0.005 0.006 0.003
Per. Quinti 0.037 0.073 N/A A A A
Per. Quarti 0.017 A N/A A A A

Muscles masses in grams, average of bilateral muscles.
A - Muscle absent
N/A - Not available
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Appendix 3 – Comparative Musculature of Marsupials  

 

 

The purpose of this appendix is to provide a summary of the basic patterns of musculature 

among the groups of marsupials. This information provides the basis for the interpretation 

of the muscular specialisations of the marsupial moles in comparison with other specialised 

subterranean mammals. The available published works were supplemented by my own 

dissections of brush-tail possums (Trichosurus vulpecula), chuditch (Dasyurus geoffroyi), 

southern brown bandicoots (Isoodon obesulus), koalas (Phascolarctos cinereus) and 

common wombats (Lasiorhinus ursinus). 

 

Similarities between the adaptations to fossoriality of the muscular systems of the 

marsupial mole and other small subterranean mammals are the result of convergence, 

driven by similar, or the same, selective pressures. The term convergence implies that the 

similarities have arisen from initially different backgrounds, e.g. marsupial or placental. So, 

while the architecture of the muscles of the pectoral girdle (for example) may demonstrate a 

similar suite of modifications for digging, the evolution of such similarities did not 

necessarily arise along the same pathway from the same starting point. Differences in the 

pattern of development of specialisations may be the result of phylogenetic constraints 

imposed by the evolutionary history of the group. The musculature of the marsupial moles 

is extremely specialised for their burrowing habit, showing great convergence with other 

subterranean mammals. However, various features of the musculature show differences that 

may be attributed to the phylogenetic constraints imposed on the marsupial mole from its 

evolution from a primitive marsupial ancestor.        

 

Muscles of the Pectoral Girdle and Limb 

 

Accessory Field Muscles 

The accessory field musculature of the primitive marsupial is comprised of three basic 

divisions – the trapezius, sternomastoid and cleidomastoid. The trapezius of Didelphis has a 

simple arrangement, arising as a single sheet from the nuchal crest and dorsal spines to the 



 238 

last (13th) thoracic vertebrae. The part arising anterior to the scapula inserts dorsally to the 

entire scapular spine and acromion and wraps around the shoulder to insert ventrally to the 

clavicle. There is also a portion of the fibres of the anterior trapezius that insert laterally to 

the humerus. The posterior part of the trapezius passes obliquely forwards from the 

vertebral column to insert onto the vertebral half of the crest of the scapular spine. This thin 

sheet of muscle covers the rhomboid and part of the latissimus dorsi. The sternomastoid 

and cleidomastoid are completely distinct from one another. The former arises from the 

ventral surface of the cranial end of the manubrium, the latter from the medial end of the 

clavicle. They share a common insertion to the mastoid process at the base of the skull. 

There is no mention of a cleido-occipital muscle in the literature on Didelphis (Coues 1871; 

Jenkins 1966; Jenkins and Weijs 1979). 

 

The insertion of at least part of the anterior portion of the trapezius to the humerus, usually 

in connection with the deltoids, is a common trend among the marsupials. This pattern led 

Shrivastava (1962) to suggest the name M. deltoidian trapezius (or marsupial trapezius) for 

this muscle portion, and notes that is one of the characters defining the taxonomic 

differences between the marsupials and both the prototherians and eutherians. Functionally, 

the insertion of the trapezius to the humerus forms part of a cephalo-humeral muscle, as the 

name suggests linking the head and the humerus. Often portions of the deltoid, sterno- or 

cleido-mastoid muscles or even pectoral muscles are incorporated with the trapezius to 

form the cephalo-humeral muscle. In eutherian mammals, the cephalo-humeralis results 

from the fusion of the anterior trapezius and the pectoral musculature, the redundant 

clavicle being completely lost (loss of the clavicle is common in cursorial eutherians). 

Shrivastava (1962) describes the deltoidian trapezius to be the result of clavicle being 

retained, where in most eutherians it would be lost. The marsupial trapezius differs from the 

eutherian cephalo-humeral in that it results from a combination of clavicular deltoid and 

trapezius, in contrast to the combination of the pectoralis and trapezius. 

 

For the most part, the diprotodonts retain this primitive division of the accessory field 

musculature. The arrangement of the trapezius, arising as a single continuous sheet is 

similar through the Phalangeroidea, Macropodoidea and Vombatoidea (Macalister ; Young 

1882; Sonntag 1923; Boardman 1941; Barbour 1963). In the wombat and, to a lesser extent 

the koala, the clavicular attachment of the anterior part of the trapezius has moved almost 
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wholly to the humerus (Sonntag 1923; Barbour 1963). This migration of the insertion of the 

anterior trapezius to the humerus forms part of a cephalo-humeral muscle, a specialisation 

seem in a number of mammals (MacAlister 1870; Young 1882; Sonntag 1923). Sonntag 

(1923), however, considers this a retention of a primitive lamination rather than a 

specialised character. This may be unlikely, however, as it does not appear to be the 

primitive form in diprotodonts. In the diprotodonts in general, the sterno- and cleido-

mastoids are present in the usual form. In Trichosurus, the cleidomastoid inserts to the 

paramastoid, rather than the mastoid process (Barbour 1963). Sonntag (1923) reports that a 

cleido-occipital is present in the phalangers in general, but other authors do not report its 

presence. In the koala, the sterno- and cleido-mastoids insert to the occipital ridge (Young 

1882). 

 

In the Dasyuroidea, the trapezius again shows a single continuous sheet of origin from the 

nuchal crest and thoracic vertebrae. The insertion of the anterior part is entirely to the 

humerus, being intimately associated with the deltoids. The combination of these two 

muscle groups constitutes the formation of a cephalo-humeral muscle, as mentioned for the 

wombats above. This condition was noted in Dasyurus in which the trapezius inserts to the 

deltoid ridge rather than the clavicle (McCormick 1886) (and my own observations). 

Similarly, Wood Jones (1949) reports that in Dasycercus some of the cranial fibres of the 

trapezius become blended with those of the acromial deltoid, passing over the clavicle to 

partly insert to the deltoid ridge of the humerus. This arrangement of the muscle fibres of 

the trapezius was also noted for the Tasmanian devil (Sarcophilus harrisi) (MacAlister 

1870; Macalister 1872). The sterno- and cleido-mastoid muscles are thick, strong muscles 

in Dasyurus and Dasycercus. A cleido-occipital was also recorded by McCormick (1886) 

in Dasyurus.  

 

The trapezius retains its primitive origin, arising as a continuous sheet from the nuchal crest 

and spines of the cervical and thoracic vertebrae. The insertion of the anterior part of the 

trapezius has moved entirely to the humerus, reflecting the loss of the clavicle, to form a 

cephalo-humeral muscle. The sternomastoid muscle is quite typical, inserting to the 

paramastoid process. The cleido-mastoid is apparently absent (Parsons 1903). 
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Suprazonal Matix 

The suprazonal matrix of Didelphis, like the accessory field musculature, is relatively 

simple in form. The M. rhomboideus arises as a single sheet from the medial half of the 

nuchal crest, deep to the trapezius, and the vertebral column to the 4th thoracic spine and 

passes posteriorly to insert onto the medial aspect of the vertebral border of the scapula. 

The undivided structure of the rhomboid is a primitive state among mammals. The M. 

levator scapulae is not separable from the M. serratus anterior, which originates from the 

transverse processes of the distal forth or fifth cervical vertebrae and proximal eight or nine 

ribs. The postero-laterally orientated fibres of this muscle sheet insert onto the posterior 

(vertebral) border of the scapula. Like the rhomboid, the lack of division between the 

levator scapulae and serratus anterior is the retention of the primitive condition. Two 

divisions of the omotrachelien are present, arising from the transverse process of the atlas. 

The M. omo-trachelien dorsalis inserts to the superior vertebral angle of the scapula; the 

ventralis portion inserts to the acromion and lateral part of the meso-scapular spine (Coues 

1871; Jenkins and Weijs 1979). 

 

The arrangement of the suprazonal matrix is conservative among the diprotodonts, being 

very similar to that seen in the didelphids. The rhomboid of the wombat, koala and 

phalangers arises as a single, indivisible sheet from the occiput to the thorax and varies only 

in the extent of some of its origin along the vertebral spines (Sonntag 1923). In few 

diprotodonts is the separation of the levator scapulae from the serratus anterior complete 

(Young 1882; Sonntag 1923). Both dorsal and ventral omo-trachelien are usually present, 

arising from the transverse processes of the atlas, although some authors report that the 

muscle is single in the koala (Macalister ; MacAlister 1870; Young 1882; Sonntag 1923; 

Boardman 1941; Barbour 1963). The insertion of the omotrachelien dorsalis sometimes 

encroaches onto the medial part of the meso-scapular spine, e.g. in Trichosurus, while in 

others it remains attached to the superior vertebral angle of the scapula as in Didelphis. The 

omo-trachelien ventralis inserts partially to the clavicle in the koala.  

 

The rhomboideus of Dasyurus geoffroii arises as a single sheet from the occipital region of 

the skull and the spines of a number of the thoracic vertebrae and extends posteriorly to 

insert onto the vertebral edge of the scapula on its medial surface. My observations are 

consistent with those of McCormick (1886) for Dasyurus viverrinus. This simple 
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arrangement of the rhomboid is also found in Dasycercus (Wood Jones 1949). MacAlister 

(1970), however, observed a distinct division of the rhomboid into occipital and proper 

portions in Sarcophilus. The dasyurid serratus anterior-levator scapulae muscles arise as is 

usual among marsupials, and the omo-trachelien are both present in the common form.    

 

The bandicoots also show the basic form of the surprazonal muscles. The rhomboid arises 

from the nuchal crest, deep to the trapezius, and along the spines of the vertebrae and 

passes to insert to the inferior vertebral angle of the scapula. The serratus anterior and 

levator scapulae arise over a variable portion of the thoracic vertebrae and ribs. The omo-

trachelien ventralis inserts to the lateral third of the meso-scapular spine. However, the 

omo-trachelien dorsalis is absent in the bandicoots that have been investigated (Parsons 

1903) and personal observations. 

 

While not a muscle of the suprazonal matrix, the omohyoid muscle was apparent during the 

dissection of this group of muscles. This muscle is noteworthy as its insertion to the 

coracoid border of the scapula is variable amongst marsupials. In most it inserts 

approximately halfway along the anterior border, but in the peramelids it inserts to a small 

dorsal notch at the superior vertebral angle of the scapula. The insertion of this muscle in 

the marsupial moles was to the border of the scapula, at its superior vertebral angle.  

 

Latissimus Dorsi Group 

The M. latissimus dorsi of the generalised didelphid arises from the dorsal spines of the 

fifth thoracic to third or forth lumbar vertebrae. It passes under the forelimb to insert onto 

the internal ridge (running from the lesser tuberosity) of the intertubercular groove of the 

humerus. The M. teres major passes to its common insertion with the latissimus dorsi from 

its origin along the medial half of the glenoid (posterior) border of the scapula (Coues 

1871; Jenkins and Weijs 1979). Electromyographic studies have shown that the latissimus 

dorsi, in combination with the pectoralis musculature, is responsible for the generation of 

the propulsive force during walking. At the end of the propulsive phase, the latissimus dorsi 

and the teres major lift the foot, leading into the swing phase (Jenkins and Weijs 1979).  

 

Among the diprotodonts, the latissimus dorsi arises from a variable number of thoracic 

spines and the lumbar fascia. In all, however, the insertion of the latissimus dorsi to the 
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shaft of the humerus is constant. The teres major is similar throughout the diprotodonts, 

arising from a variable extent of the glenoid border of the scapula, towards the inferior 

vertebral angle, and being closely connected with the latissimus dorsi at its insertion 

(Young 1882; Sonntag 1922; Boardman 1941; Barbour 1963).  

 

The latissimus dorsi is a well-developed muscle in Dasyurus and arises from nine or ten of 

the dorsal spines as well as the lumbar aponeurosis. Wrapping around the side of the body, 

the fleshy sheet of muscle gives rise to a strong tendon that inserts to the bicipital groove 

closely associated with, and receiving fibres from, the teres major. The teres major inserts 

just proximal to the tendon of the latissimus dorsi (McCormick 1886). In Dasycercus the 

latissimus dorsi arises similarly to that just described, but before its insertion divides into 

two portions. The more proximal of these portions becomes blended with fibres of the teres 

major, resembling the arrangement in Dasyurus. The distal portion inserts as usual to the 

bicipital groove of the humerus (Wood Jones 1949). In Sarcophilus, the latissimus dorsi 

inserts in front of the teres major; as in others marsupials there is some connection of fibres 

(MacAlister 1870). 

 

In bandicoots the latissimus dorsi arises from the 11th, 12th and 13th ribs, the posterior four 

or five thoracic spines and the lumbar fascia in Chaeropus and a similar area in Isoodon 

(Parsons, 1903; and personal observations). The insertion of the peramelid latissimus dorsi 

is as usual to the proximal region of the humeral shaft. The teres major arises from the 

vertebral half of the glenoid border of the scapula in Isoodon, vertebral third in Chaeropus 

(Parson 1903). The teres major inserts to the bicipital ridge in the bandicoots.  

 

Axillary Group 

The M. deltoideus of the opossum is of a tripartite arrangement, arising in three portions 

from the clavicle, the acromion and the meso-scapular spine. All portions share a common 

insertion to the deltopectoral ridge, running distally from the greater tuberosity of the 

humerus. The M. teres minor is a small slip of muscle running from the lateral border of the 

scapula, near the glenoid, to the humerus, where it inserts just below the greater tuberosity. 

The M. subscapularis is broad and flat, originating over almost the entire ventral surface of 

the scapula and inserting on the lesser tuberosity of the humerus (Coues 1871; Jenkins and 

Weijs 1979). 
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The deltoids of the diprotodonts are usually tripartite, but sometimes bipartite, in 

arrangement. In Trichosurus and other phalangers the three portions of the deltoids, 

clavicular, acromial and scapular spinal parts, arise as in Didelphis. Similarly, they all 

insert to the delto-pectoral ridge of the humerus, the clavicular portion inserting most 

proximally and the scapular-spinal part inserting most distally (Sonntag 1923; Barbour 

1963). In the koala, the deltoids are bipartite, due to the fusion of the acromial and 

scapular-spinal portions (Young 1882; Sonntag 1923). In the macropods, a high degree of 

fusion of the portions of the deltoids is observed. The muscle is bipartite in the wallaroo, 

being divisible into cleido- and spino-acromial portions (Boardman 1941). In many species 

of Macropus all portions of the deltoids are continuous (Boardman 1941; Shrivistava 

1962). In the wombat, Sonntag (192) gives a continuous origin of all three parts and a 

strong connection of the clavicular deltoid with the anterior trapezius, forming a cephalo-

humeral muscle as previously described. 

 

The teres minor in all diprotodonts described arises from the glenoid margin of the scapular 

and inserts just below the greater tuberosity on the humerus. The teres minor is often 

closely associated with the infraspinatus and commonly poorly developed. The 

subscapularis always arises from almost the entire ventral surface of the scapula and inserts 

to the lesser tuberosity of the humerus (Young 1822; Sonntag 1923; Boardman 1941).  

 

Three distinct parts of the deltoid are apparent (clavicular, acromial and scapular-spinal) in 

both Dasyurus and Dasycercus and form a considerably strong and bulky muscle, 

particularly in Dasyurus. Wood Jones (1949) notes that the formation of a cephalo-humeral 

muscle tends to obscure the acromial portion in Dasycercus. This does occur to some extent 

in Dasyurus also. In Sarcophilus, a bipartite arrangement of the deltoids exists where the 

acromial and scapular-spinal parts of the deltoids are distinct, but the clavicular portion is 

apparently indistinct from the acromial part (McCormick 1886).  As in the diprotodonts, the 

teres minor and subscapular retain the primitive arrangement in the dasyurids. 

 

The deltoid of bandicoots is bipartite, but in a different form to that of the koalas. The 

acromial and scapulo-spinal portions of the deltoids remain distinct, but the clavicular 

portion has been incorporated into the cephalo-humeral muscle along with the other 
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muscles of primitively clavicular origin or insertion. The teres minor inserts as usual just 

below the greater tuberosity and the subscapularis to the lesser tuberosity (Parsons 1903; 

and personal observations).  

 

Infrazonal Matrix 

The M. subclavius and M. costoscapularis are both present in Didelphis. The subclavius 

has its origin from the first costal cartilage and passes behind the clavicle to insert onto the 

acromion. The costoscapularis arises on the clavicle and inserts to the acromion, the fascia 

of the supraspinatus and the medial end of the meso-scapular spine to protect the acromio-

clavicular joint (Coues 1871; Jenkins and Weijs 1979). 

 

The subclavius is present in all marsupials investigated, both through dissection and the 

literature, always arising from the cranial margin of the sternum, or first costal cartilage. 

The insertion of the subclavius does vary, however, both in extent along the clavicle itself, 

and to its exact position on the shoulder. Marsupials that have the insertion of the 

subclavius only to the clavicle include the cuscus, phascogale, koala and Tasmanian devil. 

In others the muscle inserts to the acromion and fascia of the supraspinatus muscle on the 

dorsal surface of the scapula. This is the case in Trichosurus, Dasyurus and wombat. In the 

bandicoots, Parsons (1903) gives the arrangement of the sterno-scapularis (costo-

scapularis) as from the caudal end of manubrium to the fascia of the supraspinatus. 

 

Pectoral Matrix 

In Didelphis, the M. pectoralis minor arises deep to the pectoralis major (see below) from 

the second to fifth or sixth costal cartilages. The thin, fleshy sheet is inserted to the greater 

tuberosity of the humerus and proximal extremity of the bicipital groove. The M. pectoralis 

quartus takes its origin from part of the linea alba and inserts to the upper part of the 

bicipital groove, distal to, and in the same plane as the pectoralis minor (Coues 1871; 

Jenkins and Weijs 1979). 

 

The pectoralis minor of the diprotodonts arises, as in Didelphis, from the sternum and 

inserts to the greater tuberosity of the humerus. In the phalangers the origin of the pectoralis 

minor lies mostly on the sternum, in Trichosurus from the second to the sixth sternum 

segments and sometimes also from the costal cartilages (Barbour 1963). In the koala, the 
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pectoralis minor arises from the costal cartilages (3, 4 and 5) only (Young 1882). For the 

wombat, Sonntag (1923) gives the origin as from the posterior ¾ of the sternum. The 

insertion to the greater tuberosity is constant, sometimes with expansions to the shoulder 

capsule (koala) or glenoid, e.g. wombat (Young 1882; Sonntag 1923; Barbour 1963). The 

pectoralis quartus is distinct from the pectoralis minor in the diprotodonts, and has a 

variable insertion either continuous with the latter or more closely allied with the pectoralis 

major (Young 1882; Sonntag 1923; Barbour 1963).     

 

In Dasyurus the pectoralis minor is a large triangular muscle that arises from the sternum 

between the second and sixth costal cartilages, and from the sixth rib. It passes obliquely 

across the thorax and gives rise to a tendon that inserts to the greater tuberosity and the 

capsule of the shoulder joint. The pectoralis quartus originates from the linea alba and 

inserts to the humerus deep to the insertion of the pectoralis major (McCormick 1886). The 

arrangement of the muscles of the pectoral group in Dasycercus correspond to those given 

for Dasyurus. The insertion of the pectoralis minor is extended to include the coracoid 

process in Dasycercus. The pectoralis quartus inserts with the pectoralis minor (Wood 

Jones 1949). The insertion of the pectoralis quartus with the pectoralis major seems to be 

the common theme in the dasyurids, as it was similarly reported in Sarcophilus (MacAlister 

1870).   

 

The bandicoots have a well-developed pectoral group of muscles. A detailed study by 

Horiguchi (1981) is devoted solely to the pectoral muscles in the brindled bandicoot 

(Isoodon macrourus). The pectoralis minor corresponds to the β portion described by 

Parsons (1903) and the pectoralis profundis described by Horiguchi (1981). The peramelid 

pectoralis minor arises from the third to the sixth costal cartilages and passes to insert onto 

the greater tuberosity of the humerus, extending to the glenoid. The pectoralis quartus 

(pectoralis γ of Parsons and pectoralis abdominus of Horiguchi) is well developed; it passes 

from the xiphoid and linea alba to insert deep to the pectoralis minor. In Isoodon, the 

pectoral matrix is very large, making up 23% of the total muscle weight of the shoulder. 

This is no doubt due to the lack of the clavicle. With no bony connection between the 

sternum and the shoulder, the pectoralis minor and quartus must fill this function and 

restrict the abduction of the forelimb. 
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Anterior Coracoid Matrix 

The M. pectoralis major, of the opossum, arises from the entire length of the sternum, 

including the manubrium and xiphoid. It is inserted to the humerus along the medial side of 

the deltopectoral ridge. The M. supraspinatus is a bulky muscle that after arising from the 

entire supraspinatus fossa of the scapula passes laterally, under the acromion and over the 

shoulder joint to insert onto the top of the greater tuberosity of the humerus. The M. 

infraspinatus, from the infraspinatus fossa of the humerus, follows a parallel path to insert 

onto the lower part of the greater tuberosity. The infraspinatus is the larger of the two 

spinati (Coues 1871; Jenkins and Weijs 1979). 

 

The pectoralis major of Trichosurus is divisible into superficial and deep portions. The 

superficial part, as described by Barbour (1963), takes its origin from the length of the 

sternum, with the exception of the xiphoid. This portion inserts to the delto-pectoral crest of 

the humerus. The deeper portion, from the manubrium only, inserts slightly proximal to the 

previous layer onto the crest of the humerus. In Phalanger and Pseudochirus the deep 

portion of the pectoralis major has a more extensive origin than the superficial layer 

(Sonntag 1923). In the koala, the arrangement of the layers is similar to that described for 

Trichosurus (personal observations), with a small origin from part of the clavicle. A 

clavicular origin of the pectoralis major is found in the wombat where the superficial 

portion has an extensive origin and the deep portion arises from the manubrium (Sonntag 

1923). The spinati are similar in their morphology throughout the diprotodonts. In most 

phalangers the supraspinatus is the larger of the two (Sonntag 1923). In the koala and the 

wallaroo the infraspinatus is larger (Sonntag 1923; Boardman 1941). 

 

In the dasyurids, the pectoralis major arises from the whole length of the sternum and 

passes laterally to insert onto the bicipital ridge of the humerus. In Dasyurus the muscle is 

divisible into superficial and deep portions, of which the superficial is by far the larger of 

the two (McCormick 1886). In Dasycercus and Sarcophilus, the muscle is indivisible 

(MacAlister 1870; Wood Jones 1949). The scapular muscles are noteworthy only because 

the supraspinatus is much larger, approximately twice the size, of the infraspinatus in D. 

geoffroyi. This was also reported for both D. viverrinus, Dasycercus and Sarcophilus 

(MacAlister 1870; McCormick 1886; Wood Jones 1949). 



 247 

 

The pectoralis major of Isoodon is incompletely divisible into two layers, and arises from 

the entire length of the sternum. As in the other groups, the pectoralis major inserts more 

distally on the humerus than does the pectoralis minor; in the bandicoots it inserts to the 

lower part of the bicipital ridge.   

 

Posterior Coracoid Matrix 

Coues (1871) notes a muscle representing the coraco-brachialis but does not suggest which 

part. Arising from the coracoid and passing across the tendon of the subscapularis to insert 

onto the humerus just above the triceps, this portion probably represents the coraco-

brachialis brevis. Jenkins (1966, 1971) and Jenkins and Weijs (1979) do not mention this 

muscle group. 

 

Young (1882) observed two distinct parts of the coraco-brachialis group. The brevis portion 

of the muscle arises by fleshy fibres from the coracoid process and passes across the 

subscapularis to insert onto the humerus, above the teres major. The long or medial head of 

the coraco-brachialis arises by a long tendon from the coracoid process and inserts far more 

distally to the humerus than the previously mentioned portion. This description is similar to 

that given for Trichosurus by Barbour (1963). Boardman (1941) notes the presence of 

brevis portion only in macropods. 

 

The coraco-brachialis is represented by a small, oval shaped muscle, the coraco-brachialis 

brevis, in Dasyurus passing from the coracoid to the humerus (McCormick 1886). In 

bandicoots and marsupial moles the coraco-brachialis muscles are not present. When 

present the coraco-brachialis muscles account for less than 1% of the muscles of the 

shoulder girdle (Trichosurus and Dasyurus). 

 

Forelimb Musculature of Marsupials 

 

Elbow Group – Dorsal Extensor Division 

The dorsal extensor muscles of the elbow are the dorso-epitrochlearis, triceps and lateral 

anconeus. In Didelphis the dorso-epitrochlearis arises as a tendon from the latissimus dorsi. 

It inserts to the olecranon of the ulna. The M. triceps are divided into long, lateral and 
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medial heads, the former arising from the scapula, the latter two arising from the dorsal 

surface of the shaft of the humerus. The scapular head inserts to the posterior surface of the 

olecranon; the two humeral heads blend to insert onto the anterior surface of the olecranon. 

The lateral anconeus muscle is derived from the triceps and passes from the lateral 

epicondyle of the humerus to the lateral surface of the olecranon and posterior border of the 

proximal half of the ulna. 

 

The dorsal extensors of the elbow in Trichosurus are very similar to those found in the 

didelphids. The dorso-epitrochlearis arises from the latissimus dorsi and extends to the 

olecranon. The long head of the triceps arises as two sheets from the scapula that become 

combined shortly after their origin and inserts to the olecranon. The lateral and medial 

humeral heads cover the back of the humerus and insert to the olecranon and medial side of 

elbow. The lateral anconeus covers the lateral side of the elbow. The arrangement in the 

koala is the same, with a more extensive insertion of the lateral anconeus. In the wombat, 

the humeral heads of the triceps are inseparable (Young 1882; Sonntag 1923). Sonntag 

(1923) remarks that the dorso-epitrochlearis in the wombat is well developed and when the 

forelimb is abducted the muscle is pulled tight, sooner in the wombat than in the koala and 

phalangers. 

 

The dasyurids have a very similar arrangement of the triceps, comprising of a scapular head 

and two humeral heads, lateral and medial, all inserting to the olecranon of the ulna. The 

dorso-epitrochlearis arises as usual from the latissimus. The lateral anconeus is continuous 

with the humeral part of the triceps in Dasyurus and Dasycercus scapula (MacAlister 1870; 

McCormick 1886; Wood Jones 1949). 

 

In bandicoots, the dorso-epitrochlearis, arising from the latissimus dorsi, lies at a more 

obtuse angle in the arm than is usually observed, due to the lengthened olecranon. The long 

head of the triceps, arising from the scapula is a large, bulky muscle. The lateral head arises 

both from the glenoid region of the scapula and the proximal third of the lateral surface of 

the humerus. Parsons (1903) noted that the long and lateral heads of the triceps are 

somewhat combined on the scapula. The medial head is distinct, arising from the posterior 

surface of the shaft of the humerus. The anconeus lateralis is completely continuous with 
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the medial head of the triceps and covers a large area from the distal end of the humerus to 

the olecranon. 

 

Elbow Group –Ventral Flexor Division 

The muscles of the ventral division of the brachium are the brachialis and biceps brachii. 

The M. brachialis anticus of the opossum arises as a single head from the outer surface of 

the mid region of the humerus. It is inserted to the coronoid process of the ulna. The M. 

biceps brachii originates as a single entity from the glenoid fossa and tip of the coracoid. 

Soon after its origin, however, the muscle divides into two portions that insert one to the 

radius and one to the ulna. 

 

In Trichosurus the brachialis arises from the lateral aspect of the humeral shaft, as in 

Didelphis, and inserts similarly to the coronoid of the ulna. The biceps brachii in 

Trichosurus is divisible into coraco-radial and gleno-ulnar parts, arising from the coracoid 

and glenoid regions of the scapula respectively. The separation of the biceps into two 

portions is the primitive condition in marsupials. It is interesting then, that the biceps are 

not completely divisible at their origin in Didelphis. The origins of the two portions of the 

biceps in the koala and wombat are continuous, as in Didelphis, and separable soon after 

they leave the scapula (MacAlister 1870; Young 1882; Sonntag 1923). The general division 

of the coraco-radial and gleno-ulnar parts of the biceps brachii in the diprotodonts is also 

seen in the macropods (Boardman 1941). 

 

The brachialis takes an extensive origin from the surface of the humeral shaft in the 

chuditch. It inserts to the coronoid process of the ulna. This arrangement is found in 

Dasyurus, Dasycercus and Sarcophilus (MacAlister 1870; McCormick 1886; Wood Jones 

1949). The biceps arise as two tendons, one each from the glenoid and coracoid of the 

scapula, but unite to form a continuous sheet. After passing the insertion of the teres major 

and latissimus dorsi, the two parts divide to form separate bellies. Divisible into coraco-

radial and gleno-ulnar portions at their insertions, the biceps are strongly developed in 

Dasyurus, Dasycercus and Sarcophilus (MacAlister 1870; Young 1882; Sonntag 1923). 
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In bandicoots, the ventral flexors are comparatively poorly developed. The brachialis arises 

from the neck of the humerus and inserts to the coronoid of the ulna. The single head of the 

biceps arises from the glenoid and passes distally to insert onto the radius.  

  

Antebrachial Group - Dorsal Extensor Division 

The dorsal division of the muscles of the antebrachium, or forearm, act to extend either the 

wrist or the digits, or to twist (supinate) the forearm, in animals where this is permitted by 

the elbow joint. In Didelphis there are two supinator muscles that pass from the elbow 

region to the radius. The M. supinator longus (brachioradialis) extends from the anterior 

extremity of the supracondylar ridge of the humerus to the distal end of the radius, level 

with the wrist. The supinator brevis passes from under the lateral epicondyle to the lateral 

surface of the proximal half of the radius. The M. extensor carpi radialis is represented by 

both longus and brevis portions in the opossum, passing from the lateral epicondyle to the 

second and third metacarpals respectively. The common extensor of the digits (extensor 

communis digitorum) from the lateral epicondyle gives rise to four tendons which insert to 

the four ulnar digits (ii – v). The M. extensor digiti minimi, also from the lateral epicondyle, 

inserts to the fifth digit. The M. extensor carpi ulnaris inserts to the fifth metacarpal bone. 

The deeper layer of extensor muscles includes the Mm. extensor ossis metacarpi pollicis 

and extensor digitorum profundis. The first has an extensive origin on both the radius and 

ulna and inserts to the base of the first metacarpal. The second arises from the posterior 

border of the ulna and the base of the olecranon and inserts to the phalanges of the first, 

second and third digits (Coues 1871; Jenkins 1971).  

 

The dorsal extensors of the forearm in Trichosurus are as described above for Didelphis. In 

the koala the supinator longus has a much broader origin along the humerus, from the neck 

to the proximal end of the supracondylar ridge. As a general rule the extensor carpi radialis 

is double in the diprotodonts, as in Didelphis. The common extensor of the digits gives 

tendons to every digit in the koala, including the thumb. The extensor digiti minimi and 

extensor medii digiti (not in Didelphis) are combined in the koala in the extensor secundis 

digitorum of Young (1882) inserting to the third, fourth and fifth digits.  

 

In chuditch, the supinators are similar in arrangement to those found in Didelphis. The 

extensor carpi radialis the two portions are incompletely separable. The common extensor 
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of the digits inserts with tendons to the four ulnar digits. The extensor digiti minimi inserts 

to both fourth and fifth digits. The deep extensor muscles are more numerous in the 

chuditch. The extensor ossis metacarpi pollicis inserts as usual to the base of the first 

metacarpal. The M. extensor secundi internodii pollicis inserts to the terminal phalanx of 

the thumb, and the M. extensor indicis, medii digiti et digiti quarti gives a tendon to the 

three middle digits. These latter two muscles may be a variation of the extensor digitorum 

profundis. 

 

The bandicoots have a modified condition of the forearm extensors due to the reduction in 

the size of the first and fifth digits. The supinator longus is lost and only one part of the 

extensor carpi radialis is retained, inserting to the third digit. The common extensor of the 

digits gives rise to three thick tendons and inserts to the second, third and fourth metacarpal 

bones. This muscle commonly inserts to at least four, if not five digits, but due to the 

reduced nature of the fifth digit it is no longer supplied. The extensor digiti minimi inserts 

to the fourth and fifth metacarpals, and the extensor carpi ulnaris inserts to the fifth 

metacarpal. The extensor ossis metacarpi pollicis gives rise to a thick tendon that inserts to 

the first metacarpal (need to check). This is the only deep extensor muscle in the forearm of 

Isoodon. Similarly, Parsons (1903) describes only one deep extensor in Chaeropus. In that 

species the origin from the ulna is similar but the insertion is to the third metacarpal, thus 

resembling the extensor profundis. 

  

Antebrachial Group – Ventral Flexor Division 

The ventral division of the muscles of the forearm include the flexors of the wrist and 

digits, the pronator muscles and the anconeus medialis. In Didelphis the M. pronator teres 

arises from the medial epicondyle and inserts to the outer border of the radius. This muscle 

rotates the wrist medially (pronation). The M. pronator quartus passes between the distal 

halves of the radius and ulna, binding these two bones together. The forearm flexors nearly 

all arise from the medial epicondyle. The M. flexor carpi radialis passes from the medial 

epicondyle to the scaphoid bones and bases of the second and third metacarpals. The M. 

palmaris longus inserts with two tendons into the palm of the hand. The M. flexor carpi 

ulnaris arises from the posterior border of the ulna as well as the epicondyle and inserts to 

the pisiform bone. The flexors of the digits found in Didelphis are the M. flexor digitorum 

profundis and the M. flexor digitorum superficialis. The former has a large origin over the 
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radius and ulna, as well as the epicondyle and interosseus membrane. It gives rise to a thick 

tendon that passes down the wrist and divides to insert to each digit. The M. flexor 

superficialis arises from the muscle just described and gives a small tendon to each of the 

four ulnar digits. The M. anconeus medialis is oval in shape, passing from the medial 

epicondyle to the medial surface of the olecranon. 

 

The arrangement of the forearm flexors in Trichosurus is similar to that of Didelphis. In the 

koala, the flexor carpi radialis inserts only to the third metacarpal. With this exception, the 

arrangement of the forearm flexors is similar in the koala. Young (1882) refers to the flexor 

superficialis as the M. flexor sublimis. 

 

Again, the arrangement of the forearm flexors is similar in Dasyurus. The flexor sublimis is 

not separate from the flexor digitorum profundis and the flexor carpi ulnaris is bipennate. 

McCormick (1886) suggests that the large flexor mass is a combination of the flexor 

sublimis, flexor profundis and flexor longus pollicis (although the latter is not described for 

any other marsupials) that arises separately, but fuse to form a single tendon mass that 

passes over the wrist and divides into five tendons, one to each digit. 

 

The bandicoots have a reduced ventral flexor musculature in the forearm, as they do in the 

dorsal aspect. The flexor carpi radialis inserts to the first metacarpal/scaphoid bone, but not 

to any of the other metacarpals. The palmaris longus is absent, as is the anconeus medialis 

in both Isoodon and Chaeropus (Parsons 1903). The flexor carpi ulnaris inserts as usual to 

the pisiform bone in Isoodon; Parsons (1903) noted this muscle to be absent in Chaeropus. 

The deep flexor muscles are large with the flexor digitorum profundis taking three sites of 

origin: ulnar, radial and condylar. The muscles gives rise to three very thick tendons that 

insert to the second, third and fourth digits. The flexor digitorum sublimis similarly gives 

rise to two thick tendons that insert to the second and third metacarpals. The flexor muscles 

in the bandicoots are obviously biased towards the three larger digits.    
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Muscles of the Pelvic Girdle and Thigh of Marsupials 

 

Iliacus group 

In Didelphis, the iliacus arises from the tip and expanded face of the ilium, occupying the 

space between the psoas muscles and the deep portion of the gluteus musculature, and is 

inserted to the lesser trochanter of the femur. In this alignment, the iliacus acts to flex and 

rotate (abduct) the thigh. The m. psoas is divided into two portions in the opossum. The 

psoas major (psoas magnus, Coues 1871) arises from the bodies and transverse processes of 

the two sacral vertebrae and posterior two or three lumbar vertebrae, level with the top of 

the ilium. The thick round tendon inserts to the lesser trochanter of the femur, blending 

with the insertion of the iliacus. The psoas minor (psoas parvus, Coues 1871) takes its 

origin from the bodies of all of the lumbar vertebrae except for the most anterior, and 

inserts with a flat, slender tendon to the horizontal ramus of the pubis, just superior and 

lateral to the articulation of the epipubic bone. The pectineus acts as a true adductor of the 

thigh, passing from the base of the epipubic bone to the posterior aspect of the femur.  

 

In Trichosurus the iliacus muscle arises from almost the entire surface of the iliac fossa and 

is inserted to the lesser trochanter of the femur. Barbour (1963) describes an ilio-gluteal 

fascia as has been noted by some other authors. The psoas major arises in two portion, 

separated by the femoral nerve. The lateral portion arises from the posterior three lumbar 

vertebrae, the larger medial portion arises from the posterior two lumbar and first sacral 

vertebrae. The two portions of the psoas major insert to the posterior surface of the lesser 

trochanter. The psoas minor is large and arises from the tendons of the quadratus lumborum 

as well as the anterior four lumbar vertebrae. The muscle gives rise to a strong tendon that 

inserts to the lateral part of the ilio-pectineal eminence. The pectineus takes its origin from 

the medial end of the ilio-pectineal eminence and the base of the epipubic bone and is 

divisible into superficial and deep portions. Both portions insert to the back of the femur, 

the deep portion more proximally than the superficial portion. The pectineus muscles are 

true adductors of the thigh.  

 

In chuditch the iliacus arises with fleshy fibres from the iliac surface of the ilium and the 

tendinous septum between it and the sartorius, gluteus medius and gluteus minimus. It 
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inserts into a hollow on the anterior surface of the lesser trochanter. The psoas major and 

minor, quite equal in size, arise together from the ventral aspect of the vertebral column. 

The psoas major has three distinct portions as described by McCormick (1886) in Dasyurus 

viverrinus, dorso-lumbar, lumbar and sacral.  The pectineus is single at its origin from the 

external inferior angle of the epipubic bone. It is separable into two portion soon after its 

origin, both of which insert to the back of the shaft of the femur.  

  

The muscles of the pelvis of the bandicoot, particularly of the medial aspect, are 

particularly difficult to dissect. Parsons (1903) did not describe the iliacus group of muscles 

except to say that the pectineus was small and single. 

 

Gluteal group 

The gluteal group of muscles are typically arranged into two layers. The superficial layer, 

supplied by the superior gluteal nerve, is usually comprised of the tensor fascia latae, the 

gluteus maximus, the femorococcygeus (biceps anticus) and tenuissimus (supplied by 

common peroneal nerve). The deeper layer of gluteal muscles includes the gluteus medius, 

gluteus minimus and pyriformes which are innervated by the inferior gluteal nerve.  

 

In Didelphis, no separate m. tensor fascia latae is present. The m. gluteus maximus is a thin, 

wide-spread sheet of muscle arising from the tip of the ilium and fascia of the sacral region. 

It passes over the greater trochanter to insert onto the posterior surface of the femur, for an 

inch below the head of the bone. The gluteus maximus is a feeble extensor but strong 

abductor of the femur. The anterior border wraps around the surface of the gluteus medius 

to meet the gluteus minimus. The gluteus medius takes its origin from the dorsal surface of 

the ilium, and by an aponeurotic sheet from the corresponding part of the vertebral column. 

This muscle inserts to the apex of the greater trochanter and acts to flex and abduct the 

thigh. The gluteus minimus arises wholly from the ilium, from the tip and prominent ridge 

along the anterior border of that bone. Its anterior border blends with that of the gluteus 

maximus, enclosing the medius. Like the gluteus medius, the minimus inserts to the greater 

trochanter of femur. The femorococcygeus is difficult to distinguish from the gluteus 

maximus in the opossum, and no mention of the m. tenuissimus in Didelphis is made by 

any author. The pyriformis is a triangular muscle, covered by the gluteus medius being 

intimately connected with this muscle, particularly at its insertion. It arises from the 
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transverse processes of two or three of the posterior lumber vertebrae and inserts to the 

greater trochanter of the femur. 

 

The gluteal group of muscles in Trichosurus consists of five muscles. The gluteus maximus 

arises from the thoraco-lumbar fascia and inserts to the lateral and anterior aspects of the 

greater trochanter of the femur. The m. tensor fascia latae is usually fused with the gluteus 

maximus in marsupials according to Barbour (1963), but may be absent in Trichosurus 

from my observations. The gluteus medius takes its origin from the dorsal surface of the 

ilium and the deep surface of the gluteal fascia, and is divisible into two layers. It inserts to 

the apex of the greater trochanter and functions to flex and abduct the thigh.  The gluteus 

minimus arises wholly from the ilium, continuous with the gluteus medius, and from the 

hip bone dorsal to the acetabulum and extending dorsally to the ischial spine. It inserts to 

the distal part of the greater trochanter. The m. femorococcygeus (m. agitator caudae) arises 

as a continuation of the thoraco-lumbar fascia into the tail to the 2nd-5th caudal vertebrae. It 

inserts to the dorsal aspect of the femur, from the greater trochanter to two thirds of the way 

along the femur. The pyriformis extends from the transverse processes of the 2nd sacral and 

first caudal vertebrae to the greater trochanter, intimately connected with the gluteus 

medius. The great sciatic nerve passes over the dorsal surface of the pyriformis.  

 

In Dasyurus the gluteal group of muscles is well developed. The m. gluteus maximus is 

divisible into anterior (gluteus maximus proprius) and posterior (agitator caudae) portions. 

The anterior part arises from the sacral aponeurosis and gluteal aponeurosis covering the 

gluteus medius and passes to insert to the femur along the line between the greater 

trochanter and linea aspera. The caudal portion extends from the metapophyses of the first 

to caudal vertebrae to the middle third of the linae aspera on the posterior surface of the 

femur. The gluteus medius is also separable into two portions, superficial and deep. The 

superficial portion arises from the anterior sacral aponeurosis, the length of the outer lip of 

the ilium and a strong tendinous septum separating it from the gluteus mimimus and 

sartorius. The deep portion arises from the dorsal surface of the ilium. Both portions insert 

to the greater trochanter. The gluteus minimus takes an extensive origin from the dorsum of 

the ilium and ischium. It also inserts to the greater trochanter. McCormick (1886) also notes 

a separate gluteus quartus portion in D. viverrinus; however I was not able to cleanly 
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separate this in D. geoffroyii. The pyriformis arises from the transverse process of the last 

sacral vertebrae and inserts to the top of the greater trochanter, deep to the gluteus medius.   

 

The gluteal group of muscles is well developed in Isoodon. The gluteus maximus 

(ectogluteus) extends from the first few caudal vertebrae to the fascia of the thigh. The 

agitator caudae is continuous with the gluteus maximus. The gluteus medius arises from the 

crest of the ilium and part of the antero-dorsal border of the bone; the muscle sits in a 

hollow above the hip bounder by the spinal musculature. The thick muscular sheet of the 

gluteus medius extends to inset to the greater trochanter of the femur. Almost entirely 

enclosed within the sheet of the gluteus medius, the gluteus minimus takes its origin from a 

well-defined hollow on the dorsal surface of the ilium. It also inserts to the greater 

trochanter. A distinct gluteus quartus is present in Isoodon arising from the ventral border 

of the ilium, posterior to the origin of the previous portion. The origin is bounder 

posteriorly by a large nerve. The gluteus quartus inserts to the posterior surface of the 

greater trochanter of the femur. A distinct gluteus quartus is uncommon among marsupials. 

In the bandicoot, the quartus portion of the gluteal group is larger than the minimus. The 

pyriformis is triangular in shape, taking a broad origin from the transverse processes of the 

second and third sacral vertebrae with the apex of the triangle inserting to the dorso-medial 

part of the greater trochanter, deep to the insertion of the gluteus medius. The large sciatic 

nerve passes over the superficial aspect of this muscle.  

 

Quadriceps Femoris group 

In the opossum the quadriceps group includes the sartorius, rectus femoris and the vasti. 

The sartorius arises from the apex of the ilium and has an aponeurotic insertion to the top 

and inner border of the “ligamentum patellae” of the knee. The sartorius acts to both extend 

the knee and flex the thigh. The quadriceps is made up of the following muscles, which 

form a common tendon that passes over the knee, to insert to the top of the tibia. No 

distinct patella is ossified in the quadriceps tendon of the opossum. The rectus femoris 

arises from the border of the ilium by a short, flat tendon and lies along the top of the femur 

in a bed formed by the vasti. The vastus lateralis arises from the greater trochanter of the 

femur and lies along the lateral side of that bone. The vastus medialis lies along the medial 

side of the femur from the neck to the inner condyle. The vasti are somewhat fused and 

inseparable.  
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The quadriceps group is fairly consistent among marsupials. In Trichosurus the sartorius 

arises from the “anterior superior iliac spine” and ilio-gluteal fascia and passes down the 

anterior edge of the leg and extending on both the lateral and medial aspects of the thigh. 

Medially it inserts with a thin fascia to the medial side of the knee, laterally it attaches to 

the superficial surface of the tendon of the quadriceps. The quadriceps comprise four 

muscles, the rectus femoris and three vasti, which form a common tendon that inserts to the 

top of the tibia. The rectus femoris takes its origin from the ilium, cranial and dorsal to the 

acetabulum and also from the capsule of the hip joint. The vastus lateralis arises from the 

greater trochanter and lateral side of the femur. The medial portion of the vasti arises from 

the medial surface of the shaft of the femur and the intermediate portion, somewhat 

continuous with the lateral portion, arises from the anterior surface of the femur. The vasti 

are somewhat fused and inseparable, particularly in older animals.   

 

In Dasyurus the quadriceps are large. The sartorius passes from the anterior superior iliac 

spine to the tubercle of the tibia, just below the knee. The insertion is somewhat connected 

with the quadriceps tendon. The rectus femoris arises from the anterior inferior spinous 

process of the ilium, and dorsal surface of the ilium directly above the acetabulum. It is 

divisible into two portions representing the straight and reflected heads as in eutherian 

mammals. The rectus femoris lies along the top of the femur in a bed formed by the vasti, 

which are somewhat indivisible, and covered by the sartorius. 

 

In Isoodon, the sartorius muscle passes from the iliac crest, along the top of the thigh to 

insert to the border of the patella. The sartorius of the bandicoot is relatively thick but 

narrow in comparison to other marsupials. The quadriceps of Isoodon are very well-

developed but extremely difficult to separate into the bellies of the rectus femoris and vasti. 

It was clear that the vastus lateralis was extremely large, but it was difficult to distinguish 

between the other muscles. It appeared that the rectus femoris was quite the smaller of the 

four. As is usual, the quadriceps form a single tendon that inserts to the top of the knee. 

 

Adductor group 

The most superficial muscle of the adductor group of the thigh is the gracilis. In Didelphis 

the gracilis arises from the length of the pubic symphysis, between the articulation of the 
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epipubic bones and the margin of the semimembranosus, in a broad fleshy sheet. It passes 

down the medial surface of the thigh to insert to the crista tibiae at the junction of the 

middle and upper thirds of the leg, acting as a powerful flexor of the leg and adductor of the 

thigh. The adductor mass is divided into a number of portions. The most anterior and 

shortest portion, the adductor brevis (parvus), arises from the anterior part of the pubic 

symphysis and the border of the ramus the pubis. This portion inserts to the postero-medial 

surface of the femur between the insertions of the pectineus and adductor longus. Coues 

(1871) describes this as the strongest portion of the adductor mass in the opossum. The 

adductor longus lies posterior to the previous portion, between it and the adductor magnus. 

It arises from the pubic symphysis, under cover of the gracilis, and inserts to the postero-

medial surface of the shaft of the femur. The adductor magnus arises from the whole of the 

lower border of the pelvis, from the tuberosity of ischium to the pubic symphysis, overlaid 

by biceps, semitendinosus, semimembranosus and gracilis. The adductor magnus has a 

broad insertion along the entire length of the medial surface of the femur. The obturator 

externus is also derived from the adductor group. It arises as a thick, rounded muscle from 

the contour of the ischium and pubes, occupying the surface of the bone and the foramen. It 

inserts to the digitial fossa of the femur. 

 

In Trichosurus the gracilis arises from the length of the pubic symphysis and passes down 

the superficial surface of the adductors of the thigh to insert to the proximal quarter of the 

anterior edge of the tibia. The adductor muscles, longus, brevis and magnus, are somewhat 

fused and inseparable forming a single mass. The arise from the entire length of the pubic 

symphysis and insert to the femur along a line between the lesser trochanter and the gluteal 

tuberosity, down the linea aspera and the medial supracondylar line to the medial condyle 

itself. The obturator externus takes an extensive origin from the outer surface of the hip 

bone, the circumference of the obturator foramen, except near the acetabulum, and all of 

the ramus of the ischium and pubis. It inserts to the digital fossa of the femur with the 

gemelli. 

 

In Dasyurus the gracilis arises in a broad thin sheet from almost the entire the length of the 

pubic symphysis and from the decending ramus of the pubis. It inserts to the anterior edge 

of the tibia. The adductor mass is divisible into a number of portions. The adductor longus 

is the shorter of the two adductors, arising from the body of the pubis just below the crest. 



 259 

It inserts to the line leading from the lesser trochanter to the linea aspera. The adductor 

brevis is broad and flat at its origin from the anterior half to two thirds of the pubic 

symphysis. It inserts to the middle third of the posterior surface of the femur. The adductor 

magnus is separable into two portions. The upper portion arises from the lower third of the 

outer edge of the pubic arch and inserts to the upper part of the back of the femur. The 

lower portion, also from the pubic arch, inserts to the inner surface and posterior border of 

the internal condyle of the femur and into the lower part of the line leading from that 

condyle to the linea aspera. The obturator externus from the inner part of the outer surface 

of the obturator membrane and the inner half of the obturator foramen inserts to the digital 

fossa. The obturator externus lies against the posterior aspect of the hip-bone, its superficial 

portion in contact with the rectus femoris, the upper portion of the adductor magnus and the 

adductor brevis. 

 

In the bandicoot the gracilis passes from the pubic symphysis to the fascia of the medial 

side of the proximal part of the tibia. It is quite posteriorly placed in the bandicoot and not 

as broad as is commonly observed. Parsons (1903) described two portions, the adductor 

longus and combined adductor brevis and magnus. 

 

Ischio-trochanteric group 

In the opossum the ischio-trochanteric group includes four muscles, the obturator internus, 

gemelli, quadratus femoris, and ilio-femoralis. The obturator internus arises as a thin sheet 

of muscle fibres from the whole of the inner face of obturator surface of the pelvis and the 

obturator membrane. It inserts to the digital fossa of the femur. The gemelli are accessory 

muscles of the obturator internus. The paired gemelli arise from edge of ischium and insert 

with the obturator musculature to the digital fossa.  The quadratus femoris arises from the 

ischium, just above the adductors. Inserting to the greater trochanter of the femur, the 

quadratus femoris extends and everts the thigh. The ilio-femoralis is a very small muscle 

arising from the upper border of the acetabulum. It runs directly down over the hip joint to 

insert to the base of the lesser trochanter. 

 

In Trichosurus the obturator internus arises from the inside of the body of the pubis and the 

ramus of the ischium. It inserts to the digital fossa. The quadratus fermoris passes from the 

ischial tuberosity to the lesser trochanter, and the ilio-femoralis (? N.A.V. nomenclature) 
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from the transverse processes of the first three caudal vertebrae to the upper third of the 

back of the femur including the greater trochanter.  

 

In Dasyurus the obturator internus, originating from the inside of the pelvis on the lower 

half of the obturator foramen, inserts to the digital fossa. The strongly developed gemelli 

also insert to the digital fossa. The gemelli are somewhat combined from their origin on the 

lesser sciatic notch and the outer surface of the ischial tuberosity. The quadratus femoris 

extends from the outer surface of the ischial tuberosity to the posterior border of the lesser 

trochanter.  

 

Hamstring group 

The hamstring group in Didelphis includes the semitendinosus, semimembranosus, biceps 

femoris, and cruro-coccygeus. No caudofemoralis/presemimembranosus was mentioned by 

Coues (1871). The semitendinosus arises from the tuberosity of the ischium and passes 

down the leg to insert to the inside of the shaft of the tibia an inch below the knee joint. The 

semimembranosus arises from the margin of the ischium between the gracilis and the 

semitendinosus. The muscle gives rise to a short thin tendon that insert to the prominence 

on the inner side of the head of the tibia. The biceps femoris arise from a single origin on 

the tuber ischii, in common with the semitendinosus. The muscle has no connection to the 

femur, passing down the thigh to insert the upper half of the outside of the tibia from the 

knee. The cruro-coccygeus arises from the transverse process of the third caudal vertebrae. 

It inserts to the tibia with the fascia of the leg. The cruro-coccygeus marks the posterior 

border of the thigh. Acting from the tail, this muscle is a flexor of the leg and extensor of 

the thigh.         

 

In Trichosurus the caudofemoralis (presemimembranosus) passes from the ischio-pubic 

arch, deep to the semimembranosus, to the popliteal surface of the femur, a short distance 

from the condyles. It arises deep to and almost folded within the adductor mass. The 

semitendinosus arises from the ischial tuberosity and passes to the medial side of the shaft 

of the tibia, where a wide depression marks its insertion. The semimembranosus takes its 

origin from the length of the ischio-pubic arch and inserts with a flat tendon to the medial 

ligament of the knee. The biceps arise from the ischial tuberosity, with the semitendinosus, 
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and also from the transverse process of the third caudal vertebrae. It inserts to the fascia of 

the leg and knee. 

 

In Dasyurus the semitendinosus passes from the ischial tuberosity to the internal surface of 

the tibial shaft, just below the insertion of the gracilis. The semimembranosus from the 

anterior surface of the ischial tuberosity inserts to the head of the tibia, close to the tubercle. 

The biceps femoris is complex and separable into at least four portions as described by 

McCormick (1886). The biceps proper arises as a single head from the outer surface of the 

tuber ischii and passes to the deep fascia of the leg and anterior border of the tibia. The 

biceps accessorius, a small ribbon-like muscle from the transverse process of the first 

caudal vertebrae, inserts to the fascia of the leg just below the insertion of the biceps 

proper. A third portion, the biceps accessorus caudalis superficialis, about half the thickness 

of the semitendinosus, passes from the transverse processes of the first two caudal vertebrae 

and inserts to the anterior border of the tibia. A third accessory part of the biceps extends as 

a thin slip between the superficial edge of the tendinous intersection and the fascia of the 

leg. 

 

Muscles of the lower leg 

 

Flexor Division 

The superficial flexor muscles of the lower leg of Didelphis show a number of interesting 

features. The two heads of the gastrocnemii are completely separate for their entire length, 

giving rise to separate tendons. The medial head arises from the medial condyle and 

popliteal surface of the femur, across almost to the lateral condyle. The fleshy part of the 

muscle narrows rapidly after its origin to form a strong tendon that inserts to the outer 

surface of the calcaneum. The lateral head of the gastrocnemius is larger and more complex 

than the medial head, resulting from its apparent combination with the soleus and arises in a 

number of portions. The first takes its origin from the external condyle, and blends with the 

soleus not far down the leg. Another smaller portion arises solely from the outer surface of 

the soleus. The soleus itself arises by two heads from the head of the fibula, the fabella and 

lateral ligament of the knee. The fleshy portions of the lateral gastrocnemius and soleus 

combine and give rise to a long tendon that passes inside that of the medial head and inserts 

to the medial tuberosity of the calcaneum. The plantaris is large and distinct in the opossum 



 262 

as described by Coues (1871) arising from the fabella. It becomes tendinous in the lower 

third of the leg and passes over the calcaneum to the sole where it forms the plantar fascia. 

 

The deep flexor muscles of the leg of Didelphis comprise the flexor digitorum fibularis 

(flexor communis digitorum longus), flexor digitorum tibialis (flexor longus pollicis) and, 

lying between them, the tibialis posterior. The flexor fibularis arises from the head and 

almost the entire length of the shaft of the fibula. The tendon passes distally in a groove 

between the calcaneum and internal malleolus, before dividing into four to insert to the 

distal phalanx of each of the four lateral toes.  The flexor digitorum tibialis is relatively 

small and arises from the head and outer aspect of the shaft of the tibia. It joins the tendons 

of the flexor fibularis.  The tibialis posticus takes its origin from the inner aspect of the 

head of the fibula and part of the shaft of the tibia. A third of the way down the leg it 

becomes tendinous, passing behind the internal malleolus to insert to the medial aspect of 

the ankle. The tibialis posterior acts to flex the tarsus (Jenkins 1966).  

 

In Trichosurus, the two heads of the gastrocnemius muscle are easily separated at their 

origins but soon combine in the middle third of the leg forming the broad, flat Achilles 

tendon. The medial head arises from the medial condyle of the femur and the capsule of the 

knee joint. The larger lateral head of the gastrocnemius arises from the “lateral condyle of 

the femur, the lower part of the lateral supracondylar line and the oblique posterior 

ligament of the knee” (Barbour 1963). As is usual, the Achilles tendon inserts to the 

calcaneum. Barbour (1963) suggests the soleus, which is otherwise absent, contributes 

fibres to the lateral head of the gastrocnemius, similar to the arrangement described in 

Didelphis. The plantaris is small and arises from the fabella, and for the most part is fused 

to the deep surface of the lateral head of the gastrocnemeus. The tendon of the plantaris 

passes over the calcaneum and across the sole forming the plantar fascia, and inserts with 

two tendons to the plantar sesamoid and the tendons of the peroneus brevis and a thinner 

section to the skin on the sole.  

 

The flexor digitorum fibularis is a relatively large muscle that arises from the head and 

proximal 2/3 of the shaft of the fibula. It gives rise to a thick tendon that divides into four. 

The first inserts to the hallux, the second to the syndactylous 2nd and 3rd toes, and the lateral 

two to the 4th and 5th toes, on the plantar side of the distal phalanx of each of the digits. The 
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flexor digitorum tibialis is much smaller than the flexor digitorum fibularis, arising from 

the head of the fibula and interosseous fascia in the proximal ½ of the leg. The tendon 

passes to the foot where it inserts to the plantar sesamoid and the medial cuneiform bone. 

The small tibialis posterior arises from the proximal third of the fibula, including the head, 

and becomes tendinous soon after its origin. The long tendon passes to the navicular bone 

of the tarsus. The term popliteus probably refers to the pronator tibiae, arises from the head 

and four fifths of the shaft of the fibula. The fibres pass obliquely to insert to the inside of 

the shaft of the tibia.     

 

Apart from the degree of separation of the two head of the gastrocnemius, this muscle is 

usually well-developed and of similar structure throughout the diprotodonts. The lateral 

head generally arises from the lateral condyle of the femur, as in Trichosurus, or the 

sesamoid bone above the fibula (the fabella). It sometimes also arises from the proximal 

end of the fibula itself. The medial head generally arises from the medial condyle of the 

femur. For the most part the muscles remain separate, but sometimes blend along their 

adjacent borders in the mid-region of the leg as observed in Trichosurus. The fusion 

between the two heads occurs to varying degrees among the diprotodonts. Most often, two 

tendons (one from each head) are formed and contribute to the Achilles tendon, which 

inserts to the calcaneum (os calcis). The tendon of the medial head often crosses that of the 

lateral head giving the Achilles a twisted appearance. Usually the lateral head of the 

gastrocnemius is the larger of the two. With the exception of the wombat, the soleus does 

not occur as a separate muscle in any diprotodont observed. The soleus usually appears to 

be blended with the deep surface of the lateral head of the gastrocnemius. It is sometimes 

associated with the superficial fibres of the common extensor of the digits, for example in 

the koala. In the wombat it arises as a small head entirely from the fibula. The plantaris is 

quite variable among the diprotodonts. In the koala and phalangers it arises from the 

fabella, with the lateral head of the gastrocnemius, its tendon passing over the calcaneum to 

contribute to the plantar fascia. The plantaris was not observed in Phascolomys.  

 

The deep flexor muscles of the leg are more variable among the diprotodonts than the 

previous group of muscles. The flexor digitorum fibularis (flexor longus digitorum) and 

flexor digitorum tibialis (flexor longus hallucis) have often been described as combined and 

inseparable in a number of diprotodonts. Examples of this morphology include the koala, 
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wombat and kangaroos where the combined muscle mass, arising mostly from the posterior 

of the shaft of the fibula gives rise to five tendons that insert to all of the digits. In contrast 

to the previous two muscles, the tibialis posterior is almost invariably present as a separate 

muscle, passing from the posterior surface of the tibia, and sometimes the fibula, to insert to 

the scaphoid with a single tendon. This basic arrangement is found in the wombat. In the 

phalangers, there is commonly a second tendon that inserts to the first metatarsal bone, in 

addition to the tendinous insertion to the scaphoid. This double insertion is taken a step 

further in the koala where two distinct muscle heads have been observed, arising from the 

fibula and giving rise to separate tendons, one passing to the scaphoid and the other to the 

sesamoid of the hallux. Among the diprotodonts, the pronator tibiae (pronator quadratus) is 

always present binding the interosseous space between the tibia and fibula.  

 

The superficial flexor muscles of the lower leg are powerfully developed in the chuditch. 

Two large bellies of the gastrocnemius muscle are present, being somewhat united at their 

near borders. The medial portion derives from the medial condyle and popliteal surface of 

the femur. Approximately halfway down the leg this broad, oval fleshy muscle portion 

narrows to a strong tendon, which inserts to the calcaneum. The lateral belly is divisible 

into a number of portions, arising mostly from around the fabella; the deeper portion may 

represent the soleus (McCormick 1886). The tendon of the gastrocnemius lateralis arises on 

the deep surface of the muscle, more distally than that of the medialis, and inserts to the 

calcaneum behind the tendon of the latter. Between the bellies of the gastrocnemii the 

plantaris muscle is found. Triangular in cross-section, the plantaris is well-developed, 

extending from the fabella to the calcaneum.   

 

The deep flexor muscles of the leg are, with the exception of the flexor longus hallucis, 

generally poorly developed in Dasyurus in comparison to the superficial muscles. 

However, McCormick (1886) suggests that at least part of the flexor longus digitorum is 

incorporated within the flexor longus hallucis, accounting for the apparently weak 

development of the former. The insertions of the deep flexors are as follows: the flexor 

longus digitorum to the fifth metatarsal; medial cuniform and first metatarsal; the flexor 

longus hallucis gives tendons to the four outer toes; tibialis posterior to the tuberosity of the 

scaphoid bone. McCormick (1886) described the popliteus as filling almost all the 
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interosseous space between the tibia and fibula. While I concur with this description I am 

unsure of the correct naming of the muscle.      

 

The gastrocnemii appear to be very consistent among the dasyurids, including Dasyurus. In 

Dasycercus, the two bellies are separate proximally, the lateral arising from the fabella and 

the medial arising from the medial condyle and popliteal surface of the femur. The tendons 

to the gastrocnemii form the Achilles tendon as usual. The origin and insertions of the 

gastrocnemii are the same in Sarcophilus. Wood Jones (1949) does not describe a distinct 

soleus muscle in Dasycercus. In Sarcophilus, the soleus takes a fibular origin. As in 

Dasyurus, the plantaris muscle is well-developed in Dasycercus, arising from the fabella, 

with the lateral head of the gastrocnemius, and passing over the calcaneum to form the 

plantar fascia. In Sarcophilus, the plantaris arises from the back of the external lateral 

ligament of the knee and the head of the fibular. In contrast with the superficial muscles, 

there are large differences between the deep flexor muscle of the leg among the dasyurids. 

In Dasycercus, as in Dasyurus, the flexor digitorum tibialis, flexor digitorum fibularis and 

tibialis posterior are present as separate muscles. However, from the description of Wood 

Jones (1949) it appears that these muscles are more highly developed in Dasycercus. In that 

species the flexor digitorum tibialis arises from the lateral ligament of the knee and upper 

third of the posterior surface of the tibia. The tendon forms in the lower third of the leg and 

passes around the medial malleolus to the sole of the foot, where it inserts to the fifth 

metatarsal. The flexor digitorum fibularis is particularly well-developed, arising from the 

whole of the posterior surface of the fibula, from the head to the malleolus. Its tendon is 

broad and attaches to each of the four lateral digits as in Dasyurus. The tibialis posterior is 

a tiny muscle in Dasycercus, arising from the proximal end of the fibula. It gives rise to a 

long thin tendon that passes over the scaphoid in the sole to insert to the medial cunieform 

bone and the first metatarsal. In Sarcophilus, the muscles are not as well-developed. The 

flexors digitorum tibialis and fibularis are somewhat combined, as in the diprotodonts and 

to a lesser extent in Dasyurus, giving tendinous branches to each of the five digitis.  

 

In bandicoot (Isoodon) the flexor muscles of the leg are generally well developed. The 

medial head of the gastrocnemius is strongly developed and the lateral head of that same 

muscle arises from lateral edge of patella, lateral side of fibular head, fibular neck and 

fabella (personal observations). It is the plantaris muscle, however, that is developed the 
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most in Isoodon. The gastrocnemius muscles and plantaris give rise to thick tendons that 

twist together, forming the Achilles tendon that inserts to the calcaneum. 

 

Of the deep extensor muscles in the bandicoots, the popliteus is reasonably well-developed, 

arising from the underside of the lateral condyle of the femur, passing obliquely just below 

the posterior aspect of the knee, and inserting to the postero-medial flange of bone at the 

proximal end of the tibia. Parsons (1903) describes the popliteus muscle as being small in 

Chaeropus. Relative to other marsupials the popliteus is large in Isoodon. The flexores 

digitorum tibialis and fibularis are somewhat fused, arising from the upper half of the tibia 

and fibula respectively. The tendons unite and then divide to insert to the 2nd, 3rd and 4th 

digits (Parsons 1903).  

 

 

Extensor Division 

In Didelphis, Coues (1871) describes five muscles in the tibial extensor group. The largest 

is the tibialis anticus, which arises from the head and upper third of the medial side of the 

tibia. It produces a thick, flat tendon that passes across the instep, anterior to the internal 

malleolus, to the internal cuneiform bone on the sole of the foot. The tibialis anticus acts as 

a supinator of the foot (Jenkins 1966). The extensor digitorum longus (extensor communis 

digitorum longus) is small, arising from the head of the fibula. It divides into four parts, 

each producing a tendon that passes together through the annular ligament of the ankle 

before separating towards their insertion (one each to the four lateral toes). The extensor 

hallucis longus (extensor proprius pollicis longus) arises deep to the tibialis anterior from 

the upper half of the tibial aspect of the shaft of the fibula. It gives rise to a flat tendon just 

above the ankle that passes obliquely across the foot to insert to the distal phalanx of the 

hallux. The extensor of the hallux aids during grasping type movements as in climbing 

(Jenkins 1966). Coues (1871) describes a small, deep muscle on the leg of Didelphis as the 

extensor communis digitorum brevis or extensor accessorius. It arises from the upper part 

(middle third as described by Jenkins 1966) of the shaft of the fibula, somewhat blended 

with the previously described muscle. Its tendon passes behind the external malleolus 

before dividing into three tendons that passes to the 2nd, 3rd and 4th toes. The extensor brevis 

(extensor brevis pollicis) lies upon the dorsum of the foot and inserts with a fine tendon to 

the distal phalanx of the big toe.  
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The tibialis anterior is the largest of the tibial extensor muscles in Trichosurus (personal 

observations). It arises from the proximal half of the lateral surface of the tibia, including 

the condyle, and inserts to the medial aspect of the internal cuneiform bone. The extensor 

digitorum longus takes its origin from the proximal ends of the tibia and fibula as well as 

the arch that forms between them. The muscle is incompletely divisible into three portions, 

each of which gives rise to a thin tendon. The lateral tendon inserts to the 4th and 5th digits, 

the middle tendon inserts to the 3rd and 4th digits and the smaller medial tendon attaches to 

the syndactylous 2nd and 3rd toes. Deep to the extensor digitorum longus arises the extensor 

hallucis longus. Arising from the head and proximal end of the fibula, the extensor hallucis 

longus forms a long tendon that crosses the tendon of the previous muscle before its 

insertion to the distal phalanx of the hallux (Barbour 1963; personal observations).  

 

Among the diprotodonts, the tibialis anterior is consistently a well-developed muscle 

arising from the outer surface of the tibia. Its insertion to the medial cuneiform bone is the 

general pattern with some variation. In Phascolomys, in addition to its insertion to the 

medial cuneiform, the muscle also gives a tendon to the hallux, apparently replacing the 

extensor longus hallucis (MacAlister 1870; Sonntag 1923). In the kangaroos, the large 

tibialis anterior has shifted its insertion to the inner two metatarsal bones. The extensor 

digitorum longus generally arises from the external tibial tuberosity, the head of the fibula 

and the proximal intermuscular septum. Most commonly it is divisible into two muscular 

parts, as in the koala and most phalangers, giving tendinous inserts to the four lateral toes 

(Sonntag 1923). In the wombat it gives tendons to the four inner toes, including three to the 

hallux itself (MacAlister 1870; Sonntag 1923). In the kangaroos the extensor digitorum 

longus supplies the large third and fourth toes only. The extensor hallucis longus is present 

in all diprotodonts. In the koala and wombat it inserts solely to the hallux (Young 1882; 

Sonntag 1923). In the phalangers, as in the opossum, it inserts to the two inner toes. In the 

kangaroos also it inserts to the first and second digits.  

 

In Dasyurus there is a disparity in the development of the muscles of the tibial extensor 

group (personal observations). The tibialis anterior is very strongly developed, arising from 

outer surface of the proximal half of the tibia, including the tibial tuberosity. The muscle 

gives rise to a large, thick tendon which passes down the ankle, being crossed by the tendon 
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of the extensor hallucis longus, to insert to the internal cuniform bone. The extensor 

hallucis longus, in contrast, is a very thin muscle arising from the lower half of the 

interosseous membrane. It gives rise to a very delicate tendon the passes through the 

annular ligament of the ankle, with the previously described muscle, and over the dorsum 

of the foot to be inserted to the first metatarsal bone [McCormick, 1886 #67; personal 

observations].  The extensor longus digitorum is relatively small arising from the proximal 

half of the antero-medial surface of the fibula including the head. The muscle has tendinous 

insertions to the 2nd, 3rd, 4th and 5th toes. The extensor brevis digitorum arises from the shaft 

of the fibula, below the peroneal muscle, and inserts to the 2nd, 3rd and 4th toes (McCormick 

1886). 

 

In Dasycercus, as in Dasyurus, the tibialis anterior is strongly-developed. Arising from the 

lateral surface of the upper half of the tibia, the muscle gives rise to a tendon in its lower 

third that inserts to the first cuneiform, as in Dasyurus, but mostly to the first metatarsal 

bone (Wood Jones 1949). In Sarcophilus, the tibialis anterior shows some incomplete 

separation of the fleshy muscle body, also giving a tendon to the second metatarsal 

(MacAlister 1870). The extensor longus digitorum, in both Dasycercus and Sarcophilus, 

inserts to the lateral four toes, consistent with members of the genus Dasyurus. The 

extensor longus hallucis is generally small among the dasyurids, giving a tendon to the 

hallux. The muscle is small in Sarcophilus and indistinct in Dasycercus, apparently 

incorporated within the tibialis anterior which gives a minute tendon to the hallux 

(MacAlister 1870; Wood Jones 1949). The extensor brevis digitorum is small in 

Dasycercus arising from the lower end of the fibula, just above the ankle, and giving 

tendons to the 2nd, 3rd and 4th digits, similar to other dasyurids (Wood Jones 1949). 

 

The tibial extensor muscles in Isoodon are poorly developed in comparison to the flexors. 

The tibialis anterior is quite strong, arising from the proximal half of the lateral surface of 

the tibia (proximal ¼ in Chaeropus). It inserts to the metatarsals of the syndactylous 2nd and 

3rd toes. The extensor longus digitorum in Isoodon appears to match the description of this 

muscle in Chaeropus, where Parsons (1903) found it to be divided into two sheets, each 

giving rise to a tendon. The tendon of the superficial sheet inserts to the middle and distal 

phalanges of the 4th toe, and the deeper tendon inserts to the proximal phalanx of that same 
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digit. The extensor hallucis longus/proprius is either absent or incorporated with the 

previously described muscle. The extensor brevis digitorum is very small. 

 

Peroneal group 

Coues (1871) described three peroneal muscles in Didelphis. The largest is the superficial 

peroneus longus (peroneus primus). It arises from the outer part of the head and upper part 

of the shaft of the fibula. The tendon passes behind the malleolus and over the side of the 

foot to its insertion to the base of the first metatarsal. The peroneus longus is a pronator of 

the tarsus, and therefore antagonistic to the supinator tibialis anticus. The peroneus brevis 

(secundus) is a long slender muscle arising from the head of the fibula with the long 

common extensor of the digits. Its tendon passes behind the malleolus with the previous 

muscle and from there to the base of the fifth metatarsal. The peroneus digiti quinti 

(peroneus tertius, s. extensor digiti minimi) is a small but distinct muscle arising from the 

head of the fibula, under cover of the peroneus longus. It gives rise to a very long, thin 

tendon that passes behind the malleolus and then forward to the ungual phalanx of the little 

toe (pollicis). As such, it is an extensor of the 5th toe. 

 

In Trichosurus there are four peroneal muscles (Barbour 1963; personal observations). The 

peroneus longus is the most lateral and largest of the group arising from the head of the 

fibula, ligament of the knee, fabella and proximal half of the shaft of the fibula. It gives rise 

to a tendon that inserts to the first metatarsal. The peroneus brevis arises from the front of 

the head of the fibula. Its tendon passes around the malleolus to insert to the 5th metatarsal. 

The peroneus digiti quinti is a small muscle from the head of the fibula. The long tendon in 

the distal ¾ of the leg perforates the tendon of the peroneus brevis to insert to the 5th toe. 

The peroneus digiti quarti passes from the middle 1/3 of the shaft of the fibula to the 4th toe. 

In the koala, all four peroneal muscles arise from the fibula (Young 1882; Sonntag 1923). 

The peroneus longus inserts to the 1st metatarsal, the peroneus brevis inserts to the 5th 

metatarsal, the peroneus digiti quinti inserts to the 5th digit and the peroneus digiti quarti 

inserts to the fourth toe consistent with Trichosurus. In the wombat, only two distinct 

portions of the peroneal group are found; the longus inserting to the 1st metatarsal as usual, 

and the brevis inserting to the 5th metatarsal and also giving a tendon to further along the 5th 

digit, thus representing the peroneus digiti quinti as well. In Phalanger, three peroneal 
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muscles are found, and in the kangaroos, typically all four perone are present (Sonntag 

1923).    

 

In Dasyurus the peroneus longus arises in two heads from the head of the fibula and upper 

part of the posterior border of the fibula. The muscle inserts to the first metatarsal bone. 

The peroneus brevis is the largest of the peroneal muscles and arises lower down on the 

fibula than the last. It inserts with a strong tendon to the fifth metatarsal bone. The peroneus 

quinti digiti arises from the head and upper third of the antero-lateral aspect of the fibula. It 

inserts to the first phalanx of the fifth digit (McCormick 1886; personal observations). In 

Dasycercus, the peroneal group of muscles is greatly reduced, arising as a common fleshy 

mass from the lateral ligament of the knee and the head and upper part of the shaft of the 

fibula. A single tendon passes around the lateral malleolus to the lateral side of the foot 

where it inserts mostly to the fifth metatarsal. There is also a small tendinous slip inserting 

to the fifth digit, thus representing the peroneus digiti quinti, and one that passes over the 

cuboid giving tendons to the third and fourth digits, representing the peroneus digiti quarti 

(Wood Jones 1949). No representative of the peroneus longus was observed by Wood Jones 

(1949) in Dasycercus. The single body of origin is very different to all other marsupials, 

which always possess two separate peroneii at least. Sarcophilus, in contrast, possesses a 

highly complex group of four or five peroneal muscles (MacAlister 1870; Macalister 1872). 

The peroneus longus arises from the upper end of the fibula and winds around the outerside 

of the calcaneum and cuboid bones to insert to the first metatarsal. The peroneus brevis 

arises anterior to the longus portion and inserts to the fifth metatarsal. The peroneus digiti 

quinti is present, inserting to the fifth digit. The peroneus quarti appears to be represented 

by two muscles arising from the lower half of the fibula giving tendons to the third and 

fourth digits.  

 

In bandicoots, the peroneus longus arises from the head and proximal quarter of the fibula, 

passes to the sole of the foot and inserts to the metatarsals of the syndactylous 2nd and 3rd 

digits. The peroneus brevis passes from the fibula to the metatarsal of the fifth toe. The 

peroneus digiti quinti inserts to the distal phalanx of the fifth toe. This was similar in both 

Isoodon and Chaeropus (Parsons 1903; personal observations).  
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