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Article history: Nythosaurus larvatus was one of the first cynodonts named and, for a long time, the only therapsid for which the
Received 9 June 2024 endocranial cast was described. The holotype and only skull of this species is thus a landmark in the history of
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Africa), a locality that has been traditionally dated to the Lystrosaurus declivis Assemblage Zone. However, this
age was mostly based on the synonymy between Nythosaurus larvatus and Thrinaxodon liorhinus, the former
being the only fossil indisputably reported from this locality and the latter being an index taxon for the
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gﬁ,vggfgia Lystrosaurus declivis Assemblage Zone. A recent revision of Nythosaurus larvatus also questioned the age of
Triassic Commissie Drift. Here, we report the result of our fieldwork to re-assess the age of this locality. We find that
Cynognathus the stratigraphy conforms to the lower Burgersdorp Formation and that the fossil tetrapod fauna does not
Olenekian match the Lystrosaurus declivis Assemblage Zone. The overall scarcity of fossil bones, absence of plants and dicyn-
Relict taxon

odonts, and relative dominance of amphibian remains all point to an assignation to the Langbergia-Garjainia Sub-
zone of the Cynognathus Assemblage Zone, which is consistent with the stratigraphy. The discovery of new
material attributable to cf. Nythosaurus bolsters the notion that this taxon is from the late Olenekian. Nythosaurus
larvatus can safely be considered a valid taxon, and may in fact occur elsewhere in this subzone.

© 2024 The Geologists' Association. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Non-mammalian Cynodontia are the most direct ancestors of mam-
mals among non-mammalian Therapsida (Abdala et al., 2020; Abdala,
2021). Understanding their evolution is key to deciphering the origin
of modern mammalian biodiversity. The rich fossil record of the South
African Karoo chronicles the transition from the basal-most cynodonts
to the earliest mammals in great detail (Abdala et al., 2023; Norton
et al., 2023). The first half of the Triassic, represented by the Lystrosaurus
declivis and Cynognathus Assemblage Zones (AZs) in the Karoo Basin, is
a pivotal interval of time that staged the extinction of archaic, non-
eucynodont taxa and the evolutionary radiation of the Eucynodontia
(Probainognathia and Cynognathia) that replaced them (Abdala
et al,, 2020; Abdala, 2021). Despite this, some rare cynodont taxa from
this interval preserved a rather conservative body plan, evocative
of Late Permian taxa (Pusch et al., 2021, 2022, 2024). Additionally, the
recent works on Lumkuia, Nythosaurus, Bolotridon, Progalesaurus, and
Cistecynodon highlight the so far underestimated uniqueness of the
cynodont fauna of that time interval (Pusch et al., 2021, 2022, 2024;
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Benoit et al., 2022; Benoit, 2023). These taxa highlight the pivotal role
that the fossil record of southern African Early Triassic cynodonts may
play in better understanding the evolutionary dynamics at the root of
the mammalian clade, as some taxa, and perhaps even a whole evolu-
tionary radiation of cynodonts, may have gone unrecognised so far
(Abdala et al., 2020; Abdala, 2021; Pusch et al., 2022, 2024).

Among these cynodonts, Nythosaurus larvatus (known only by its ho-
lotypic skull, NHMUK PV R1715) is of particular interest. It was originally
described by Owen in 1876, which makes it one of the first cynodont taxa
to be named; and for a long time, it was the only basal synapsid for which
the brain endocast was illustrated and studied (Owen, 1876; Watson,
1913; Edinger, 1975; Hopson, 1979; MacLean, 1990). Nythosaurus
larvatus was quickly considered synonymous with Galesaurus planiceps
(Seeley, 1889), then Thrinaxodon liorhinus (Van Heerden, 1972, 1988)
or considered a nomen dubium (Hopson and Kitching, 1972; Brink,
1988), but Pusch et al. (2022) recently resurrected the taxon based on
a detailed redescription of NHMUK PV R1715 using pCT.

The type specimen is currently believed to have come from
Commissie Drift 303 (sometimes spelled Kommissie Drift, Commissie
Drift, Commissee Drift, or Kommissiedrift), a farm in the Smithfield Dis-
trict (Free State Province) (Broom, 1905, 1932; Kitching, 1977; Pusch
et al,, 2022). The specimen was presented to the NHMUK by W.G.
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Atherstone of the Albany Museum in 1872, and accessioned into the
NHMUK catalogue as Galesaurus planiceps (https://data.nhm.ac.uk/
object/2cc6fOba-6ba5-442c-b24e-9f88cd5cdfd0). The specimen was
recognised as a new taxon and described as Nythosaurus larvatus by
Owen (1876), but subsequently synonymised with Galesaurus by Seeley
(1889). Seeley (1894) would later erect Thrinaxodon liorhinus for another
specimen originally identified as Galesaurus (see, e.g., Owen, 1887).
Broom (1910, 1911) recognised NHMUK PV R1715 to be distinct from
Galesaurus, and instead more similar to Seeley's Thrinaxodon. Broom
(1910) synonymised Thrinaxodon with Nythosaurus, recognising that
the latter had priority, and attributed the varied number of postcanines
between NHMUK PV R1715 and other specimens of Thrinaxodon to be
due to the individuals exhibiting different stages of tooth replacement.
Broom (1932) would later recognise Nythosaurus to be distinct from
Thrinaxodon, a view that was echoed by Parrington (1936), who also
provided a list of characters to differentiate between the two taxa.

When he first proposed the Lystrosaurus and Procolophon beds, Broom
(1906, 1915) listed “Nythosaurus” as coming from the “Procolophon
zone”—Procolophon trigoniceps being the third index taxon for the current
Lystrosaurus declivis AZ (Botha and Smith, 2020). It is extremely likely
that despite writing Nythosaurus, Broom (1910, 1911, 1912, 1915) was
in fact referring to both Nythosaurus and Thrinaxodon as he recognised
that Nythosaurus had priority over Thrinaxodon. As a result from this con-
voluted history, it has been assumed that the holotype of Nythosaurus
larvatus must have come from some outcrops of the Katberg Formation
(Seeley, 1894; Broom, 1905, 1906, 1911, 1915, 1932). An Induan age for
NHMUK PV R1715 is thus generally accepted (Pusch et al., 2022).

However, Pusch et al. (2021, 2022) have recently resurrected the
taxon Nythosaurus larvatus and demonstrated that non-eucynodont
cynodont taxa survived in the Cynognathus AZ. In fact, possible non-
eucynodont cynodont-like teeth have been reported as late as the
Cretaceous (Lasseron, 2019). All of the above make associations of
“galesaurid-grade” taxa with the Lystrosaurus declivis AZ de facto obso-
lete. Moreover, as noted by Pusch et al. (2022), the geology at Commissie
Drift 303 has not been addressed recently. Given the dramatic improve-
ments in knowledge of the biostratigraphy of Karoo-aged deposits in
southern Africa since the discovery of NHMUK PV R1715 (Smith et al.,
2020), it is fair to question some of the assumptions made on the age
of Nythosaurus larvatus.

On his wall-sized compilation of 1:250,000 topocadastral maps
made in 1972 (see Benoit et al., 2024a), James Kitching placed two
colour-coded pins on Commissie Drift 303: a green pin to represent
his “Lystrosaurus zone” (roughly equivalent to today's Lystrosaurus
declivis AZ and Lystrosaurus maccaigi-Moschorhinus Subzone of the
Daptocephalus Assemblage Zone, Botha and Smith, 2020) and a purple
one for his “Daptocephalus zone” (roughly equivalent to today's
Daptocephalus AZ) (Fig. 1A). Neveling (2004) and Pusch et al. (2022)
mention that there are exposures of the Lystrosaurus declivis and
Cynognathus AZs in the area around Commissie Drift 303. On the
1:250,000 geological map of Aliwal North, the area is assigned to the
Tarkastad Subgroup which encompasses the Lystrosaurus declivis and
Cynognathus AZs. A provenance from the Cynognathus AZ is thus possi-
ble too. In a letter to the amateur palaeontologist Alfred Brown (Fig. 1B),
Robert Broom identified a specimen from the Burgersdorp Formation as
Nythosaurus larvatus (Brown's unpublished notebook Volume 15 page
424). This is most likely the same specimen Broom (1912) would later
name Nythosaurus browni, now synonymised with Cynognathus
crateronotus (Van Heerden, 1974). This shows that Broom considered
that the range of Nythosaurus larvatus could have extended into the
Cynognathus AZ. Noteworthily, the preservation style of specimen
NHMUK PV R1715 (i.e., haematitic nodule preserving a small cynodont
skull and lower jaw in occlusion as an imprint on the surface of the nod-
ule and exposing the brain endocast) has been described as “unusual”
for the Katberg Formation (Pusch et al., 2022), but resembles that of
SAM-PK-K11655 recently described from the Burgersdorp Formation
at Lemoenfontein 44 (i.e., the brittle bone is removed with the
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Fig. 1. Unpublished historical documents referring to Nythosaurus larvatus. A, Excerpt of
Kitching's (1972) wall-map showing the green (“Lystrosaurus zone”) and purple
(“Daptocephalus zone”) pins. B, Excerpt from A. Brown's notes stating: “From Dr Broom.
Box 9. Springs. 27 June. A postcard received 29 June 1911. Dear Mr Brown: The fossils
arrived all right. I fear neither is new. The lower jaw is that of Nythosaurus Larvatus Ow. or
a very nearly allied form. The snout is the snout of a Trirachodon probably Trirachodon
minor Broom certainly not T. Kannemeyeri Seeley. This is only a preliminary determination.
[ shall re examine the teeth carefully later on and let you know the result.”

haematitic coating during erosion, exposing the brain endocast and
cast of the bones; Wolvaardt et al., 2023).

As such, the possible age for the Nythosaurus larvatus holotype spans
from the Daptocephalus to Cynognathus AZs, from as old as the latest
Permian (255.2 Ma) to as young as the late Middle Triassic (243.53
Ma), or even early Late Triassic (235.8 Ma) (Hancox et al., 2020, but
see Lucas and Hancox, 2022). Such an error margin of up to twenty mil-
lion years is a pity given the historical and scientific importance of this
specimen. Consequently, the stratigraphy and fossil fauna of Commissie
Drift 303 are re-assessed based on new fieldwork data.

2. Material and methods

We explored Commissie Drift 303 (topocadastral map 3026BC,
Koukraal; Mohokare Local Municipality; GPS: S30° 16,838’ E26° 38,113")
for a week in search of index fossils. Fieldwork involved surface collecting.
The localities of all fossils were logged using GPS. Fragile fossils were con-
solidated with Paraloid B72. Mechanical preparation using airscribes was
performed at the Evolutionary Studies Institute (ESI) of the University of
the Witwatersrand, Johannesburg. Collecting was carried out under the
South African Heritage Resources Agency (SAHRA) collection permit no.
3938 (CaselD: 21835). A stratigraphical section was logged using a Jacob's
Staff fitted with an Abney level to record sedimentological features, log
fossil stratigraphical positions, and identify the rock formations exposed
at Commissie Drift 303 as accurately as possible.

Institutional abbreviations: BP: Evolutionary Studies Institute
(formerly Bernard Price Institute), University of the Witwatersrand,
Johannesburg, South Africa; NHMUK: Natural History Museum,
London, United Kingdom; SAM: Iziko: South African Museum of Natural
History, Cape Town, South Africa.

3. Results
3.1. Geology and stratigraphy

The geology at Commissie Drift 303 is best exposed on the only hill
of the farm. The relatively small patches of outcrops are located at the
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base of the hill, by the N6 road (Fig. 2), conforming to the description of
the site provided by Kitching (1977).

Owen (1876) described the type locality of Nythosaurus larvatus as
being a 'Tafelberg' (a flat-topped hill in Afrikaans), but the hill on
Commissie Drift 303 is more conical than flat (Fig. 2). Furthermore,
Broom (1905) and subsequent authors (e.g., Kitching, 1977) described
the site as “East side of Commissee Drift, Caledon River”. However,
Commissie Drift 303 is divided by the N6 road into two subplots, one
to the north and another to the south. The outcrops are all located in
the middle of the southern subplot, approximately where Kitching's
purple pin is placed on his wall map (Fig. 1A). As such, the indication
“East side of Commissee Drift, Caledon River”, makes little geographical
sense. Maps from the early 1900s (available on the Digital Collection of
the University of Cape Town; https://ibali.uct.ac.za/s/jacobson-africana/
item/96949; https://ibali.uct.ac.za/s/jacobson-africana/item/97260)
show that the boundaries of Commissie Drift 303 have not changed
and that the farm did not extend East of the Caledon River. Interestingly,
Kitching seemingly tried to align the geography with Broom's descrip-
tion of the locality by using two pins on his map, one on the hill (purple
pin) and another (green pin) on the easternmost point of the farm
(Fig. 1A, note that the latter is a “Lystrosaurus zone” pin that likely
marks what he thought may be the locality where Nythosaurus was dis-
covered). We visited the easternmost point of the farm and can confirm
beyond any possible doubt that there are no outcrops there. If NHMUK
PV R1715 was indeed found on Commissie Drift 303, it must have come
from the foot of the conical hill.

Alternatively, it is possible that Nythosaurus may be from the
neighbouring farm, Bultfontein 69, on the eastern bank of the Caledon
River. This farm has a conspicuous flat-topped hill and exposes the
same rocks as Commissie Drift 303 (Fig. 2B; GPS: S30° 17,835’ E26°
38,651’). This would perfectly reconcile the geography with Broom,
Kitching, and Owen's descriptions of the type locality of Nythosaurus
larvatus. This is plausible if the place referred to as “Commissee Drift”
was, in fact, the drift road across the river rather than the farm itself.

The results presented below were collected at Commissie Drift 303
because it provided access to a more complete stratigraphical section
and more extensive outcrops. The flat top hill on Bultfontein 69 only ex-
poses a subset of the rocks available on Commissie Drift 303 (i.e., the
upper part of Horizon 1 and the Eldorado marker of Neveling, 2004,
see below).

The exposures at Commissie Drift 303 match the lower Burgersdorp
Formation in the proximal part of the basin (Fig. 3A, Neveling,
2004; Neveling et al., 2005). The lowest 25 m mostly includes very
soft red-purple mudrock (Burgersdorp Horizon 1 in Neveling, 2004).
The few identifiable fossils found in this horizon include one partial
cynodont skull, a large theriodont canine (possibly Cynognathus), a

temnospondyl cranial fragment, and three in situ tetrapod burrows, one
of which contained a disarticulated partial archosauromorph skeleton
(Fig. 3B-G).

This horizon is topped by a 5 m thick sandstone cap, which corre-
sponds to the Eldorado marker (Fig. 3A). At the base of the sandstone,
a thin pebble-lag delivered isolated amphibian bones (Fig. 3G). Above
the Eldorado marker, about 80 m of blue-grey siltstone alternated
with three fine-grained layers of grey sandstone (corresponding to
the Burgersdorp Horizon 3 and Andriesberg member of Neveling,
2004) completes the sedimentary sequence (Fig. 3A). No fossils were
recovered in these arenaceous layers. The hill is topped by a thick sill
of dolerite.

3.2. Palaeontology

No fossil plants, procolophonids, or dicynodonts were found. Two
large amphibian skull fragments were recovered from Horizon 1
(Fig. 3D, G). They can be referred to temnospondyls based on their
large size and the fact that this is the only group of amphibians so far
recovered in the Main Karoo Basin (Smith et al., 2020). The reticulate
polygonal pattern on the bones is consistent with stereospondyls
(Rinehart and Lucas, 2013). The largest fragment noticeably displays a
cast of the internal surface of the cranial bones which resembles the
preservation style of NHMUK PV R1715 (Fig. 3C).

The post-crania recovered in an in situ burrow at the base of Horizon
1 includes a well-preserved vertebra (Fig. 3E). This vertebra has an elon-
gate centrum with the posterior articular surface positioned ventral to
the level of the anterior one, identical to the ‘parallelogram-shaped’ cen-
tra that are typical of archosauromorph presacral vertebrae (Ezcurra
et al,, 2014; Ezcurra, 2016). The diapophysis and parapophysis are
closely appressed and positioned on the anteroventral surface of the
centrum, and the latter is about three times as long as high. These char-
acters are typically present in the cervical vertebrae of most non-
archosauriform archosauromorphs such as Prolacerta (BP/1/2675)
from the Lystrosaurus declivis AZ, but differ markedly from the much
shorter cervicals of rhynchosaurs and archosauriforms (Ezcurra,
2016), including Garjaina, the only named archosauromorph from the
lower Burgersdorp Formation (Gower et al., 2014). However, the neural
spine of this vertebra is approximately as tall as wide, which contrasts
with the much shorter neural spine in Prolacerta (BP/1/2675). Other
small-sized archosauromorphs have been found in the lower
Burgersdorp Formation, but no cervical has been reported yet (Hancox
et al., 2023). This is the first time that an early archosauromorph has
been recovered in a burrow cast (although the disarticulated nature of
the remains supports a post-mortem deposition rather than the animal
dying in situ).

Commissie|Drifit{303]

Fig. 2. Views of Commissie Drift 303. A, View from the N6 Road, with a magnification of Horizon 1. B, View from Bultfontein 69 showing the flat-topped hill to the right.
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Fig. 3. Geology and palaeontology at Commissie Drift 303. A, Stratigraphical section. B, Tetrapod burrow cast in situ. C, Cf. Nythosaurus skull in lateral view (BP/1/9366). D, Cranial fragment
of a temnospondyl indet. (BP/1/9368). E, Vertebra of an archosauromorph indet. in lateral view, anterior to the left (BP/1/9370). F, Fragment of a maxillary bone of a large theriodont,
maybe Cynognathus (BP/1/9369); G, Cranial fragment of a temnospondyl indet. (BP/1/9367). Scale bars = 1 cm.

All three burrows discovered at Commissie Drift 303 show a bean-
shaped cross section (Fig. 3B) similar to those traditionally attributed
to the cynodont Langbergia, although the typical bifurcating morphol-
ogy of the burrow is not preserved (Groenewald et al., 2001;
Krapovickas et al., 2013; Bordy et al., 2019). No osteological remains at-
tributable to this taxon were found, however.

One large canine fragment accompanied with casts of incisors or re-
placement teeth may be referrable to the largest carnivorous theriodont
of the lower Burgersdorp Formation, Cynognathus (Figs. 3F, 4A).

The most diagnostic fossil found at Commissie Drift 303, besides
NHMUK PV R1715, is a new partial cynodont skull (Figs. 3C, 4B). The
highly fragmented skull preserves a lower and partial upper jaw. It is
here referred to cf. Nythosaurus as it shares with the holotype the pres-
ence of five cusps on some of the upper postcanines (Fig. 4B). This ele-
vated number of cusps distinguishes it from Thrinaxodon, Galesaurus,
and every other known cynodont from the Lystrosaurus declivis AZ
(Abdala et al., 2013; Pusch et al., 2019, 2022; Norton et al., 2020).
Some Thrinaxodon specimens may have four cusps on the upper
postcanines, but the extra cusp is in a labial position (Abdala et al.,
2013). The presence of only sectorial teeth in this specimen excludes
most cynognathians, as well as the probainognathian Aleodon, and it dif-
fers from Cynognathus, Lumkuia, and the specimen described by Abdala

etal. (2005) by the absence of hooked cusps on the upper teeth (Abdala
et al., 2020; Abdala, 2021).

4. Discussion
4.1. Fossil tetrapod fauna and age of Commissie Drift 303

As presented above, the lithology and stratigraphy at Commissie
Drift 303 are referrable to the lower Burgersdorp Formation in the prox-
imal part of the Main Karoo Basin (Neveling, 2004; Neveling et al.,
2005). The same horizons are identified, including the thick mudrocks
of Horizon 1, which departs quite sharply from the mostly arenaceous
Katberg Formation. Our week of field work led to the discovery of only
14 tetrapod remains, most of them unidentifiable. Such scarcity of fossil
tetrapods at Commissie Drift 303 is uncommon for a Triassic aged Main
Karoo Basin locality, and more specifically is inconsistent with a
Lystrosaurus declivis AZ age as this biozone is well-known for its abun-
dance of fossil material (Kitching, 1977; Botha and Smith, 2020; Smith
et al., 2022). Moreover, the Lystrosaurus declivis AZ does not extend
into the lower Burgersdorp Formation (Botha and Smith, 2020).

Kitching (1977) reportedly found some Lystrosaurus murrayi to the
“East of Commissie Drift”, but despite our best efforts to relocate this
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Fig. 4. Pictures (top) and interpretative drawings (bottom) of the two possible cynodonts discovered at Commissie Drift 303. A, Jaw fragment of ?Cynognathus (BP/1/9369). B, Skull of cf.
Nythosaurus in lateral view (BP/1/9366), with a magnification of the second postcanine. Abbreviations: C, canine; Dt, dentary; I, incisor; Mx, maxilla; Pc, postcanine; Pdt, postdentary

bones; Pmx, premaxilla; Pob, postorbital bar; Sq, squamosal; Zyg, zygomatic arch.

material at the Evolutionary Studies Institute, Iziko South African
Museum of Natural History, and National Museum Bloemfontein, no
specimen could be found. To our knowledge, the closest dicynodont
fragment is an isolated tusk from Groenfontein, next to Smithfield,
which was found some 15 km to the north-west of Commissie Drift.
Moreover, no Lystrosaurus remains from the upper Katberg Formation
can be firmly identified as Lystrosaurus murrayi (Neveling, 2004; Botha
and Smith, 2020), which makes this reported occurrence quite suspi-
cious. With Nythosaurus larvatus no longer considered synonymous
with Thrinaxodon liorhinus, and no specimen of Lystrosaurus from
Commissie Drift 303 located in any collections, there is simply no
definite index fossil supporting a Lystrosaurus declivis AZ assignation
for the rocks of this locality.

The fossil fauna we recovered includes mostly unidentifiable
temnospondyl remains, tetrapod burrows, a partial cf. Nythosaurus
skull, a large theriodont canine (possibly Cynognathus), and a small
archosauromorph in a burrow (Figs. 3, 4). As detailed above, this
archosauromorph differs from Prolacerta by its enlarged neural spine.
This vertebra and the rest of the postcrania from this burrow cast may
belong to one of the other small early archosauromorph taxa also
known from the lower Burgersdorp Formation (Hancox et al., 2023).
Similarly, Nythosaurus has been classically considered a Lystrosaurus
declivis AZ cynodont, but a tooth from Driefontein 11 (Hancox et al.,
2023; fig. 1), found in the Langbergia-Garjainia Subzone of the
Cynognathus Assemblage Zone (LGCAZ), also matches the morphology
of the lower postcanines of Nythosaurus larvatus (Pusch et al., 2022).
More decisively, we found no plant, dicynodont, nor any procolophonid
fossils, and the identifiable fauna is dominated by temnospondyl am-
phibians. In the Main Karoo Basin, this fauna is classically recovered in
the LGCAZ and found in the lower Burgersdorp Formation (Hancox

et al., 1995, 2020, 2023; Neveling, 2004; Neveling et al., 2005).
Altogether, this supports that the rocks at Commissie Drift 303 belong
to the LGCAZ, which suggests they would have been likely deposited
during the late Olenekian (~247 Ma; Hancox et al., 2020), rather than
during the Induan as previously assumed.

4.2. The validity of Nythosaurus and implications for cynodont evolution

The holotype of Nythosaurus larvatus is a rather poorly preserved
skull that barely differs from Thrinaxodon liorhinus, and for these rea-
sons has long been synonymised with the later or considered a nomen
dubium (Pusch et al.,, 2022). Thanks to CT scanning, Pusch et al.
(2022) demonstrated that the specimen preserves a complete palate
and basicranium, and provided a more complete study of the holotypic
skull. They resurrected the taxon based on the presence of a complete
secondary palate, and differences in the dentition (e.g., ten lower
postcanines, whereas Thrinaxodon typically has nine or less, and the
presence of five cusps on some upper postcanines, instead of three as
in Thrinaxodon) and bony inner ear (enlarged posterior semicircular
canal). Although the diagnostic value of these characters could be
debated, the late Olenekian age of Nythosaurus larvatus now supports
its distinctiveness as it no longer shares the same age as Thrinaxodon
liorhinus.

Compared to other Triassic biozones, cynodonts are rare in the
LGCAZ because of the paucity and bad state of preservation of fossils,
and many remain undescribed (Abdala et al., 2005). Cynodonts are
represented by some isolated teeth, including lower postcanines resem-
bling those of Nythosaurus (Hancox et al., 2023, fig. 1r), but the more di-
agnostic material supports that Langbergia and Cynognathus are the only
valid cynodont taxa from this subzone (Abdala et al., 2020; Hancox
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Fig. 5. Phylogeny of cynodont (after Pusch et al., 2024) illustrating the new stratigraphical position of Nythosaurus larvatus, and how it closely allies with other non-eucynodont relict taxa
from the Cynognathus AZ. Phylogenetic placement of SAM-PK-K11655 and Cistecynodon hypothesised from Wolvaardt et al. (2023) and Benoit et al. (2024a), respectively.

et al., 2020; Abdala, 2021). Abdala et al. (2005) also briefly described
an unnamed species of cynognathian cynodont from the LGCAZ. The
validity and hereby recognised late Olenekian age of Nythosaurus larvatus
increase the number of documented cynodont taxa in the LGCAZ to
four (Fig. 5). Note that Abdala et al. (2020) and Abdala (2021) consider
that Lumkuia fuzzi is from the LGCAZ, whereas a provenance from the
Trirachodon-Kannemeyeria Subzone of the Cynognathus AZ is more gen-
erally accepted (Hancox et al., 2020; Benoit et al., 2022).

5. Conclusion

The geological and palaeontological re-assessment of the type local-
ity of the cynodont Nythosaurus larvatus support a late Olenekian age
and its validity as a distinct taxon. The “galesaurid-grade” morphology
of Nythosaurus larvatus makes it a relict non-eucynodont taxon com-
pared to the more derived cynognathians and probainognathians that
began their evolutionary radiation in the late Olenekian (Abdala et al.,
2020; Abdala, 2021; Pusch et al., 2022). Other non-eucynodont taxa
from the Cynognathus AZ include Cistecynodon, Bolotridon, and a possi-
ble new taxon from Lemoenfontein 44 (Fig. 5; Abdala and Giannini,
2002; Pusch et al., 2021; Wolvaardt et al., 2023; Benoit et al., 2024b).
So far, Africa is the only continent where non-eucynodont cynodonts
are known to have survived into the Cynognathus AZ and even, perhaps,
into the Cretaceous (Lasseron, 2019). Instead of being the result of an
evolutionary radiation, these taxa suggest that Africa may have been a
refugium for non-eucynodont species. Many cynodont specimens
from the Cynognathus AZ are still unidentified (Abdala et al., 2005)
and their description will be crucial to address this hypothesis in the
future.
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