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The end-Permian extinction, which occurred approximately
251.4 million years ago,1 is widely regarded as the most cata-
strophic mass extinction event in Earth’s history. An estimated
90% of all marine species2–5 and 70% of all terrestrial vertebrate
families6 disappeared within 165 000 years1 and perhaps as few
as 10 000 years.7 Although most research on the end-Permian
extinction has focused historically on marine invertebrates (due
to the many well-preserved, complete marine Permo-Triassic
boundary sequences8–10), recent years have seen an increase in
studies examining the effects of the extinction on terrestrial
vertebrates.11–20 Several transitional Permo-Triassic boundary
(PTB) sequences occurring in terrestrial strata have been
described from Australia,21,22 Antarctica,12,13,22 South Africa,6,7,14,23

China17,24,25 and Russia.18,20 Research on the terrestrial South
African and Russian PTB sequences have shown that there was a
massive faunal turnover with most of the dominant Permian
vertebrates disappearing at or below the boundary.7,18,20

Recent intense fossil collecting at the PTB sections in the South
African Karoo Basin indicates an extinction level of 54% among
the terrestrial vertebrate species.26 That research also showed
that the post-extinction recovery fauna in the Karoo Basin
consisted mostly of temnospondyls, procolophonoids, non-
mammalian cynodonts, and species of the dicynodont genus
Lystrosaurus.27,28

Procolophonoids are Permo-Triassic reptiles that were once
thought to be the closest fossil relatives of turtles,29 but are now
regarded as the only parareptiles to extend from the Palaeozoic
into the Mesozoic. Permian procolophonoids are known only
from Africa, Madagascar30 and Europe,31 whereas Early Triassic
species are known from all major landmasses except North

America, which indicates that they were important components
of the post-extinction recovery fauna. Procolophon trigoniceps is
the best-known procolophonoid of the Lystrosaurus Assemblage
Zone (LAZ), and is restricted to the Katberg Formation27 and the
basal part of the Burgersdorp Formation.32 Most other Triassic
South African procolophonoids (Sauropareion anoplus, Owenetta
kitchingorum, Saurodektes rogersorum) are known only from the
Palingkloof Member (Balfour Formation) portion of the LAZ,
which extends no more than 30 m above the Permo-Triassic
boundary.27 The exception is Coletta seca,30 which is known from a
single specimen from the Katberg Formation [Early Triassic
(Olenekian) in age33].

Sauropareion anoplus is a basal procolophonoid that was
recently described from the Palingkloof Member (Balfour
Formation) portion of the LAZ.15 It is characterized by a deep,
posteromedian emargination of the skull table, deep occipital
shelves of the parietals and supratemporals and a posteroventral
facial process of the quadratojugal.15 Here we describe new
material of S. anoplus (National Museum specimen NMQR 3544),
consisting of a skull and articulated anterior portion of the
skeleton. This new material is from the Katberg Formation and
therefore extends the range of this species upwards in Karoo
stratigraphy.

NMQR 3544 consists of the anterior half of an articulated
skeleton (to the fifteenth presacral vertebra) (Figs 1, 2). The skull
is slightly dorso-ventrally compressed and the tip of the snout
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The end-Permian extinction event is regarded as the most severe of
the five major extinction events in the history of life. Recent work in
the Karoo Basin of South Africa suggests that the extinctions at
the Permo-Triassic boundary (PTB) may have been followed by a
second pulse of extinctions, one that claimed the few species that
crossed the PTB and thus survived the first extinction pulse. We
report here a new specimen of the procolophonoid reptile,
Sauropareion anoplus, which was known heretofore only from a
single specimen from Lower Triassic strata of the Palingkloof
Member, Balfour Formation. The new specimen comes from the
lower part of the overlying Katberg Formation and serves as the last
appearance datum for the stratigraphic range of S. anoplus. It
indicates that S. anoplus survived the second pulse of PTB
extinctions and reinforces the hypothesis that procolophonoid
evolution was not seriously perturbed by extinctions that mark the
beginning of the Triassic Period.

Fig. 1. Sauropareion anoplus, NMQR 3544, in dorsal view. Scale bar = 10 mm.
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and much of the skull roof is missing. We assign NMQR 3544 to
Sauropareion anoplus on the basis of a posteroventral process of
the quadratojugal that extends beyond the quadrate foramen
in lateral view, and the absence of a supinator process.15,34 In
addition, what remains of the skull roof suggests that, as in the
holotype, the posterior margin of the skull table was conspicu-
ously emarginated. NMQR 3544 also has a narrow inter-
pterygoid vacuity and a full complement of palatal teeth,
features that are characteristic of Sauropareion but not of Coletta.

NMQR 3544 was found ex situ, enclosed in a nodule of very
dusky red (10R2/2) mudrock at the base of a hill on the farm
Vangfontein, an annexe of Nooitgedacht 25, Middelburg District
in the Eastern Cape province. We have determined that
Vangfontein is stratigraphically positioned in the lower half of
the Katberg Formation. The outcrops here consist of fine-to-
medium-grained pale olive (10YR6/2) sandstone bodies sepa-
rated by very dusky red (10R2/2) fissile mudrock. The sandstone
bodies have a ‘gullied’ basal contact containing pedogenic
glaebules, and scouring of the interchannel facies is evident:
both features indicate flash flooding. The succession is capped
by a major sandstone body, which possibly represents the base
of the informal Swartberg member of Neveling.32 NMQR 3544
was found approximately 30 m below numerous in situ specimens
of Procolophon trigoniceps and approximately 1 m below
Lystrosaurus fossils (both taxa are biozone indicators for the LAZ;
First Appearance Datum of Procolophon 116 m above PTB26). The
presence of abundant P. trigoniceps specimens and the massive
sandstone body of the ‘Swartberg Member’ 44 m above where
the specimen was recovered, allows us to position NMQR 3544

stratigraphically in the lower third of the Katberg Formation,
approximately 120 m above the PTB.

Although most of the vertebrates affected by the end-Permian
extinction disappeared at or just below the Permo-Triassic
boundary, a second, smaller pulse of extinctions has recently
been recognized, just after the main extinction event in the
Karoo Basin.27 This second pulse claimed taxa that survived the
initial extinctions, and includes the dicynodont Lystrosaurus
curvatus and the therocephalians Moschorhinus and Ictidosuchoides.
Smith and Botha27 also regarded the therocephalian taxon
Tetracynodon as a member of the survivor fauna. Recent phylo-
genetic work by Modesto et al. indicates that the two species
assigned to Tetracynodon are indeed sister taxa. The observation
that they are found on either side of the PTB (Modesto in prep.)
requires a ghost lineage for the Triassic species, T. darti, to cross
the PTB. Tetracynodon darti is restricted to the Lower Triassic
portion of the Palingkloof Member26,27 and appears to have
succumbed to the second extinction pulse.

NMQR 3544 significantly extends the biostratigraphic range of
Sauropareion from the Palingkloof Member upwards into the
Katberg Formation (Fig. 3). This discovery is important because
it allows us to recognize that three basal procolophonoid
lineages in South Africa (Coletta seca, ‘Owenetta’ kitchingorum, and
now Sauropareion anoplus) did not succumb to a second pulse of
extinctions. However, the available evidence indicates that a
stratigraphic gap still exists between owenettids and other basal
procolophonoids on the one hand and Procolophon trigoniceps on
the other (Fig. 3).

Although traditionally it was thought that the South African
procolophonoids were as severely affected by the end-Permian
extinction as other vertebrate taxa, it now appears as though
they were virtually unaffected by the extinction. By contrast,
they radiated during the Early Triassic and taxa such as
Procolophon trigoniceps became one of the most abundant and
widely distributed vertebrates of the Early Triassic.
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John Nyaphuli for preparation. Our work is funded by the National Museum, the

Fig. 2. Sauropareion anoplus, NMQR 3544: A, skull in dorsal view; B, skull in left
lateral view. Abbreviations: a, angular; c, coronoid; d, dentary; f, frontal; j, jugal;
l, lacrimal; m, maxilla; n, nasal; p, parietal; pf; postfrontal; po, postorbital;
q, quadrate; qj, quadratojugal; sa, surangular; sq, squamosal; st, supratemporal.
Scale bar = 10 mm.

Fig. 3. Phylogenetic position of Sauropareion anoplus plotted against the South
African Permo-Triassic biostratigraphy. Stratigraphic ranges from refs 15, 16, 26,
35, and this study. Vertical bars and solid circles indicate taxon ranges and single
specimen occurrences, respectively. Abbreviations: Chsn, Changhsingian; Ciste.,
Cistecephalus Assemblage Zone; PTB, Permo-Triassic boundary. Numbers
indicate millions of years ago. Stratigraphic chart follows Catuneanu et al.33



56 South African Journal of Science 103, January/February 2007 Research Letters

National Research Foundation of South Africa (GUN 2061695), and the Natural
Sciences and Engineering Research Council (NSERC) of Canada.

Received 22 September 2006. Accepted 10 January 2007.

1. Bowring S.A., Erwin D.H., Jin Y.G., Martin M.W., Davidek K. and Wang W.
(1998). U/Pb zircon geochronology and tempo of the end-Permian mass
extinction. Science 280, 1039–1045.

2. Sepkoski J.J. Jr. (1986). Phanerozoic overview of mass extinctions. In Patterns and
Processes in the History of Life, eds D.M. Raup and D. Jablonski, pp. 277–295.
Springer, Berlin.

3. Erwin D. (1994). The Permo-Triassic extinction. Nature 367, 231–236.
4. Looy C.V., Twitchett R.J., Dilcher D.L., van Kojnijnenberg-van Cittert J.H.A.

and Visscher H. (2001). Life in the end-Permian dead zone. Proc. Natl Acad. Sci.
USA 98, 7879–7883.

5. Benton M.J. and Twitchett R.J. (2003). How to kill (almost) all life: the
end-Permian extinction event. Trends Ecol. Evol. 18, 358–365.

6. MacLeod G.K., Smith R.M.H., Koch P.L. and Ward P.D. (2000). Timing of
mammal-like reptile extinctions across the Permian Triassic boundary in South
Africa. Geology 28, 227–230.

7. Smith R.M.H. and Ward P.D. (2001). Pattern of vertebrate extinctions across an
event bed at the Permian-Triassic boundary in the Karoo Basin of South Africa.
Geol. Soc. Amer. 29, 1147–1150.

8. Clark D.L., Wang C-Y., Orth C.S. and Gilmore J.S. (1986). Conodont survival
and low iridium abundances across the Permian-Triassic boundary. Science 233,
984–986.

9. Gruszczynski M., Halas S., Hoffman A. and Malkowksi K. (1989). A brachiopod
calcite record of the oceanic carbon and oxygen isotope shifts at the
Permian/Triassic transition. Nature 337, 64–68.

10. Wignall P.B. and Twitchett R.J. (1996). Oceanic anoxia and the terminal Permian
mass extinction. Science 272, 1155–1158.

11. Dilkes D.W. (1998). The Early Triassic rhynchosaur Mesosuchus browni and the
interrelationships of basal archosauromorph reptiles. Phil. Trans. R. Soc. Lond. B
353, 501–541.

12. Retallack G.J. and Krull E.S. (1999). Landscape ecological shift at the Permian-
Triassic boundary in Antarctica. Aust. J. Earth Sci. 46, 785–812.

13. Sheldon N.D. and Retallack G.J. (2002). Low oxygen levels in earliest Triassic
soils. Geol. Soc. Amer. 30, 919–922.

14. Ward P.D., Montgomery D.R. and Smith R.M.H. (2000). Altered river
morphology in South Africa related to the Permian-Triassic extinction. Science
289, 1741–1743.

15. Modesto S., Sues H-D. and Damiani R. (2001). A new Triassic procolophonoid
reptile and its implications for procolophonoid survivorship during the
Permo-Triassic extinction event. Proc. R. Soc. Lond. B 268, 2047–2052.

16. Modesto S.P., Damiani R. J., Neveling J. and Yates A.M. (2003). A new Triassic
owenettid parareptile and the Mother of Mass Extinctions. J. Vert. Paleont. 23,
715–719.

17. Wang X., Zhang Z., Metcalfe I. and Foster C. (2002). Palynofloral assemblage
across the terrestrial Permian-Triassic boundary at Dalongkou, Xinjiang, NW

China. In First International Palaeontological Congress, eds G.A. Brock and
J.A. Talent, pp. 166–167. Geological Society of Australia, Sydney.

18. Benton M.J. (2003). When Life Nearly Died: The greatest mass extinction of all time.
Thames and Hudson, London.

19. Tverdokhlebov V.P., Tverdokhlebova G.I., Surkov M.V. and Benton M.J. (2003).
Tetrapod localities from the Triassic of the SE of European Russia. Earth Sci. Rev.
60, 1–66.

20. Benton M.J., Tverdokhlebov V.P. and Surkov M.V. (2004). Ecosystem remodel-
ing among vertebrates at the Permian-Triassic boundary in Russia. Nature 432,
97–100.

21. Retallack G.J. (1995). Permian-Triassic life crisis on land. Science 267, 77–80.
22. Retallack G.J., Seyedolali A., Krull E.S., Holser W.T., Ambers, C.P. and Kyte F.T.

(1998). Search for evidence of impact at the Permian-Triassic boundary in
Antarctica and Australia. Geology 26, 979–982.

23. Retallack G.J., Smith R.M.H. and Ward P.D. (2003). Vertebrate extinction across
Permian-Triassic boundary in Karoo Basin, South Africa. Geol. Soc. Amer. Bull.
115, 1133–1152.

24. Shu O. and Norris G. (1999). Earliest Triassic (Induan) spores and pollen from
the Junggar Basin, Xinjiang, northwestern China. Rev. Palaeobot. Palynol. 106,
1–56.

25. Metcalfe I., Nicoll R.S., Mundil R., Foster C., Glen J., Lyons J., Wang X., Wang
C-Y., Renne P.R., Black L., Qu X. and Mao X. (2001). The Permian-Triassic bound-
ary and mass extinction in China. Episodes 24, 239–244.

26. Botha J. and Smith R. (2006). Rapid vertebrate recuperation in the Karoo Basin
of South Africa following the End-Permian extinction. J. Afr. Earth Sci. 45,
502–514.

27. Smith R.M.H. and Botha J. (2005). The recovery of terrestrial vertebrate diver-
sity in the South African Karoo Basin after the End-Permian extinction. C. R.
Palevol. 4, 555–568.

28. Botha J. and Smith R. (in press). Lystrosaurus species composition across the
Permian-Triassic boundary in South Africa. Lethaia.

29. Reisz R.R. and Laurin M. (1991). Owenetta and the origin of turtles. Nature 349,
324–326.

30. Modesto S.P., Damiani R.J. and Sues H-D. (2002). A reappraisal of Coletta seca, a
basal procolophonoid reptile from the Lower Triassic of South Africa. Palaeon-
tology 45, 883–895.

31. Bulanov V.V. (2002). New data on procolophons from the Permian of Eastern
Europe. Paleont. J. 36, 525–530.

32. Neveling J. (2004). Stratigraphic and sedimentological investigation of the
contact between the Lystrosaurus and the Cynognathus assemblage zones
(Beaufort Group: Karoo Supergroup). Bulletin 137, Council for Geoscience,
Pretoria.

33. Catuneanu O., Wopfner H., Eriksson P.G., Cairncross B., Rubidge B.S., Smith
R.M.H. and Hancox P.J. (2005). The Karoo basins of south-central Africa. J. Afr.
Earth Sci. 43, 211–253.

34. Modesto S.P. and Damiani R. (in press). The procolophonoid reptile
Sauropareion anoplus from the lowermost Triassic of South Africa. J. Vert. Paleont.

35. Abdala F., Cisneros J.C. and Smith R.M.H. (2006). Faunal aggregation in the
Early Triassic Karoo Basin: earliest evidence of shelter-sharing behaviour
among tetrapods? Palaios 21, 507–512.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00500
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


