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Swartkrans Cave, an important Pleistocene hominid site in the Sterkfontein valley, has yielded abundant
fossil hyraceid remains. Two extinct taxa, Procavia antiqua and F. transvaalensis, have been praviously
reported to occur at the site in deposits postdating 1,8 million years before the present (B.P.). The axtant
taxon, P. capensis, has been reported in the most recent deposits, thought to include the Terminal
Pleistocene. Howaver, slatistical analyses of teeth suggest that P. antiqua and P. capensis are conspecific.
P. transvaalensis differs from P. capensis by baing larger and more hypsodont. The coexistence of these
taxa in palaeocenvironmants of the Starkfontein valley is attributed to dietary dilferences: P. transvaalensis
being dependent primarily on grass foliage in grassland habitats, P. capensis being a generalist, feeding on a
range of different kinds of vegetation in rocky habitats. Hypoconid-metaconid distances, previously used by
Broom to distinguish taxa, are shown to be related to individual age. Crown height data of molars are used to
genarate age distributions, and incisors are used to obtain sex ratios, Predation on adults of P,
transvaalensis, from populations associated with a sex ratio biased towards males, may have contributed to
the decline in relative abundance and ultimate extinction of this species towards the end of the Pleistocene.
Pradalors can have included leopards, black eagles and/or hominids.

Swartkrans is 'n balangrike grot in die Sterkfontein vallei, met waardevolle fossiela uil die Pleistoseentydperk.
Bene en tande van twee uitgestorwe dassiespesies, Procavia antiqua en P. fransvaalensis, word in afsettings
van minder as 1,8 miljoen jaar voor hede aangetref. Fossiele van die huidige spesie, P. capensis, is in die
meeas onlangss afsettings gevind, moontlik uit die eind-Pleistoseen. Statistiese tandanalises het egler aan die
lig gebring dat P. antiqua en P. capensis dieselfde spesie is. Die maaltande van P. transvaalensis is groter en
langer as dié van P. capensis. Die gelyktydige bestaan van hierdie twee spesies in die paleo-omgewing van
die Sterkfontein-vallei word aan 'n verskil in eetgewoontes loegeskryf: P. transvaalensis is hoofsaaklik op
grasaglige voedsel aangewese, terwyl P. capensis op algemene plantegroei in rotsagtige omgewings lesf.
Metings van spasies tussen tandkrone, voorheen deur Robert Broom geneem om spesies le onderskei, het
eerder die ouderdom van individue aangetoon. Hoogte van tandkrone kan ook aangewend word om
ouderdomsverspreiding te bepaal. Die vorm van snylande word gebruik om geslagte van mekaar te
onderskei. Predasie op volwassenes van P. transvaalensis uit populasies waar die vroulike diere in die
mindarheid was, mag tot die uiteindelike uitsterwing van hiardie spesie aan die einde van die Pleistoseen

gelei hat. Rooldiere kon luiperds, swart arende en hominide ingesluit het.

Swartkrans is an important Pleisiocene  site in  the
Sterkfontein valley, well known for its hominid fossils
{Australopithecus and carly Homo) in dcposils dated
between about 1,8 and 1,0 million years before the present
(B.P.) (Brain 1981; Brain et al. 1988). The site also conlains
abundant hyracoid remains which may have been brought to
the site by various agents of accumulation, including
leapards, black eagles and/or hominids. The principle aim of
this study is to examine all specimens ol Procavia Lhat have
been recorded from Swartkrans, and to determine how many
species are actually rcpresented at the site. Particular
attention is given to specimens previously attributed 10 P
antiqua; P. transvaalensis [extinct, larger than P. antiqua
and with P, obermeyerae as a junior synonym {(Broom 1936;
Churcher 1956)]; and P. capensis {extant, comparable in
size and morphology to spccimens attributced to P. antiquay).
Sex ratios and age distributions are potentially uscful for
purposes of assessing passible factors that can have
contributed to the extinction of P. iransvaalensis.

Broom (1934) had attcmpted to distinguish P. aniiqua
from the exiam form, P. capensis, on the basis of crown
height of molars, the distance between hypocone and meta-
conc cusps, and the bunodont condition for the protocone.
He claimed that these were primitive characteristics, and

suggested that P. antiqua was ancestral to modern dassics.
There 15, however, a major problem with Broom’s analysis,
Apart from not compiling metric dawa, he did not consider
individual age and tooth wear in relation o varniables such as
hypocone-metacone distance which he had used to distin-
guish P, antigua from P, capensis. Churcher (1956:499) had
in fact noted similaritics between these two axa, but begged
the question of their synonomy. It is therelore relevant to
reconsider the taxonomic status of P. antiqua from
Swartkrans.

If it is possible to demonstrate that P. antiqua and P.
capensis are conspecific, it would still be necessary to
consider evidence for the coexistence of at least two species
of Procavia at Swartkrans in the Pleistocene: the larger P,
transvaalensis and a smaller taxon, previously atributed to
P. antiqua, comparable in sizc 10 P. capensis. In this paper
the differences in dentition that could possibly reflect
dilferences in dict are looked at, thereby helping to account
for the coexistence of twe species of Procavia in the
Sterkfontein valley in the Pleistocene.

Materials and Methods
Modem specimens of P, capensis, measured for compara-
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tive purposes, were made available from collections at the
Transvaal Museum. For purposes of this study, we accept
the taxonomy of cxtant hyracoid species as reviewed by
Mcester, Rautenbach, Dippenaar & Baker (1986), who
regard P. capensis as the only extant species of Procavig,
whercas Bothma (1971) accepted five. All of the fossil
material used in the present study comes from the Swart-
krans cave in the Sterkfontein Valley, within 10 km north of
Krugersdorp (Brain 1981; Brain et a/ 1988).

Brain has rccognized five depositional units at Swart-
krans. Members 1, 2 and 3 are thought to have been deposi-
ted between about 1,8 and 1,5 million ycars B.P. Member 4
dates tw the Laie Pleistocene and has stone artclacts
altributable to the Middle Stone Age. However, Member 4
contains few faunal remains. Member 5 is thought 1o include
the Terminal Pleistocene, and has been dated 1w about
11 000 B.P. by the radiocarbon dating technique (Brain et
al. 1988). All the other members have been dated using
faunal recmains, compared to securcly dated East African
sequences (Vrba 1975; Brain et al. 1988), P. capensis was
reported by Brain et af. (1988) to occur only in Member §.
P. antiqua was documented in Members 1, 2 and 3, together
with P. transvaalensis which has been found in Mcmber 5.
No hyraxes were recorded in Member 4.

Unfortunately the type specimen of P. antigua from
Taung was reporicd missing after it was described by
Broom (Churcher 1956). In its abscnce, a well-preserved
cranium of another specimen, St 105 from Sterkfontein
(formerly P. robertsi, a junior synonym of P. antiqua), is
used here as a substitute for the missing type. St 106 from
Uitkomst (also known as Gladysvale) has been listed as the
type specimen of P. obermeyerae, but as a junior synonym
for P. iransvaalensis (Shaw 1937; Churcher 1956), it is uscd
as a reference specimen for the latter. St 105 and St 106 arce
houscd al the Transvaal Muscum.

Churcher (1956:482) drew autention to morphological
differences between P, wransvaalensis and P, capensis,
netably to the occurrence of double-rooted milk canines
with complex crowns in at least two specimens of the larger
taxon, However, in this study atiention is focussed on metric
data (mesiodistal and bucco-lingual diamelers) for purposes
of making distinctions beiween P. transvaalensis and other
specimens of Procavia. Tooth dimensions were measured
according to criteria given by von den Driesch (1976). All
measurcments were recorded in millimetres. For taxonomic
purposes attention is focussed on M or M?, since the cha-
racteristics initially used by Broom (1934) for distinguishing
P. antigua are best found in upper molars,

Broom (1934) used hypo-metacone distance in M' and
M? (Figure 1) to distinguish /. anliqua from other dassics,
but remarkably he never published metric data. In this study
we provide measurements of hypocone-metacone distances
together with data on crown height in the same specimens,

On account of small sample sizes for each member, data
for Members 1, 2 and 3 were combined in some instances to
form one early Pleistocene sample, for comparison with
Late Quaternary material from Member 5.

Sexing specimens and age estimation
First maxillary incisors of P. capensis provide a means of
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sexing hyraxes. Males are characterized by having first
incisors which are triangular in cross-section, whercas those
of females are more rounded {Thomas 1892). The dichoto-
my between triangular and rounded incisors in specimens
auributed 10 P. antigua and P. transvaalensis is assumed 10
reflect sexual differcnces, as in P. capensis. Minimum
numbers of individuals (MNI} were calculated for species in
cach member by counting the number of upper incisors in
each assemblage, and dividing by two in order to take left
and right sides into account,

Studics of P. capensis have also shown that degree of
tcoth wear and eruption sequences can be used to estimale
individual age (Millar 1971; Fairall 1980; Fourie 1983).
Fouric’s non-linear rclationships between age and crown
height are certainly useful for purposes of studies of
specimens attributed to P, capensis, but difficultics arise
when attempting to apply such relationships to extinct taxa
such as P. transvaalensis which is larger than P. capensis.
Although Fourie’s equations cannot be used to obtain relia-
ble age cstimales for both taxa, crown height and wear
patterms can be used o place specimens within relative age
classes,

Results

Table 1 presents the number of upper incisors (lefi and
right), and minimwpm numbers of individuals (MNT) for male

Bk,

Figure 1 M' of P. capensis, indicating hypocone (HY) and
metacone (Me) cusps, used by Broom (1934) for taxonomic
purposes.

Table 1 Numbers of first upper incisors
of male and female fossil dassies
attributed to P. antiqua from Members 1,
2 and 3, P. capensis from Member 5
and P. transvaalensis from Members 1,
2, 3 and 5 at Swartkrans: minimum
numbers of individuals (taking right and
left incisors into account) indicated in

parentheses
P.antiqua P. transvaalensis
Mcember Males  Females Males  Females
58 16(8) 63 2N
2 15 (8) 9¢5) 1(N) S0
3 11 (6) 9 (5) 32 3(2)
P. capensis P. tranyvaalensis
5 23(12) 21 (11) 3(2) 2(
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and female specimens previously atributed to P. aniigua, P.
transvaalensis and P. capensis in each member. Males
consistently outnumber females with the cxception of a
small sample of £. transvaalensis from Mcmber 3, in which
there arc equal numbers of males and females (Table 1).

Table 2 presents means and standard deviations for M?
dimensions of modem and fossil specimens, plotted in
Figure 2.

Table 3 lists the number of individuals within six age
classes, based on wear palterns previously described by
Fouric (1983). Most specimens attributed 10 P, capensis and
. antigua are represenicd in age class 2 (young indivi-
duals). By contrast, most of the individuals of P. transvaal-
ensis arc rcpresented in age classes 4 and 5 (older
individuals).

Crown height measurements of M' and M? have been
placed within arbitary age classes, in which the youngest

Table 2 Means and standard deviations of M?
dimensions {mesiodistal length and buccolingual width)
for specimens attributed to P. antiqua from Members 1,
2 and 3 (combined sample} and Member 5; P. capensis
from Member 5; modern specimeans of P. capensis, and
P. transvaalensis from Members 1, 2, 3 and 5.
Measurements in mm

Mesiodistal length  Buceolinguwal widih

mean s.d. mean s.d. n
P. antiqua
Members 1-3 8,31 1,19 7,74 125 29
P. capensis
Member 5 7,88 0,68 7.30 0,51 17
Modem sample 8,51 0,30 187 052 23
Member 5 and
modem sample 8,24 0,58 763 0,60 40
P. transvaalensis
(Members 1-5) 10,32 0,70 9,53 0,66 18
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-~ 10 - R !
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=% ast — | —
[=]

= . ;
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Figure 2 Mean and standard deviations of M’ lengths and M?
widths far modern P. capensis (n = 23), fossil P. antiqua from
Members 1, 2 & 3 Swartkrans (n = 29), fossii P. capensis from
Member 5 Swartkrans (r = 17),
Members 1 & 2 Swartkrans (n = 18)

and P. transvaalensis from
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individuals for each taxon arc placed in age class 1 and the
oldest in age class 10. The results are plotied as histograms
in Figure 3 (combining data from both M’ and M?). The

Table 3 Minimum numbers of individuals of
hyraxes in age classes based on wear patterns
described by Fourie (1983); age classes of P.
fransvaalensis not directly comparable to those
of P. antiqua and P. capensis on account of size
differences

P antigua P. capencis  P. transvaalensis

Class 1 (young) 2 0 0
Class 2 16 4 2
Class 3 7 1 2
Class 4 g ] 5
Class § 1 Q 5
Class 6 {old) 0 8] 0
Totals 34 6 14

(a) PROCAVIA ANTIQUA/CAPENSIS (n=62)

PERCENTAGE OCCURRENCE
R
T

I
il

‘ ‘
24 - (b) PROCAVIA TRANSVAALENSIS {(n=22)

PERCENTAGE OCCURRENCE
LR

1 2 3 4 5 6 7 8 9 10
RELATIVE AGE CLASSES

Figure 3 Histograms of age distributions based on crown height
measurements in M' and M? of (a) 62 molars autribuied 0 P.
capensis, (b) 22 molars auributed to P.
transvaalensis, Age distributions are expressed in rclative age
classes ranging from 1 (youngest individuals in assemblage) to 10
(the oldest individuals).

antigua and P,
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results confirm the observation that P. antigua and P
capensis are represented by higher frquencics of relatively
young individuals.

Figurc 4 shows rclalionships between crown height and
hypocone-metacone distance (HMD) of upper molars (M
and M? of P. antiqua, P. capensis, and P. transvaalensis
from Swartkrans. These figurcs show lincar relationships
between the two variables, reflecting the fact that HMD
increases with individual age.

The following regression equation has been obtained for
the relationship between crown height (x) and the hypo-
cone—metacone distance (y), for M' and M” of specimens
previously identified as Procavia antigua, from Members |,
2 and 3 at Swartkrans:

y=-0,549%x + 5,670 (r = 0.8, n = 36)

The lollowing cquation was obtained for modem specimens
of P. capensis:

y =-0,564x + 6,669 (r 0,8: n=74)

Equation 1.

Equation 2.

The following cquation was obtained for . antigua from
Members 1, 2, 3 and P. capensis from Mecmber 5 (combi-
ning samples):

y=-0578x+5821(r=0,8,n=062) Equation 3.

The relationship obtained for specimens of P. transvaalensis
from Members 1, 2, 3 and 5 is as follows:

y=-0776x+9,635(r =09, n=23) Equation 4.

Discussion

Morphologically, specimens from Swartkrans attributed 10
P. transvaalensis arc indistinguishable from St 106, here
used as a reference specimen for this species. A ¢ test
indicates that the mean length of M? of specimens attributed
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to P. transvaalensis (Table 2} is significantly larger than the
mcan valuc obtained for modem specimens of P. capensis (¢
= 591; df. = 40; p = 0,05). However, the mean value for
modem  specimens of P, capensis is nol significantly
diffcrent from mean values for specimens attributed o P,
antigua (t = 0,65; df. = 51; p = 0,05). Morphologically, all
of the specimens from Swartkrans attributed 0 P. antiqua,
as well as St 105 (a specimen used for rcfercnce purposcs in
this study) are indistinguishable from modem P. capensis.
As shown in Figure 3, there is also a striking similarity
between measurements of P. antigua and P. capensis when
crown height is examined in relation to hypocone—melacone
distance, a variable which Broom (1934) had previously
used to distinguish the wwo as distinct species. Clearly,
HMTID» varies as a function of age. For HMD to be at all
mcaningful it should be analysed in conjunction with crown
height.

Analyses of HMD and crown height in this study serve 10
show that there is no marked difference between the
rclationship of these two variables in specimens attributed to
P. antigua and P. capensis. By contrast, there are striking
diffcrences when data for P. transvaalensis are compared
with measurements obtained from specimens auributed w P,
capensis or P. antiqua. Thesc results suggest that specimens
attributed to P. antiqua and P. capensis could have belonged
1o populations of the same species, distincl from those of P,
transvaalensts.

The range of variation in crown height of P, antiqua from
Members 1, 2 and 3 is about 7 mm (ranging betwcen
approximaltely 1 mm for the oldest individuals 10 8 mm for
the youngest individuals at Swartkrans), corresponding
closely to thc known range of variation in modem P.
capensis. The range in both P. antiqgua and P. capensis is
similar (o the range of variation in crown height found in P.
transvaalensis (3-10 mm). The implication is thal, by taking

P. antiqua
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£ & v v
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uJ -
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b 5 - £5 s v P.t lensi
2 - . . transvaalensis
o 0 co.t ¥  MEMBER §
= e 2 —
Q 4 -
2 Teo + -
P e hoen

o
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Figure 4 Relationship between hypoconc-metacone distance and crown height of M*, for P. antigusz from Members 1, 2 & 3 ai
Swartkrans; P. capensis from Member 5; and P. transvaalensis from Members 1, 2, 3 and 5.
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relative age into account, P. tranvaalensis had tegth that
were more hypsodont than those of P. antiqua and P.
capensis.

Hypsodonty has previously becn associaled with a
specialization lowards grazing (for example, equids and
alcelaphines are highly hypsodont and both are esscntially
grazers). The casc for P. transvaalensis being a hyracoid
that fed primarily on grass Icaves would seem 1o be
supported by strontium:calcium ratios in bones of this
species from Swartkrans (Sillen 1992).

Variability in dental morphology of cxtant hyracoid
genera has been studied by Hahn (1934) and Allaerts, van
der Audenaerde & van Neer (1982). They noted that
Procavia is more hypsodont than Heterohyrax and
Dendrohyrax. This is not surprising considering the fact that
Heterohyrax and Dendrohyrax arc browsers. Of interest in
this study is the obscrvation that the extinct species of
Procavia represented at Swartkrans, P. transvaalensis, is
distinctly more hypsodont than the extant species P.
capensis. Earlicr hyracoids such as Saghatherium from the
Oligocene are likely to have been browsers associated with
wooded environments. Perhaps the hyposodont condition of
P. transvaalensis is a late specialization associaled with the
opening up of grassland environments during cool intervals
in the Pleistocene.

Differences in age distributions of Procavia at Swartkrans
can be addressed in the coniext of guestions conceming
cave taphonomy. The facl that P. transvaalensis is represen-
ted by a rclatively high proportion of adults is of interest in
relation 1o the possibility that it was preyed upon primarily
by leopards. This warranis attention since such camivores
will prey upon hyraxes if larger prey arc not available
(Thackeray 1990; Pienaar 1969); in areas in the westermn
Cape in the abscnce of large ungulatc prey, P. capensis can
form up tw 80% of the vericbrates taken by lcopards
(Norton, Lawson, Henley & Avery 1986). If given a choice
between two hyracoid specics, one might expect leopards to
have preyed preferentially on individuals of the larger taxon,
and of these they could have preferentially taken adults.
This could account for the high proportion of adults of the
larger species, P. transvaalensis, in the early Pleistocene
deposits al Swartkrans. In support of this suggestion,
mandible fragments of P. transvaalensis show the kind of
damage that Brain (1981) has documented in a study of
leopard feeding behaviour.

There is no reason Lo discount the possibility that leopards
may have preycd on P. capensis. However, was the species
also preyed upon by black cagles? This possibility deserves
attention since it is known (0 be an impertant food item of
these large birds of prey (Ginn, Mcllleron & Millsicin
1989), and at Icast some fossil hyrax from Swartkrans have
damage of (he kind known to be associaled with the feeding
behaviour of black eagles which open up the foramen
magnum of hyrax crania with their talons (Brain 1981).
Black eaglcs may have found it easier to prey upon young
rather than on older individuals of the small specics; this
could account for the relatively high proportion of young
individuals of P. antiqua/ capensis ropresented  at
Swartkrans.

In the case of carly Pleistocene samples from Members 1,
2 and 3, males of P. transvaalensis outnumber females by a
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ratio of 2 : 1. The relatively low proportion of fcmalces is of
interest in relation to age distribution data which show that
this specics is represented by a high proportion of adulis.
Predation on adulis of P. transvaalensis in populations with
rclatively low abundances of females could perhaps have
meant that this species had a higher probability of extinction
than the smaller Procavia antiqua / capensis.

In all members, P. antiqua / capensis is relatively more
abundant than P. transvaalensis. The ratio of P, antiqua/
capensis to P. transvaalensis (based on incisors} is circa
6: 1 in Members 1, 2 and 3 {combined sample), increasing
10 circa 8 : 1 in Member 5. This shift suggests an increase
in relative abundance of P. capensis at a time when popula-
tions of P. transvaalensis werc in a state of decline.

Concluslons

I is concluded that P. arntiqua and P. capensis are conspeci-
fic, the latter having precedence according to intermational
rules of zoological nomenclature. P. transvaalensis remains
a valid taxon, distinct from the smaller species at Swartkrans
which may now be referred to as P. capensis.

The co-existence of two species of Procavia in the early
Pleistocenc is understandable in view of the observation that
P. transvaalensis had hypsodont dentition, suggesting thal it
fed primarily on grass lcaves, a possibility supported by
strontium:calcium ralios in bone samples of this species
(Sillen 1992). Since P. capensis is known today to be a
generalist, fecding on leaves of bushes, shrubs, tubers, roots
as well as grass (Skinner & Smithers 1991), the two species
could have co-existed without undue competition for the
SaMme resources.

Analyses of fossil Bovidac from Swartkrans (Vrba 1975;
Brain et al 1938) provide some indication of the nature of
Pleistocene  palcocnvironments at Swartkrans. The bovid
faunal assemblages are generally dominated by alcelaphines
which are indicative of open grassland conditions, Such
environments would certainly have suited P. transvaalensis
if it fed primarily on grass foliage, as suggested here from
its hypsodont dentition.

The extinction of P. transvaalensis towards the end of the
Plcistocene, apparently some time around 11 000 years
B.P., is of interest since this is the period when large
ungulales became cxtincl on a global scale (Martin 1967;
Klcin 1974). Remarkably it is the larger of the Procavia
specics, evidently a grazer, that became extinct. Of the
ungulates that dicd out in southcrn Africa, it was grazers
(many of them large) that became extinct at the end of the
Pleistocene (Klcin 1974; Thackeray 1981). Perhaps P. ca-
pensis, as a smaller hyracoid species and more of a gencra-
list, had an adaptive advantage over P. transvaalensis,

Age distributions and scx ratios obtained from (his
analysis of Hyracoidea at Swartkrans are of potential value
for understanding the factors contributing to the extinction
of P. transvaalensis and the survival of the smaller species,
P. capensis. Although it cannot be determined with certainty
that the sex ratios of hyraxes represented in the fossil faunal
assemblages reflect the ratios in past populations, there is
some suggestion from the carly Pleistocene samples that
males outnumbered females by a ratio of 2 : 1. In the case
of P. transvaalensis, there is also cvidence that adult indivi-
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duals were selected by one or more predators, Predation on
adult individuals of P. rransvaalensis from populations with
relatively lower frequencies of femalcs could have contribu-
1cd o the decline and ultimate extinction of this species.

In a recent study of mitochondrial DNA in modem
hyraxes from various regions of southern Alfrica, Prinsloo &
Robinson (1992) found genctic differences between samples
of P. capensis, in the absence of morphological differences.
They suggested that two taxa diverged approximately 2
million years ago, lcaving two relict populations: one in the
Karoo ncar Becaufort West and the other in Malawi.
Consequent migrations north and south are believed to be
responsible for the extantl populations of Procavia (Prinsloo
& Robinson 1992). The present study has shown that at least
two species of Procavia did in fact exist in the Transvaal
within the last 1,8 million years before the present. It would
be extremely interesting if analysis of DNA in fossils
previously attributed to P. antiqgua and P. (ransvaalensis
from Swartkrans could shed further light on genetic and
morphological variability in Procavia,
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