maintain a vertical face for very long and
tends to flow out of the box within a few
hours. Shear strengths average 53 = 12 g
cm™~2 (12 measurements).

We interpret the structural features of
the box cores as indicating undisturbed
sediment in the shallow parts, creeplike
deformation in the lysocline zone, and
appreciable flow on the lower flanks of
the plateau. This flow is thought to be
general, but may be relatively fast in shal-
low, wide, flat-bottomed channels. We
cored in one such channel at a depth of
4410 m and found sandy ooze and unex-
pectedly well-preserved foraminifera.
The fines had been removed, perhaps
during repeated washing of the sediment
while it flowed over irregularities in the
““stream bed.”’

The shear strengths of sediments accu-
mulating above the lysocline on the On-
tong-Java Plateau are greater than most
other reported values for near-surface
marine sediments (/7). This is possibly
due to incipient cementation by mobi-
lized (metastable?) carbonate, although
we have no direct evidence for this pro-
cess at the present time. Lysoclinal and
sublysoclinal sediments in the vicinity of
the plateau exhibit shear strengths that
are more typical of most marine sedi-
ments. Application of infinite-slope sta-
bility analysis (/2) to the topography and
strength of the plateau sediments in-
dicates that the sediments should be
stable and not subject to slumping.
Therefore, the large-scale mass move-
ment of these pelagic carbonates cannot
be readily explained, and may result
from complex interactions involving dis-
solution, thixotropic properties of the
sediments, and liquefaction triggered by
earthquakes in the nearby Solomon
Trench.

In summary, we observed mass move-
ment of deep-sea carbonates on two
scales: (i) large-scale slumping and slid-
ing and (ii) flow (or creep) of near-sur-
face sediment. We propose that both
phenomena owe much to dissolution
processes, the first showing a depth
dependence of topographic morphology,
the second showing a depth dependence
of preserved burrow patterns and of
shear strength.

If our interpretations are correct, there
are critical implications for the stratigra-
phy of deep-sea carbonates and for car-
bonate geochemistry. Concerning the ex-
planation of missing sections in Deep-
Sea Drilling Project cores (13), the re-
moval of large sheets of ooze as a con-
sequence of earthquakes or dissolution
of downslope support, or both, has to be
considered as a mechanism producing
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hiatuses, in addition to the direct influ-
ence of bottom currents on erosion of
carbonates from the sea floor.

Our results raise questions that need
to be resolved in two major areas: (i) To
what extent is such mass wasting episod-
ic over large areas of the sea floor, in re-
sponse to bottom water action, and to
what extent is it regional, resulting from
tectonic events? and (ii) What are the
conditions (slope, type of ooze, and
depth range) under which carbonate
transfer by mass movement occurs, and
what are the applicable rates of such
transfer to abyssal depths?

W. H. BERGER
Scripps Institution of Oceanography,
University of California at San Diego,
La Jolla 92037

T. C. JOHNSON
Department of Geology and Geophysics,
University of Minnesota,
Minneapolis 55455
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Fossil Peccary from the Pliocene of South Africa

Abstract. ?Pecarichoerus africanus, new species, from Langebaanweg, Cape Prov-
ince, is the first fossil peccary to be described from Africa and represents the
youngest record of the peccary family in the Old World.

The superfamily Suoidea is comprised -
of two families, the peccaries (Tayas-
suidae) and the true pigs (Suidae). Pec-
caries are now confined to the New
World (/), where they are also not un-
common as fossils, while the pigs are,
and apparently always have been, an Old
World group. In 1927 peccaries of Ter-
tiary age were identified in Europe (2),
which broke down the traditional view
that they had always been restricted to
the Americas. A few years later a fossil
peccary was also recorded from Asia (3).
Several Oligocene and Miocene pec-
caries are now known in Europe (¢), but
there is still only one Asian species,
which is Miocene in age. Although true
pigs feature in both the living and extinct
faunas of Africa, the fossil peccary de-
scribed here is the first to be identified on
this continent. It also represents the

most recent record of its family in the
Old World.

The new peccary is from the Pliocene
Varswater Formation exposed in an
open-cast phosphate mine, E Quarry, at
Langebaanweg, 105 km north-northwest
of Cape Town (5, 6). Although this for-
mation has not been dated in absolute
terms, comparisons between its fauna
and radiometrically dated ones in East
Africa suggest an age of between 4 mil-
lion and 5 million years. Even the latest
of the Eurasian peccaries predates the
Langebaanweg species by several mil-
lion years. The Varswater Formation has
yielded the largest and most diverse as-
semblage of Pliocene fossils known any-
where in Africa (7), and included among
the mammals are several in addition to
the peccary which belong to groups oth-
erwise known only, or mainly, from Eur-
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Table 1. Dimensions of ?Pecarichoerus africanus holotype detention (SAM-PQ-L 31139).

Length Breadth Length Breadth

Tooth (mm) (mm) Tooth (mm) (mm)
C 5.7 4.2 C 5.1 2.8
P! 43 23 P, 4.4 2.2
P? 5.6 33 P, 4.9 2.7
Pe 5.5 4.4 P, 5.5 3.1
Pt 5.2 6.0 P, 6.1 4.1
M! 6.9 6.9 M, 7.4 4.8
M? 8.5 7.4 M, 8.9 5.9
M3 8.2 7.2 M, 10.0 6.1
P-p* 21.0 P-P, 20.4

Mi-Mm? 23.8 M;-M; 26.0

rasia and North America. They are a
bear (8), a giant wolverine (7), a per-
crocuta (5, 9), a boselaphine (/0), and
what may be a member of the family
Procyonidae (red panda, raccoon, and so
forth) (7).

The peccary specimens, all of which
are in the South African Museum, Cape
Town, include elements of both the skull
and the postcranial skeleton. Until re-
cently only a few fragmentary specimens
of this species were known and they
were thought to belong to a miniature pig
(5), but new and better material led to the
revised identification being suggested by
Gentry and Cooke (/1). Since pigs and
peccaries have many characters in com-
mon, it is possible that other African
fossils have been similarly misidentified.

Only two of the more significant new
specimens are dealt with here. They are
SAM-PQ-L 31139, a fragmented skull

including the complete left upper and
lower dentitions (Fig. 1), and SAM-PQ-L
30702, an incomplete left metatarsal III/
IV (Fig. 1).

The cranial characters of the Lange-
baanweg peccary are not known since
only small fragments of the skull of L
31139 and other available specimens are
preserved. Several incomplete man-
dibles are represented, but even the best
specimen (L 31139) lacks all those parts
posterior to the third molars. The man-
dible is peccary-like in that it is not later-
ally expanded in the region where the
canines emerge, evidently because these
teeth are relatively small and only slight-
ly divergent.

.The left upper and lower dentitions of
L 31139 are complete; the individual
teeth are well preserved, none are very
worn, and in size and morphology they
are typical of known specimens of this

Fig. 1. (A and B) Lateral and occlusal views of left upper and lower dentitions of ?Pecari-
choerus africanus (holotype, SAM-PQ-L 31139). (C) Proximal and anterior views of ?Pecari-
choerus africanus metatarsal (SAM-PQ-L 30702).
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species. The dental formula is 3:1:4:3/
2:1:4:3. The enamel on all teeth is
smooth.

The incisor formula (3/2) differs from
those in all living peccaries and pigs, that
for peccaries being 2/3, while in pigs it
varies according to the species. For ex-
ample, in the African bushpig (Potamo-
choerus porcus) it is 3/3, in the European
wild boar (Sus scrofa) it is 2/3, and in the
warthog it is 1/2. The crowns of the
upper incisors are more pointed than
those of living peccaries and pigs. The
third upper incisor (I?) is a little smaller
than the second (I, while both are ap-
preciably smaller than the first (I'). The
two lower incisors are similar in size, but
the second (I;) does not project as far
forward as the first (I,).

The upper canine (C) is short, only
very slightly curved, and oval in cross
section, with the lingual surface being
somewhat flattened. The orientation of
this tooth in the jaw is not known for
certain, but it must have pointed more or
less straight down in order to have oc-
cluded effectively with the lower canine
(C). The lower canines are longer than
the uppers, are triangular in cross sec-
tion, and curve upward and outward
from the mandible. They diverge only
slightly from one another as in living
peccaries, but in contrast to the condi-
tion in pigs, where the canines are mark-
edly divergent. In respect of its canines
the Langebaanweg species is peccary-
rather than piglike.

This species, unlike almost all living
peccaries and pigs, lacks postcanine dia-
stemas in the upper and lower jaws. The
Indian pygmy hog (Sus salvanius) is ex-
ceptional among living suoids in this re-
spect. Since the pygmy hog and the fossil
species are not closely related, but are of
similar size, the absence of diastemas
may simply be a size-related character.

There is a full complement of well-
developed and functional premolars in
the fossil species. The first three pre-
molars, both uppers and lowers (P! to
P,%, are double-rooted, single-cusped,
and relatively high-crowned. The P? has
a prominent cingulum developed postero-
internally. The upper and lower fourth
premolars (P.* are also relatively high-
crowned, but have more complex
crowns, while the P* has three roots.
Both have two cusps situated side-by-
side, and in P* they are flanked posterior-
ly by a prominently developed cingulum
while in P, there is a small accessory
cusp situated at the posterior end of the
tooth. The premolars differ in number,
size, or morphology from those of all
living suoids.

The upper and lower molars (M,! to
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M%) have crowns basically comprised of
four principal cusps, which are support-
ed by four roots in the uppers and two
roots in the lowers. The upper molars
have a transverse ridge of enamel devel-
oped anteriorly and a shorter, buccally
directed oblique ridge developed posteri-
orly, the latter apparently being an in-
cipient or vestigial talon. The lower mo-
lars have a single accessory cusp situ-
ated posteriorly (talonid), which is pro-
gressively more prominent from M; to
M;. The molar morphology is perhaps
closer to that of the collared peccary
(Dicotyles tajacu) than any other living
peccary or pig.

The nature of the canines, and to a
lesser extent the molar morphology, pro-
vides the only dental evidence that the
fossil species was a peccary rather than a
pig.

The most useful of the postcranial
bones recovered to date is the metatarsal
III/IV, L 30702. Although the distal part
of metatarsal III is lost, the specimen is
otherwise complete and well preserved.
the two metatarsals are completely fused
proximally, and evidently fusion was pro-
gressively less distally, although it was
to some extent present along the entire
lengths of the shafts. Since proximally
fused central metatarsals are character-
istic of peccaries, but are never found in
pigs, L 30702 is particularly important in
indicating the position of the Langebaan-
weg species within the suoid super-
family. The fossil apparently differs from
the corresponding bones in living pec-
caries in the greater degree of fusion
between the two bones. While this may
simply be an ontogenetic character, it is
possible that this species, the most re-
cent of the Old World peccaries, was
more advanced in this respect than its
living counterparts in the Americas.

Measurements of the specimens dis-
cussed above are given in Tables 1 and 2.

The Langebaanweg peccary is not
identical to any previously described fos-
sil species. Contemporary and younger
New World peccaries are clearly only
distantly related, and in these instances
the geographical factor alone is sufficient
to preclude the possibility of direct phy-
letic relationships. Since there are no
recorded FEurasian peccaries younger
than Miocene, it is likely that at least
since this time the peccaries of the Amer-
icas have had no links with the Old
World.

The fact that the Langebaanweg spe-
cies is also far removed from Eurasian
peccaries in terms of both time and geog-
raphy makes it unlikely that it is con-
specific with any Eurasian species. The
remarkably small size of the Langebaan-
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Table 2. Dimensions of ?Pecarichoerus afri-
canus metatarsal (SAM-PQ-L 30702).

Di . Measurement
imension (mm)
Length 46.6
Proximal transverse diameter 12.8

Proximal anteroposterior 11.3

diameter

weg species sets it apart from all Eur-
asian peccaries with the exception of the
Oligocene Palaeochoerus paronae 4,
12). In this instance the age and dental
differences are sufficient to render the
size similarity irrelevant. Other Euro-
pean species do share at least some den-
tal characteristics with the new fossil.
For example, the cheek-tooth morpholo-
gy of the Oligocene Doliochoerus
quercyi 4) is essentially similar to that of
the Langebaanweg species. Even in this
instance there are significant differences
such as the more molariform P, and more
prominent M; talonid in D. quercyi,
which is also a larger and appreciably
older species.

Of all the described Eurasian species,
the one which is most similar to the
Langebaanweg species, at least in re-
spect of upper molar morphology, is
Pecarichoerus orientalis from the Chingi
zone (Miocene) of the Siwalik Hills of
India (3). This similarity is perhaps not
surprising since affinities between the
faunas of the Siwaliks and Africa are
already recognized, while the past zoo-
geographic links between sub-Saharan
Africa and southern Asia are still reflect-
ed by the similarities between the mod-
ern faunas of these regions.

Although similar, the Langebaanweg

" species and P. orientalis are not identi-

cal. Unfortunately, comparisons be-
tween the two species are essentially
limited to the M¥s, since this is the only
recorded tooth of P. orientalis which is
not very worn. The Langebaanweg spe-
cies is the smaller of the two, while its
M? usually lacks oblique ridges of enam-
el running between the anterior and pos-
terior pairs of cusps. Some of the upper
molars from Langebaanweg do have
traces of such enamel ridges, and it is
conceivable that they were more promi-
nent and constant in ancestral species.
The Langebaanweg species is here ten-
tatively referred to Pecarichoerus. While
there are only slender grounds for this
step, the only reasonable alternative,
that of placing it in a new genus, would
serve no useful purpose, may ultimately
be proved unnecessary, and would in the
meantime obscure the possibility that the
African and Indian species are phyleti-

cally connected. There is no obvious
reason why the Langebaanweg species
could not have been descended from P.
orientalis or, more probably, an earlier
African Pecarichoerus. On the other
hand, the observable differences be-
tween the two species, which may be
ascribed to their difference in age and
geographical separation, indicate that
they are not conspecific.

?Pecarichoerus africanus, new species

Holotype: South African Museum speci-
men PQ-L 31139.

Hypodigm: The type, a metatarsal III/IV
(SAM-PQ-L 30702), and other specimens in
the South African Museum’s collections.

Known distribution: Langebaanian (Plio-
cene), in the Pelletal Phosphorite Member of
the Varswater Formation, E Quarry, Lange-
baanweg, South Africa (5, 7).

Diagnosis: A Pecarichoerus smaller than P.
orientalis and with oblique ridges between the
principal cusps of the upper molars reduced
or absent.

Dental formula 3:1:4:3/2:1:4:3; enamel
on all teeth smooth; no postcanine dia-
stemas; I' appreciably larger than I? and I%; I,
and I, approximately equal in size; C short,
nearly straight and apparently pointed down-
ward; C short, curved, and pointed upward
and slightly outward; P,! to P4* double-rooted,
single-cusped, and relatively high-crowned;
P* triple-rooted with paired principal cusps
flanked posteriorly by a prominent cingulum;
P, double-rooted with paired principal cusps
flanked posteriorly by a smaller accessory
cusp; M' to M® quadricuspid, each tooth with
a transverse enamel ridge anteriorly and a
smaller, oblique one posteriorly (talon); M, to
M; quadricuspid, each tooth with a centrally
situated posterior accessory cusp (talonid).
Metatarsals IIl and IV completely fused proxi-
mally.

Q. B. HENDEY
South African Museum, ‘
Post Office Box 61,
Cape Town, 8000, South Africa
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