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Abstract — The present paper provides an overview of the famous but still insufficiently known early Pliocene
avifauna of the Varswater Formation at Langebaanweg (South Africa). This site produced one of the largest prePleistocene bird bone accumulations worldwide. According to latest estimates, over 35 bird families with at least
90 species have been recorded and most of them mark the earliest family records for the African continent. There
is a great diversity of both seabirds such as petrels, prions, and shearwaters (Procellariidae), penguins (Spheniscidae), and terrestrial taxa such as shorebirds (Charadriiformes) and songbirds (Oscines, Passeriformes). Recent
identifications of new species shed new light on the palaeoenvironment and palaeoecology of the site and reveal
the co-existence of two distinct terrestrial habitats. Honeyguides (Indicatoridae) and several cavity-nesting birds
such as parrots (Psittaciformes) and woodpeckers (Picinae) indicate the presence of woodlands. Two species of
sandgrouse (Pteroclidae) and at least one species of large ostriches (Struthio cf. asiaticus) are characteristic of
arid to semi-arid landscapes.
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Introduction
The Upper Varswater Formation of Langebaanweg, 110 km NNW of Cape Town, South Africa
(32°58′ S, 18°7′ E) (Fig. 1), dates from the earliest
Pliocene (5.2 Ma; Roberts et al. 2011) and ranks
among the richest fossil vertebrate sites in Africa
and the world (Werdelin 2010: p. 31). It stands
out against other African fossil localities by the
vast number of well preserved, though generally
disarticulated bird remains (Rich 1980; Hendey
© Verlag Naturhistorisches Museum Wien, 2013

1981), which can be referred to at least 90 species representing both marine and terrestrial taxa,
most of which have yet to be described (Tab. 1).
The Upper Varswater Formation is also exposed
at Duinefontein, c. 30 km N of Cape Town and at
Ysterplaat Air Force Base, Cape Town, but these
sites produced comparatively few and less wellpreserved bones of mainly marine taxa (Simpson
1973, 1979b; Olson 1985b) (Fig. 1). Langebaanweg is one of the largest pre-Pleistocene bird
bone accumulations worldwide (Rich 1980),
published 10 Dec. 2013
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FIGURE 1. Map of Western Cape Province, South
Africa showing fossil sites with outcrops of Early Pliocene Upper Varswater Formation, i.e. Langebaanweg,
Duinefontein, and Ysterplaat. The modern shoreline
is shown in comparison with shoreline at the climax
of the Early Pliocene marine transgression with sealevels c. 50 m higher than today resulting in a series
of large offshore islands as suitable breeding sites for
seabird colonies (after Olson 1983, 1985a).

comparable to other famous fossil localities such
as Saint-Gérand-le-Puy (Early Miocene, France;
Cheneval 1984; Mourer-Chauviré 1992) or Lee
Creek Mine (Early Pliocene, North Carolina;
Olson & Rasmussen 2001).
The fossil record of birds from the early Neogene of Africa is still very scarce (e.g., Rich 1974;
Harrison 1980; Brodkorb & Mourer-Chauviré
1982; Louchart et al. 2005a, b, 2008; Dyke &
Walker 2008), and many findings at Langebaanweg represent the earliest evidence of certain taxa
in Africa or even in the world, such as hamerkop
(Scopidae), painted-snipe (Rostratulidae), honeyguides (Indicatoridae), mousebirds (Coliidae),
parrots (Psittaciformes), penguins (Spheniscidae), and true woodpeckers (Picinae) (Simpson
1971; Rich 1980; Olson 1984, 1985d; Rich &

Haarhoff 1985; Olson & Eller 1989; Manegold & Louchart 2012). Some bird taxa of the
Upper Varswater Formation are today endemic
to Africa (hamerkop, mousebirds) or evidently of
African origin (honeyguides), but fossil evidence
for a bird taxon of probable Eurasian origin (a
malarpicine woodpecker) was reported only
recently (Manegold & Louchart 2012).
Fossil assemblages close to the Miocene/Pliocene transition are particularly rare in Africa, so
that Langebaanweg provides a rare insight into
a period that is characterized by global cooling followed by the general spread of woodland
savannahs and grasslands at the expense of forests
(e.g., Cerling et al. 1997; Boisserie & Merceron
2011), by the first evidence for an already diverse
fynbos flora in the south western Cape (Scott
1995) as well as by sea level changes and the
establishment of the Benguela Upwelling System
off the west coast of southern Africa (Hendey
1981; Diester-Haass et al. 2004; Heinrich et al.
2011; Rommerskirchen et al. 2011).
Fossil bearing units of the Upper Varswater
Formation at Langebaanweg can be identified by
characteristic sediments as tidal mud flats, floodplains, and salt marshes, respectively (Hendey
1981). Hypotheses on Early Pliocene palaeoenvironments at Langebaanweg and adjoining
areas were largely based on the composition of
the mammal fauna (Hendey 1981) and palynological studies (Scott 1995), but the composition
of Langebaanweg’s avifauna has also proven to
be of great significance for palaeoenvironmental reconstructions (Rich 1980; Olson 1983,
1985a, c, 1994; Haarhoff 1988). The Early Pliocene seabird fauna, for example, is surprisingly
diverse and can only be compared to the recent
seabird diversity in the Subantarctic realm, which
led Olson (1983, 1985a, b) to suppose that the
Benguela Upwelling System was richer in nutrients and that its water temperatures were as cold
or even colder than today. This would also be in
accordance to certain morphological features of
the seal Homiphoca capensis that were regarded
as adaptations to low sea and ambient air temperatures (Hendey 1981: p. 69, but see Govender
et al. 2012).
In comparison to the seabird fauna, the
landbird fauna is less well studied, but seems
dominated by two as yet unidentified species of
SAPE Proceedings 2013
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francolins, one of them showing greatest overall
similarity to the Crested Francolin, Dendroperdix (Peliperdix) sephaena (Rich 1980; Crowe
1992). The landbird fauna also comprises at
least one species of a large ostrich (Struthio cf.
asiaticus, see below), the large stork Ciconia
kahli, the ibis Geronticus apelex, and the small
mousebird Colius hendeyi, which are all supposed to be characteristic for rather open and dry
habitats (Rich 1980; Hendey 1981; Olson 1985c;
Rich & Haarhoff 1985; Haarhoff 1988). Evidence for a tree kingfisher Halcyon sp. could also
indicate open savannah and bushlands, where
most of its extant relatives occur (Olson 1994).
Olson (1994) also tentatively referred an isolated
humerus to the buttonquail Turnix cf. hottentottus,
stating that the fossil could have been as characteristic for short, moist grasslands as its modern
relative. Large grazers, such as the large, early
hippopotamine (Hippopotaminae sp.), the rhino
Ceratotherium sp., the gomphothere Anacus
capensis, the elephantids Loxodonta cookei and
Mammuthus subplanifrons, and the three-toed
horse Eurygnathohippus cf. baardi also suggest
the presence of grasslands (Hendey 1981; FranzOdendaal et al. 2003; Sanders 2007; Boisserie &
Merceron 2011). C3 grasses apparently prevailed
during the Late Miocene and Early Pliocene at
Langebaanweg according to the study of isotopes
(Franz-Odendaal et al. 2002) and of phytoliths
(Rossouw et al. 2009), although in other parts of
Africa C4 grasses had already expanded considerably (Cerling et al. 1997).
Nevertheless, large browsers such as Sivatherium or the okapi-like Paleotragus in the fossil
record imply the presence of woodlands as well
(Hendey 1981, but see Franz-Odendaal & Solounias 2004; Boisserie & Merceron 2011: p.
356). Dental micro- and mesowear texture analyses of bovid teeth further indicate that six out of
seven bovid species studied were browsers, not
grazers as previously thought, and that Simatherium demissum probably was the only obligate
grazer among Langebaanweg’s bovids (Ungar
et al. 2007; Stynder 2011). This might indicate
that the palaeoenvironment was rather heavily
wooded and not dominated by grass (Stynder
2011). Among the micromammals, two species
of archaic Myosorex shrews were also supposed
to be indicative of woodlands based on habitat

preferences of their modern relatives (Matthews
& Stynder 2011).
The presence of a slow-streaming river with
a system of drainage channels and small pools,
swamps, and marshes is indicated by fossil evidence for a hippopotamine, as yet unidentified
species of ducks, geese, and allies (Anatidae), a
few rails (Rallidae), a crane (Gruidae), the Dabchick Tachybaptus ruficollis and another species
of grebe Podiceps? sp., an ibis Threskiornis
aff. aethiopicus, numerous waders (Charadriiformes), among them an extinct species of
painted-snipe Rostratula minator, a cerylid kingfisher Ceryle sp., intermediate in size between the
African Pied Kingfisher Ceryle rudis and Giant
Kingfisher Megaceryle maxima (Olson 1994), as
well as numerous remains of several frog species
(Rich 1980; Hendey 1981; Olson & Eller 1989;
Olson 1994; Boisserie & Merceron 2011) and
evidence for pollen referable to aquatic and semi
aquatic Ranunculaceae (Scott 1995: p. 67).
Hendey (1982) proposed that the decrease
in temperature and rainfall during the MiocenePliocene transition caused woodland to be
increasingly confined to the immediate vicinity
of the river whereas grasslands became more
and more extensive. Accordingly, the palaeoenvironment at Langebaanweg could be imagined
as a large “stream in a rather open savannah”
(Olson 1994).
Evidence for one species of Gerbillinae,
which are characteristic for deserts and savannahs, indicates open and rather dry habitats in the
area, though it is unlikely that such habitats were
very extensive (Matthews et al. 2007). However, the discovery of a new species of golden
mole (Chrysochloridae) even suggests presence
of arid, sandy habitats (Asher & Avery 2010).
The humerus of the new species †Chrysochloris
arenosa Asher & Avery, 2010 is very similar to
that of its distant modern relative, the Grant’s
Golden Mole Emeritalpa granti, which could
indicate similar adaptations for ‘sand-swimming’
in both of these species: Grant’s Golden Mole
dwells in large dune fields along the west coast
of South Africa as well as in the Namib desert,
where the sandy soil immediately collapses
behind it while it moves through the sand.
Recent insights into the composition of the
bird fauna (Stidham 2006; Manegold 2010a, b,
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FIGURE 2. Simplified cladogram of stem-lineage
and crown group penguins after Ksepka & Clarke (2010) and Ksepka & Thomas (2012). Note that
†Palaeospheniscus? huxleyorum was not included in
these phylogenetic analyses, but tentatively assigned
by Ksepka & Clarke (2010) to a clade that also comprises other species of †Palaeospheniscus as well as
†Eritiscus, †Dege hendeyi, †Marplesornis, and crown
group Spheniscidae. The systematic position of †Dege
hendeyi outside crown group Spheniscidae is based
on one plesiomorphic character and regarded as being
only tentative (Ksepka & Clarke 2010). Extinct species are indicated by a dagger (†), numbers (1–5) refer
to the number of independent colonization events that
occured by the late Miocene (1–4) and during the PlioPleistocene (5), respectively.

2013; Ksepka & Thomas 2012; Manegold &
Louchart 2012; Louchart unpubl. data) also
indicate that the palaeoenvironments were
diverse and mosaic-like, and that the biogeographical history of certain taxa is more complex
than previously thought. These findings are summarized and discussed in the following sections.
The Marine Avifauna
Penguins were the first fossil birds described
from Langebaanweg by George Gaylord Simpson, who distinguished and named the four

species Dege hendeyi, Inguza predemersus,
Nucleornis insolitus, and Palaeospheniscus?
huxleyorum (Simpson 1971, 1973, 1979a, b). All
these species differ markedly in size, with N.
insolitus being comparable in size to the largest
modern penguins (Aptenodytes) and with I. predemersus being slightly smaller than the extant
African Penguin (Spheniscus demersus) (Simpson
1971, 1973, 1979a, b; Olson 1985b). Although
Simpson considered these species to be closely
related, he nevertheless described them as four
extinct genera. N. insolitus, and P. huxleyorum
have been originally described from the Upper
Varswater Formation exposed at Duinefontein
and Ysterplaat, respectively, but all four species
were subsequently recorded for Langebaanweg
(Olson 1985b) with breeding evidence for I. predemersus at least (Ksepka & Thomas 2012).
Two recent cladistic analyses found no support for monophyletic Varswater penguins or
for their close relationship to S. demersus, but
indicate that probably neither D. hendeyi nor P.
huxleyorum were part of crown group Spheniscidae (Ksepka & Clarke 2010: pp. 26–29), and
that Aptenodytes, Pygoscelis, and N. insolitus are
successive sister taxa to all the remaining crown
group penguins, though the phylogenetic relationships of the aforementioned taxa to ‘Pygoscelis’
grandis Walsh & Suarez, 2006 are still uncertain
(Ksepka & Thomas 2012) (Fig. 2). Inguza predemersus turned out to be part of a clade that also
comprises the extant genera Eudyptes, Eudyptula,
and Spheniscus (Ksepka & Thomas 2012) (Fig.
2). Based on these hypotheses it seems evident
that four penguin lineages colonized Southern Africa independently by the Late Miocene,
whereas the ancestor of S. demersus arrived later
sometime during the Plio-Pleistocene (Ksepka &
Clarke 2010; Ksepka & Thomas 2012; Thomas
& Ksepka 2013).
Aside from the four species of penguins, the
marine avifauna of the Upper Varswater Formation comprises three species of cormorants
(Phalacrocoracidae), a small booby (Sulidae;
also known from Duinefontein; Olson 1985b),
two species each of gulls and terns, and eight
species of tubenoses (Procellariiformes) (Olson
1983; 1985a). However, some of the cormorants,
gulls, and terns might also have been associated with fresh water habitats (Olson 1983).
SAPE Proceedings 2013
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Only tubenoses have been adequately described.
Remains of juveniles indicate that an albatross, a
storm-petrel, and at least one, but possibly three
prion species bred close to the fossil site (Olson
1985a). Such a diverse marine avifauna is striking and comparable only to the present situation
on certain Subantarctic islands (Olson 1983).
Not a single species of tubenoses breeds on any
African continental island today (Olson 1983),
and only the African Penguin breeds along the
Southern African coast with its small offshore
islands, alongside with Cape Gannet (Morus
capensis) and three cormorant species (Phalacrocorax capensis, Miocarbo coronatus, and M.
neglectus) (Harrison et al. 1997).
One explanation for the past diversity in seabirds is the greater number of potential nest sites
for these taxa at that time. At the beginning of
the Pliocene, sea levels were about 50 m above
present-day conditions turning the West Coast
Peninsula as well as Table Mountain and other
peaks of the Cape Peninsula into large islands and
thus providing suitable breeding sites for marine
birds (Olson 1983; Ksepka & Thomas 2012).
Furthermore, it was assumed that the past
seabird diversity provides strong evidence that
the Benguela Upwelling System off the southwest coast of Africa was both colder and richer
in nutrients than today (Olson 1983: p. 400).
Recent estimates of past sea surface and subsurface temperatures indicate, however, that the
Benguela Current was in fact much warmer than
today during a period between 6.5 and 5 Ma,
because the exchange between Antarctic deep
water mass and North Atlantic Deep Water was
reduced and consequently the heat export from
the South Atlantic decreased (Rommerskirchen et
al. 2011). Water temperatures remained warmer
than today – although began decreasing at the
beginning of the Pliocene (Diester-Haass et al.
2002; Rommerskirchen et al. 2011). Marine productivity was nevertheless high and kept rising
during this period (Rommerskirchen et al. 2011),
and was obviously sufficient for sustaining large
seabird colonies.

The Terrestrial Avifauna
Woodland species
Recent studies of several evidently woodland
dwelling bird taxa such as a true woodpeckers
(Picinae, Picidae), honeyguides (Indicatoridae),
parrots (Psittacoidea), and several species of
songbirds (Oscines, Passeriformes) strongly support current hypotheses that woodlands were
more extensive at Langebaanweg than previously
thought.
The recently described (Manegold &
Louchart 2012) true woodpecker from Langebaanweg, Australopicus nelsonmandelai (Fig.
3A–F) was comparable in size with the Greater
Spotted, Dendrocopos major, or Red-bellied
Woodpecker, Melanerpes carolinus. A phylogenetic analysis of 50 morphological characters
shows that the fossil species is not closely related
to any of the extant African woodpecker taxa
such as Campethera, Geocolaptes or Dendropicos, but to a clade that comprises woodpeckers
that are primarily characteristic of dense woodlands or forests in the tropics of the Old and New
World, such as Celeus and Dryocopus (Fig. 4).
Furthermore, the tarsometatarsus of the fossil
woodpecker is short and stout (Fig. 3D–E), which
is characteristic of the more arboreal woodpecker
species, whereas more terrestrial woodpeckers
such as Campethera or Geocolaptes have more
elongated tarsometatarsi. Thus, the fossil woodpecker represents a previously unknown lineage
of Eurasian origin with a strong association to
woodlands. Australopicus probably became
separated from its relatives in Eurasia during the
period of general expansion of grasslands at the
expense of forests and woodlands in the Late
Miocene (Manegold & Louchart 2012) that
also led to the separation of other picine lineages
(Fuchs et al. 2007), Sasia-piculets (Fuchs et al.
2006) and many other ‘forest relicts’ (Louchart
2003; Louchart et al. 2005a, 2008).
Extant honeyguides (Indicatoridae) also
inhabit forests and various kinds of woodland,
but avoid open savannah. Thus, evidence for
Indicatoridae in the fossil record clearly indicates
presence of wooded areas at or close to the fossil site. Langebaanweg honeyguides were first
noticed by Olson (1985d), but only recently
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FIGURE 3. Recently described bird fossils from the Upper Varswater Formation, Langebaanweg (Early Pliocene, South Africa). (A–F) Australopicus nelsonmandelai (Picinae, Picidae): (A) right proximal ulna SAM PQL70284 in cranial view; (B) right distal ulna SAM PQ-L28428V in ventral view; (C) right carpometacarpus SAM
PQ-L28203AS in dorsal view; (D–E, G) right tarsometatarsus L25293GR (holotype) in dorsal (D), plantar (E),
and distal view (G); (F) right tarsometatarsus SAM PQ-L28199EE in proximal view. (H–J) Humeri of medium
sized (H) and large (I–J) swallow species (Hirundinidae, Passeriformes) in cranial view: (H) left distal humerus
SAM PQ-L 70289; (I) right distal humerus SAM PQ-L 70406; (J) right distal humerus SAM−PQ L 70288. (K)
Left coracoid SAM PQ-L 20733N2 of a nightjar (Caprimulgidae) in medial view. (L-P) Lovebird Agapornis
attenboroughi (Agapornithinae, Psittacoidea): (L) right coracoid SAM PQ-L704543 in dorsal view; (M) right
humerus SAM PQ-L70432 in cranial view; (N) right carpometacarpus SAM PQ-L70451 in dorsal view; (O–P)
right tarsometatarsus SAM-PQ-L70448 in proximal (O) and dorsal view (P). (Q–T) Psittacine parrot Khwenena
leopoldinae: (Q, S) Right tarsometatarsus SAM PQ-L24480 in proximal (Q) and dorsal view (S); (R) left distal
tarsometatarsus SAM PQ-L70432 in dorsal view; (T) left tarsometatarsus SAM PQ-L70441 of nestling parrot in
dorsal view (Manegold 2010a, b, 2013; Manegold & Louchart 2012).

discovered material shows that in fact two species can be distinguished, which are tentatively
referable to the genus Indicator. Both species
were very small, but comparable to the tiny
Least Honeyguide I. exilis and the only slightly
larger Lesser Honeyguide I. minor, respectively.
Although the biology and ecology of modern
Indicatoridae are still insufficiently known, it
seems evident that the last common ancestor of
Indicatoridae was a brood parasite, and that the
stem species of Indicator already had a strong
preference for cavity nesting foster species, especially barbets (Short & Horne 2002). Thus, the
fossil honeyguides could have benefited from the

excavating activities of Australopicus. Surprisingly, barbets are as yet not evident in the fossil
record of Langebaanweg, and probable foster
species for the two indicatorids remain to be
identified. The co-occurrence of two species of
Indicator and the honey badger Mellivora benfieldi at Langebaanweg (Hendey 1978) is worth
mentioning, although the alleged symbiotic relationship between the extant Greater Honeyguide
I. indicator and Honey Badger Mellivora capensis is only a myth (Dean et al. 1990).
Previous studies supposed that two or three
parrot species can be distinguished in the fossil
record of Langebaanweg (Rich 1980; Stidham
SAPE Proceedings 2013
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excavating activities of woodpeckers. A single
tarsometatarsus of a parrot nestling is tentatively
assigned to K. leopoldinae, providing one of the
very rare evidences that this parrot and few other
taxa actually bred at Langebaanweg. A third parrot species is only known from a single humerus
comparable in size to that of the extant African
Grey Parrot and (larger) Poicephalus species
(Stidham 2006), but awaits further study.
Using fossil passerines for palaeoenvironmental reconstructions is less straightforward.
Some taxa may indicate wooded habitats, such as
a starling with strong resemblance to the extant
FIGURE 4. Simplified cladogram of woodpeckers
(Picidae) based on a cladistic analysis of 50 morphological characters. Australopicus nelsonmandelai
is sister taxon to a clade that comprises malarpicine
woodpeckers primarily characteristic for tropical and
subtropical forests (Manegold & Louchart 2012).

FIGURE 5. Simplified cladogram of parrots (Psittaciformes) after Joseph et al. (2012) indicating the phylogenetic position of the newly described lovebird and
psittacine parrot from the Upper Varswater Formation,
Langebaanweg (Manegold 2013). Phylogenetic position of A. swindernianus is only tentative and awaits
further study.

2006). Stidham (2006) identified a species of
lovebird (Agapornis sp.) and two other parrot
species of uncertain affinities. Based on additional specimens (Fig. 3L–P), a new species
of lovebird, A. attenboroughi, was described
(Manegold 2013), which is comparable in size to
the small species of the A. personatus-group and
which probably is a stem lineage representative
of this taxon (Fig. 5). Except for the Black-collared Lovebird A. swindernianus, all lovebirds
avoid primary forest, but prefer different kinds
of woodlands (Moreau 1948), and such habitat
preferences might also apply to the fossil species.
Although seeds of C4 grasses play an important
role in the diet of A. roseicollis and A. nigrigenis
(Warburton & Perrin 2005; Ndithia & Perrin
2006) it would be premature to take the new species of lovebird as an indicator of C4 grasslands.
Khwenena leopoldinae is the second, recently
described species of fossil parrot from Langebaanweg (Fig. 3Q–T; Manegold 2013). It is
of the size of the extant Ring-necked Parakeet
Psittacula krameri, but is more closely related
to the African Grey Parrot Psittacus erithacus
and the genus Poicephalus (Fig. 4). Similarly to
extant Poicephalus species, K. leopoldinae probably preferred woodlands with tall trees bearing
suitable nest cavities – often provided by the

Amethyst Starling Cinnyricinclus leucogaster
and two additional species of Sturnidae, which
are among the most common songbirds in the
fossil record of Langebaanweg. Cinnyricinclus
leucogaster is no longer part of the Western
Cape avifauna, but common in different kinds of
African woodlands, where it breeds in tree cavities like most sturnids. It seems likely that this
breeding behaviour also applied for all three fossil starling species, although building of exposed
globular or domed nests evolved independently
in several, only distantly related lineages of Sturnidae (Lovette & Rubenstein 2007; Craig &
Feare 2009).
A fragmentary tarsometatarsus of a tiny songbird shows all the features characteristic for the
closely related Old World warblers and babblers
(Sylviidae and Timaliidae sensu Gelang et al.
2009). Extant Sylviidae with African and Eurasian distribution are regarded as typical for drier
habitats, but Timaliidae are in general more characteristic for different types of forest, woodland,
and thickets (Gelang et al. 2009).
Non-marine aquatic and semi-aquatic birds
About one third of all bird species were typical
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for freshwater habitats. They comprise approximately 10–15 % of all bird remains known
from Langebaanweg and include predominantly
members of the Charadriidae (ca. 15 species),
and Anatidae (at least 4 species mainly by size
groups). The latter family includes a large species, which probably represents the swan genus
Afrocygnus Louchart et al., 2005b (Louchart
unpubl. data), based on the morphology of the
humerus (Louchart et al. 2005b). This extinct
endemic African swan was hitherto known from
northern Africa only, and today swans are absent
from sub-Saharan Africa (Louchart et al. 2005b).
Species of dry open grasslands, savannah and/
or arid habitats
Taxa characteristic for open habitats are the
already mentioned ibis Geronticus apelex and
stork Ciconia kahli (Olson 1985c; Haarhoff
1988), but also the as yet not described species
of sandgrouse (Pteroclidae), bustards (Otididae), and thick-knees (Burhinidae) (Rich 1980;
Louchart unpubl. data). Presence of fossil sandgrouse (Pteroclidae) and bustards (Otididae) at
Langebaanweg was already mentioned by Rich
(1980). More recent studies show that at least
two species of Pterocles can be distinguished,
which makes them the earliest record for crown
group sandgrouse in the world (Louchart
unpubl. data). Both Pterocles species differ in
size, with the larger one being comparable to
the extant Crowned Sandgrouse, P. coronatus,
and the smaller species being even smaller than
the modern Namaqua Sandgrouse, P. namaqua
(Louchart unpubl. data). Today sandgrouse are
among the most characteristic bird species of arid
and semi-arid regions throughout Africa and Asia.
Such preference for arid conditions might have
been already present in stem-lineage representatives of modern Pteroclidae from the Palaeogene
and Early Miocene of France (Mourer-Chauviré 1992). A thick-knee and two species of
bustards, one of them as large as the huge Denham’s Bustard, Ardeotis denhami, but the second
smaller and of the size of extant Afrotis bustards
(Louchart unpubl. data), are represented by a
handful of fossil remains each. The bustards in
particular (less clearly so the thick-knee as some

today favour rather humid habitats) also indicate arid to semi-arid environments, i.e. deserts
to semi-wooded savannah, at or quite close to
Langebaanweg five million years ago (Louchart
unpubl. data).
Ostriches are among the most characteristic
bird species of open habitats. The extant Struthio
camelus, with four living and one recently extinct
subspecies, prefers open short-grass plains and
semi-deserts, and avoids areas with tall grass as
well as dense woodlands, although open mopane
woodland seems to be suitable for S. camelus australis (Brown et al. 1982: p. 33). Fossil ostriches
from SE Europe and the Middle East are characteristic elements of the Hipparion-fauna (Boev &
Spassov 2009). The presence of fossil ostriches
in the Langebaanweg Varswater Formation has
long been known (Rich 1980; Hendey 1982: p.
70) but no study of this material has been undertaken before.
Thirteen among 17 leg bone fragments
proved measurable in some dimensions except
for the length of femur, tibiotarsus and tarsometatarsus as these bones are preserved only as
proximal, distal or shaft fragments, which makes
straightforward body size estimations impossible. However, all available measurement values
of these bones are substantially higher than those
of any S. camelus, indicating a larger body size.
The tibiotarsal shaft depth is 107.1 %–127.1 %
and the distal end measurements 105.6 % (width)
and 116.6 % (lateral depth) of the mean values
for extant ostriches. The values for the fibular
shaft are 105 % (width) and 122 % (diameter),
and those of the tarsometatarsal shaft about
114 % (depth) and 123 % (width) of the mean
for S. camelus. These ranges (especially in shaft
depth) exceed the adult variation between the
extant ostrich subspecies (SD = 4.3 %) and thus
call for an explanation. Bone texture is not obviously unfinished in any of the five Langebaanweg
tibiotarsi, which makes age-related variation
unlikely to be responsible for the observed size
ranges. The shaft depth reveals an indication
of bimodality with two specimens measuring
exactly 35.6 mm and two about 32 mm, which
suggests either two (sub)species or sexual dimorphism. Except for size there is no evidence for
two species and both larger and smaller specimens share the lateral trochlear crest that is more
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oblique than in Pleistocene and extant ostriches.
Therefore, the observed size differences seem to
be better accounted for by sexual dimorphism.
In the extant ostriches the tibiotarsus (as well
as femur and tarsometatarsus) tends to be wider
and/or deeper in females (Elzanowski et al.,
unpubl. data). In addition to the four discussed
tibiotarsi, the smallest Langebaanweg tibiotarsus (SAM PQ-L50093A) has the shaft depth
(30 mm, 107.1 % of the average for S. camelus)
as in S. barbarus Arambourg, 1979 from the
Villafranchian of North Africa thus leaving a possibility of a second, smaller ostrich (sub)species
being represented at Langebaanweg.
In contrast to the other leg bones, the Langebaanweg phalanges are essentially of the same
length as those of the largest S. camelus. Since the
Langebaanweg ostriches were larger, their phalanges were shorter relative to body size than they are
in the extant ostriches. The Langebaanweg III/1
phalanges are similar in proportions to those of
S. camelus and differ from the prevailing type of
Pleistocene phalanges that are much less waisted
and thus more cylindrical or rod-shaped than the
Langebaanweg and extant S. camelus specimens.
In both size and shape of the phalanges as
well as the body size (as approximated form
the measurements of other leg bones), the large
Langebaanweg ostriches are comparable to S.
asiaticus as described from the latest Pliocene of
North Africa (Morocco) by Mourer-Chauviré &
Geraads (2008). Struthio asiaticus is about 20 %
larger than large S. camelus specimens and so are
the shaft measurements of larger tibiotarsi, fibula,
and tarsometatarsus from Langebaanweg. Growing larger (especially taller) is a common defence
adaptation that is easiest to achieve developmentally. The Early Pliocene fauna of Langebaanweg
abounded in large mammalian predators such as
sabre-toothed felids, hyaenas, and giant civets
(Hendey 1982; Werdelin 2006). However, the
size dynamics of fossil ostriches needs to be discussed in a broader geographic and stratigraphic
context. While in the post-Pliocene southern
Africa the ostriches consistently decrease in size,
even larger ostriches appeared in the Early Pleistocene of Kenya (Leakey 1965) and elsewhere.
This suggests a role of local ecological factors
that need to be analysed and compared against a
paleogeographic background.

A guild of aerial insect hunters
Aerial insect hunters such as nightjars (Caprimulgidae) (Fig. 3K), swifts (Apodidae) and
swallows (Hirundinidae) (Fig. 3H–J) are rarely
described from pre-Pleistocene fossil localities,
and evidence for all three taxa at Langebaanweg represents their first occurrence in the fossil
record of Africa. Unfortunately, their use for
palaeoenvironmental reconstructions is only limited. Habitat preferences of the Langebaanweg’s
nightjar cannot be deduced from the isolated coracoid referred to this species (Manegold 2010a),
and although open woodlands might have been
the ancestral habitat of Caprimulgidae, few more
forest adapted nightjars occur in Central Africa
(Caprimulgus batesi, Veles binotatus) and Madagascar (Gactornis enarratus) (Cleere & Nurney
1998, Han et al. 2010). The swift, known from a
single humerus only and with strong resemblance
to extant Alpine Swift Tachymarptis melba
and Mottled Swift T. aequatorialis (Louchart
unpubl. data) probably exploited food resources
at Langebaanweg, but might have relied on the
presence of rock crevices for nest building like
most of the extant Apodidae (Chantler 1999).
The rocky escarpments of the Piketberg massif, 50 km E of Langebaanweg, were already
proposed as possible breeding site for the putative cliff nesting ibis Geronticus apelex (Olson
1985c), but might also have been used by swifts.
The same might also apply for the two unidentified species of Hirundinidae (Manegold 2010b),
because many extant swallows and martins breed
in rock crevices or attach their mud nests to rock
surfaces, but based on the limited fossil material
it cannot be ruled out that the fossils retained the
ancestral behaviour of Hirundinidae of excavating burrows in riverbanks (Winkler & Sheldon
1993; Manegold 2010b).
Discussion
A palaeoecological analysis of the highly
diverse fossil avifauna indicates that the Early
Pliocene Langebaanweg area was characterized
by a mosaic of many fairly diversified habitats ranging from almost arid regions and open
grasslands to floodplains, marshes, and wood-
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lands. Evidence for typical inhabitants of tropical
and subtropical forests such as pittas (Pittidae),
broadbills (Eurylaimidae) and trogons (Trogonidae) is missing. This is in line with the lack of
other key indicators of tropical or subtropical
climate such as crocodiles (Crocodylia) (Hendey 1973), and the general temperate character
of the rest of the fauna and flora. Other groups
of primarily forest taxa with a few secondarily dwellers of well-wooded savannah such as
turacos (Musophagidae) and hornbills (Bucerotidae) are also missing. Apparently, precipitation
at Langebaanweg was too low during the early
Pliocene for sustaining forests that are suitable for these bird species. Surprisingly, there is
still no evidence of barbets (Ramphastidae) and
cuckoos (Cuculidae), which today are found in
various habitats throughout sub-Saharan Africa.
Even more remarkable is the absence of many
aquatic taxa such as anhingas (Anhingidae), flamingos (Phoenicopteridae), herons (Ardeidae),
or pelicans (Pelecanidae), which are known from
the Miocene and Pliocene of sub-Saharan Africa
(Olson 1985c; Louchart et al. 2008). None of
these taxa are strongly linked to tropical or subtropical climates, and it is hard to believe that
they did not reach southern Africa in the early
Pliocene. On the other hand, there is no obvious
taphonomic phenomenon that might explain their
absence from the fossil record. Olson & Eller
(1989) supposed that the absence of these taxa
could be explained by too small size and ephemeral nature of suitable aquatic habitats. However,
the record of a hippopotamine, numerous anatids,
charadriiforms, and rallids strongly suggests that
fresh water habitats were present in the early
Pliocene Langebaanweg area. The absence of
flamingos alone (but not other missing groups)
could be explained by the absence of alkaline or
saline lakes that these birds require for feeding,
and brackish lagoons or estuaries for their breeding colonies.
Birds continue to provide unique cues to the
reconstruction of the Early Pliocene environment
and local climate at Langebaanweg. Ongoing
and future studies of certain bird groups will add
more lines of evidence and help refine the present
interpretations.

Acknowledgements
We thank S. Tränkner (Senckenberg Forschungsinstitut Frankfurt) for taking the photographs as
well as G. Avery, R. Govender, D. Hamerton, T.
Matthews, R. Smith, and K. van Willingh (Iziko
South African Museum Cape Town), P. Haarhoff (West Coast Fossil Park), and D. Stynder
(University of Cape Town) for allowing access to
collections and for sharing information on Langebaanweg’s faunas, taphonomy, and geology. We
also thank T. Cassidy and G. Davies (Ditsong
Museum, Pretoria), G. Lenglet (Institut royal
des Sciences naturelles de Belgique, Brussels),
Z. Bocheński (Instytut Systematyki i Ewolucji
Zwierząt, Kraków), R. van den Elzen and S. Rick
(Museum Alexander Koenig Bonn), C. Lefèvre
(Muséum national d’Histoire naturelle Paris), P.
Eckhoff, J. Fiebig, and S. Frahnert (Museum für
Naturkunde Berlin), M. Louette (Musée royal
de l’Afrique centrale Tervuren), L. Morupedi, R.
Nuttall, and D. de Swardt (National Museum,
Bloemfontein, South Africa), J. Cooper and R.
Prŷs-Jones (Natural History Museum, Tring), G.
Mayr (Senckenberg Forschungsinstitut Frankfurt), as well as D. Churches, P. Horton, and M.
Penck (South Australian Museum, Adelaide) for
allowing access to extant specimens and loans.
Reviews by V. De Pietri and H. Meijer helped
to improve an earlier version of this paper. AE
thanks C. Mourer-Chauviré (CNRS, Lyon) for
providing missing literature. AM thanks M. Koopman (Niven Library, Percy FitzPatrick Institute,
University of Cape Town) for forwarding important references. AE was supported by Poland’s
Ministry of Science and Higher Education grant
N N303 549339. AL and AM were supported by
postdoctoral grant of the South African NRF/
African Origins Platform/West Coast Fossil Park
Initiative, AL by NSF grant 0321893 HOMINIDRHOI, and Synthesys grant GB-TAF-1341, and
AM by German Academy of Sciences Leopoldina Fellowship Programme grants BMBF-LPD
9901/8-183, LPDR-2009-1, and DFG grant MA
4809/1-1.

SAPE Proceedings 2013

– 145 –
References
For authors and references of cited extant bird taxa
see Dickinson (2003) (passerines) and Dickinson
& Remsen (2013) (non-passerines), for those of
fossil bird taxa see Table 1 and references in the
text. Nomenclature for extant mammal species
follows Wilson & Reeder (2005), and that for
fossil mammals is in accordance to that used in
Werdelin & Sanders (2010).
Arambourg, C. (1979): Vertébré villafranchiens
d’Afrique du Nord (Artiodactyles, Carnivores,
Primates, Reptiles, Oiseaux). – 143 pp. Paris (Fondation Singer-Polignac).
Asher, R.J. & Avery, D.M. (2010): New golden moles
(Afrotheria, Chrysochloridae) from the early
Pliocene of South Africa. – Palaeontologia Electronica, 13/1 (3A): 12 pp.
Boev, Z. & Spassov, N. (2009): First record of
ostriches (Aves, Struthioniformes, Struthionidae)
from the late Miocene of Bulgaria with taxonomic
and zoogeographic discussion. – Geodiversitas,
31: 493–507.
Boisserie, J.R. & Merceron, G. (2011): Correlating
the success of Hippopotaminae with the C4 grass
expansion in Africa: Relationship and diet of early
Pliocene hippopotamids from Langebaanweg,
South Africa. – Palaeogeography, Palaeoclimatology, Palaeoecology, 308: 350–361.
Brodkorb, P. & Mourer-Chauviré, C. (1982): Fossil anhingas (Aves: Anhingidae) from early man
sites of Hadar and Omo (Ethopia) and the Olduvai
Gorge (Tanzania). – Geobios, 15: 505–515.
Brown, L.H., Urban, E.K. & Newman, K. (1982): The
Birds of Africa. Vol. 1. – 521 pp. London, New
York (Academic Press).
Burchell, W.J. (1822): Travels in the Interior of
Southern Africa, Vol. 1. – 582 pp. London (Longman, Hurst, Rees, Orme, and Brown).
Cerling, T.E., Harris, J.M, MacFadden, B.J, Leakey,
M.G., Quade, J., Eisenmann, V. & Ehleringer, J.R.
(1997): Global vegetation change through the Miocene/Pliocene boundary. – Nature, 389: 153–158.
Chantler, P. (1999): Family Apodidae (Swifts). – In:
del Hoyo, J., Elliott, A. & Sargatal, J. (eds):
Handbook of the Birds of the World, Vol. 5, Barnowls to Hummingbirds. – pp. 388–457. Barcelona
(Lynx Edicions).
Cheneval, J. (1984): Les oiseaux aquatiques (Gaviiformes à Anseriformes) du gisement aquitanien
de Saint-Gérand-le-Puy deposits (Allier, France).
Révision systématique. – Palaeovertebrata, 14:
33–115.

Cleere, N. & Nurney, D. (1998): Nightjars: a guide
to nightjars and related nightbirds. – 317 pp. East
Sussex (Pica Press).
Craig, A.J.F.K. & Fear, C.J. (2009): Family Sturnidae (Starlings). – In: del Hoyo, J., Elliott, A. &
Christie, D. (eds): Handbook of the Birds of the
World, Vol. 14, Bush-shrikes to Old World Sparrows. – pp. 654–758. Barcelona (Lynx Edicions).
Crowe, T.M. (1992). Morphometric research on Miocene and Pliocene fossil phasianids from the west
coast of southern Africa: Some preliminary taxonomic and phylogenetic conclusions. – In: Bennun,
L. (ed.): Proceedings of the 7th Pan-African Ornithological Congress. – pp. 217–225, Nairobi
(PAOC Committee).
Dean, W.R.J., Siegfried, W.R. & MacDonald, I.A.W.
(1990): The fallacy, fact, and fate of guiding
behavior in the Greater Honeyguide. – Conservation Biology, 4: 99–101.
Dickinson, E.C. (ed) (2003): The Howard and Moore
Complete Checklist of the Birds of the World. 3rd
ed. – 1039 pp. London (Christopher Helm).
Dickinson, E.C. & Remsen Jr., J.V. (eds) (2013): The
Howard and Moore Complete Checklist of the
Birds of the World. Vol. 1: Non-passerines. 4th
ed. – 461 pp. Eastbourne (Aves Press).
Diester-Haass, L., Meyers, P.A. & Vidal, L. (2002):
The late Miocene onset of high productivity in the
Benguela Current upwelling system as part of a
global pattern. – Marine Geology, 180: 87–103.
Diester-Haass, L., Meyers, P.A. & Bickert, T. (2004):
Carbonate crash and biogenic bloom in the late
Miocene: Evidence from ODP Sites 1085, 1086,
and 1087 in the Cape Basin, southeast Atlantic
Ocean. – Paleoceanography, 19 (PA1007): 19 pp.
Dyke, G.J. & Walker, C.A. (2008): New Records of
Fossil ‘Waterbirds’ from the Miocene of Kenya. –
American Museum Novitates, 3610: 1–10.
Franz-Odendaal, T.A., Lee-Thorp, J.A. & Chinsamy, A. (2002): New evidence for the lack of C4
grassland expansions during the early Pliocene at
Langebaanweg, South Africa. – Paleobiology, 28:
378–388.
Franz-Odendaal, T.A., Kaiser, T.M. & Bernor, R.L.
(2003): Systematics and dietary evaluation of a
fossil equid from South Africa. – South African
Journal of Science, 99: 453–459.
Franz-Odendaal, T.A. & Solounias, N. (2004): Comparative dietary evaluations of an extinct giraffid
(Sivatherium hendeyi) (Mammalia, Giraffidae,
Sivatheriinae) from Langebaanweg, South Africa
(Early Pliocene). – Geodiversitas, 26: 675–685.
Fuchs, J., Ohlson, J.I., Ericson, P.G.P. & Pasquet, E.
(2006): Molecular phylogeny and biogeographic
history of the piculets (Piciformes: Picumninae). –
Journal of Avian Biology, 37: 487–496.

MANEGOLD ET AL.: AN EARLY PLIOCENE AVIFAUNA OF SOUTH AFRICA

– 146 –
Fuchs, J., Ohlson, J.I., Ericson, P.G.P. & Pasquet,
E. (2007): Synchronous intercontinental splits
between assemblages of woodpeckers suggested
by molecular data. – Zoologica Scripta, 36: 11–25.
Gelang, M., Cibois, A., Pasquet, E., Olsson, U.,
Alström, P. & Ericson, P.G.P. (2009): Phylogeny
of babblers (Aves, Passeriformes): major lineages, family limits and classification. – Zoologica
Scripta, 38: 225–236.
Gould, J. (1834): Character of a new species of plover
(Vanellus, L.), collected by Lieut. Allen in Western
Africa. – Proceedings of the Zoological Society
London, 1834: 45.
Govender, R., Chinsamy, A. & Ackermann, R. R.
(2012): Anatomical and landmark morphometric analysis of fossil phocid seal remains from
Langebaanweg, West Coast of South Africa. –
Transactions of the Royal Society of South Africa,
67: 135–149.
Haarhoff, P.J. (1988): A new fossil stork (Aves,
Ciconiidae) from the Late Tertiary of Langebaanweg, South Africa. – Annals of the South African
Museum, 97: 297–313.
Han, K.-L., Robbins, M.B. & Braun, M.J. (2010): A
multi-gene estimate of phylogeny in the nightjars
and nighthawks (Caprimulgidae). – Molecular
Phylogenetics and Evolution, 55: 443–453.
Harrison, C.J.O. (1980): Fossil birds from Afrotropical Africa in the collection of the British Museum
(Natural History). – Ostrich, 51: 92–98.
Harrison, J.A., Allan, D.G., Underhill, L.G., Herremans, M., Tree, A.J., Parker, V. & Brown, C.J.
(eds) (1997): The Atlas of Southern African birds.
Vol. 1: Non-passerines. – 758 pp. Johannesburg
(Bird Life South Africa).
Hartlaub, G. (1855): Beschreibung einiger neuen
[sic], von Herrn H. S. Pel, holländischem Residenten an der Goldküste, daselbst gesammelten
Vögelarten. – Journal für Ornithologie, 3:
353–360.
Heinrich, S., Zonneveld, K.A.F., Bickert, T. & Willems, H. (2011): The Benguela upwelling related to
the Miocene cooling events and the development
of the Antarctic Circumpolar Current: Evidence
from calcareous dinoflagellate cysts. – Paleoceanography, 26 (PA3209): 11 pp.
Hendey, Q.B. (1973): Fossil occurrences at Langebaanweg, Cape Province. – Nature, 244: 13–14.
Hendey, Q.B. (1978): Late Tertiary Mustelidae (Mammalia, Carnivora) from Langebaanweg, South
Africa. – Annals of the South African Museum, 76:
329–357.
Hendey, Q.B. (1981): Palaeoecology of the Late
Tertiary fossil occurrences in ‘E’ Quarry, Langebaanweg, South Africa, and a reinterpretation of
their geological context. – Annals of the South
African Museum, 84: 1–104.

Hendey, Q.B. (1982): Langebaanweg – A Record of
Past Life. – 71 pp. Cape Town (South African
Museum).
Joseph, L., Toon, A., Schirtzinger, E.E., Wright, T.F.
& Schodde, R. (2012): A revised nomenclature
and classification for family-group taxa of parrots
(Psittaciformes). – Zootaxa, 3205: 26–40.
Ksepka, D.T. & Clarke, J.A. (2010): The basal penguin (Aves: Sphenisciformes) Perudyptes devriesi
and a phylogenetic evaluation of the penguin fossil record. – Bulletin of the American Museum of
Natural History, 337: 1–77.
Ksepka, D.T. & Thomas, D. (2012): Multiple Cenozoic
invasions of Africa by penguins (Aves, Sphenisciformes). – Proceedings of the Royal Society B,
279: 1027–1032.
Latham, J. (1790): Index ornithologicus, Vol. 2. – 455
pp. London (Leigh & Sotheby).
Leakey, L.S.B. (1965): 1: Olduvai Gorge 1951–1961:
A preliminary report on the geology and fauna. –
117 pp. Cambridge (Cambridge University Press).
Linenaus, C. (1766): Systema naturae, 12th ed. – 532
pp. Stockholm (Laurentius Salvius).
Louchart, A. (2003): A true peafowl in Africa. – South
African Journal of Science, 99: 368–371.
Louchart, A., Mourer-Chauviré, C., Vignaud, P.,
MacKaye, H.T. & Brunet, M. (2005a): A finfoot from the Late Miocene of Toros Menalla
(Chad, Africa): Palaeobiogeographical and palaeoecological implications. – Palaeogeography,
Palaeoclimatology, Palaeoecology, 222: 1–9.
Louchart, A., Vignaud, P., Likius, A., MacKaye, H.T.
& Brunet, M. (2005b): A new swan (Aves: Anatidae) in Africa, from the latest Miocene of Chad
and Libya. – Journal of Vertebrate Paleontology,
25: 384–392.
Louchart, A., Haile-Selassie, Y., Vignaud, P., Likius,
A. & Brunet, M. (2008): Fossil birds from the
Late Miocene of Chad and Ethiopia and zoogeographical implications. – Oryctos, 7: 147–167.
Lovette, I. J. & Rubenstein, D.R. (2007): A comprehensive molecular phylogeny of the starlings
(Aves: Sturnidae) and mockingbirds (Aves: Mimidae): Congruent mtDNA and nuclear trees for a
cosmopolitan avian radiation. – Molecular Phylogenetics and Evolution, 44: 1031–1056.
Manegold, A. (2010a): First evidence for a nightjar
(Caprimulgidae, Aves) in the early Pliocene of
Langebaanweg, South Africa. – Palaeobiodiversity and Palaeoenvironments, 90: 163–168.
Manegold, A. (2010b): Two swallow species from the
Early Pliocene of Langebaanweg (South Africa). –
Acta Palaeontologica Polonica, 55: 765–768.
Manegold, A. (2013): Two new parrot species
(Psittaciformes) from the early Pliocene of Langebaanweg (South Africa) and their palaeoecological
implications. – Ibis, 155: 127–139.
SAPE Proceedings 2013

– 147 –
Manegold, A. & Louchart, A. (2012): Biogeographic
and paleoenvironmental implications of a new
woodpecker species (Aves, Picidae) from the early
Pliocene of South Africa. – Journal of Vertebrate
Paleontology, 32: 926–938.
Matthews, T., Denys, C. & Parkington, J.E. (2007):
Community evolution of Neogene micromammals from Langebaanweg ‘E’ Quarry and other
west coast fossil sites, south-western Cape, South
Africa. – Palaeogeography, Palaeoclimatology,
Palaeoecology, 245: 332–352.
Matthews, T. & Stynder, D.D. (2011): An analysis of
two Myosorex species (Soricidae) from the Early
Pliocene site of Langebaanweg (West coast, South
Africa) using geometric morphometrics, linear
measurements, and non-metric characters. – Geobios, 44: 87–99.
Milne-Edwards, A. (1871): Recherches anatomiques
et paléontologiques pour servir à l’histoire des
oiseaux fossiles de la France. Vol. 2. – 627 pp.
Paris (Victor Masson et Fils).
Moreau, R.E. (1948): Aspects of evolution in the parrot genus Agapornis. – Ibis, 90: 206–239.
Mourer-Chauviré, C. (1992): Les gangas (Aves,
Columbiformes, Pteroclidae) du Paleogene et du
Miocène inferieur de France. – Palaeovertebrata,
22: 73–98.
Mourer-Chauviré, C. & Geraads, D. (2008):
The Struthionidae and Pelagornithidae (Aves:
Struthioniformes, Odontopterygiformes) from
the late Pliocene of Ahl al Oughlam, Morocco. –
Oryctos, 7: 169–187.
Ndithia, H. & Perrin, M.R. (2006): Diet and foraging
behaviour of the Rosy-faced Lovebird Agapornis
roseicollis in Namibia. – Ostrich, 77: 45–51.
Olson, S.L. (1983): Fossil seabirds and changing
marine environments in the late Tertiary of South
Africa. – South African Journal of Science, 79:
399–402.
Olson, S.L. (1984): A hamerkop from the Early
Pliocene of South Africa (Aves: Scopidae)
from Langebaanweg southwestern Cape Province. – Proceedings of the Biological Society of
Washington, 97: 736–740.
Olson, S.L. (1985a): Early Pliocene Procellariiformes
(Aves) from Langebaanweg, south-western Province, South Africa. – Annals of the South African
Museum, 95: 123–145.
Olson, S.L. (1985b): An Early Pliocene marine avifauna from Duinefontein, Cape Province, South
Africa. – Annals of the South African Museum, 95:
147–164.
Olson, S.L. (1985c): Early Pliocene ibises (Aves, Plataleidae) from south-western Cape Province, South
Africa. – Annals of the South African Museum, 97:
57–69.
Olson, S.L. (1985d): The fossil record of birds. In:

Farner, D.S., King, J.R. & Parkes, K.C. (eds):
Avian Biology, Vol. 8. – pp. 79–238. New York,
London (Academic Press).
Olson, S.L. (1994): Early Pliocene grebes, buttonquail, and kingfishers from south-western Cape
Province, South Africa (Aves: Podicipedidae,
Turnicidae, Halcyonidae). – Annals of the South
African Museum, 104: 49–61.
Olson, S.L. & Eller, K.G. (1989): A new species of
painted snipe (Charadriiformes: Rostratulidae)
from the Early Pliocene at Langebaanweg, southwestern Cape Province, South Africa. – Ostrich,
60: 118–121.
Olson, S.L. & Rasmussen, P.D. (2001): Miocene and
Pliocene birds from the Lee Creek Mine, North
Carolina. In: Ray, C.E. & Bohaska, D.J. (eds):
Geology and paleontology of the Lee Creek Mine,
North Carolina, Vol. III. – Smithsonian Contributions to Paleobiology, 90: 233–365.
Pallas, P.S. (1764): Adumbratiunculae avium variarum praecedenti Elencho insertarum, sed quae in
Systemate Naturae Illustr. Linnaei nondum extant.
In: Vosmaer, A. Catalogue raisonné, d’une collection supérieurement belle d’Oiseaux [...]. – pp.
1–7, La Haye.
Rich, P.V. (1974): Significance of the Tertiary avifaunas from Africa (with emphasis on a mid to late
Miocene avifauna from southern Tunisia). – Annals
of the Geological Survey of Egypt, 4: 167–210.
Rich, P.V. (1980): Preliminary report on the fossil avian remains from late Tertiary sediments at
Langebaanweg (Cape Province), South Africa. –
South African Journal of Science, 76: 166-170.
Rich, P.V. & Haarhoff, P.J. (1985): Early Pliocene
Coliidae (Aves, Coliiformes) from Langebaanweg,
South Africa. – Ostrich, 56: 20–41.
Roberts, D.L., Matthews, T., Herries, A.I.R.,
Boulter, C., Scott, L., Dondo, C., Mtembi, P.,
Browning, C., Smith R.M.H., Haarhoff, P.J. &
Bateman, M.D. (2011): Regional and global context of the Late Cenozoic Langebaanweg (LBW)
palaeontological site: West Coast of South Africa.
– Earth-Science Reviews, 106: 191–214.
Rommerskirchen, F., Condon, T., Mollenhauer,
G., Dupont, L. & Schefuss, L. (2011): Miocene
to Pliocene development of surface and subsurface temperatures in the Benguela Current
System. – Paleoceanography, 26 (PA3216): 15 pp.
doi:10.1029/2010PA002074.
Rossouw, L., Stynder, D.D. & Haarhoff, P. (2009):
Evidence for opal phytolith preservation in the
Langebaanweg ‘E’ Quarry Varswater Formation
and its potential for palaeohabitat reconstruction. –
South African Journal of Science, 105: 223–227.
Sanders, W.J. (2007): Taxonomic review of fossil
Proboscidea (Mammalia) from Langebaanweg,
South Africa. – Transactions of the Royal Society

MANEGOLD ET AL.: AN EARLY PLIOCENE AVIFAUNA OF SOUTH AFRICA

– 148 –
of South Africa, 62: 1–16.
Scott, L. (1995): Pollen evidence for vegetational
and climatic change in Southern Africa during the
Neogene and Quaternary. In: Vrba, E.S., Denton,
G.H., Partridge, T.C. & Burckle, L.H. (eds): Paleoclimate and evolution with emphasis on human
origins. – pp. 65–75, Yale (Yale University Press).
Short, L.L. & Horne, J.F.M. (2002): Family Indicatoridae (Honeyguides). In: del Hoyo, J., Elliot,
A. & Sargatal, J. (eds): Handbook of the Birds of
the World. Vol. 7. Jacamars to Woodpeckers. – pp.
274–295, Barcelona (Lynx Edicions).
Simpson, G.G. (1971): Fossil penguin from the
late Cenozoic of South Africa. – Science, 171:
1144–1145.
Simpson, G.G. (1973): Tertiary penguins (Sphenisciformes, Spheniscidae) from Ysterplaats [sic],
Cape Town, South Africa. – South African Journal
of Science, 69: 342–344.
Simpson, G.G. (1979a): A new genus of Late Tertiary
penguin from Langebaanweg, South Africa. –
Annals of the South African Museum, 78: 1–9.
Simpson, G.G. (1979b): Tertiary penguins from the
Duinefontein site, Cape Province, South Africa. –
Annals of the South African Museum, 79: 1–17.
Smith, A. (1836): Report of the Expedition for Exploring Central Africa from the Cape of Good Hope,
June 23, 1834, under the Superintendence of A.
Smith. – 68 pp. Cape Town (Goverment Gazette
Office).
Stidham, T.A. (2006): Parrots (Aves: Psittaciformes)
from the Miocene [sic] Varswater Formation,
Langebaanweg, South Africa. – African Natural
History, 2: 198–199.
Stynder, D.D. (2011): Fossil bovid diets indicate a
scarcity of grass in the Langebaanweg ‘E’ Quarry
(South Africa) late Miocene/early Pliocene environment. – Paleobiology, 37: 126–139.
Temminck, C.J. (1815): Historie naturelle générale des
pigeons et des gallinacés, Vol. 3. – 757 pp. Amsterdam (J.C. Sepp & Fils).

Thomas, D. & Ksepka, D.T. (2013): A history of shifting fortunes for African penguins. – Zoological
Journal of the Linnean Society, 168: 207–219.
Ungar, P.S., Merceron, G. & Scott, R.S. (2007):
Dental microwear texture analysis of Varswater
bovids and early Pliocene paleoenvironments of
Langebaanweg, Western Cape Province, South
Africa. – Journal of Mammalian Evolution, 14:
163–181.
Walsh, S.A. & Suarez, M.E. (2006): New penguin
remains from the Pliocene of Northern Chile. –
Historical Biology, 18: 115–126.
Warburton, L.S. & Perrin, M.R. (2005): Foraging behaviour and feeding ecology of the
Black-cheeked Lovebird Agapornis nigrigenis in
Zambia. – Ostrich, 76: 118–129.
Werdelin, L. (2006): The position of Langebaanweg
in the Evolution of Carnivora in Africa. – African
Natural History, 2: 201–202.
Werdelin, L. (2010): Chronology of Neogene mammal localities. In: Werdelin, L. & Sanders, W.J.
(eds): Cenozoic Mammals of Africa. – pp. 27–43,
Berkley, Los Angeles, London (University of California Press).
Werdelin, L. & Sanders, W.J. (eds) (2010): Cenozoic
Mammals of Africa. – 986 pp. Berkley, Los Angeles, London (University of California Press).
Wilson D.E. & Reeder, D.M. (eds) (2005): Mammal
Species of the World. A Taxonomic and Geographic Reference. 3rd ed. – 2142 pp. Baltimore
(Johns Hopkins University Press).
Winkler, D.W. & Sheldon, F.H. (1993): Evolution of
nest construction in swallows (Hirundinidae): A
molecular phylogenetic perspective. – Proceedings of the National Academy of Sciences USA, 90:
5705–5707.

SAPE Proceedings 2013

– 149 –
Appendix
TABLE 1. Bird taxa of the Upper Varswater Formation at Langebaanweg, earliest Pliocene of South Africa, and
their likely preferential habitat types. As far as possible, the number of specimens (n) followed by the estimated
minimum number of individuals (mni) is given for each species. Only rough estimates are given for certain taxa
such as ducks, geese and swans (Anatidae), cormorants (Phalacrocoracidae), and birds of prey (Accipitridae).
No hypotheses on the probable habitat types of the fossil representatives of birds of prey, doves and pigeons
(Columbidae), owls (Strigidae), swallows (Hirundinidae), and swifts (Apodidae) are given because of their diverse habitat preferences.

Taxon
Struthioniformes, Struthionidae
Struthio cf. asiaticus Milne-Edwards, 1871

possibly another Struthio sp.
Galliformes, Phasianidae
Francolinus sp.
Dendroperdix aff. sephaena (A. Smith, 1836)
cf. Coturnix sp.
Anseriformes, Anatidae
Anatidae gen. et sp. indet., sp. A, small
Anatidae gen. et sp. indet., sp. B, small/
medium
Anatidae gen. et sp. indet., sp. C, medium/
large
cf. Afrocygnus sp.
Sphenisciformes, Spheniscidae
Inguza predemersus (Simpson, 1971)
Dege hendeyi Simpson, 1979a
Nucleornis insolitus Simpson, 1979b
Palaeospheniscus? huxleyorum Simpson,
1973

Abundance
n/mni
24/ <5

1/1

Habitat type

dry open grasslands, Rich (1980); Elzanowski et al.
savannah and/or arid (unpubl. data)
habitats, fynbos, marginally open woodlands

– / > 500

open savannah and
bushlands

Rare

open grasslands,
fynbos

– / > 40

7/2
14/3
2/2
Few

References

various fresh water
habitats

Rich (1980);Crowe (1992)
Rich (1980); Hendey (1981)

Rich (1980, unpubl. data);
Louchart, (unpubl. data)

marine

Simpson (1971, 1973, 1979a, b);
Olson (1983, 1985b); Ksepka &
Thomas (2012)

1/1

marine

Olson (1985a)

Procellariiformes, Oceanitidae (Oceanitinae)
Oceanites zaloscarthmus Olson, 1985a

176/23

marine

Olson (1985a)

Procellariiformes, Procellariidae
Pachyptila salax Olson, 1985a
Pachyptila sp. B
Pachyptila sp. C
Puffinus sp.
Procellariidae gen. et sp. indet.

203/20
2/2
4/3
3/3
1/1

marine

Olson (1985a)

Procellariiformes, Diomedeidae
Diomedea sp.
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Abundance
n/mni

Habitat type

Procellariiformes, Pelecanoididae
Pelecanoides cymatotrypetes Olson, 1985a

3/2

marine

Olson (1985a)

Podicipediformes, Podicipedidae
Podiceps? sp.

3/1

various fresh water
habitats
various fresh water
habitats

Olson (1994)

open savannah and
bushlands, fynbos?

Haarhoff (1988)

Taxon

Tachybaptus ruficollis (Pallas, 1764)

56/16

Ciconiiformes, Ciconiidae
Ciconia kahli Haarhoff, 1988

30/2

Ciconiiformes, Threskiornithidae
Geronticus apelex Olson, 1985c

15/2

Threskiornis aff. aethiopicus (Latham,
1790)

1/1

References

Olson (1994)

grasslands, open savan- Olson (1985c)
nah and bushlands
various fresh water Olson (1985c)
habitats, grasslands

Pelecaniformes, Scopidae
Scopus xenopus Olson, 1984

2/2

various fresh water
habitats

Pelecaniformes, Sulidae
Sula sp.

4/4

marine

Olson (1983, 1985b)

– / >25

marine?

Olson (1983, 1985b)

– / ca. 5

–
–

Rich (1980)

– /10

–

Rich (1980)

Pelecaniformes, Phalacrocoracidae
Phalacrocorax sp. A, small
Phalacrocorax sp. B, medium sized
Phalacrocorax sp. C, medium sized
Falconiformes, Falconidae
Falconidae gen. et sp. indet.
Accipitriformes, Accipitridae
Accipitridae, Aegypiinae gen. et. sp. indet.,
sp. A
Accipitridae gen. et. sp. indet., sp. B
Accipitridae gen. et. sp. indet., sp. C
Accipitridae gen. et. sp. indet., sp. D
Accipitridae gen. et. sp. indet., sp. E
Gruiformes, Otitidae
Otitidae gen. et sp. indet., sp. A, small
Otitidae gen. et sp. indet., sp. B, larger

16/ < 5

Gruiformes, Rallidae
several species; ranging from crake to Porphyrio size

– / <10

Gruiformes, Gruidae
Gruidae gen et. sp. indet.

2/2

Olson (1984)

dry open grasslands, Rich (1980); Louchart (unpubl.
scrubland, fynbos, data)
savannah and/or arid
habitats, marginally
open woodlands
various fresh water
habitats

Rich (1980); Olson (unpubl.
data)

wetlands, open grass- Rich (1980); Louchart (unpubl.
lands
data)
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Taxon
Charadriiformes, Turnicidae
Turnix cf. hottentottus Temminck, 1815

Abundance
n/mni
1/1

Charadriiformes, Burhinidae
Burhinidae gen. et sp. indet.

References

short, moist grasslands Olson (1994)
dry open grasslands, Rich (1980); Olson (unpubl.
fynbos, savannah and/ data), Louchart (unpubl. data.)
or arid habitats

Charadriiformes, Recurvirostridae
Himantopus sp.
Charadriiformes, Scolopacidae
aff. Gallinago sp.
Charadriiformes, Charadriidae
Charadrius sp. A, similar in size to
C. pecuarius
Charadrius sp. B, similar in size to
Pluvialis apricaria
Charadrius sp. C, smallest of all fossil
Charadrius
Charadrius sp. D, of the size of
C. marginatus
Charadrius sp. E, of the size of
C. placidus
Charadrius sp. F, of the size of
C. leschenaultii
Charadrius sp. H, of the size of
C. tricollaris
Charadrius sp. I, of the size of
C. mongolus
cf. Vanellus senegallus (Linneaus, 1766)
cf. Vanellus crassirostris (Hartlaub, 1855)
cf. Vanellus albiceps Gould, 1834
cf. Vanellus armatus (Burchell, 1822)
Charadriidae gen. et sp. indet., similar to
Vanellus (Stephanibyx) spp.
Charadriidae gen. et sp. indet., similar in
size to P. apricaria or larger

Habitat type

mni > 50

Charadriiformes, Rostratulidae
Rostratula minator Olson & Eller, 1989

16/4

Charadriiformes, Laridae
Larus sp. A, medium sized
Larus sp. B, large sp.
Sterna sp. A, medium sized
Sterna sp. B, larger

Rare
1/1
Few
Few

wetlands

Rich (1980); Olson (unpubl.
data)

open wetlands,
swamps, marshes

Rich (1980); Olson (unpubl.
data)

open wetlands, grass- Rich (1980); Olson (unpubl.
lands, seashores
data)

open wetlands,
swamps, marshes

marine?
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Taxon

Abundance
n/mni

Habitat type

References

Columbiformes, Pteroclidae
Pterocles sp. A
Pterocles sp. B

–/<5

Columbiformes, Columbidae
Columbidae gen. et sp. indet., sp. A
Columbidae gen. et sp. indet., sp. B

– /10

–

Psittaciformes, Psittacoidea
Agapornis attenboroughi Manegold, 2013

30/4

woodlands

Khwenena leopoldinae Manegold, 2013

6/5

woodland

Psittacoidea gen. et sp. indet., large

1/1

woodlands

– /10–15

–

124/26

open savannah and
bushlands

Rich & Haarhoff (1985)

2/1
1/1

wetlands
open savannah and
bushlands

Olson (1994)
Olson (1994)

Piciformes, Picidae
Australopicus nelsonmandelai Manegold &
Louchart, 2012

14/4

woodlands, forest

Manegold & Louchart (2012)

Piciformes, Indicatoridae
cf. Indicator sp. A
cf. Indicator sp. B

– /4

woodlands, forest

Olson (1985d); Louchart &
Manegold (unpubl. data)

1/1

–

1/1
– / >100

open woodlands?

Manegold (2010a)

3/3
2/2

Manegold (2010b)
Manegold (2010b)

1/1

–
–
woodlands?
woodlands?
woodlands

1/1

woodlands?

Strigiformes, Strigidae
Strigidae gen. et sp. indet., sp. A
Strigidae gen. et sp. indet., sp. B
Coliiformes, Coliidae
Colius hendeyi Rich & Haarhoff, 1985
Alcediniformes, Alcedinidae
Ceryle sp.
Halcyon sp.

Apodiformes, Apodidae
cf. Tachymarptis sp.
Caprimulgiformes, Caprimulgidae
Caprimulgidae gen. et sp. indet.
Passeriformes
Hirundinidae gen. et sp. indet., sp. A
Hirundinidae gen. et sp. indet., sp. B
Sturnidae gen. et sp. indet., sp. A
Sturnidae gen. et sp. indet., sp. B
Sturnidae gen. et sp. indet., sp. C,
aff. Cinnyricinclus leucogaster
Sylvioidea, gen. et sp. indet.

grasslands, open arid/ Rich (1980); Louchart (unpubl.
semiarid habitats
data)
Rich (1980)

Rich (1980, unpubl. data); Stidham (2006); Manegold (2013),
Rich (1980, unpubl. data); Stidham (2006); Manegold (2013)
Stidham (2006); Louchart (unpubl. data)
Rich (1980)

Rich (1980); Louchart (unpubl.
data)
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