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Late Pliocene climate changes have long been implicated in environmental
changes and mammalian evolution in Africa, but high-resolution examin-
ations of the fossil and climatic records have been hampered by poor
sampling. By using fossils from the well-dated Shungura Formation (lower
Omo Valley, northern Turkana Basin, southern Ethiopia), we investigate
palaeodietary changes in one bovid and in one suid lineage from 3 to
2 Ma using stable isotope analysis of tooth enamel. Results show unex-
pectedly large increases in C4 dietary intake around 2.8 Ma in both the
bovid and suid, and possibly in a previously reported hippopotamid
species. Enamel 6'°C values after 2.8 Ma in the bovid (Tragelaphus nakuae)
are higher than recorded for any living tragelaphin, and are not expected
given its conservative dental morphology. A shift towards increased C, feed-
ing at 2.8 Ma in the suid (Kolpochoerus limnetes) appears similarly decoupled
from a well-documented record of dental evolution indicating gradual and
progressive dietary change. The fact that two, perhaps three, disparate Plio-
cene herbivore lineages exhibit similar, and contemporaneous changes in
dietary behaviour suggests a common environmental driver. Local and
regional pollen, palaeosol and faunal records indicate increased aridity but
no corresponding large and rapid expansion of grasslands in the Turkana
Basin at 2.8 Ma. Our results provide new evidence supporting ecological
change in the eastern African record around 2.8 Ma, but raise questions
about the resolution at which different ecological proxies may be com-
parable, the correlation of vegetation and faunal change, and the
interpretation of low 513C values in the African Pliocene.

1. Introduction

Four decades of research have addressed the nature and magnitude of environ-
mental change on faunal evolution in Africa in the late Pliocene and early
Pleistocene. A major impediment to investigation has been a lack of well-
dated fossiliferous and sedimentary sequences that continuously sample the
3-2 Ma period and that could be precisely compared with global palaeoclimate
proxy records. Under the framework of the Omo Group Research Expedition
[1], we here explore palaeoecological change in Plio-Pleistocene eastern Africa
using dietary investigation of well-studied, phyletically evolving herbivore
species lineages across the 3—2 Ma period.

The suid Kolpochoerus limnetes and the bovid Tragelaphus nakuae (with its
immediate ancestor Tragelaphus rastafari) are phyletically evolving species
lineages that are well represented and well studied in Plio-Pleistocene deposits

© 2012 The Author(s) Published by the Royal Society. Al rights reserved.
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(a) Bovidae: Tragelaphus rastafari-Tragelaphus
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Figure 1. Enamel 5P and 50 values for the fossil (a) bovid and (b) suid specimens sampled. These are differentiated by stratigraphic level within the Shungura
Formation. Specimens from units (-4 and younger (i.e. <~2.8 Ma) are significantly enriched in 8'C relative to those from units B-10 and older.

of eastern Africa [2-5]. We used precisely dated fossils of
these lineages from the Shungura Formation in the lower
Omo Valley (northern Turkana Basin, southern Ethiopia),
which provides the single most continuous and best-dated
fossiliferous sequence of the 3—2 Ma time period anywhere
in Africa. We measured tooth enamel stable carbon and
oxygen isotope ratios in order to determine whether any
significant dietary changes had occurred that might be corre-
lated with local, regional or global palaeoenvironmental
signals. We also refer to enamel isotope values for two speci-
mens of the hippopotamid aff. Hippopotamus protamphibius
reported by Souron et al. [6].

2. Material and methods

Twenty-four bovid and 60 suid specimens were sampled at the
Authority for Research and Conservation of Cultural Heritage in
Addis Ababa. Around 20 mg of fossil enamel from each specimen
was treated with buffered acetic acid and reacted with anhydrous
H3PO,, with the resulting CO, analysed using a Finnigan MAT 252
isotopic ratio mass spectrometer. Stable carbon and oxygen isotope
ratios are reported as &-values relative to the Vienna Pee Dee
Belemnite (VPDB) standard using permil (%o) notation, where
613C = (Rsa.mple/ Retandard — 1) x1000; Rsample and Retandara are
the ®C/'C ratios (or 180 /%0 ratios in the case of 8180) in the
sample and in the standard, respectively, and the §"°C (or §'%0)
value of VPDB is defined as 0%o. Full details on materials and
methods can be found in the electronic supplementary material.

3. Results

Enamel 8'°C values in the Shungura bovid, suid and hippo-
potamid studied became more enriched by an average +4 %o
between units B-10 and C-4/C-5, or sometime between
2.97 Ma and just under 2.74 Ma (figures 1 and 2) [7]. 5180
values, while showing some changes in the mean and var-
iances among the different stratigraphic levels (especially in

the suids), do not show the type of directional change
observed in the §'°C data. Full results can be found in the
electronic supplementary material.

4. Discussion

We record a pronounced increase in enamel §7C around
2.8 Ma in both the bovid and suid lineages studied (figure 1).
Although only two Shungura hippopotamid specimens were
sampled by Souron et al. [6], the timing, direction and magni-
tude of the change in enamel 8"°C match those of the bovid
and suid. Such large (greater than + 4%o) increases in §'°C
indicate significantly increased dietary intake of C, plant
resources in a relatively short time frame, or not more than
(and perhaps much less than) 300000 years (figure 2). In the
bovid lineage, the 8"°C shift is contemporaneous with a
recently recognized taxonomic boundary between chronospe-
cies T. nakuae (younger than around 2.8 Ma) and T. rastafari
(older than 2.8 Ma) [3]. However, taxonomic differentiation
was made mainly on the basis of braincase morphology,
with no obvious indications of any dentognathic changes
that might suggest a change in dietary behaviour. Enamel
8'3C values in T. nakuae are also higher than recorded among
living tragelaphin species [11], but the significance of this is
difficult to interpret without related dental wear data (see the
electronic supplementary material, section discussion).
Findings for mixed feeding or grazing behaviours in the
suid and hippopotamid are not unexpected given the dietary
preferences of these animals today, as well as their dental mor-
phologies, which permit an abrasive and grass-based diet.
What is surprising is the rapidity of the dietary shift implied
by the 83C data. Dental evolution in K. limnetes, such as
other suid lineages of the Plio-Pleistocene, is progressive, with
gradual lengthening of the third molars, premolar row
reduction and increases in hypsodonty and body size indicating
long-term adaptation to an increasingly abrasive diet [2,5]. Mor-
phological changes around 2.8 Ma are not especially significant
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Figure 2. Local palaeoenvironmental indicators in the Shungura Formation from 3.2 to 2.0 Ma. (a) Palaeosol stable carbon isotopes [8], grass pollen percentages [9]
and proportions of mammals indicative of secondary grassland habitats [10]. (b) Fossil enamel stable carbon isotopes show a large increase in enamel &"C around
2.8 Ma indicating palaeodietary change. The 8"C increase, however, is not correlated with the expansion of grassland habitats and loss of tree cover, or with
proportional increases in grazing mammals. Different ecological proxies, however, may be sampling different spatial and temporal scales.

compared with those observed at other times in this lineage’s
evolution, and our data suggest a major dietary shift at
2.8 Ma that is decoupled from the long and gradual evolution-
ary progression indicated by the dentognathic morphological
data. Like the suid, the aff. Hippopotamus protamphibius lineage
shows gradual elongation of its third molars over time [12],
and a large dietary shift in this lineage, if confirmed by further
sampling, would be similarly significant.

Although similar to previously reported 5'3C increases in
late Miocene herbivores [13], exact dietary interpretations for
our data and any resulting inferences about the balance of
grasslands to woodlands are confounded by evidence that
C; grasses may have made up a larger proportion of lowland
African vegetation biomass during the Pliocene than they do
today [14]. In the absence of further data (e.g. dental wear,
phytoliths), it is not possible to rule out the presence and
exploitation of C; grasses in the lower Omo Valley prior to
2.8 Ma. The 6°C increase may therefore represent either a
significant replacement of trees by grasses (with impacts on
herbivore dietary strategies), or a less remarkable replace-
ment of pre-existing Cz grasses by C, grasses (with limited
or no change in dietary behaviour). Broader faunal isotopic
sampling along with studies of dental wear should be able
to further test these scenarios.

That a pronounced increase in dietary 8'3C took place
contemporaneously in two, possibly three, ecologically
distinct herbivore lineages opens the possibility of a
common environmental driver. Numerous faunal, botanical

and palaeoclimate proxy records have identified 2.8-2.5 Ma
as a period of drying in Africa [15-17]. In the Shungura
mammalian fossil record, 2.8 Ma coincides with a period of
elevated ecological and taxonomic turnover that reflects
increased aridity and a reduction in humid-forested environ-
ments [10,18]. However, mammalian, pollen and palaeosol
isotope records also indicate that habitats in the lower Omo
Valley during this time remained relatively mesic with no
indications of significant grassland habitat expansion until
2.6 Ma or later (figure 2) [8-10]. Some of these differences
might be explained by factors affecting the spatial and tem-
poral scaling of the different proxy methods. For example,
the stability of the Omo watershed, which supported mesic
riparian environments somewhat buffered against regional
aridification that more strongly affected areas peripheral to
the river itself [8,10,19], or selective feeding by herbivores
that might target rare vegetation types or areas peripheral
to the river axis. At face value, however, the raw data suggest
that vegetation, faunal and evolutionary responses between
3 and 2.5Ma in the lower Omo Valley may have been
decoupled on the order of 100 ka or more.

Similar analyses should be extended to other African
fossil faunas in order to determine whether the §'°C increase
we record was part of a broader pulse of late Pliocene eco-
logical change or was restricted to the lower Omo Valley.
Regional comparisons are currently limited, but the available
palaeosol and enamel stable isotope records [8,20—23] from
the nearby Nachukui and Koobi Fora formations, while
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indicating net increases in aridity and C, biomass through
time, show no evidence for a large and step-like shift
around 2.8 Ma. This suggests that the dietary changes we
observe may have been restricted to the lower Omo Valley,
providing another example of how these faunas, located
within the same depositional basin, differed ecologically.
Neither the rate nor the magnitude of the dietary changes
we record (especially in Tragelaphus) were to be expected
from existing lines of contextual evidence, including dental
morphology, faunal turnover, and the palaeosol and palaeo-
botanical proxy records. Our findings do support previous
indications of net change towards increasingly arid habitats
in the late Pliocene of eastern Africa, in concert with global
and regional climatic records, with the additional indication
that major evolutionary responses such as dietary changes,

C, grassland expansion, faunal reorganization and functional
adaptation may not have been tightly coupled, even within a
single depositional basin.
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University of Ttibingen; C. Blondel, A. Novello and T. White for dis-
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de 1’Archéologie/French Embassy in Ethiopia/CFEE), the Fyssen
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Fellowship (to E.B.). This study was authorized by the Authority for
Research, Conservation and Cultural Heritage (Ethiopian Ministry of
Culture and Tourism).

40Ar/39Ar ages improve time scale for deposition of
the Omo Group, Omo-Turkana Basin, East Africa.
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