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A B S T R A C T

Key evolutionary events in hominin evolution occurred between

3.5 and 2.4 Ma, including the origins of flaked tool technology and

the first appearance of the genera Homo and Paranthropus. This

period remains poorly understood, however, because deposits of

this age are rarely exposed across Africa. The Luangwa River Valley

of eastern Zambia is part of the southernmost extension of the East

African Rift System; a fossil femur from South Luangwa, identified

as Theropithecus cf. darti, hints at the presence of fossiliferous beds

of this age in the Luangwa Valley. Additionally, Middle Pleistocene

fossils and Early and Middle Stone Age artifacts have also been

recovered in sediments adjacent to the Luangwa River. Fossils from

these deposits could contribute data on the diversification of

hominins and mammals that occurred during the Plio-Pleistocene.

The Luangwa River also supports a rich modern mammalian
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community that represents a critical analogue for reconstructing

hominin paleoenvironments. However, no systematic ecological

characterizations of living or past mammalian communities of the

Luangwa River Valley have been completed. The newly initiated

Zambia Rift Valley Research Project (ZRVRP) will analyze the

ecology of modern and fossil Luangwa River mammalian and

human communities using dental microwear, enamel and collagen

isotopic composition, the distribution of bones, fossils, and

vegetation on the landscape, and archaeological materials.

Patterns of paleoenvironmental change, climatic seasonality, and

hominin landscape use over time will provide important

comparative context for other Plio-Pleistocene sites. Here, we

describe the goals, methods, and community engagement of the

ZRVRP, and some challenges involved in launching new paleoan-

thropological field research.
�C 2023 Elsevier Masson SAS. All rights reserved.
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R É S U M É

Les événements évolutifs, clés de l’évolution des hominines, se sont

produits entre 3,5 et 2,4 millions d’années, y compris les origines de

la technologie oldowayenne, des industries sur éclats et la première

apparition des genres Homo et Paranthropus. Cette période est

encore peu comprise, car les gisements de cet âge sont rarement

exposés à travers l’Afrique. La vallée de la rivière Luangwa, dans l’Est

de la Zambie, fait partie de l’extension la plus au sud du système du

rift Est-Africain ; un fémur fossile découvert dans la partie sud de la

rivière Luangwa, identifié comme Theropithecus cf. darti, suggère la

présence de gisements fossilifères de cet âge dans la vallée de la

Luangwa. De plus, des fossiles du Pléistocène moyen et des artefacts

du Paléolithique inférieur et moyen ont également été retrouvés

dans les sédiments adjacents de la rivière Luangwa. Les fossiles de

ces gisements pourraient apporter des données sur la diversité des

hominines et des mammifères au cours du Plio-Pléistocène. La

rivière Luangwa abrite également une riche communauté de

mammifères modernes qui représente un parallèle important pour

la reconstruction des paléoenvironnements des hominidés. Cepen-

dant, aucune caractérisation écologique systématique des commu-

nautés de mammifères vivantes ou passées de la vallée de la rivière

Luangwa n’a été réalisée. Le projet de recherche sur la vallée du Rift

en Zambie (ZRVRP), récemment lancé, analysera l’écologie des

communautés de mammifères et d’humains modernes et fossiles de

la rivière Luangwa à l’aide de micro-usures dentaires, de la

composition isotopique de l’émail et du collagène, des distributions

des os, des fossiles et de la végétation dans le paysage et des

matériaux archéologiques. Les schémas de changement paléoenvi-

ronnemental, la saisonnalité climatique et l’utilisation du paysage

par les hominidés au fil du temps fourniront un contexte comparatif

important pour d’autres sites du Plio-Pléistocène. Ici, nous

décrivons les objectifs, les méthodes et l’engagement communau-

taire du ZRVRP, ainsi que certains défis liés au lancement de

nouvelles recherches paléoanthropologiques sur le terrain.
�C 2023 Elsevier Masson SAS. Tous droits réservés.
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1. Introduction

Most Pliocene hominin localities are associated with East African Rift System (EARS) exposures in
Ethiopia, Kenya, and northern Tanzania (Cerling et al., 2013; Feibel et al., 1989; Haile-Selassie et al.,
2015). A handful of Pliocene-aged hominin bearing karstic sites are also documented in South Africa
(Pickering et al., 2019). But, in the 2500 km between these two regions, there is virtually no fossil
record of hominin evolution. The southern extent of the EARS – in Mozambique, Malawi, and eastern
Zambia – would have been an important Pliocene biogeographic connection between eastern,
western, and southern Africa; however, it remains comparatively unexplored. Intriguingly, fossils
attributed to Homo and Paranthropus are known from the oldest Pleistocene sediments in Malawi (e.g.,
Kullmer et al., 1999; Lüdecke et al., 2018). These southernmost branches of the EARS would have been
dispersal corridors, may have influenced resource availability for hominins, such as early Homo and
Paranthropus, and provided paleohabitats that are distinct from those in eastern and southern Africa
(Cerling et al., 2013; Lüdecke et al., 2018; Joordens et al., 2019; Martı́nez et al., 2016).

The Zambia Rift Valley Research Project (ZRVRP) is exploring fossil localities in the South Luangwa
National Park located in the Luangwa River Valley of eastern Zambia to identify Plio-Pleistocene fossil
and archaeological deposits. Additionally, the ZRVRP is systematically characterizing both the ancient
and modern habitats associated with the seasonally flooded Luangwa River to provide comparative
contexts for the Plio-Pleistocene movement, diversification, and adaptations of hominins. Here, we
describe the goals, methods, and community engagement of the ZRVRP, and some challenges involved
in launching new paleoanthropological field research.

2. Background

Major central African river valleys would have provided biogeographical connections for ancient
hominins and other mammalian groups, offering dispersal corridors into and across regions with
variable environments (Bishop et al., 2016; Bobe, 2006; Kingdon, 2003; Strait and Wood, 1999). One
such underexplored possible corridor is the Luangwa Valley in eastern Zambia. The Luangwa River, a
tributary of the Zambezi, is one the last undammed large rivers in Africa (Gilvear et al., 2000). For more
than 700 km, the Luangwa flows unimpeded through a northeast/southwest-oriented valley that is a
southern extension of the Eastern African Rift System (Fig. 1). To the west of the river, the rugged
Muchinga Escarpment, with a high point �1,850 m above sea level, forms a steep elevation, rainfall,
and temperature gradient relative to the floor of the valley. Most human and animal populations today
occupy the lower and warmer valley floor (Anderson et al., 2015). Fossil and archaeological records
show that many areas of the southern part of EARS have been inhabited by rich mammalian
communities, including hominins, for millennia (e.g., Bromage et al., 1995; Kullmer et al., 2011;
Lüdecke et al., 2018, 2016a, 2016b). The Luangwa River Valley, though less studied, also has a rich
record of prehistory (e.g., Barham et al., 2011; Bishop et al., 2016).

The Luangwa Valley is also an important center of biodiversity conservation, featuring several large
national parks (e.g., South Luangwa and North Luangwa) and numerous protected areas. Given its high
modern biodiversity, including numerous endemic species, the Luangwa Valley is an important
resource and potential analogue for understanding the environments and ecosystems, especially
seasonal riverine habitats, associated with human evolution (Chidakel et al., 2021; Child, 2012). Due to
its accessibility and infrastructure, the ZRVRP is focusing on fossil and modern bone collections and
mammal community analysis characterizing the stretch of the Luangwa River that is currently
protected by the South Luangwa National Park.

2.1. The Pliocene in the southern EARS

While a gap in the hominin fossil record exists between �2.9 and 2.5 Ma at most hominin localities
in the eastern Rift (Harrison, 2011; Suwa et al., 1996; Walker et al., 1986), recent discoveries in
Ethiopia have pushed the oldest evidence of Homo to �2.8 Ma (Villmoare et al., 2015) and increased
the known taxonomic diversity of Pliocene hominins (Haile-Selassie et al., 2015; Levin et al., 2015;
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poor et al., 2016). Global cooling during this time interval, leading to drastic regional and local
limate changes, is proposed as a catalyst for the origin of Homo and Paranthropus (deMenocal, 2004,
995; Potts and Faith, 2015; Trauth et al., 2007; Vrba, 1988). But these new discoveries provide only a

igure 1. The full extent of the EARS, including the southernmost branch in Zambia. The Luangwa Valley is indicated on the map

ith a yellow star (adapted from Carr, 2017).
´tendue du système du Rift Est-Africain, y compris la partie la plus au sud de la Zambie. La vallée de Luangwa est indiquée sur la carte

ar une étoile jaune (adapté de Carr, 2017).
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limited spatial, temporal, and ecological window into the processes that drove these genera to evolve
along separate trajectories. Identifying new fossiliferous exposures in the central and southern extent
of the EARS would add critical knowledge about regional environmental shifts and provide new
environmental and biogeographic context for the striking morphological and phylogenetic
diversification of hominins during the late Pliocene and early Pleistocene (Wood and Strait, 2004).

The Karonga Basin of Malawi, an extension of EARS (Fig. 1), provides an example of the potential for
sites in central Africa to yield novel information about hominin evolution. There, representatives of
early Homo and Paranthropus are found in sediments that are �2.4 Ma (Bromage et al., 1995; Kullmer
et al., 2011). Stable isotope analyses of the local paleosols and fossil tooth enamel suggest that the
paleohabitats and dietary strategies of these south-central African hominins differed from those of
their northern counterparts. The Malawi hominins appear to have relied on wetter, more forested
habitats and consumed a higher percentage of C3 plant resources than contemporaneous eastern
African hominin taxa. Particularly striking are the carbon isotopes of Paranthropus in Malawi, which
suggest primarily C3 resource consumption whereas co-eval Paranthropus in eastern Africa specialized
in C4 resources (Lüdecke et al., 2016b). This hints at differing realized niches between Paranthropus in
the two regions. Further, the environments of eastern Africa are associated with shifting and spreading
grasslands, whereas environments in Malawi were more wooded during contemporaneous periods
(e.g., Lüdecke et al., 2016b; Ségalen et al., 2007). The combined evidence from eastern Africa and
Malawi thus suggests adaptations to versatile ecosystems with varying resource availability and/or
selective foraging strategies in early Homo and Paranthropus. The opportunity to compare
paleoenvironments of regional hominin populations provides insight into this behavioral flexibility.
Questions about how early Homo and Paranthropus divided niche space – in both eastern and central
Africa – remain (Wood and Strait, 2004). The ZRVRP seeks to fill this critical gap in the fossil and
biogeographic record.

2.2. History of paleoanthropological research in Zambia

Relative to long-term eastern and southern Africa exploration, Zambian prehistory receives
relatively less attention today. But this has not always been the case. In 1924, the Taung child provided
the first fossil of Australopithecus africanus and revealed the potential of Africa as a center of hominin
evolution, yet hominin fossil discoveries in Zambia were made even earlier. The Broken Hill (Kabwe)
cranium and associated fossils were discovered in 1921 as part of mining activities in the British
protectorate of Northern Rhodesia (now part of Zambia) (Woodward, 1921). Initially called Homo

rhodesiensis, the taxonomy (and age) of the Kabwe cranium is a point of debate; it could represent an
early member of our species, Homo sapiens, or an extinct cousin that lived around 300,000 years ago
(Grün et al., 2020; McBrearty and Brooks, 2000; Millard, 2008; Rightmire, 2001). The pioneering
archaeological investigations of J. Desmond Clark, based at the Livingstone Museum from 1938 to
1961, revealed stone tool cultures in Zambia that stretch from the recent to the Acheulian (e.g., Clark,
1950). Though the hominin fossil evidence is not abundant in Zambia, the archaeological record
reveals the widespread presence of hominins in deep time.

The early archaeological record in Zambia is better documented than the fossil evidence, and
includes both Early and Middle Stone Age (MSA) technologies (Barham, 2002; Barham et al., 2011;
Barham and Smart, 1996). Indeed, some of the earliest MSA artifacts in Africa (�300 ka) have been
collected from Zambian sites, including Broken Hill/Kabwe (Barham et al., 2002), Twin Rivers (Barham
et al., 2000; Oakley, 1954), Mumbwa Caves (Barham, 2002; Macrae, 1926), Kalambo Falls (Barham
et al., 2015; Clark, 1974, 1969; Duller et al., 2015), and in the Luangwa River Valley (Barham et al.,
2015). The early MSA across Africa is noteworthy because it marks the development of new lithic
technologies, including blades and backed tools linked with the development of composite tools
(Barham, 2002; McBrearty and Brooks, 2000) and, in South Africa, the earliest evidence of hafting at
�300 ka (Wadley and Mohapi, 2008). However, MSA industries of Zambia tend not to be linked
morphologically to those from sites located farther to the south, like the Still Bay or Howieson’s Poort
(Barham et al., 2002; Jacobs and Roberts, 2017), despite evidence that MSA travel and trading
networks were quite large (Nash et al., 2016). The archaeological and earlier paleoanthropological
records of Zambia thus fall in a uniquely south-central African space with the potential to provide
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mportant temporal and spatial continuity between the historically more productive records in
outhern and eastern Africa.

.3. Paleontology and archaeology of the Luangwa Valley, Zambia

In the Luangwa River Valley, the discovery of a femur identified as Theropithecus cf. darti (Elton
t al., 2003), a biochronologically sensitive species, suggests that sediments sampling the �2.9–
.5 Ma time period – key to understanding the origins of Homo and Paranthropus – are preserved.
ossil Theropithecus is widespread in the African fossil record, but T. darti is constrained to �3.5–
.4 Ma (Jablonski and Frost, 2010; Shapiro et al., 2016). Though Elton et al. (2003) analysis correctly
ighlighted the Theropithecus character of the Luangwa femur, our preliminary analysis reveals that

t is not shaped like extant Theropithecus; it does, however, cluster near other purported femora of
xtinct Theropithecus in shape space (Eason et al., 2023). Additional abundant fossil faunal remains
ere collected from secondary surface contexts in the Luangwa River Valley through survey efforts

etween 1999 and 2006, including specimens identified to Loxodonta, Hippopotamus, Phacochoerus,
otamochoerus, and Equus (Bishop et al., 2016; Villaseñor et al., 2023). Though only the fossil femur
urported to belong to Theropithecus may sample an extinct taxon, several taxa described by Bishop
t al. (2016) do not currently range into the modern Luangwa Valley and river system, suggesting
hat fossil specimens are eroding from ancient deposits that may be Early and Middle Pleistocene in
ge.

To date, there is nearly no fossil evidence for hominins in the Luangwa Valley. Along the Luangwa
iver Valley in South Luangwa National Park, a relatively complete, partially fossilized hominin talus
as discovered and attributed to late Homo (Bishop et al., 2016). Shape analyses indicate an affinity
ith modern populations from southern Africa, but an identification as Late Pleistocene Homo has not

een ruled out (Bishop et al., 2016). In contrast, abundant fossil faunal remains have been recovered
rom secondary surface contexts on the beaches (point bar deposits) of the Luangwa River. Taxa
nclude both modern and extinct species, suggesting that Pliocene to Middle Pleistocene deposits are
ampled along with more recent fauna. The mammalian assemblage produces a paleoenvironmental
ignal similar to the contemporary river valley environment, although the presence of species no
onger found in South Luangwa suggests past shifts in vegetation, possibly linked to environmental
hange (Bishop et al., 2016).

Paleolithic archaeological sites, some as ancient as one million years old, are documented in the
uangwa Valley and on its margins (Barham et al., 2011; Colton et al., 2021). These sites document the
ersistent presence of prehistoric ‘‘paleolithic’’ humans and their ancestors who engaged in a hunter/
atherer lifestyle. Iron age artifacts, like pottery, appear in the central Luangwa Valley by ca. 400 AD,
nd possibly earlier; these are argued to be associated with agricultural populations (Barham and
arman, 2005), which may have co-occupied the valley with hunter-gatherer groups until the mid-
9th century (Barham, 2006).

.4. Modern environments in the Luangwa Valley

The Luangwa River Valley may serve as an important analog for Plio-Pleistocene hominin habitats.
he valley is a target of biodiversity conservation and research; about 16,800 km2 are currently set
side in four national parks (NPs): North Luangwa, South Luangwa, Luambe, and Lukusuzi. North and
outh Luangwa NPs are large and mostly bounded on their eastern edges by the Luangwa River; the
uch smaller Luambe NP sits between them on the eastern side of the river. Though the protected

reas are intensely managed today, the mammalian community of the Luangwa Valley is ecologically
nfluenced by recent events associated with the colonial and postcolonial history of Zambia. For
xample, during the colonial period, increased hunting in the 1800s and 1900s (Langworthy, 1971;
angeley, 1964) led to dramatic reductions in wildlife population sizes (Marks and Fuller, 2008).
umbers eventually rebounded through conservation efforts, and tourism centered on South
uangwa National Park, established in 1938 (Kumwenda, 2021), increased in the 1990s. The area has
ince attracted many migrants working in the tourism industry. White and Van Valkenburgh (2022)
eport an estimated valley population size of 484,940 people in 2015. Today, approximately
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62,000 people live within 30 km of the boundary of the South Luangwa National Park, with most
settled in Mfuwe (Chidakel et al., 2021). Thus, human-wildlife interactions today are strongly
influenced by the National Park and national conservation practices.

In the South Luangwa National Park, the Luangwa is a braided river with a broad floodplain lined
with abandoned meanders and oxbow lakes. Though it may nearly disappear during the dry season,
the Luangwa River provides water long after its wet season tributaries dry up (Ndhlovu and
Balakrishnan, 1991). Modern, and likely past, habitats range from closed (e.g., riparian forests,
Miombo woodlands, shrublands, thickets) to more open (e.g., wooded grasslands, grasslands, and
seasonally flooded swamps called dambos) (Astle et al., 1969). More than 200 trees species are
documented in the parks, including taller trees like baobab (Adansonia digitata), fig (Ficus), ebony
(Diospyros), wild mango (Cordyla africana), and sausage fruit trees (Kigelia). Bushwillows (Combretum)
and Terminalia are trees of intermediate height, and mopane (Colophospermum mopane) and miombo
(Brachystegia) trees form a dense shrubby understory. Phiri (1996) records 189 species of grasses in
South Luangwa. Vegetation type today is influenced by substrate such as rocky soils, alluvial deposits,
and seasonally flooded oxbows, rainfall, slope, animal disturbance (e.g., elephants browsing) (Astle
et al., 1969; Lewis, 1986), and human land-use patterns like agriculture, harvesting of wood for timber,
and charcoal production (Gumbo et al., 2013).

The heterogeneity and diversity of habitats along the Luangwa River supports a diverse animal
community. More than 400 bird and 60 mammal species are recorded in South Luangwa National Park.
Among the large mammals are those of high conservation priority, including two pangolin species,
lions, leopards, cheetahs, hyenas, wild dogs, black rhinos, elephants, zebras, and giraffes. The river
system supports many small to large herbivores, particularly ungulates, which include more than a
dozen antelope species (Ndhlovu and Balakrishnan, 1991). The Luangwa Valley may be a dispersal
corridor linking eastern to southern Africa both in deep time and today (e.g., Joordens et al., 2019), but it
is also characterized by endemism in several modern taxa (Curry et al., 2019). Thornicroft’s giraffes
(Giraffa camelopardalis thornicrofti), numbering 500–600 individuals, only occur in the Luangwa Valley
(Berry and Bercovitch, 2016), but have also been linked genetically to a neighboring population of Masai
giraffe (Fennessy et al., 2016). Cookson’s wildebeest (Connochaetes taurinus cooksoni), numbering less
than 10,000, are also a Luangwa Valley endemic (Cotterill, 2000). The Luangwa River is the western edge
of the range of the endemic Crawshay’s zebra (Equus quagga crawshayi) (Curry et al., 2019). Baboons in
the region are a hybrid of two (Kinda � yellow; Papio kindae � P. cynocephalus) or three
(Kinda � yellow � grayfoot; P. kindae � P. cynocephalus � P. griseipes) subspecies, but fall in a single
mitochondrial clade, suggesting isolation after introgression (Chiou, 2017; Keller et al., 2010). This
history of endemism suggests the Luangwa region is an important regional biodiversity reservoir, and
likely has been since the Pliocene. Thus, the richness of the mammalian community, the deep history of
human habitation, and the associated infrastructure for tourist access to the park make South Luangwa
an ideal location for fossil and ecological surveys. Its location in central Africa at the crossroads of Plio-
Pleistocene human evolution make it a critical area for exploration and analysis.

3. Methods

3.1. The ZRVRP

Because of its size, existing infrastructure, and conservation history, the focus of the ZRVRP is on
the ecology, paleontology, and archaeology of the South Luangwa National Park. The ZRVRP uses a
multiproxy approach to locate and identify fossiliferous deposits and to characterize the ecology of the
modern and fossil mammalian communities associated with the Luangwa River. We employ several
complementary analytical frameworks, including remote sensing and predictive modeling for
identification of fossiliferous deposits, systematic surveys of fossiliferous areas, taphonomic surveys
of modern skeletal remains distributed on the landscape, and isotopic sampling of dental and skeletal
specimens. With the resulting data, we expect to identify patterns of paleoenvironmental change,
climatic seasonality, and potential hominin landscape use over time to provide important
comparative context for Plio-Pleistocene sites in other areas of the EARS.

A.L. Rector et al. / L’anthropologie 127 (2023) 103211 7
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.2. Remote sensing

Because most fossil specimens in South Luangwa are surface finds along the exposed banks of the
uangwa River (Bishop et al., 2016), it is essential that we also locate source deposits to fully describe
he lithologic and pedogenic characteristics of the fossil depositional environments. Furthermore,
stablishing source deposits is necessary to conduct absolute dating analyses as well as to facilitate
omparisons to other sites across eastern and central Africa. A classification process was applied to
ultispectral satellite imagery data covering the survey area (the total area is 40 km2) by members of

he Center for Advanced Spatial Technology (CAST) at the University of Arkansas (https://cast.uark.
du/index.php). The classification process converts relevant satellite multi-band data (light
avelengths: red, blue, green, infrared, thermal infrared, black/white) into categorical classes that

elate to different types of land cover (e.g., water, roads, agricultural land, scrub/tree cover, various
ypes of geological outcrops). By using these data, analyzed images (and the subsequently produced

aps) are at a higher resolution than previously available for survey. Classification analyses also
nvolve the digitization and orthorectification of geological maps of the area. Known fossil localities
rom previous field seasons (Barham et al., 2011; Bishop et al., 2016; Elton et al., 2003) are input into
he classification model. Similar spectral profiles based on these localities were highlighted across the
egion of interest and potential survey hotspots indicated for focused survey effort (Njau and Hlusko,
010). CAST researchers performed more ‘‘supervised’’ classification procedures to adjust the spectral

igure 2. Results of predictive mapping showing areas of Luangwa Valley that are likely fossiliferous, based on previously

ecovered fossil specimens, archaeology, and landscape elevation and geomorphology (Colton, 2009; Bishop et al., 2016). Areas

n yellow and red are predicted to be most highly eroded and likely to expose underlying fossiliferous deposits.

ésultats de la cartographie prévisionnelle montrant les zones de la vallée de Luangwa qui sont probablement fossilifères, sur la base

es spécimens fossiles précédemment récupérés, de l’archéologie, de l’altitude du paysage et de la géomorphologie (Colton, 2009 ;

ishop et al., 2016). Les zones en jaune et en rouge sont les plus fortement érodées et sont susceptibles d’exposer des dépôts fossilifères

ous-jacents.

A.L. Rector et al. / L’anthropologie 127 (2023) 103211
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classification system to target not only likely surface exposures of fossils, but possible Plio-Pleistocene
outcrops as well (sensu Njau and Hlusko, 2010) (Fig. 2).

3.3. Paleontological investigation

Fossil surveys are designed to identify potential localities and ultimately explore the spatial
patterns of paleohabitats across the landscape. For the initial ZVRVP survey seasons, we conducted
traditional surveys by walking transects in likely areas of fossil recovery, primarily on exposed sandy
banks in the Luangwa River (Fig. 3). Each specimen is documented, photographed, and given a unique
identification number and GPS position tied to a GIS Pro data collection form that records basic
collection information such as taxonomy, skeletal element, stratigraphic context, finder/collector
personnel and method, etc. If collected, fossils are bagged with their barcodes so that the provenience
data can be directly associated with each specimen.

3.4. Taphonomic studies

The role of taphonomic processes in the formation of bone assemblages has long been recognized
as an important factor in analysis and interpretation of the fossil record (Behrensmeyer et al., 1979).
However, relatively few projects have implemented long-term systematic survey with the specific
goals of characterizing mammalian bone assemblages from modern habitats for use in interpreting
potentially analogous paleoecological contexts of our ancestors (Badgley et al., 2018; Behrensmeyer
and Miller, 2012; Behrensmeyer and Pobiner, 2004; Pobiner, 2015). The Amboseli National Park
project, established in 1975 (Behrensmeyer, 1978), samples classic African savanna ecosystems and
has served as the framework for all subsequent studies of modern bone assemblages (Western and

Figure 3. Map of South Luangwa localities where fossil specimens, including those used in the isotope analyses, were discovered

in 2022. Photo inset features a fossil of hippopotamus.

Carte des localités du sud de Luangwa où des spécimens fossiles, y compris ceux utilisés dans les analyses isotopiques, ont été

découverts en 2022. En encart: photo d’un fossile d’hippopotame.
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ehrensmeyer, 2009). The longitudinal study at Ol Pejeta, Kenya, was fully established in 2007
Pobiner, 2015) and builds on earlier pilot census data. The Ol Pejeta ecosystem is at a higher elevation
han Amboseli, but provides a comparison of a similar range of savanna habitats as the Amboseli
roject (Behrensmeyer and Pobiner, 2004). The Doñana National Park project in Spain was established

n 2017 to sample a Mediterranean ecosystem including various wetland habitats (Badgley et al.,
018). As yet, no seasonal riverine habitats have been sampled.

Each of these longitudinal taphonomic studies is designed around similar hypotheses testing the
elationship between skeletal abundances on the landscape and presence of live mammalian species
n the community. They also establish baseline data for the types of assemblages that are expected in

odern habitats for comparison with those in the fossil record. Results of these studies, especially
rom the Amboseli Park Project in Kenya, suggest that relative abundance and distribution of species
epresented in modern skeletal assemblages accurately reflect the living large herbivore community
n the landscape (Western and Behrensmeyer, 2009). Further, differing habitats preserve different
axa and skeletal elements, which has important implications for reconstructions of paleohabitats
ased on faunal assemblages (Badgley et al., 2018; Behrensmeyer and Miller, 2012). Given that many
ominin paleohabitats are interpreted to be riverine contexts (e.g., Du et al., 2019; Reynolds et al.,
011), it is critical that the taphonomic processes unique to these types of habitats are fully identified
nd explored in undammed river valleys such as the Luangwa.

Following Behrensmeyer and Miller (2012), ZRVRP skeletal surveys are conducted by walking
ransects that are documented using GPS and recorded in a GIS system. GPS coordinates of beginning
nd end points of transects are taken, and transect locations are chosen to sample various habitat
ypes along the spectrum of more open to more closed. Skeletal surveys are usually oriented north-
outh or east-west to make it easier to orient the axis of the transect path, and width of the transect
ath were dependent on vegetation density (�10 to 50 m on either side of the transect midline). Each
ransects is walked in a straight line for �1 km. Five to six completed transects will be conducted in the
oming 2023 research season; this sample should accumulate specimens that reflect the most
ommon animals present on a landscape (Behrensmeyer and Dechant Boaz, 1980). While in this first
tage of project initiation with the ZRVRP, the target was to identify two different habitat types and
onduct at least three transects in each to gather pilot data on differences in relative abundances of
keletal elements in these more open and more closed habitat types (Fig. 4). These data can then be
ompared to results from other eastern African habitats.

Elements that are in close proximity and likely from the same animal are recorded as one
ccurrence, though bone scatters are given separate occurrence numbers. Data collected include
axon, age, skeletal parts present, weathering stage, breakage, tooth marks, and degree of burial. GPS
oordinates are also collected for each occurrence and location.

.5. Isotope investigations

Stable carbon and oxygen isotope signals from mammal enamel are proxies for diet and water
onsumption habits during the life of a mammal, and can reflect climatic conditions and resource
vailability (e.g., Blumenthal et al., 2017; Cerling et al., 2015). In herbivores, stable carbon isotopes
rom enamel primarily reflect the consumption of plants using C3 (trees and shrubs) vs. C4 (grasses)
hotosynthetic pathways (e.g., Cerling et al., 2015; Cerling and Harris, 1999). Stable oxygen isotopes

rom bulk samples can reflect both water dependency within a species as well as seasonality in
recipitation and water usage (Blumenthal et al., 2019). Fossil and modern herbivores including pigs,
ntelopes, hippos, and equids from South Luangwa National Park were included in the analysis.

Samples of enamel were collected from mammal teeth after removing several micrograms of
namel from the surface of the tooth using a Kupa Mani Pro KP-55 handpiece drill with a diamond bit
Blumenthal et al., 2019). Enamel was bulk sampled along the growth axis of each tooth. Enamel
amples were pretreated for 15 minutes using 3% H2O2 to remove organics, triple rinsed with purified
nd deionized water, then treated for 15 minutes with 0.1 M buffered acetic acid to remove secondary
arbonates and triple rinsed again. Pretreated samples were dried overnight in an oven (�60̊ C) and
table carbon and oxygen ratios were analyzed using mass spectrometer at the University of Arkansas
sing a Thermo Scientific Delta Plus XP isotope ratio mass spectrometer (Bremen, Germany) using
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NBS-19 calcite standards. Isotope ratios of the heavy to light carbon isotopes are expressed using delta
notation, where d13C = [(Rsample – Rstandard)/Rstandard – 1]*1000 and R = 13C/12C.

4. Results and discussion

4.1. Finding the fossil-bearing strata

Creating predictive mapping models to aid the identification of fossiliferous deposits and ancient
structures is quickly becoming a standard part of the vertebrate paleontology and archaeology toolkit

Oxb ow t ransect

Woodland  Transect
Floodplain t ranse ct

Beach t ranse ct

A

B

Figure 4. A. Bone Survey form that will be used for future skeletal surveys (Behrensmeyer and Miller, 2012). B. Map of

taphonomic transects identified in the 2022 field season (white lines) and modern skeletal samples that were collected from

these transects (blue markers).

A. Fiche de description des ossements qui sera utilisée pour les futures analyses de squelettes (Behrensmeyer and Miller, 2012). B. Carte

montrant les transects taphonomiques identifiés lors de la campagne de terrain 2022 (lignes blanches) et les échantillons de squelettes

modernes qui ont été prélevés à partir de ces transects (marqueurs bleus).
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e.g., Anemone et al., 2011; Conroy, 2014). Though not as commonly employed in paleoanthropologi-
al field projects, researchers that have applied these methodologies report noteworthy success in the
dentification of new fossil localities (e.g., Asfaw et al., 1991; Njau and Hlusko, 2010). Predictive

odeling increases the likelihood of locating fossils by identifying combinations of geological,
eospatial, and spectral features that are common to productive localities. The ZRVRP used predictive
apping (Fig. 2) to correctly identify likely fossiliferous areas and collected additional fossil

pecimens in short 2019 and 2022 field seasons (Fig. 3). Fossils collected were primarily complete
eeth and together represented several species of bovid, including Aepyceros and Alcelaphini and
ovini taxa, as well as multiple individual hippopotamid specimens. Fossil horse and pig teeth were
lso recovered. These fossils were added to the previous collection (e.g., Bishop et al., 2016), and we
ave sampled many of them for stable carbon and oxygen isotope analyses (Table 1, below).

While none of the Luangwa specimens recovered to date by the ZRVP were found in situ, many of
he fossils exhibit minimal indication of rolling (Bishop et al., 2016), and in combination with Early
tone Age discoveries (Barham et al., 2011), there is strong evidence that Plio-Pleistocene fossiliferous
eds exist within or upstream from the Luangwa Valley. A key area of analysis for ZRVRP is precise
ating of both fossils and deposits, as well as locating the source of the fossiliferous materials.

.2. Taphonomic insights into fluvial systems

Until now, no taphonomic sampling has been carried out in protected seasonal, riverine
abitats like those of South Luangwa National Park. Results of the long-term ZRVRP censusing

able 1
ammalian specimens sampled for isotopes, identified to age category and taxon, along with their reported isotopic values.

pécimens de mammifères échantillonnés pour les isotopes, identifiés selon l’âge et le taxon, ainsi que leurs valeurs isotopiques

apportées.

Family Tribe Genus Species d13C d18O Age category

Bovidae Aepycerotini Aepyceros 1.22 36.51 Fossil

Aepycerotini Aepyceros melampus �5.57 33.31 Recent

Alcelaphini 1.14 30.73 Fossil

Alcelaphini �0.26 30.89 Fossil

Bovini 0.05 30.05 Fossil

Bovini Syncerus caffer 0.61 28.98 Recent

Bovini Syncerus caffer �0.93 30.85 Recent

Bovini Syncerus caffer 0.18 32.15 Recent

Cephalophini Sylvicapra grimmia �14.30 31.51 Recent

Reduncini 2.89 33.01 Fossil

Reduncini Kobus leche �4.47 30.60 Recent

Reduncini Kobus vardoni �1.55 31.33 Recent

Reduncini Redunca arundinum 2.86 29.44 Recent

Equidae 2.67 29.44 Fossil

0.02 31.51 Fossil

Equus guagga 0.88 32.39 Recent

Equus guagga �1.58 34.55 Recent

Equus guagga �3.57 33.69 Recent

Equus quagga crawshayi 0.22 31.65 Recent

Equus quagga crawshayi �0.94 33.00 Recent

Hippopotamidae �2.78 24.47 Fossil

�3.43 25.20 Fossil

3.20 30.00 Fossil

Hippopotamus amphibius �3.42 24.60 Recent

Hippopotamus amphibius �3.94 24.62 Recent

Hippopotamus amphibius �4.25 27.52 Recent

Suidae Phacochoerus aethiopicus �7.11 27.18 Fossil

Phacochoerus aethiopicus �0.12 28.75 Recent

Phacochoerus aethiopicus �1.11 29.13 Recent

Phacochoerus aethiopicus �0.65 29.97 Recent

Phacochoerus aethiopicus �5.92 30.02 Recent
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project we initiated in 2022 will be directly comparable to those from other habitat types in
eastern Africa and will represent a habitat that has not yet been sampled systematically in this
way. In our first short field season, we identified several transects across multiple habitats
including those associated with a dried oxbow, and successfully collected multiple modern
skeletal specimens including crocodiles and bovids (Fig. 4). Continued taphonomic sampling in
2023 promises to be an extremely data-rich investigation in South Luangwa. Additionally,
modern dental specimens we collected during taphonomic surveys are included in our isotopic
investigation of modern Luangwa habitats.

4.3. Stable Isotopes

Modern and fossil herbivores from South Luangwa National Park (fossil n = 11; recent n = 20; Table
1) show isotopic differences that may be related to shifting climate patterns or shifting dietary
preferences among herbivores in the Luangwa Valley.

The fossil counterparts of the C4-dominated feeders, Equus, Hippopotamus, and Reduncini, have
more positive d13C values than the modern examples by at least 2.9% (Hippopotamus) and up to 6.3%
on average (Equus) (Fig. 5). The C4 shift toward more positive values may indicate more C4 plants in the
diet of fossil C4 specialists and in the case of Equus and reduncines, shifting from grazers to
hypergrazers. Such differences between fossil and extant fauna have been documented in recent
studies of eastern African large mammals (Cerling et al., 2015). Indeed, as found in the work of Cerling
et al. (2015), the single fossil impala from Luangwa would be characterized as a hypergrazer, whereas
the modern Zambian sample is a mixed feeder. However, Cerling et al. (2003) also found that mesic
grasslands, such as the Aberdares in Kenya, have more positive C4 values than do xeric systems and
thus the difference may also indicate that there was a shift in the d13C of plants, where some fossil
environments may have been more mesic than present environments. Certainly, not all C4-grazing
species show differences in fossil and modern d13C values. For example, fossil and modern antelopes
from the Bovini tribe are very similar.

Oxygen isotope signals also differ between some of the fossil specimens and their modern
representatives. Fossil equids exhibit lower oxygen isotope values than do the modern ones, while the
fossil Reduncine has higher oxygen values than its modern counterpart. Hippopotamus specimens,
whose oxygen isotope signals are thought to reflect meteoric water, show less than a per mil
difference between fossil and modern averages, possibly suggesting that the Luangwa River meteoric
water values are not significantly different today as compared to the past. However, oxygen isotopes
from mammal enamel can be difficult to interpret since they are affected by physiology, the source of
the water, temperature, and evaporation (Blumenthal et al., 2019; Levin et al., 2004). The isotope
signals from mammalian herbivores presented here thus provide tantalizing differences between
fossil and modern counterparts that will be explored in future data collection.

5. Future directions

With our multiproxy approach, the ZRVRP has successfully begun painting the ecological picture of
the Luangwa River Valley over time. However, one of the primary challenges of initiating the ZRVRP is
the lack of resolution for the dates of the recovered fossils. Evidence from stone tool typologies
(Barham et al., 2011) and Theropithecus biochronology (Bishop et al., 2016) both suggest the presence
of Plio-Pleistocene deposits. Teams working in Luangwa have yet to locate the source deposits of the
recovered fossils, though stone tools are found in situ in multiple areas and deposits (Colton et al.,
2021). Finding those deposits, determining the age of the fossils recovered ex situ, and confirming the
taxonomic allocation of the Theropithecus femur are our proximate goals.

To further describe both the ancient and modern environments in Luangwa, we will be
investigating mammalian adaptations further through dental microwear texture analysis. This
analysis captures differences in diet related to the material properties of the foods consumed in
the weeks before death (Delezene et al., 2016). Of particular relevance for studies of African
mammalian communities, differences in microwear textures show that browsing and grazing
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Figure 5. Results of isotopic analyses investigating carbon and oxygen isotopes of fossil and modern mammalian herbivores

from South Luangwa. Several fossil taxa indicate a shift towards a more C4 signal (top panel).

Résultats des analyses isotopiques portant sur les isotopes du carbone et de l’oxygène des fossiles et des mammifères herbivores

modernes du sud de Luangwa. Plusieurs taxons fossiles indiquent une évolution vers un signal plus C4 (panneau du haut).
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bovids are easily distinguished (Ungar et al., 2016), hard object feeding African suids separate
from grazing suids (Lazagabaster, 2019), and grazing and browsing perissodactyls also distinctly
segregate (Hullot et al., 2019; Semprebon et al., 2016). Extensive databases of microwear
textures also exist for primates, which show that leaf eating, granivorous, and frugivorous
species can be teased apart (e.g., Shapiro et al., 2016). In addition to reconstructing the diets of
individual taxa, analyses of fossil mammalian communities (e.g., Ungar et al., 2020), in
conjunction with isotopic analyses, provide insights into community structure and niche
partitioning (Sponheimer et al., 1999).

One of our overall project goals is to share results with the Luangwa community. The ZRVRP is
collaborating with a local Luangwa education and wildlife conservation group, the Chipembele
Wildlife Education Trust (www.chipembele.org), to design activities to engage Luangwa community
members both in paleoanthropological and modern taphonomic survey. Chipembele provides
conservation programs to regional schools to raise awareness about wildlife management and
environment preservation, and ZRVRP will integrate their goals and activities with support from our
research program. Chipembele also delivers educational and scholarship programs that encourage
secondary education in science or wildlife related fields for local students, and our long-term project
goals include sustained contributions to these opportunities.

6. Conclusions

The Luangwa River Valley is a productive and critical area for paleoanthropological and ecological
investigations. We have discovered and collected fossils, sampled isotopes of both fossil and modern
specimens, and initiated a long-term taphonomic survey that will be an important data point for
comparisons with other African paleo- and modern habitats. This area is critical for exploration at the
crossroads between eastern and southern Africa; there are ecological and evolutionary questions to
answer about the biogeography and adaptations of Plio-Pleistocene hominins, as well as more recent
question about the movements and relationships of Middle and Later Stone Age humans. The modern
habitat of the Luangwa Valley is just as important: as one of the only remaining undammed major
seasonal rivers in Africa, the associated mammalian communities and habitats are key analogues for
paleoenvironments of our ancestors through time. Long-term goals include analyses of how Zambian
mammalian communities have been structured in a seasonal riverine setting over time, how these
mammalian community structures and their ecological parameters have responded to climatic shifts
in the past, and the paleoecological contexts of regional mammalian diversity and the evolution of our
ancestors in central Africa.
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