
 
 

 

 

PLEISTOCENE VERTEBRATE TRACE FOSSILS  

FROM THE  

CAPE SOUTH COAST OF SOUTH AFRICA:  

INFERENCES AND IMPLICATIONS 

 

 

 

 

 

CHARLES WILLIAM HELM 

 

 

 

 

2023 



 
 

 

PLEISTOCENE VERTEBRATE TRACE FOSSILS FROM THE CAPE SOUTH 

COAST OF SOUTH AFRICA: INFERENCES AND IMPLICATIONS 

 

by 

 

CHARLES WILLIAM HELM 

 

Submitted in fulfilment of the requirements for the degree of 

 

 

Doctor of Philosophy 

 

In the 

Department of Geosciences 

Faculty of Science 

at 

Nelson Mandela University 

 

 

April 2023 

 

 

Supervisors: 

 

Dr. Jan C. De Vynck 

Dr. Hayley C. Cawthra 

Prof.. Martin G. Lockley 

Prof. Jan A. Venter 



 
 

DECLARATION BY CANDIDATE 

 

NAME: Charles W. Helm 

 

STUDENT NUMBER: S223539155 

 

QUALIFICATION: M.B.Ch.B., F.C.F.P.C. 

 

TITLE OF PROJECT:  

Pleistocene vertebrate trace fossils from the Cape south coast of South Africa: 

inferences and implications 

 

In accordance with Rule G5.11.4, I, Charles William Helm, hereby declare that 

the abovementioned thesis for Doctor of Philosophy in the Department of 

Geosciences, Faculty of Science, Nelson Mandela University is my own work 

and that it has not previously been submitted for assessment or completion of 

any postgraduate qualification to another University or for another 

qualification. 

 

                                  

CHARLES W. HELM   07 March 2023 

       

 

 

 

 



6 March 2023

Cawthra, H.C.



i 
 

PREFACE 

 

The work described in this thesis was carried out while I was a member of the Department of 

Geosciences, Faculty of Science, Nelson Mandela University, Gqeberha, South Africa. This study took 

place from January 2020 until November, 2022 under the supervision of Dr. Jan C. De Vynck (African 

Centre for Coastal Paleoscience, Nelson Mandela University), Dr. Hayley C. Cawthra (Council for 

Geoscience & African Centre for Coastal Paleoscience, Nelson Mandela University), Dr. Martin G. 

Lockley (Dinosaur Trackers Research Group, University of Colorado Denver), and Prof. Jan A. Venter 

(School of Natural Resource Management, Nelson Mandela University). It represents the culmination 

of the Cape South Coast Ichnology Project, which began in 2007. 

 

These studies represent original work by the author and have not otherwise been submitted in any 

form for any degree or diploma to any tertiary institution. Where use has been made of the work of 

others, it is duly acknowledged in the text. 

 

The thesis can be read in conjunction with three databases, which can be viewed on the FigShare 

platform in file format:  

- the vertebrate ichnosite database https://doi.org/10.25408/mandela.21509943 

- photo database https://doi.org/10.25408/mandela.21512049 

- the photogrammetry database https://doi.org/10.25408/mandela.21509976 

The databases can also be viewed at https://doi.org/10.17632/sg82wkgmxr.1 , where access to 

images is facilitated via folders and sub-folders. 

 

 

Charles W. Helm 
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ABSTRACT 

 

Palaeoichnology, the study of fossil tracks and traces, has had a relatively late start on the Cape 

south coast of South Africa. Since its inception in 2007 the Cape south coast ichnology project has 

led to the identification of 326 Pleistocene vertebrate ichnosites in aeolianites (cemented dunes) 

and cemented foreshore deposits between the community of Arniston in the west and the Robberg 

Peninsula in the east, a distance of approximately 350 kilometres. As a result, significant 

palaeoevironmental, palaeocological and palaeoanthropological inferences have been made. This 

thesis brings together this corpus of work, and attempts to answer the question of how ichnology 

can inform the understanding of the Cape south coast Pleistocene environment, and how the trace 

fossil record can complement the body fossil record.  

 

Achieving this objective involves the development of a definitive regional account. This includes 

descriptions of the regional geological context, Quaternary sea-level changes, and the state of 

knowledge of the region’s Pleistocene palaeoenvironment, palaeoanthropology, and body fossil 

record, along with an understanding of the roles of substrate and taphonomy in regional ichnology. 

A discussion of geochronology includes the age results from specimens submitted for dating through 

optically stimulated luminescence – dated deposits range in age from Marine Isotope Stage 11 

through Marine Isotope Srage 3.  

 

The body of the thesis is formed by systematic descriptions of the vertebrate ichnosites, 

accompanied by interpretation and comments. Three databases have been compiled: ichnosites, 

photographs, and photogrammetry images.  

 

In synthesizing this data, four underlying questions are addressed: what is the global relevance of 

the Cape south coast ichnosites, how can these studies complement the vertebrate body fossil 

record, how can they contribute to the understanding of Pleistocene palaeoenvironments and 

palaeocology, and how can they contribute to palaeoanthropology? 

 

The Cape south coast is of global ichnological importance. Unanticipated findings which augment the 

sparse reptilian body fossil record include tracks and traces of crocodiles, monitor lizards, very large 

tortoises (the first of their kind in the global record), and hatchling sea turtles. Two new ichnogenera 

have been erected to describe the sea turtle tracks, each containing a new ichnospecies: 

Australochelichnus agulhasii and Marinerichnus latus. Avian ichnosites are the oldest in southern 
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Africa, and include the presence of tracks of larger-than-expected birds, which may represent large 

chronosubspecies or may suggest the possibility of extinctions which are not evident from the body 

fossil record.  

 

Unique examples of the non-hominin mammalian ichnosites include sand-swimming traces that 

resemble those of the ‘Namib mole’: as a result a new ichnogenus (Natatorichnus) has been erected, 

containing two ichnospecies, N. subarenosa and N. sulcatus. The first elephant trunk-drag 

impressions and the first pinniped ichnosites in the global record have been identified. The role of 

elephant tracks as precursors to coastal potholes was previously unsuspected. Equid tracksites 

indicate a widespread presence of the extinct giant Cape horse (Equus capensis). The identification 

of a giraffe tracksite represents a major range extension. In particular, tracks and traces of giraffe, 

crocodiles, breeding sea turtles, and sand-swimming golden moles have significant 

palaeoenvironmental implications. 

 

Hominin ichnology on the Cape south coast is of global palaeoanthropological importance: four sites 

add to a sparse global record of Homo sapiens tracksites, and one of them contains the oldest 

recorded tracks of our species thus far identified. Lithics embedded in aeolianites provide 

independent confirmation of Middle Stone Age hominin activity. Ammoglyphs (patterns made by 

ancestral hominins in sand, now evident in rock) may represent utilitarian activity or ‘palaeoart’, and 

have only been reported from the Cape south coast. 

 

In addition, findings from many sites corroborate the regional body fossil record, and several sites 

exhibit striking examples of ichnological principles. Back in 2007, the study area was uncharted 

territory, in which the identification of new sites was uncertain. In subsequent years, numerous 

discoveries have been made and interpreted. While this is fortunate, as proven by new ichnotaxa 

and a plethora of scientific papers, such novel findings limit comparisons with other localities, and 

mandate the need for a cautious approach. 
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1) INTRODUCTION 

 

Abstract:  

This introductory chapter provides necessary background information, followed by a summary of the 

thesis layout. Objectives are followed by a definition of the study area, and a more detailed 

description of its component regions. Finally, the three databases at the core of this project are 

introduced: the vertebrate ichnosite database, the photograph database, and the photogrammetry 

database. 

 

1.1 Background and thesis layout  

 

Through the Cape south coast ichnology project, 326 vertebrate ichnofossil sites have been 

documented along the coastline since 2007, between Arniston in the west and Robberg in the east 

(hereafter referred to as ‘the study area’). These sites preserve the traces of a variety of reptiles, 

birds and mammals (including hominins). Findings from these sites have been published in 25 peer-

reviewed scientific papers. Prior to the inception of the project, there was a mere handful of 

published reports on Pleistocene ichnology from southern Africa. Compared with other disciplines, 

palaeoichnology has had a late start on the Cape south coast. The palaeoenvironmental inferences 

which can be made, some of which were previously unsuspected, underline the capacity of 

ichnology to contribute to the understanding of the Pleistocene environment. 

 

All the trace fossil sites described here occur in Pleistocene sediments, either in the Waenhuiskrans 

Formation (Malan, 1989a) or the Klein Brak Formation (Malan, 1991a). These formations form part 

of the Bredasdorp Group, which covers the underlying geology unconformably from Hermanus to 

Plettenberg Bay (Malan, 1990). The Waenhuiskrans Formation comprises aeolianites, whereas the 

Klein Brak Formation comprises cemented shallow-marine, beach, and lagoonal deposits.  

 

The profusion of ichnosites on the Cape south coast has been explained by Roberts and Cole (2003), 

as detailed below. The oldest ichnosites identified thus far in the study area are from Marine Isotope 

Stage (MIS) 11 (~400 ka), and the youngest are from MIS 3 (~35 ka), with the majority from MIS 5 

(~130 – 80 ka). 
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The forces of wind and water which result in the exposure of track-bearing surfaces also contribute 

to their erosion. It therefore becomes a priority to identify newly exposed surfaces as rapidly as 

possible.  

 

Tracks and traces on these surfaces are evident in a variety of forms. They may occur as natural 

moulds on surfaces that represent the original layer on which the tracks were registered (in 

‘epirelief’), as natural casts on ceilings and overhangs that represent the infill layer of the tracks (in 

‘hyporelief’), or in profile (vertical cross-section). The terms’manus’ and ‘pes, are used herein to 

refer to the front and hind feet respectively of tetrapods. 

 

Animals traversing dune and beach surfaces during this time period registered their tracks along the 

margin of the vast Palaeo-Agulhas Plain (PAP), which is now largely submerged. Pleistocene sea-level 

oscillations resulted in the repeated inundation and exposure of this land mass. The importance of 

this landscape was highlighted in the 2020 publication of a Special Edition of Quaternary Science 

Reviews (Volume 235), comprising 23 peer-reviewed articles, entitled ‘The Palaeo-Agulhas Plain: a 

lost world and extinct ecosystem’. 

 

In the synopsis for this special edition, Marean et al. (2020) listed features that distinguish the PAP 

from the current coastal foreland: it was large, flat and fertile, with meandering rivers, abundant 

fresh water, well-watered grasslands and floodplains, and extensive woodlands. Furthermore, it 

supported a diverse faunal assemblage, comprising both resident and migratory populations. A 

number of these species are now extinct. The PAP thus assumes an important role within the 

Greater Cape Floristic Region (Marean et al., 2014), the current extent of which has a remarkable 

level of plant biodiversity with a high rate of endemism (Cowling et al., 2015).  

 

In the Cape south coast region, as elsewhere, understanding its geology permits understanding of its 

soils, which in turn enables understanding of its vegetation and thus its faunal composition. Body 

fossils have formed the traditional source of information on the faunal composition of the PAP and 

its margins. Ichnology, the study of trace fossils, has the capacity to provide complementary 

information and thus to contribute independently to the fossil faunal record and thus to 

palaeoenvironmental interpretation. This notion forms a ‘leitmotif’ in this thesis. 

 

Both the body fossil record and the trace fossil record from the study area have inherent biases, but 

their biases are different. Body fossils are mainly found in archaeological sites, predator dens and 
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scavenger dens. They thus mostly represent the remains of transported hunted or scavenged prey, 

which form a biased sub-set of the Pleistocene fauna. In contrast, tracks and traces directly reflect 

the trackmaker presence on dunes and beaches, but there is a preservational bias towards larger, 

heavier trackmakers, which leave larger, deeper tracks.  

 

These topics form the body of Chapter 2. Ichnology thus has the potential to independently provide 

a valuable complementary dataset which is unavailable from other avenues of research. Elsewhere, 

this contribution has been amply demonstrated through, for example, 3.6 Ma evidence of hominin 

bipedalism in Africa (Leakey and Hay, 1979; Deino, 2011), and the resolution of a long-standing 

controversy on the chronology of the early human presence in North America (Bennett et al., 2021). 

Seminal ichnological examples from the Cape south coast include evidence of Pleistocene giraffe 

(Helm et al., 2018a), crocodiles (Helm et al., 2020b), and hatchling sea turtles (Lockley et al., 2019), 

each of which has palaeoecological implications. 

 

The Cape south coast preserves a rich Middle Stone Age (MSA) archaeological record, which is of 

importance to the origins of modern humans. As explored in more detail in the chapters that follow, 

examples include the first known working of ochre, human adornment through ochre and jewelry, 

heat treatment of stone tools, microlithic technology, early art or use of abstract symbols, the first 

use (and then systematic exploitation) of marine intertidal resources, and the manufacture of bone 

awls and bone tools. It has been suggested that the resources of this region may have enabled the 

survival of the human species during the harsh climatic conditions of MIS 6 (~191 ka – 130 ka) 

(Marean, 20201a, b). It has therefore been contended that anatomically modern Homo sapiens 

thrived on the Cape coast in the MSA, and that complex human behaviour and complex cognition 

developed here (e.g., Wadley, 2015). 

 

Ichnology has the potential to independently inform such discussion. For example, if humans began 

wearing footwear and making complex clothing at around the same time that they developed bone 

tools, then potentially ichnology provides a promising means by which to detect this, because no 

evidence can be expected to remain of the perishable organic substances that would have been 

used for footwear. At a global level the Cape south coast is the most promising region to search for 

such evidence (Helm et al., under review a). Moreover, if our MSA human ancestors left their tracks 

on these dunes and beaches, they may have left other evidence of their presence. The unanticipated 

nature of such evidence led to the coining of a new term, ‘ammoglyph’. 
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The nature of the substrate in which tracks were registered plays a critical role in their morphology. 

An understanding of the role of substrate is therefore integral to ichnology, as discussed in Chapter 

3. Track morphology is also related to taphonomy, which is sub-divided into a biostratinomy phase 

(after registration and prior to burial), a diagenesis phase (after burial and prior to re-exposure), and 

a post-exposure phase. Perhaps the most dramatic example of the last of these phases is to be found 

on Cape south coast palaeobeach exposures, where elephant tracks are interpreted as being the 

precursors for subsequent development of potholes (Helm et al., 2021a).  

 

The nature of the substrate can also affect the gait of the trackmaker, and a trackway that passes 

through a variety of substrates can exhibit corresponding variations in track morphology. Major 

variables in substrate that influence track morphology on the Cape south coast include grain size, 

moisture content, consistency and slope angle. Belvedere and Farlow (2016) provided a 

standardization of track quality, against which the quality of Cape south coast tracks can be 

measured. A four-point score scale (0, 1, 2, 3) was proposed, in which level 3 indicates a perfectly 

registered and preserved track. While there are some welcome exceptions, tracks made in sandy 

substrates such as Cape south coast dunes and beaches usually do not rise above level 2 on this 

scale, which ichnologists recognize as the norm in sand-dune deposits. One factor which is under the 

control of ichnologists is to reduce the post-exposure/pre-investigation phase to a minimum, by 

identifying and monitoring sites soon after they are first exhumed by natural weathering and erosion 

processes. 

 

The concept of ‘ichnofacies’ is central to the study of ichnology, providing a tool for the 

understanding of depositional settings and palaeoenvironments at a global level, across time and 

space. The globally distributed aeolian ichnofacies is the Chelichnus ichnofacies (Lockley et al., 1994, 

Hunt and Lucas, 2007; Lockley, 2007; Krapovickas et al., 2016), divided in some schemata or 

classifications into component ichnocoenoses. Desert dune facies, mainly in the Palaeozoic and 

Mesozoic, are known as the Chelichnus or the Brasilichnium ichnofacies. These ichnofacies are 

characterized by tracks of arthropods, small mammals and reptiles. A ‘shorebird ichnofacies’ has also 

been described, containing the majority of fossil avian tracks, and associated with lake margin 

sediments from Cretaceous through Recent (Lockley et al., 1994; Hunt and Lucas, 2007, 2016; 

Lockley, 2007; Melchor, 2012).  

 

It is evident that these descriptions do not form a good match for the Cape south coast sites, which 

are from coastal dune and beach settings, and which contain, inter alia, numerous tracks of large 
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mammals. The characteristics of the Cape south coast sites can therefore potentially be used to 

argue for the erection of a ‘coastal dune and beach ichnofacies’, a concept that accentuates their 

global importance. As intimated above there is debate about the definition of an individual 

ichnocoenosis (singular), generally regarded as trace fossil evidence of a once-living community, and 

the way that more-or-less similar, multiple ichnocoenoses (plural) may be subsumed into the 

broader concept of global ichnofacies. 

 

In some ways, the study of Pleistocene tracks may be regarded as ‘easy’, compared with studies 

from older sediments, given the presence of so many extant species with similar or identical tracks. 

However, the temptation to take ‘short-cuts’ needs to be resisted, and a cautious, disciplined 

approach to track identification is required. This can be achieved while celebrating the unique 

attributes of Pleistocene ichnology on the Cape south coast, including palaeoenvironmental 

implications that are of relevance to current global challenges such as climate change, and the 

presence of tracks and traces of ancestral humans. The aforementioned topics, discussed in detail, 

comprise Chapter 3. 

 

The development of optically stimulated luminescence (OSL) dating techniques over the past 

decades has enabled a sophisticated understanding of the Pleistocene geochronology of the region. 

The majority of the track-bearing surfaces are from MIS 11, MIS 5, and MIS 3. However, with one 

exception these studies did not attempt to directly date track-bearing surfaces. This deficiency was 

addressed through the collection of samples for OSL dating from 21 sites. These samples were 

submitted to Dr. Andrew Carr, University of Leicester, United Kingdom. Discussion of the results 

forms the first section of Chapter 4. 

 

While plant fossils and invertebrate trace fossils do not form the subject of this thesis, they are often 

present in aeolianites on the Cape south coast and are briefly discussed in Chapter 4. This is followed 

by a detailed presentation of reptile tracks and traces, avian tracks and traces, and mammal (non-

hominin) tracks and traces, followed by hominin tracks and traces (no fish or amphibian tracksites 

have been recorded). In each case identification is made to the lowest possible level, be it order, 

family, or species. Within the hominin tracks and traces section, lithic sites in aeolianites are 

considered, and the argument is advanced that lithics are a form of trace fossil.  

 

Occurrences of skeletal material embedded in aeolianites and cemented foreshore deposits are 

presented in Appendix A. This inventory enables comparison of the volume and variety of the trace 
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fossil record and the body fossil record, which leads to the conclusion that the Cape south coast 

Pleistocene deposits are generally trace fossil-rich and body fossil-poor. 

 

The complete description in Chapter 4 of Pleistocene trace fossil sites on the Cape south coast, seen 

in the context of the contents of the preceding chapters, leads to the synthesis in Chapter 5. This 

includes a summary of the most important findings, and discussion of possible future directions. 

 

The contents of this thesis represent the understanding of Cape south coast vertebrate ichnology as 

of early October 2022. More discoveries can be anticipated, leading to refinement of interpretations 

and inferences. 

 

 

1.2 Objectives 

 

The context provided by the preceding section allows for consideration of the objectives and goals of 

this thesis. Given ichnology’s late start on the Cape south coast, an overarching objective is to do 

justice to its application. A fundamental aspect of achieving this objective is the development of a 

definitive regional account of Pleistocene ichnology, which includes a database of ichnofossil sites, 

an inventory of Pleistocene vertebrate trackmakers, a systematic photographic record, and a 

catalogue of photogrammetry images. 

 

However, creating these necessary resources is not an end unto itself. They have various 

applications, and they yield important questions on how ichnology can inform the understanding of 

the Cape south coast during the Pleistocene. Addressing the following four major questions becomes 

the broader goal:  

1) What is the global significance of the Cape south coast ichnosites? 

2) How can ichnological studies on the Cape south coast of South Africa complement the 

existing vertebrate body fossil record? 

3) How can ichnological studies further the understanding of Pleistocene palaeoenvironments 

and palaeoecology? 

4) How can ichnological studies contribute to palaeoanthropology? 

 

Finally, it is intended that this thesis will serve as a catalyst for a broad range of future endeavours. 

Throughout the Cape south coast ichnology project, a goal has been to enthuse others with a 
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passion for palaeoichnology. This has been achieved through presentations to the interested lay 

public, and ‘citizen science’ has taken on an increasing role. Many important sites have become 

known through the observations of people who love this coast, are perspicacious, and report what 

they find. Tracking and pattern recognition are ancient skills, which are not entirely lost in some 

traditional African cultures. Putting these skills into practice on the rock surfaces of the Cape south 

coast, and being able to contribute to the understanding of the region, is a worthy goal of citizen 

science, with the potential to inform specialized science. Aligned with this is the awareness of the 

scourge of graffiti, which is increasingly prevalent on aeolianite surfaces (Figure 1). Fortunately, this 

has not reached the proportions that are evident on the west coast and east coast, but the trend is 

worrisome.  

 

 

Figure 1. Modern graffiti at Brenton-on-Sea on a surface containing well preserved burrow traces. 

 

The participation in the project by a dedicated and cohesive team of professionals and amateurs, 

with varying skill sets and areas of expertise, is something which will hopefully continue. As many 

‘eyes on the ground’ as possible are continually needed to cope with the constant dynamic of new 

ichnosites being exposed and older sites being eroded or slumping into the ocean. 

 

Neo-ichnological studies, in particular with regard to hominin tracks (both shod and unshod), allow a 

disciplined return to basic principles. Such studies are of international importance and provide the 

opportunity for the African Centre for Coastal Palaeoscience to take a global lead. A comprehensive 

OSL dating program whereby every ichnosite is reliably dated provides a more distant vision. 

 

The ideal of connecting indigenous inhabitants of the region with their distant heritage through 

ichnology, and thereby creating job opportunities in the tourism and museum sectors, is both 
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desirable and attainable. Collaboration has been established with the Tracker Academy, and the first 

candidate from the region has already graduated (near the top of the class). While the Covid-19 

pandemic affected the initiative, this is hopefully merely a temporary setback. 

 

In summary, while the formal, achievable objectives of this thesis are necessarily well-defined and 

concise, they form part of a larger set of goals. Some of these may be more immediately attainable 

than others, but they are all informed by a passion for ichnology in its many forms. 

 

 

1.3 The study area and the ichnology database 

 

The study area on the Cape south coast extends from the town of Arniston in the west to the 

Robberg Peninsula in the east, a distance of ~350 km (Figure 2). While these boundaries were 

chosen to focus on a defined area of reasonable size, a rationale existed for the choices. West of 

Arniston there is a long stretch of coast that is devoid of Pleistocene track-bearing sediments. At the 

eastern end, Robberg essentially forms the eastern limit of Bredasdorp Group sediments. Further 

east, there is a relative absence of Cenozoic deposits in the Tsitsikamma region, beyond which 

Quaternary sediments of the Algoa Group are encountered (Le Roux, 1990). 

 

It is convenient to divide the coastal Pleistocene track-bearing outcrops into defined areas based on 

local names and features. This nomenclature is presented here, as the coastline is followed from 

west to east. Table 1 indicates abbreviations used herein for these areas, along with latitude and 

longitude co-ordinates. 

 

Arniston 

 

Waenhuiskrans Formation aeoilianites are exposed for over 3 km on a stretch of coast that has a 

south-north orientation. The aeolianites are underlain by the Klein Brak Formation. The 

holostratotype for the Waenhuiskrans Formation is situated within this coastal stretch, just north of 

the Waenhuiskrans Cave (Malan, 1989a). Three vertebrate ichnosites were identified. Several bone 

sites have been identified, as noted in section 4.8. East of Arniston lies 32 km of coastline, 

comprising predominantly modern beach exposures and unconsolidated Holocene dunes, past 

Skipskop and Skihaven, as far as Koppie Alleen.  
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Whale Trail Day 5  

 

The Whale Trail, within De Hoop Nature Reserve (administered by CapeNature), forms a five-day 

hike. The first three days of the trail lead through exposures of the Palaeozoic quartzite Cape 

Supergroup, both inland and coastal. The trail on Day 4 and Day 5 follows the coast through 

Pleistocene outcrops that alternate with sandy beaches. The Day 5 hike starts at Vaalkrans hut in the 

east and finishes at Koppie Alleen, a distance of 6 km. The layout of hiking trail has been well 

selected, tending to be slightly inland, and avoiding the fragile aeolianite surfaces. Many surfaces are 

characterised by considerable erosion, so that only large, deep tracks are recognizable. Nine 

vertebrate trace fossil sites were identified along this stretch, although a dedicated search may yield 

more sites. One site of note exhibits possible evidence of seismic communication by elephants. 

 

Whale Trail Day 4 

 

Day 4 of the Whale Trail, within De Hoop Nature Reserve, begins at Hamerkop hut in the east and 

ends at Vaalkrans hut in the west, a distance of 10 km. The eastern stretch comprises beach 

exposures with some aeolianites; the western section comprises rugged aeolianite cliffs. The trail 

tends to lie just inland from the cliff top. Loose aeolianite slabs lie at the bottom of the cliffs. In some 

cases the bays at the bottom of the cliffs are inaccessible, and the search for ichnosites can only be 

easily achieved from above with binoculars. Nine vertebrate ichnosites were identified, although a 

dedicated search may yield more sites.  

 

East of Hamerkop hut, Palaeozoic Cape Supergroup quartzites are exposed all the way to the mouth 

of the Breede River, at Infanta. The Klipdrift Shelter archaeological site is situated ~6 km east of 

Hamerkop hut. Parts of this remote stretch of coastline have not been explored for ichnosites 

because of anticipated minimal yield in areas of Cape Supergoup exposures. However, patchy 

exposures of the Klein Brak Formation occur at Infanta, and one of these forms a reference 

stratotype for this formation (Malan, 1991a). While no ichnosites have been identified here, the 

possibility of small areas of similar Pleistocene sediments draping Palaeozoic rocks elsewhere cannot 

be excluded.  
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Figure 2. The Cape south coast of South Africa indicating the study area, which is broken up into, from west 

to east, (A), (B), and (C); ichnosites for which localiy data are available are indicated by yellow circles (the 

Whale Trail sites are therefore not included). 
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The distance between the mouth of the Breede River at Witsand and the mouth of the Duiwenhoks 

River at Puntjie is ~15 km. Long beaches alternate with rocky aeolianite outcrops and cliff sections. 

Strata are well-cemented in this area, and no vertebrate ichnosites have been identified, possibly as 

a result of an absence of suitable bedding plane exposures. Invertebrate ichnosites have been 

detected. 

 

Koensrust 

 

Coastal access is problematic at Puntjie, on the eastern aspect of the mouth of the Duiwenhoks 

River. Access to the stretch of coast east of the river mouth is more feasible via Koensrust farm. Six 

km of coastal cliffs, alternating with beach sections, extend from the river mouth in the west to the 

beginning of the long beach to Blombosstrand in the east. This stretch of coast includes Hoekvywer 

Bay, which contains reference stratotypes for both the Waenhuiskrans Formation and the Klein Brak 

Formation (Malan, 1989a, 1991a). A peat layer is exposed at Hoekvywer Bay. Strata are well-

cemented along this stretch of coast, with a resulting paucity of suitable surface exposures. Only two 

vertebrate ichnosites were identified, as well as invertebrate traces.  

  

A further 13 km of predominantly unconsolidated beach deposits, with occasional cliffs and rock 

exposures, comprise the coastline from Koensrust to Blombosstrand. No ichnosites have been 

identified in this area, but a single bone site was reported. 

 

Blombosstrand 

 

Four km of aeolianite exposures extend from Blombosstrand to west of Jongensfontein. Strata are 

very well cemented, and suitable surface exposures are rare. Only two vertebrate ichnosites have 

been identified, and another has been reported. The Blombos Cave archaeological site lies within 

this stretch of coastline.  

 

Palaeozoic Cape Supergroup quatzites are exposed from west of Jongensfontein to Still Bay, at the 

mouth of the Goukou River, a distance of ~18 km. Just south of Still Bay, probable Pleistocene 

sediments drape Cape Supergroup rocks. Although no ichnosites have been identified, a single bone 

was embedded in these sediments. 
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Geelkrans  

 

East of the Goukou River mouth lies a 3 km stretch of beach and dunes. Pleistocene exposures begin 

at Preekstoel and continue intermittently within 3.5 km of the Geelkrans Nature Reserve 

(CapeNature). Fifteen vertebrate ichnosites have been identified. 

 

Bosbokfontein 

 

Geelkrans Nature Reserve is contiguous with the private Bosbokfontein Nature reserve, which 

extends east for a further 2.5 km of alternating beach and Pleistocene outcrops. Ten vertebrate 

ichnosites have been identified. The eastern edge of the reserve lies at a sizeable midden just inland 

of a point exhibiting old visvywers (fish traps). 

 

Rietvlei 

 

East of the midden is a 3.5 km stretch of coast referred to here as Rietvlei, after a wetland situated 

inland (north) of the most seaward row of cliffs and dunes. Access to the area is through permission 

from private landowners. The western portion is a mix of beaches and Pleistocene rock exposures, 

and important vertebrate ichnosites have been identified, e.g., a turtle track holotype (Lockley et al., 

2019). A layer of peat crops out just below the low-tide level. The central section formed a reference 

stratotype (‘Rooikrans’) for the Waenhuiskrans Formation (Malan, 1989a), and contains a sand-

swimming trace holotype (Lockley et al., 2021a). The eastern section forms part of a remote portion 

of the coast with high cliffs. This is only safely accessed during low tide and involves difficult 

scrambling over loose blocks and slabs. The end of this section is marked by the western Todd 

ladder. Fourteen vertebrate ichnosites have been identified. 

 

Ladder West to Ladder East 

 

The distance between the two Todd ladders is just two km, but hiking the coast between them takes 

hours due to the challenging nature of the terrain, over loose blocks and slabs along the bottom of 

cliffs as high as 60 m. Low tide is essential for safe access. The Todd homestead is situated near the 

top of the eastern ladder. Despite the short distance, 35 vertebrate ichnosites have been identified, 

including ammoglyph sites (Helm et al., 2019a, 2021b), a turtle track holotype (Lockley et al., 2019) 

and a sand-swimming trace paratype (Lockley et al., 2021a). 
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East of Ladder East 

 

The challenging terrain beneath high cliffs continues east of the eastern Todd ladder. This section is 

just 500 m long, but includes 19 vertebrate ichnosites, including ‘Roberts Rock’, the first fossil 

tracksite to be reported from the Cape south coast (Roberts et al., 2008) and the only reported 

giraffe tracksite (Helm et al., 2018a). The east end of this section is marked by the start of the first 

beach. 

 

Driefontein 

 

The section known as Driefontein, named after the local farming area, extends for four km, and is 

accessed with permission from local farmers. In the west, beaches in bays alternate with headlands, 

and in the east, there is continuous beach. Aeolianite cliffs are more prominent in the western 

section. This is another track-rich area, in which 25 vertebrate ichnosites have been identified.  

 

East of Driefontein lies a 50 km expanse of coast comprising beaches and Holocene dunes 

alternating with long stretches of Palaeozoic quartzite Cape Supergroup outcrop. This includes the 

communities of Gouritsmond (and the mouth of the Gouritz River), Kanon, Vlees Bay, Boggoms Bay 

and Nautilus Bay. North of Cape Vacca a large dune field overlies Pleistocene sediments. While no 

ichnosites have been identified in these sediments, they have yielded skeletal material. At 

Boggomsbaai there are small outcrops of Pleistocene sediments, but no ichnosites have been 

identified. 

 

Dana Bay  

 

Despite only two km of Pleistocene outcrops, the sediments at Dana Bay are of great importance. 

Klein Brak Formation and Waenhuikrans Formation layers are present, dating to both MIS 11 and 

MIS 5 (Roberts et al., 2012). The MIS 11 layers contain a number of bone sites. Fifteen vertebrate 

ichnosites have been identified, most of them in MIS 11 deposits. One of the reference stratotypes 

for the Klein Brak Formation is situated at Dana Bay (Malan, 1991a) 

 

East of Dana Bay, Palaeozoic quartzite Cape Supergroup rocks are encountered for a distance of 15 

km, past Mossel Bay, which is the largest coastal town in the western portion of the study area. The 
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caves of the Pinnacle Point archaeological site are situated 5 km east of Dana Bay. Beyond where the 

Cape Supergroup rocks end at Pansy Beach (Voorbaai), there is an expanse of beach and dunes for a 

further 5 km, up to the mouth of the Hartenbos River.  

 

At least two coastal cave sites within this stretch contain sediments of interest. Pickering et al. 

(2013) reported aeolianite layers dated to ~1 Ma in caves at Pinnacle Point, and undated, bone-

bearing deposits in Leith’s Cave (described herein) have been identified. A dedicated search in caves 

in this area may yield further such deposits. 

 

Hartenbos 

 

The distance between the mouth of the Hartenbos River and the mouth of the Little Brak River is 

slightly more than 3 km. Usually this is formed by beach, with very low aeolianite cliffs and loose 

slabs at the upper end of the beach, below low dunes. At times, however, due to movements of 

sand, an underlying palaeobeach is exposed for much of this stretch (Helm et al., 2021a). Six 

vertebrate ichnosites have been identified here. At low tide further palaeobeach rocks are 

exposed, but they are heavily eroded and covered with algae and mussels, and as such are 

essentially uninterpretable. 

 

The holostratotype for the Klein Brak Formation is situated on the west bank of the Little Brak River, 

about 500 m from the shoreline (Malan, 1991a). One vertebrate tracksite has been identified west of 

the river mouth. As the name implies, Klein Brak Formation deposits predominate in this area. 

 

For much of the 10 km between the mouth of the Little Brak River and the mouth of the Great Brak 

River, Klein Brak Formation rocks are found in the sea close to the low tide mark, with a continuous 

stretch of beach above them, above which lie dunes and the residential developments of Reebok, 

Tergniet and Southern Cross. The rocks are heavily eroded and algae-covered, and are not suitable 

for ichnological interpretation. 

 

Great Brak River 

 

At the Great Brak River, Pleistocene rocks are exposed for a distance of 500 m, beside the river and 

adjacent to the promontory east of the river mouth. Four vertebrate ichnosites have been identified. 
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Shoreface and foreshore deposits of the Klein Brak Formation are overlain by Waenhuiskrans 

Formation aeolianites. 

 

East of the Great Brak River mouth lies a seven km stretch of beach and unconsolidated dunes, with 

residential developments, as far as the community of Glentana. From Glentana, past the 

communities of Herold’s Bay and Victoria Bay, to Wilderness is a distance of 25 km. Precambrian 

rocks of the Cape Granite Suite and Kaaimans Formation occupy this stretch of coast. Coastal caves 

exhibit impressive speleothems, and some of the caves contain enigmatic sandy or clay deposits 

which may possibly be of Pleistocene age. 

 

Wilderness East 

 

Beach resumes at Wilderness, and after about 2 km the first Pleistocene rock exposures, often 

covered by sand, are encountered. Cliffs crop out at the upper end of the beach, and extend for 4 

km, petering out just before the community of Kleinkrantz. Thirteen vertebrate ichnosites have been 

found in this area, which forms part of the Garden Route National Park (administered by SANParks). 

 

Kleinkrantz East 

 

A beach extends from Kleinkrantz almost all the way to Gericke’s Point, a distance of 11 km. This 

area forms part of the Garden Route National Park. In the western portion there are infrequent 

Pleistocene outcrops, and loose slabs at the upper end of the beach below the dunes, with limited 

exposure of cliffs. In the eastern portion the beach is situated beneath an unbroken line of cliffs, 

which do not readily yield track-bearing surfaces. Occasionally a palaeo-beach is exposed just above 

low-tide level. Seven vertebrate ichnosites have been identified. 

 

Gericke’s Point 

 

The Gericke’s Point section, also within the Garden Route National Park, begins where the first 

dislodged rocks are encountered at the eastern end of the long, above-mentioned beach, 

approximately 800 m west of Gericke’s Point. Although this section is only 2 km long, 25 vertebrate 

ichnosites have been identified within it. These include ammoglyph sites (Helm et al., 2019a), a 

hominin tracksite (Helm et al., 2020a), and large-reptile ichnosites (Helm et al., 2020b). Both 

Waenhuiskrans Formation and Klein Brak Formation deposits are present, and the latter include the 
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only lagoonal deposits thus far identified within the study area. Beach, with Holocene dunes above 

and directly landward of it, extends for just over 2 km to the Swartvlei mouth at Sedgefield. Klein 

Brak Formation rocks are well exposed just east of the river mouth, and form one of the formation’s 

reference stratotypes (Malan, 1991a).  

 

Sedgefield East 

 

East of Sedgefield lies another 5 km of beach, with rare Pleistocene outcrops in the western portion, 

changing to high cliffs above the beach in the eastern section. This portion forms part of the Garden 

Route National Park, and ends at the eastern boundary of the park at Platbank, which is contiguous 

with the western boundary of the Goukamma Nature Reserve (administered by CapeNature). Eight 

vertebrate ichnosites have been identified, including two important avian sites (Helm et al., 2020c). 

 

Goukamma Coast 

 

The coastline of the Goukamma Nature Reserve (administered by CapeNature) extends for 11.5 km 

from Platbank to the mouth of the Goukamma River. Both Waenhuikrans Formation and Klein Brak 

Formation deposits crop out regularly in the western 7.5 km, whereas the eastern 4 km comprise 

continuous beach, above which lie small dunes. This is a track-rich area, and 63 vertebrate ichnosites 

have been recorded, including hominin tracksites (Helm et al., 2020a), ammoglyph sites (Helm et al., 

2019a), and a lion tracksite, as well as a well-known trackway registered by a long-horned buffalo 

(Helm et al., 2018b).  

 

Goukamma River 

 

The Goukamma River provides the only known examples of inland Pleistocene vertebrate ichnosites. 

The six sites are found along the west bank of the river, where aeolianites crop out over a distance of 

500 m. The sites lie within the Goukamma Nature Reserve and are situated ~2 km inland. 

 

Buffels Bay 

 

The community of Buffels Bay lies 1 km east of the mouth of the Goukamma River. The point at 

Buffels Bay is composed of Palaeozoic quartzite Cape Supergroup rocks. Near the caravan park a 

small area of presumed Pleistocene sediments drapes these rocks, at what may have been a 
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stromatolite site. East of Buffels Bay lies a 5 km stretch of beach and dunes, which extends to the 

western end of Brenton-on-Sea. Along this beach there are rare Pleistocene outcrops, and at times 

more extensive deposits are exposed beneath what is usually a modern beach surface. Five 

vertebrate ichnosites have been identified. 

 

Brenton-on-Sea 

 

Beyond this stretch of beach, at Brenton-on-Sea, 1.5 km of Pleistocene aeolianite cliffs are 

encountered, with intermittent beach sections. Twenty-one vertebrate ichnosites have been 

identified, including a hominin tracksite (Helm et al., 2018c). At the eastern end of this section, at De 

Blokke, there is an abrupt transition to Palaeozoic quartzite Cape Supergroup rocks. 

 

Cape Supergroup rocks continue for 32 km from Brenton-on-Sea to Robberg, past features and 

communities such as the Knysna Heads (and the Knysna Eastern Head Cave), Noetzie, Harkerville, 

and Kranshoek. The archaeological site of Nelson Bay Cave is situated at the far end of this stretch. 

Jan De Vynck (pers. comm., 2022) reported a small area west of Robberg where aeolianite deposits 

are draped on these Cape Supergroup rocks. 

 

Robberg 

 

The Robberg Peninsula forms the easternmost track-bearing area within the study area. It contains 

three distinct rock types, in addition to Holocene beaches and dunes: Palaeozoic quartzite of the 

Cape Supergroup, Mesozoic rocks of the Robberg Formation (quarzitic sandstones of the Late 

Jurassic to Early Cretaceous Robberg Formation and younger Enon Formation Cretaceous 

conglomerates) and Late Pleistocene aeolianites. The aeolianites have been dated to MIS 3.  

 

The peninsula forms the southern boundary of Plettenberg Bay, and has a length of 3.7 km and a 

maximum width of 0.75 km. Protruding from the southern aspect of the peninsula is a 450 m x 150 

m aeolianite stack known as The Island, at the southern end of a 500 m long tombolo. The Island 

contains sea caves, some of which contain ichnosites. In addition, aeolianites are encountered 

further east, near the eastern tip of the peninsula. Fourteen vertebrate ichnosites have been 

identified (Helm et al., 2019c). 
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Table 1: Track-bearing areas within the study area, listed from west to east. 

LOCAL  

AREA 

ABBRE- 

VIATION 

WESTERN  

LIMIT 

EASTERN  

LIMIT 

NUMBER  

OF SITES 

Arniston AR 34° 41’ 17” S; 20 14’ 00” E 34° 39’ 45” S; 20 14’ 01” E 3 

Whale trail Day 5 W5 34° 28’ 42” S; 20° 30’ 37” E 34° 27’ 41” S; 20° 34’ 12.5” E 9 

Whale trail Day 4 W4 34° 27’ 41” S; 20° 34’ 12.5” E 34° 26’ 59” S; 20° 40’ 06” E 9 

Koensrust KO 34° 21’ 59” S; 21° 00’ 17” E 34° 22’ 21” S; 21° 04’ 07” E 2 

Blombosstrand BL 34° 24’ 23” S; 21° 12’ 24” E 34° 25’ 14” S; 21° 14’ 53” E 2 

Geelkrans GE 34° 22’ 01” S; 21° 27’ 18” E 34° 21’ 56” S; 21° 29’ 31.5” E 15 

Bosbokfontein BO 34° 21’ 56” S; 21° 29’ 31.5” E 34° 21’ 40.5” S; 21° 31’ 01” E 10 

Rietvlei RI 34° 21’ 40.5” S; 21° 31’ 01” E 34° 21’ 40” S; 21° 33’ 09” E 14 

Ladder West to Ladder East LL 34° 21’ 40” S; 21° 33’ 09” E 34° 21’ 51” S; 21° 34’ 27” E 35 

East of Ladder East LE 34° 21’ 51” S; 21° 34’ 27” E 34° 21’ 48” S; 21° 34’ 45” E 19 

Driefontein DR 34° 21’ 48” S; 21° 34’ 45” E 34° 22’ 31.5” S; 21° 37’ 04” E 25 

Dana Bay DB 34° 12’ 26” S; 22° 01’ 52.5” E 34° 12’ 19” S; 22° 03’ 30” E 15 

Hartenbos HA 34° 06’ 52” S; 22° 07’ 32” E 34° 05’ 34” S; 22° 08’ 55” E 6 

Great Brak River GB 34° 03’ 23” S; 22° 14’ 21” E 34° 03’ 22” S; 22° 14’ 35” E 4 

Wilderness east WE 34° 00’ 00” S; 22° 36’ 45” E 34° 00’ 11” S; 22° 38’ 16.5” E 13 

Kleinkrantz east KK 34° 00’ 26” S; 22° 39’ 35” E 34° 01’ 56” S; 22° 45’ 24.5” E 7 

Gericke`s Point GP 34° 01’ 56” S; 22° 45’ 24.5” E 34° 01’ 37” S; 22° 46’ 28” E 25 

Sedgefield east SE 34° 01’ 57” S; 22° 47’ 49” E 34° 02’ 46” S; 22° 50’ 13” E 8 

Goukamma coast GC 34° 02’ 46” S; 22° 50’ 13” E 34° 04’ 35” S; 22° 56’ 55” E 63 

Goukamma River GR 34° 03’ 30” S; 22° 56’ 14” E 34° 03’ 14” S; 22° 56’ 14” E 6 

Buffels Bay BB 34° 05’ 25” S; 22° 58’ 39” E 34° 04’ 26” S; 23° 01’ 09” E 5 

Brenton-on-Sea BS 34° 04’ 26” S; 23° 01’ 09” E 34° 04’ 41” S; 23° 02’ 07” E 21 

Robberg RO 34° 06’ 34” S; 23° 23’ 07” E 34° 06’ 37” S; 23° 24’ 15” E 14 

 

The resulting data were collated into: 

- a vertebrate ichnosite database https://doi.org/10.25408/mandela.21509943 

- a photograph database https://doi.org/10.25408/mandela.21512049 

- a photogrammetry database https://doi.org/10.25408/mandela.21509976 

The databases can also be viewed at https://doi.org/10.17632/sg82wkgmxr.1 

 

For the vertebrate ichnosite database, the area abbreviation is followed by the last two digits of the 

year in which the site was identified, followed by a further two digits indicating the order in which 

sites were identified in that year, e.g., GC1701, GC1702, etc. Columns in the table include the region, 

site number, major taxon, latitude and longitude, general comments, whether the site is in situ or ex 

situ, and whether it is preserved in epirelief, hyporelief or profile, followed by photo numbers and 

photogrammetry numbers. 

 

The photograph database has similar nomenclature, with photos beginning with the suffix ‘A’. For 

example, GC1701A-D indicates the presence of four photos. The photogrammetry database is also 

linked to the above-mentioned system, e.g. GC1701PG. 

 

https://doi.org/10.25408/mandela.21509943
https://doi.org/10.25408/mandela.21512049
https://doi.org/10.25408/mandela.21509976
https://doi.org/10.17632/sg82wkgmxr.1
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2) REGIONAL SETTING 

 

Abstract:  

In this chapter the geological context of the Cape south coast is first described, followed by a 

summary of the Quaternary sea level changes that repeatedly exposed and inundated the Palaeo-

Agulhas Plain during the Pleistocene. This leads into a description of the region’s Pleistocene 

palaeoenvironments, followed by a focus on palaeoanthropology and the innovations that have been 

reported from the region. The extensive Pleistocene body fossil record, derived largely from 

archaeological sites and animal dens, is reviewed, followed by a description of the state of 

palaeoichnological knowledge in the region prior to the inception of the Cape south coast ichnology 

project. 

 

2.1 Geological context 

 

The ~800 km long Cape south coast region comprises three key geomorphological elements: 

1) the mountains of the Cape Fold Belt, at the landward geographic limit of  

2) a seaward-sloping relatively low-relief dissected coastal platform, bordered at its seaward 

margin by the Indian Ocean, and  

3) a broad, shallow, section of the continental shelf, forming the submerged PAP (when 

exposed as a terrestrial landscape) of the Agulhas Bank (a marine term for this part of the 

seafloor now).  

 

Pleistocene sediments, containing all the ichnosites described here, occur along the narrow coastal 

fringe between the elevated marine-cut platform and the sea. They are found along less than a 

quarter of this stretch of coastline. The remainder comprises expanses of beach and unconsolidated 

Holocene dunes, Palaeozoic quartzite exposures of the Cape Supergroup, Mesozoic conglomerate 

and sandstone deposits, and exposures of the Cape Granite Suite (Newton et al., 2006).  

 

The coastline is characterised by large zeta (half-moon shaped) marine embayments, bounded by 

promontories of hard, Cape Supergroup quartzite (Newton et al., 2006). The embayments are the 

products of spirally refracted wave action preferentially eroding softer Bokkeveld Group shales and 

Cretaceous rocks from between more resistant quartzite formations. Storm-induced sculpting of the 

bays on the northern side of headlands has led to erosion of Pleistocene sediments in the coastal 

cliffs. Many of the ichnosites were found on sandstone slabs dislodged from these wave-cut cliffs. 

 



20 
 

The ‘study area’, the coastal strip between the town of Arniston in the west and the Robberg 

Peninsula in the east defined in Chapter 1, contains five major archaeological sites. From west to 

east these are Klipdrift Shelter, Blombos Cave, the Pinnacle Point cave complex, the Knysna Eastern 

Head Cave and Nelson Bay Cave. Outside the study area are two further major archaeological sites: 

the Die Kelders cave complex to the west and the Klasies River cave complex to the east. 

 

There is a history of more than a century of research on these Pleistocene deposits, beginning with 

Rogers (1906), who described raised beach deposits at the Little Brak River mouth. Krige (1927) 

assessed raised shorelines on the Cape coast, reporting on many examples at ~18 m and ~9 m above 

modern sea level. This was followed by Haughton et al. (1937), who described such features at the 

Little Brak River and Great Brak River mouths. Rogers (1971) described the sedimentology of 

Quaternary deposits on the Agulhas Bank. In addition to mentioning raised beach deposits at Little 

Brak River and Great Brak River, Davies (1972) described similar features at Hartenbos, Sedgefield, 

and Knysna. Martin and Flemming (1987), describing offshore aeolianites, also noted the presence of 

beach, overwash bar, lagoonal and estuarine deposits along the coast between Wilderness and 

Sedgefield. Malan (1989a, 1989b, 1990, 1991a, 1991b) formally described the lithostratigraphy of 

the Pliocene and Pleistocene sediments of the Cape south coast. 

 

All the ichnological sites described here occur in Pleistocene sediments, either in the Waenhuiskrans 

Formation (Malan, 1989a) or the Klein Brak Formation (Malan, 1991a). These two formations form 

part of the Bredasdorp Group, which covers the underlying geology unconformably from Hermanus 

to Plettenberg Bay, with a total thickness of ~500 m (Malan, 1990). Other formations within the 

Bredasdorp Group include the basal Pliocene marine De Hoopvlei Formation (Malan, 1991b), the 

Pliocene Wankoe Formation - an aeolian facies which comprises the bulk of the group both in terms 

of surface area and thickness (Malan, 1989b), and the Holocene Strandveld Formation of 

unconsolidated dunes. The Waenhuiskrans Formation is interpreted as dune cordon aeolianites 

(Malan, 1989a) and the Klein Brak Formation as cemented shallow-marine, beach, and lagoonal 

deposits (Malan, 1991a). 

 

East of Robberg there is an absence of Cenozoic deposits in the Tsitsikamma region, beyond which 

Quaternary sediments of the Algoa Group are found. The Waenhuiskrans Formation has been 

correlated with the Nahoon Formation of the Algoa Group, and the Klein Brak Formation has been 

correlated with the Salnova Formation of the Algoa Group (Le Roux, 1990; Roberts et al., 2006). Still 

further to the east lie sediments of the Maputaland Group (Botha, 1997), and correlation is generally 
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possible at the Formation level between it and sediments of the Bredasdorp Group and Algoa Group 

(Botha, 2018). On the west coast, the lithology of the Bredasdorp Group is comparable with that of 

the Sandveld Group (Roberts et al., 2006). 

 

The capacity of the Algoa Group, Maputaland Group and Strandveld Group to exhibit Pleistocene 

ichnosites has been demonstrated. Published reports on tracks from the Algoa Group include 

Deacon (1966), Mountain (1966), Roberts (2008) and Morrissey et al. (2020). In addition, tracks in 

the Woody Cape area were reported by David Roberts (pers. comm., 2009). Subsequent explorations 

by the research team from the African Centre for Coastal Palaeoscience have confirmed the 

presence of numerous tracks in this area, which lies within the Addo Elephant National Park. Golden 

moles traces on this coastline formed the holotype for Natatorichnus sulcatus ichnogen. et ichnosp. 

nov. (Lockley et al., 2021a). Tracks in the Algoa Group have also been reported from Three Sisters, 

east of Port Alfred (pers. comm. Mark Dixon, May 2021). Tracks from the KwaZulu-Natal coast and 

Maputaland Group include an elephant track reported by Cawthra (2012) and hippopotamus tracks 

(pers. comm. Greg Botha, December 2021). Tracks in the Strandveld Group have been well 

documented (Tankard, 1976; Roberts, 1996; Roberts and Berger, 1997; Roberts, 2008; Helm et al., 

2022a). 

 

Malan (1989a) chose Waenhuiskrans (near Arniston) for the holostratotype of the Waenhuiskrans 

Formation, with reference stratotypes at Hoekvywer Bay and Rooikrans (both east of Still Bay). All 

three localities lie within the western half of the study area. For the Klein Brak Formation, Malan 

(1991a) chose Little Brak River as the holostratotype, with reference stratotypes (from west to east) 

at Infanta, Hoekvywer Bay, Dana Bay and Sedgefield. Based on analysis at these sites, Malan (1989a, 

1991a) concluded that where a boundary existed between the two formations, it was sharp and 

conformable, with the Waenhuiskrans Formation conformably overlying the Klein Brak Formation. 

Malan (1991a) noted an unconformable contact between Klein Brak Formation sediments and what 

were interpreted as sediments of the older Wankoe Formation on the coast at Dana Bay. 

 

These studies, which remain fundamental to the geological interpretation of the Cape south coast, 

were performed before the development of reliable means to date the sediments. A report by 

Roberts et al. (2008) involved the early use of OSL and amino acid racemization (AAR) technology in 

southern Africa. Many studies have subsequently been published from the Cape south coast, and as 

a result the Pleistocene geochronology of the region is now much better understood. In some ways 

this has made geological interpretation more complex, as it has been realized that coastal sediments 
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include deposits from MIS 17, MIS 11, MIS 7, MIS 6, MIS 5, and MIS 3 (Carr et al., 2010, 2019; 

Bateman et al., 2011; Jacobs et al., 2011; Roberts et al., 2012; Pickering et al., 2013; Cawthra et al., 

2014, 2018).  

 

Furthermore, Pleistocene sea-level oscillations were profound, dune formation may have been 

associated with both transgressive and regressive marine shoreline events (Cawthra et al., 2018), 

and beach deposits could have formed and been preserved at various times. The OSL record indeed 

confirms that Klein Brak Formation and Waenhuiskrans Formation sediments may alternate (e.g., 

Roberts et al., 2012), and hence that there may be multiple levels of both Waenhuiskrans and Klein 

Brak formation outcrops laid down during various marine isotope stages. In addition, transitional 

areas occur between the upper ends of beach deposits and the lower reaches of dune deposits, 

layers of dune sand may be blown onto beaches, and sea level fluctuations and sediment reworking 

may further complicate interpretation. It is therefore not always straightforward to determine with 

certainty which of the two formations a given rock surface belongs to, especially in the case of ex 

situ material.  

 

The aforementioned factors complicate the interpretation of coastal Pleistocene sediments. 

However, based on Malan’s interpretation at Dana Bay (1991a), the Wankoe Formation, now known 

to be mainly of Late Pliocene age, could also be encountered along the coast. The Waenhuiskrans 

Formation and Wankoe Formation both have an aeolian origin, but the Wankoe Formation exhibits 

much greater levels of weathering (with calcification and karstification) and greater unit thickness 

(Malan, 1989b; Hodge, 2013). 

 

Roberts et al. (2012), in analysing sediments at Dana Bay with the benefit of OSL technology, 

established that the older sediments are from MIS 11 and hence not from the Wankoe Formation 

(contra Malan, 1991a). To date, there is no other reported evidence of coastal Wankoe Formation 

outcrop, and it appears therefore that all Pleistocene coastal sediments belong either to the Klein 

Brak Formation or the Waenhuiskrans Formation. This notion is borne out through a study by Jacobs 

et al. (2020), describing four geological successions in the vicinity of Blombos Cave, which were 

dated though OSL: the oldest deposits (Klein Brak Formation) were from MIS 11, and the remainder 

were from the Waenhuiskrans Formation, with the youngest from the time of the MIS 5a – MIS 4 

transition. 
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Botha (2021) provided a synthesis of southern African Cenozoic stratigraphy, summarizing 

challenges and potential solutions. The challenges resulting from the work of Roberts et al. (2012) on 

the stratigraphy at Dana Bay were specifically addressed. It was noted that lithostratigraphic 

frameworks are dynamic entities, and that the refined chronostratigraphic sequence described at 

Dana Bay by Roberts et al. (2012) had led to the apparent need to subdivide the Klein Brak and 

Waenhuiskrans Formations. For example, the Waenhuiskrans Formation could no longer be said 

merely to overlie the Klein Brak Formation. Botha (2021 – p. 823) concluded that two or more new 

formations would have to be added in order for the MIS 11 transgressive/regressive event to be 

properly characterised: 

 

“the stacking of the same lithostratigraphic couplet of formations near Mossel Bay, 

effectively separated by erosional unconformities representing several hundred thousand 

years and different glacial cycles, is contrary to the lithostratigraphy defined by Malan.”  

 

Simplifying the analysis of Pleistocene sediments is the observation that Quaternary tectonic activity 

is considered minimal along the Cape south coast (Fleming et al., 1998). Sedimentary stratification, 

therefore, lies at or close to the original angle of deposition, which in the case of aeolianites is often 

~30°, the angle of repose of wind-blown sands (Roberts et al., 2013). 

 

Another complicating factor lies in the distribution of sand along the Cape south coast. This varies 

seasonally in cycles of accretion and erosion. Rogers (1971) suggested that seasonal sediment 

nourishment and starvation of Cape south coast beaches was linked to prevailing winds and 

resulting swell directions, which allow for accretion or scouring in different parts of large marine 

embayments. This implies that visits to familiar ichnosites may be thwarted by sand cover, or that 

sites that are usually covered by beaches may at other times be briefly exposed. It suggests that 

vigilant monitoring is required to document such sites within what may be a relatively short time 

period. 

  

Globally, aeolianite deposits are relatively common in mid-latitude regions, typically between 20° 

and 40° (Fairbridge and Johnson, 1978; Brooke, 2001). The South African coastline contributes 

significantly to the global prevalence. These fossil dune systems are sensitive palaeo-environmental 

indicators in South Africa, as recorded in their orientation, geometry, and palaeontological and 

archaeological content (Roberts et al., 2013). Cemented aeolianites on the present day Cape south 

coast are the fringing remnants of a dominance of comparable deposits on the adjacent shelf 
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(Cawthra et al., 2014), which were associated with both transgressive and regressive sea-level 

events (Cawthra et al., 2018).  

 

Aeolianites in the present coastal terrestrial record appear mostly to be associated with regressive 

phases subsequent to sea-level high stands following MIS 11 and MIS 5e (Carr et al., 2010; Bateman 

et al., 2011; Roberts et al., 2012), circumstances that provided a sand source for the formation of 

coastal dune cordons (Illenberger, 1996). Bateman et al. (2011) noted phases of dune construction 

on the Cape south coast between 241–221 ka, 159–143 ka, 130–120 ka, and 92–87 ka. However, 

Carr et al. (2019) documented at Robberg the first currently non-submerged examples of onshore 

accumulation not associated with a sea-level high-stand (MIS 3): dates of ~67–55 ka and ~41–35 ka 

were obtained. Roberts et al. (2012) reported MIS 11 aeolianites from Dana Bay. Pickering et al. 

(2013) reported aeolianites dated to ~720 ka at a single location in a cave at Pinnacle Point. 

 

The aeolianites, in which the majority of tracksites described here occur, are mostly composed of 

fine- to medium-grained sand, with a high carbonate content derived from marine shell fragments. 

These dune deposits become cemented into aeolianite as a result of the downward percolation of 

rainwater in the meteoric diagenetic zone, which mobilizes the carbonate shell component; 

carbonates are re-deposited as interstitial cement within the sandstone matrix (Flügel, 2004). 

Roberts and Cole (2003) proposed that the plentiful occurrence of vertebrate traces in coastal 

southern African aeolianites could be attributed to a combination of: 

- cohesiveness of moist sand, which provides an effective moulding agent,  

- high sedimentation rates, which promote swift track burial, 

- rapid lithification via partial solution,  

- re-precipitation of bioclasts, and  

- shoreline erosion, which re-exposes the fossil-bearing surfaces. 

 

Aeolian deposits are formed in three main sub-environments: dunes, interdunes and sand sheets. 

Sedimentary bedforms in the study area are dominated by large-scale, high-angle, tabular or wedge 

planar cross-stratification formed by wind-progradation of sand dunes (Roberts et al., 2008). These 

alternate with horizontally bedded to low-angled, laminated lithofacies that represent both dry and 

wet interdune areas (Hunter, 1977, 1981; Fryberger et al., 1979). The Cape south coast aeolianite 

formations are stratigraphically interrupted in places by palaeosols, which may be laterally 

persistent (e.g., Roberts et al., 2008; Carr et al., 2019). Palaeosols represent periods of landscape 
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stability, during which colonization and stabilization of dune surfaces with vegetation occurred 

(Jacobs et al., 2020). 

 

Differences in the morphology of aeolianite outcrops and exposed bedding plane surfaces exist from 

west to east across the study area. In the western portion, as far as Still Bay, aeolianite deposits tend 

to be well cemented, and hence do not readily part to yield bedding plane surfaces that may exhibit 

tracks and traces. An exception is the De Hoop stretch of coast (Day 4 and Day 5 of the ‘Whale Trail’) 

but, in this area, exposed surfaces appear to weather rapidly and become uneven, rendering track 

identification difficult. East of Still Bay, the aeolianites are not as well cemented, and separation 

yielding multiple bedding plane surface exposures is common, resulting in an enhanced potential for 

identifying ichnosites. However, large surface areas of exposure (palaeosurfaces) are rare, as these 

surfaces tend to fragment easily. Consequently, long trackways are a rarity.  

 

The largest bedding plane surfaces identified to date occur in hyporelief on the ceilings of caves, for 

example at Robberg. In places, such as the remote Driefontein area east of Still Bay, coastal cliffs as 

high as 60 m extend for a distance of 6 km. The cliffs, which are being undercut by wave action, 

make for challenging access. However, multiple track-bearing surfaces are evident on loose slabs 

and blocks at the bottom of the cliffs. Most track-bearing localities have a more subdued 

topography, with easy access to exposures along long expanses of beach, such as in the Goukamma 

Nature Reserve.  

 

The erosive forces of wind and water on the coastline that contribute to, for example, cliff collapse 

or cave formation, thus exposing track-bearing surfaces, are also the agents that result in the 

destruction of ichnosites. Sometimes, immediately after exposure, a thin, hardened veneer of silt or 

evaporite (salt) allows for the preservation of tracks in pristine detail. At other times there is a brief, 

transient phase during which track quality improves following exposure. Over time, however, 

surface detail is inevitably lost, or track-bearing slabs fragment or slump into the ocean. The result is 

a dynamic system in which tracks and traces appear and disappear (Helm et al., 2020d).  

 

The Klein Brak Formation exhibits greater facies variety than the Waenhuiskrans Formation, 

representing cemented shallow-marine, beach, and lagoonal deposits. Identified sub-environments 

include shoreface deposits with herringbone cross-bedding patterns (Malan, 1991a; Roberts et al., 

2012; Cawthra et al., 2018), relatively low-angle foreshore or palaeo-beach deposits, marine gravel 

and conglomerate, and lagoonal deposits characterized by fine-grained silt-rich strata that indicate 
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depositional quiescence (Helm et al., 2020b). By far the largest palaeo-surfaces thus far identified 

take the form of laterally persistent palaeo-beach exposures (Helm et al., 2021a). However, these 

surfaces are commonly covered by modern beaches and are only rarely exposed. At Dana Bay, 

within the MIS 11 deposits of the Klein Brak Formation, there is an easily identifiable rip-up clast 

layer, which acts as a laterally-persistent marker bed (Roberts et al., 2012). 

 

Palaeoenvironmental interpretation of the Pleistocene geology of the Cape south coast is closely 

associated with, and related to, sea level oscillations. These are discussed in the next section. 

 

 

2.2 Quaternary sea-level change 

 

What is popularly known as the Pleistocene ‘Ice Age’ is more accurately portrayed as a series of 

marked global temperature fluctuations, characterized by long, cold ‘glacial’ phases, punctuated by 

shorter, warm ‘interglacial’ phases. The amount of ice that repeatedly melted and refroze is 

prodigious; for example, Fleming et al. (1998) estimated a land-based ice volume of (4.6–4.9) × 107 

km3 during the Last Glacial Maximum (~22 ka). 

 

The influence of the resulting oscillations in global sea level on the palaeogeography of the Cape 

south coast was profound. These effects are largely related to the repeated sub-aerial exposure 

(during ‘glacials’) and inundation (during ‘interglacials’) of the continental shelf, which is one of the 

broadest of its kind in Africa (Cawthra et al., 2020). Regionally this is termed the PAP, which was 

exposed in its entirety during maximum sea-level regressions. 

 

As noted in section 2.1, evidence for sea level fluctuations on the Cape south coast in the form of 

raised beach deposits was noted by early researchers (Rogers, 1906; Krige, 1927; Haughton, 1937; 

Davies, 1972). Dingle and Rogers (1972) described the Pleistocene geography of the Agulhas Bank, 

based on three low sea-level stages. Martin and Flemming (1987) drew attention to the presence of 

offshore aeolianites in the Wilderness area. Van Andel (1989) made a connection between Late 

Pleistocene sea-level changes and the pattern of human exploitation of the shore and continental 

shelf. Ramsay and Cooper (2002) helped to place the southern African sea-level oscillations in a 

global context, comparing them to their equivalents in the Caribbean, and noting broad correlations 

along with some deviations. Compton (2011) proposed that what he called the ‘southern coastal 
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plain’ may have served as a point of origin for human dispersal in response to sea level changes and 

the barriers and corridors that result from these changes.  

 

These examples form a prelude to the more recent proliferation of research into regional 

Quaternary sea-level changes and their implications. One major advance lay in the field of OSL 

dating on the Cape coast, initiated by Feathers and Bush (2000) at De Kelders, to the west of the 

study area. The first example from within the study area (Bateman et al., 2004) was followed by 

many other reports (Carr et al., 2007, 2010, 2019; Roberts et al., 2008, 2012; Bateman et al., 2011, 

2020; Jacobs et al., 2011; Pickering et al., 2013; Cawthra et al., 2014, 2018). These studies yielded an 

impressive array of dated sites. This allowed for correlation with the internationally accepted marine 

isotope stage (MIS) time-scale (e.g., Wright, 2000), which functions as the global standard in 

Quaternary geochronology.  

 

In terms of this time-scale, even numbers represent cold, glacial periods, odd numbers represent 

warm, interglacial intervals, and increasing MIS numbers represent increasing age (with the present 

being MIS 1). As noted above, reference to this standard was particularly useful when interpreting 

sites with deposits of more than one sea-level high-stand, such as Dana Bay (Roberts et al., 2012). At 

a global level, further evidence to buttress this data came from Waelbroeck et al. (2008), who 

employed radiometric dating using U-series isotope measurements on corals to obtain a global 

mean age of 126 ka ± 1.7 ka for the beginning of the last interglacial sea-level high-stand (MIS 5e). 

 

The South African Coast Paleoclimate, Paleoenvironment, Paleoecology, Paleoanthropology Project 

(SACP4) developed a high resolution 3D ‘paleoscape model’ for the Middle and Late Pleistocene of 

the PAP (Fisher et al., 2010). This involved the generation of precise estimates of the placement of 

the coastline (and hence distance from the current coastline) at 1.5 ka intervals through the last 420 

ka. The model predictions were supported by comparison with strontium isotope ratios from 

speleothems dated from 90 –53 ka at Pinnacle Point (Bar-Matthews et al., 2010). 

 

Marean (2010a – p. 432) summarized the effect of fluctuating sea levels on the location of the 

coastline as: “The current landscape must be viewed as a neocoastline with the past having a 

continuous set of paleocoastlines moving in and out of the reach of people inhabiting the current set 

of neocoastline sites.” The model (Fisher et al., 2010) showed that the coastline was as much as 96.5 

km south of Pinnacle Point during the glacial maximum at 137 ka, when sea levels would have been 

129 m lower than present levels (Waelbroeck et al., 2002). The model also suggested that during the 
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MIS 6 glacial stage (191 ka – 130 ka) there was only a narrow time period, from 168.5 ka to 164 ka, 

when the coast would have been within 8 km of Pinnacle Point. Furthermore, from MIS 6 through 

MIS 2, except for the high sea levels of MIS 5e, there was a flat, relatively featureless plain to the 

south of the current coastline. 

 

Because of the relative lack of relief on the PAP, small differences in sea level could have profound 

effects on the location of the coastline. The transition from late MIS 6 (glacial) to early MIS 5e 

(interglacial) was particularly abrupt, with the coast moving inland at astonishing speeds (Fisher et 

al., 2010), resulting in a rapidly shrinking PAP and changes in coastline location that must have been 

discernible within individual lifetimes (Marean et al., 2014). Reportedly, at the 137 ka glacial 

maximum ~73 000 km2 of the currently submerged PAP was exposed, and, at the time of the MIS 5e 

highstand, ~400 km2 of land that is currently exposed was flooded (Marean et al., 2014). 

 

Sea levels have been substantially lower than present levels for ∼90% of the Pleistocene (Cawthra et 

al., 2020), as illustrated in Figure 3. The two major interglacial sea-level high-stands in the Middle 

Pleistocene and Late Pleistocene that form exceptions to these lower levels (and which have an 

impact on fossil ichnosites) were associated with MIS 5e and MIS 11. Carr et al. (2010) documented 

that for the MIS 5e high-stand, sea levels were 6.6–8 m higher than current levels. This was a time 

associated with polar temperatures ~3–5°C warmer than at present (Otto-Bliesner et al., 2006) and 

global mean temperature 1.5°C higher than at present (Turney et al., 2010; Lunt et al., 2013). 

 

Figure 3. Quaternary sea-level fluctuations in response to climate changes over the past 400 000 ka as 

reflected in Marine Isotope Stages (MIS) 1-11, modified from Spratt and Lisiecki (2016). 

 

Roberts et al. (2012) noted that MIS 11 was possibly the longest (423 ka – 362 ka) and warmest 

interglacial of the Quaternary Period. Noting that the maximum MIS 11 level was globally 
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contentious, these authors referred to the tectonic stability of the Cape south coast, and the low 

predicted glacio-isostatic adjustment, to support their conclusion of a sea-level high-stand of 13 m 

above present levels. 

 

Cawthra et al. (2018) furthered the understanding of processes relating to rising and falling sea 

levels on the Cape south coast through a study at, and offshore from, Great Brak River: the 

succession of palaeobeach and palaeodune deposits extended from subaerial to submerged, with 

palaeoshoreline deposits extending to water depths of 55 m. It was concluded that these coastal 

dune and palaeobeach deposits had no clear preference for being deposited during sea-level 

transgressions or regressions (Cawthra et al., 2018). Instead, it appeared that deposition of 

sediments occurred either during times of rapid sea-level movement or around still-stand events. 

 

The implication of these findings for the fossil ichnoites that have been identified on or near the 

current coastline is that they would have been registered at the margin of the PAP. The presence of 

numerous offshore aeolianites and cemented foreshore deposits (Cawthra et al., 2015) suggests that 

further ichnosites could be identified through sub-marine studies, but bio-armouring on reefs is 

expected to make this challenging. 

 

Despite what seems like a plethora of studies and publications, there was a sentiment that a more 

substantive, collaborative effort was desirable. The result was the Special Edition of Quaternary 

Science Reviews, with 23 peer-reviewed articles (Cleghorn, Potts and Cawthra, 2020). Marean et al. 

(2020) made a blunt assertion that the reason why many scientists have ignored the PAP is that is 

submerged. One of the articles (Cawthra et al., 2020) depicted geological and soil maps for the PAP 

for the first time, indicating the courses of fossil river systems extending tens of kilometres from the 

current coastline. 

 

In the preface to the Special Edition, Cleghorn, Potts and Cawthra (2020 – p. 2) noted: 

  

“the Palaeo-Agulhas Plain was not simply an extension of the modern Cape environment, but 

was a unique ecosystem unlike any existing in the world today. Unlike the deeply dissected, 

undulating landscape, and high-energy erosional systems of the coastal foreland, the Palaeo-

Agulhas Plain was relatively flat, with wide meandering rivers. Palaeocoastlines of the 

Palaeo-Agulhas Plain, dominated by beaches and aeolianite reefs, lacked the rocky cliff 

coasts typical of much of the … south coast today.” 



30 
 

 

Whereas the PAP is important in its relation to Quaternary sea-level change, equally important are 

the inferences that can be made on palaeoenvironment, palaeoclimate and palaeoanthropology. 

These, and their implications, form the subjects of the following sections. 

 

Given that many, and maybe most, late Pleistocene archaeological sites are currently submerged, 

the global context of the corpus of research on the Cape south coast was explored by Bailey and 

Cawthra (2021), comparing it with research findings from the North Sea and the Red Sea. In all three 

cases previously habitable land has been drowned by rising sea levels. The importance of 

collaboration between the fields or archaeology and marine science was emphasized, and conditions 

were described in which archaeological evidence from these submerged landscapes might be 

preserved and identified. 

 

Before concluding this section on sea-level change, it is noted that we currently live in an interglacial 

phase, MIS 1 (Cawthra, 2016), with sea levels at their highest since the MIS 5e high-stand. Concern 

exists about anthropogenic climate change and global warming, and the effect that these processes 

may have on global sea levels. In this regard, Roberts et al. (2012) commented that the duration and 

severity of the MIS 11 interglacial resulted from a special arrangement of the Earth’s orbital 

parameters, and that this arrangement was similar to that of the present interglacial. Notably higher 

sea levels were predicted in the future, irrespective of anthropogenic influences (Roberts et al., 

2012). 

 

Indeed, increasing frequency and intensity of storm surge events have been described, with 

predictable effects on coastal erosion (Smith et al., 2010; Mather and Stretch, 2012). An obvious 

effect of such events on coastal ichnosites is one of destruction, whereby track-bearing surfaces 

collapse or are eroded more rapidly, or more readily slump into the sea. Conversely, an increased 

exposure rate of fresh surfaces can be anticipated, although the net effect may be a shortened 

window of opportunity in which to detect new ichnosites.  

 

 

2.3 Palaeoenvironmental context 

 

As noted above, sea levels were substantially lower than present levels for ∼90% of the Pleistocene 

(Cawthra et al., 2020). The Cape south coast ichnosites would have been registered at the interface 
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between the PAP and the deeply dissected, topographically more complex landscape that forms the 

present-day coastal foreland platform.  

 

Whereas the contemporary coastal platform appears to have been broadly similar during the 

Pleistocene compared with historic records, allowing for periodic differences in rainfall and 

temperature (Marean et al., 2014), the PAP constituted a substantially different, now almost absent, 

ecosystem, with one small ~70 km2 analogue at the Agulhas Plain in the vicinity of Cape Agulhas. 

Early recognition of the importance in the southern African palaeolandscape of what would, in the 

future, be termed the PAP, is evident in a prescient publication by Dingle and Rogers (1972). This 

study discussed the Pleistocene palaeogeography of the Agulhas Bank, its bedrock geology and 

sediment cover, with conclusions on soil types, terrain and drainage, and postulates on river courses. 

Nonetheless, a detailed appreciation of the significance of the PAP has only recently become 

apparent with the development of modern marine hydroacoustic mapping methods. 

 

Klein (1972, 1976, 1983), in a series of publications, using the results of radiocarbon-dating at Nelson 

Bay Cave and Klasies River Cave was able to document regional faunal assemblages over the last 110 

ka. This time span included much of the Late Pleistocene, the Last Glacial Maximum, and the 

Pleistocene-Holocene transition. The effects of varying sea levels were clearly apparent, and the 

Pleistocene faunal assemblages were substantially different from those of the Holocene, often 

featuring large-bodied grazers. 

 

In the early 2000s, a research group led by Curtis Marean, basing their project at Pinnacle Point, built 

on the work of Dingle and Rogers (1972), Klein (1972, 1976, 1983), Martin and Flemming (1987), Van 

Andel (1989), and others. Thus the ‘SACP4’ was born. This trans-disciplinary project resulted in major 

advances, including speleothem studies (e.g., Bar-Matthews et al., 2010) that were crucial to an 

ongoing topic of debate: the relative presence of C3 grasses and C4 grasses, and winter versus 

summer rainfall regimes. Cowling (1983) had demonstrated the regional connection between 

western winter rains and associated grasses (which used the C3 photosynthetic pathway) and 

eastern summer or bimodal rainfall patterns and associated grasses (which used the C4 

photosynthetic pathway). Nutritious C4 grasses might have formed a grazing resource on the 

exposed PAP, to support the profusion of large-bodied grazers that had been documented. Marean 

(2010b) proposed an ungulate migration ecosystem on the exposed PAP, in which grazers would 

seek out the nutritious green grasses, according to seasonal patterns and rainfall patterns (hence 
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typically moving east in summer and west in winter). Independent evidence to support this postulate 

has subsequently been documented (Faith and Thompson, 2013; Copeland et al., 2016). 

 

In recent years, two publications by Marean et al. (2014, 2020) have summarized the understanding 

of the PAP and its role within the Cape Floristic Region. Marean et al. (2014) presented preliminary 

hypotheses of the character of the PAP, and provided accompanying tables which listed habitat 

types, and sites of major importance in palaeoenvironmental reconstruction, along with faunal 

records and sediment dates. This publication formed a chapter in a book (Allsopp et al., 2014) that 

highlighted the global importance of the Cape Floristic Region. The current extent of the Cape 

Floristic Region, sans the Paleo-Agulhas Plain, has the greatest plant biodiversity of all 

Mediterranean-climate ecosystems, with a high rate of endemism (Allsopp et al., 2014; Cowling et 

al., 2015).  

 

With Richard Cowling and Janet Franklin, Curtis Marean (2020) provided a synthesis of the trans-

disciplinary research studies that constitute the Special Edition of Quaternary Science Reviews 

(Cleghorn, Potts and Cawthra, 2020). It summarizes the current understanding of the PAP 

palaeoenvironment. Tribute is paid to leading researchers in the field, such as Hayley Cawthra and 

Erich Fisher, and an illuminating statement is made (Marean et al., 2020, p. 9): “Overall, we think the 

Palaeo-Agulhas Plain resembled its far northern kin, the Serengeti, more than its neighbor next door, 

the contemporary Cape Floristic Region.” Furthermore, the goal is unarguably lofty: “as 

palaeoscientists, we must aspire to reach such complex understandings of palaeoscapes as our fellow 

scientists have assembled for their modern ecosystems.”  

 

The geology of a region needs to be understood in order to understand its soils, which enables the 

understanding of vegetation, which leads to understanding of faunal composition. Cawthra et al. 

(2020) addressed the first two subjects with regard to the PAP, and Cowling et al. (2020) addressed 

the third, allowing Marean et al. (2020) to expound on the faunal assemblage, in the context of 

other variables such as temperature, rainfall, and fire. 

 

Cawthra et al. (2020) used new geophysical and geological datasets (often obtaining sub-marine 

samples) to produce a geological map and a soil map of the PAP for the Last Glacial Maximum. The 

northern portion of the Plain contained soils derived from siltstone and shale bedrock, whereas the 

southern portion was dominated by weathered limestone. The presence of extensive floodplains, 

meandering rivers and wetlands was demonstrated. The coastline was soft and dynamic, with 
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dissipated beaches and aeolianite reefs, and lacked the rocky or cliff-lined features of the current 

coast.  

 

In the northern portion, soils were particularly fertile compared with those on the current coastal 

platform. Extensive dune fields were shown to have extended inland from their associated 

palaeoshorelines. The geological map and soil map are tangible symbols of more than a decade of 

multidisciplinary scientific collaboration (Cawthra et al., 2020). 

 

Cowling et al. (2020) developed a ‘rule-based vegetation model’, based on these soil types, which 

suggested that the vegetation on the PAP was very different from that of the current coastal 

lowlands, and that it would have had the capacity to support the diverse megafauna during glacials. 

The model predicted that limestone fynbos shrublands dominated the southern part of the PAP, 

whereas grasslands dominated the northern portion. Furthermore, meandering rivers surrounded by 

broad floodplains would have supported woodland and grassland on the fertile alluvial soils, i.e., a 

savanna landscape.  

 

Following on earlier studies of the faunal assemblage from Pinnacle Point (Rector and Reed, 2010; 

Thompson, 2010) these studies and predictions allowed Marean et al. (2020) to paint an evocative 

picture of vertebrate life on the PAP. The valleys and floodplains, with grassland and woodland 

dominated by Vachellia karroo, would have housed browsers such as black rhinoceros, giraffe, kudu 

and bushbuck, a variety of grazers, and mixed feeders such as eland and springbok. Southern 

reedbuck likely thrived on the floodplain grasslands. The wetlands may have harboured 

hippopotamus and crocodile. The African elephant probably was present in a variety of habitats. 

Other grazers on the floodplain grasslands would have included hartebeest, black wildebeest, 

bontebok, roan antelope, the extinct blue antelope (Hippotragus leucophaeus), quagga (Equus 

quagga quagga), and the extinct giant Cape horse (Equus capensis).  

 

Marean et al. (2020) next discussed the extinct long-horned buffalo (Syncerus antiquus), predicting 

that its broad horns would have rendered it immobile in the woodland, and that it would therefore 

have inhabited treeless, grassy plains. In contrast, the Cape buffalo would have inhabited more 

varied environments. The final extinct species worthy of discussion is the ‘giant hartebeest’ 

(Megalotragus priscus), thought to be a specialized, probably gregarious roughage grazer. 
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Finally, Marean et al. (2020) considered the southern section, whence fossil mammal assemblages 

are not presently known. They predicted that the more southerly floodplains would have been 

increasingly influenced by tides, and hence more brackish. Large estuaries would have provided 

good habitat for birds and fish, while dune fynbos covering dunes inland from the broad, dissipated 

beaches would have contained grysbok, duiker, and bushbuck. Together, these predictions and 

descriptions, especially if seen in the context of purported seasonal east-west migrations, conjure up 

visions of a ‘lost world’. Comparisons to the Serengeti do not seem inappropriate. 

 

The remarkable array of disciplines that have contributed to this palaeoenvironmental synthesis is 

illustrated by the following examples:  

- Quick et al. (2015) extracted cores from the Rietvlei wetland, east of Still Bay, yielding 

pollen, plant biomarkers, and geochemical and charcoal data from MIS 3 through MIS 1. The 

data showed how wetland productivity related to sea level, and indicated alternating humid 

and arid phases. 

- Braun et al. (2018) presented stable isotope ratios from speleothems at Pinnacle Point, 

covering a time interval from 330–43 ka, thus recording changes in rainfall seasonality and 

the proportions of C3 and C4 vegetation. It was shown that increased summer rainfall 

tended to increase the proportion of C4 grasses, and that shifts toward summer rainfall 

occurred when precession was high and westerly winds were in a more northern position. 

- Braun et al. (2020) studied speleothems from Herold’s Bay Cave and demonstrated more 

summer rainfall and a higher abundance of C4 vegetation during MIS 5b and MIS 4, 

compared with MIS 5a and MIS 3. 

- Esteban et al. (2020) used phytoliths (silica particles that formed in plant cells) from caves at 

Pinnacle Point to determine the presence of fynbos, thicket, forest and grassy vegetation 

that persisted inland during both glacials and interglacials.  

- Matthews et al. (2020) studied micromammals from MIS 9 through MIS 1, accumulated by 

owls and small carnivores (typically with a sampling radius of <2 km). 

- Williams et al. (2020) analyzed macromammal stable isotope data from a brown hyena den 

at Pinnacle Point (with a sampling radius of as much as 20 km), showing evidence of a 

greater C4 grass component on the PAP, compared with C3 dominated vegetation close to 

the den. 

- Sealy et al. (2020) measured isotopes in bovid tooth enamel and dental mesowear from 

Nelson Bay Cave spanning the last 22 ka; the findings were consistent with an eastwards 

extension of winter rainfall at the Last Glacial Maximum. 
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- Hodgkins et al. (2020) examined isotopes in serially drilled teeth from seven ungulate genera 

from a brown hyena den dating to ~151 ka at Pinnacle Point. The results indicated that the 

PAP could support some herbivore populations year-round without substantial migration. 

Marean et al. (2020) interpreted the resulting data as suggesting a mixed community of 

ungulates: some were migratory, some moved shorter distances, and some were resident.  

- Venter et al. (2020) reconstructed species communities for the PAP for the last 300 ka, and 

used Hutchinson's weight ratio theory to investigate potential gaps in the record, concluding 

that large mammals showed an extraordinary resilience to extreme habitat loss, surviving as 

refugee species during high sea levels despite low habitat availability. This is important, as 

during strong interglacials, the PAP was submerged, and its ecosystems either disappeared, 

or shrank to small fragments on the steeply rising coastline (Marean et al., 2020). 

- Rishworth et al. (2020) noted features resembling peritidal stromatolites in the PAP 

landscape (comparing them with living stromatolite sites on the Cape south coast), and 

associated these with alternative water resources during the Pleistocene. 

- Grobler et al. (2020) examined the dune flora on current coastal dune landscapes, and 

related the lack of significant west-east differences in diversity, and the remarkably high 

biodiversity of the Strandveld, to the extensive Pleistocene dune habitats on the PAP. 

- Jacobs et al. (2020) studied coastal palaeosol systems, which can be regarded as remnants of 

the northern extent of the PAP (Marean et al., 2020). 

 

As a result of the accumulated corpus of research, Marean et al. (2020) were able to list the 

following features that serve to distinguish the PAP from the contemporary coastal foreland:  

 

1) it was flat,  

2) it had large meandering rivers and streams draining from the interior to the coast,  

3) it had abundant fresh water in these rivers and streams as well as seeps,  

4) it was more fertile than the interior of the Cape Floristic Region,  

5) the coast was dominated by long sandy beaches and lacked the rocky reef and cliff 

coasts common on the contemporary coastal lowlands,  

6) it had expansive and fertile, well-watered grasslands,  

7) the grasslands supported large and diverse grazing ungulates that had both resident and 

mobile populations,  

8) woodlands were extensive along the floodplain perimeters, and  

9) the woodlands were inhabited by a rich woodland fauna including giraffe. 
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How does ichnology add to this understanding of palaeoenvironments? It provides an extra set of 

data, often not obtainable from other avenues of research, as to faunal composition, and this data 

may have important paleo-environmental implications. For example, the presence of a Pleistocene 

giraffe population on the Cape south coast is inferred only from a tracksite (Helm et al., 2018a). 

Giraffe would probably have required savanna vegetation such as wooded grassland (Helm et al., 

2020d). Such vegetation may have occurred in alluvial valleys that meandered across the low-

gradient PAP (Cawthra et al., 2020; Cowling et al., 2020).  

 

Neither large reptiles such as crocodiles (Helm et al., 2020b; Helm and Lockley, 2021), nor hatchling 

sea turtles (Lockley et al., 2019) currently inhabit the Cape south coast. Their Pleistocene presence is 

inferred solely from tracks and traces, with inferences of warmer temperatures, as their current 

south-western range limits are temperature-constrained. Another example is provided by traces of 

golden moles that are similar to those of the Namib mole, Eremitalpa (Lockley et al., 2021a). In this 

case the presence of substantial expanses of dune fields in the Pleistocene can be suspected, 

corroborating evidence from other sources (e.g. Cawthra et al., 2020). Likewise, the profusion of 

elephant tracksites on the Cape south coast (Helm et al., 2021c) is not matched by an abundance of 

body fossil records, and suggests a more substantial presence than was previously anticipated 

(Marean et al., 2020). 

 

One reason why the ecology of the PAP, and the Cape south coast, have become the focus of so 

much research, is the significance of this region for modern human origins. The archaeological 

record and its palaeoanthropological implications form the subject of the next section. 

 

 

2.4 Palaeoanthropological context 

 

The ongoing research into the palaeoenvironment of the PAP is an achievement of global 

significance. However, the topic that propelled the region to the forefront of international attention 

is the connection of this environment with the presence of early modern humans. An article by 

McBrearty and Brooks (2000) was among the first to point to a southern African origin of modern 

human behaviour, in contrast to the prevailing Eurocentric view. The title of their article is 

illuminating: “The revolution that wasn't: A new interpretation of the origin of modern human 

behaviour.” This concept has become associated with the notion that anatomically modern Homo 
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sapiens survived, and then thrived, on the Cape south coast in the MSA, and that complex human 

behaviour, and hence complex cognition, developed in this region.  

 

These are extraordinary assertions, and thus require a compelling level of evidence. Examples in the 

archaeological record from caves and rock shelters on the Cape south coast include: 

- the oldest known working of ochre (Marean et al., 2007; Watts, 2010), 

- adornment through the use of ochre (Marean et al., 2007; Henshilwood et al., 2011),  

- ornamentation in the form of perforated Nassarius krausssianus shells (Henshilwood et al., 

2004, 2011; d’Errico et al., 2005),  

- bone awl and bone tool manufacturing (Henshilwood et al., 2001a; d’Errico and 

Henshilwood, 2007),  

- the development of microlithic technology (Brown et al., 2012) 

- heat treatment of stone tools (Brown et al., 2009),  

- early art, or the use of abstract symbols, as engravings in ochre (e.g. Henshilwood et al., 

2002; Watts, 2010), a drawing on a silcrete flake (Henshilwood et al., 2018), and engravings 

on ostrich eggshells (Henshilwood et al., 2014), 

- the first use of marine/ intertidal resources by humans (Marean et al., 2007; Jerardino and 

Marean , 2010), and 

- the first systematic exploitation of marine/ intertidal resources by humans (Marean et al., 

2007; Marean, 2010a, b). 

 

In combination, these innovations are strong proxies for cognitive complexity, a term that Wadley 

(2015) defines as a set of capabilities that includes abstract thought, analogical reasoning, 

multitasking and cognitive fluidity. These developments can conveniently be examined through the 

MIS stages, as this allows them to be considered in the context of the geology, sea-level changes and 

palaeoenvironments of the Cape south coast and PAP.  

 

Acheulean tools provide the first evidence for hominin occupation of the Cape south coast. They 

may be encountered in abundance, largely from open-air sites or quarries. MIS 11 sediments (e.g., at 

Dana Bay) can be expected to reflect this pre-Homo sapiens presence, and indeed this is the case: 

Acheulean tools can be found embedded in aeolianites in these sediments. 

 

Marean et al. (2014) used the following apt subtitles to describe the most relevant MIS stages:  

- the appearance of modern humans and the long cold MIS 6, 
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- the warmer but variable MIS 5, 

- glacial MIS 4 and the new modern human resilience. 

 

Marean (2010a, b) postulated that the Cape south coast formed a refugium during the protracted 

harsh, cold (and possibly dry) climate of MIS 6. Genetic studies (e.g., Fagundes et al., 2007) have 

suggested a bottleneck, and that the entire human population may have declined to as little as a few 

hundred breeding pairs at this time. The paucity of archaeological sites from this time interval may 

simply be an expression of the relative absence of human numbers. There is only one human-

occupied site on the Cape south coast (and the Greater Cape Floristic Region) that has been dated to 

MIS 6, and that is Pinnacle Point Cave 13B (PP13B). 

 

In suggesting this area as a refugium, one of possibly very few habitats capable of sustaining human 

populations during this long glacial phase, Marean (2010a) referred to the combination of grazing 

ungulates on the PAP, abundant geophytes, and coastal food sources. Ostrich eggs may have 

supplemented this healthy diet, with the added benefit of being converted into flasks that enabled 

the transportation of water (Hodgkins et al., 2018). The term ‘palaeodiet’ has regrettably become 

commercialized and misused, but this balanced diet, combining protein, carbohydrate and fat 

sources, along with a supply of omega-3 fatty acids, can perhaps rightly be regarded as an original 

palaeodiet. Recent experimental studies have generated information on impressive returns of edible 

plants for the current Cape Floristic Region (De Vynck et al., 2015, 2016a; Botha et al., 2020, 2022) as 

well as returns for intertidal resources (De Vynck, 2016b, 2020). 

 

Another explanation for the paucity of MIS 6 sites is that they were predominantly on the PAP, and 

are therefore currently submerged. As noted above, Van Andel (1989) made an early connection 

between Late Pleistocene sea level changes and the pattern of human exploitation of the shore and 

continental shelf. Fisher et al. (2010) demonstrated through their palaeoscape model that the 

coastline would have been situated far from PP13B for the great majority of MIS 6. According to 

Marlowe (2005) the mean daily foraging radius of hunter-gatherers is ~10 km, too narrow to allow 

exploitation of the coast while using PP13B. However, during a brief warmer phase (167–160 ka) sea 

levels rose and the coastline fell just within 10 km of PP13B, which showed signs of intense 

occupation during this interval. This site and time period (~164 ka) represent the first documented, 

regular use of seafood in the human diet, although it was evident that the deeper intertidal zone 

was not harvested (Marean et al., 2007; Jerardino and Marean, 2010). Marean et al. (2014) noted 
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too that these MIS 6 layers at PP13B preserve the world’s oldest accurately dated worked ochre, and 

that the reddest possible hues were used. 

 

MIS 5 must have been very different, epitomized perhaps by the notion of the coastline advancing 

northwards in the lead-up to the MIS 5e sea-level high-stand, with changes evident within the span 

of a human generation. Many archaeological sites in the study area contain MIS 5 deposits. One of 

the main features of the MIS 5 record is the change in the harvesting of marine resources, compared 

with MIS 6. Marean et al. (2014) noted that by 90 ka the lower reaches of the intertidal zone were 

being utilized. Implicit in this observation is a familiarity with tides and lunar cycles by these 

foragers. The white mussel or sand mussel (Donax serra) appears in middens – this is a species which 

cannot simply be picked up off the beach or rocks, but which requires a sophisticated collection 

approach. From this approximate time period, evidence suggests the manufacturing of paint: two 

abalone (Haliotis midae) shells at Blombos Cave showed traces of a compound, ochre-rich liquid, 

dated to 101 ± 4 ka (Henshilwood et al., 2011).  

 

East of the study area lies the Klasies River cave complex, another internationally renowned 

archaeological site. Multiple research publications from this site span the past 45 years. From this 

research, the implications of MIS 5 human occupation at ‘Klasies’ have been elegantly summarized 

(Wurz, 2008; Wurz et al., 2018). 

 

Many of the innovations listed above occurred during the last part of MIS 5, known as MIS sub-stage 

5a (~82–71 ka). The most renowned is the piece of engraved ochre from Blombos Cave, dated to ~77 

ka (Henshilwood et al., 2002), but numerous pieces of engraved ochre were found at Blombos Cave 

from ~100–75 ka Cave (Henshilwood, 2009) and Pinnacle Point (Watts, 2010). Furthermore, 

Henshilwood (2018) reported a cross-hatched pattern drawn with an ochre crayon on a ground 

silcrete flake at Blombos Cave, dated to 73 ka. The making of abstract images, which arguably are a 

form of palaeoartistic expression, can be regarded as a proxy for complex cognition (Brown et al. 

2012) or symbolic thought (Anderson, 2012).  

 

From approximately the same time period, perforated Nassarius krausssianus shells were identified 

at Blombos Cave (d’Errico et al., 2005; Henshilwood et al., 2011), with a pattern of wear that 

indicated their use as ornamentation. Stylistic changes in how they were strung were noted over 

time (Vanhaeren et al., 2013).  
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At Blombos Cave, 28 bone tools (awls and projectile points) were identified, with reported dates of 

84–72 ka (e.g. Henshilwood and Sealy, 1997; Henshilwood et al., 2001a). d’Errico and Henshilwood 

(2007) reported on a further nine examples from Blombos Cave. Gilligan (2019) equated such bone 

awls with the production of complex clothing. 

 

Jacobs et al. (2020) employed a novel approach, obtaining optimal dating results for the period of 

MSA occupation of Blombos Cave (97.7 ± 7.6 ka and 71.0 ± 5.7 ka), and then correlating the layers of 

sedimentary deposits inside the cave with onshore and offshore geological sequences. Thus, they 

were able to place the archaeological record within a landscape-scale chronostratigraphic 

framework and better understand how environmental changes may have affected the human 

presence during this time interval within MIS 5. 

 

The remaining two innovations occurred during MIS 4. Both MIS 6 and MIS 4 were ‘glacials’, 

although MIS 6 was longer and harsher. In terms of the human response, however, there were major 

differences, with resilience to change, and successful adaptation to new conditions. This is seen 

especially with regard to new forms of tools. The raw material of choice on the Cape south coast 

became silcrete, and in order to obtain the finest tool properties, intensive heat treatment was 

needed, requiring a large amount of high-quality wood as fuel. This development, around 71–60 ka, 

necessitated considerable technological prowess (Brown et al., 2009). 

 

Around 71 ka, microlithic technology appeared in the archaeological record (Brown et al., 2012). The 

resulting bladelets could be mounted on projectiles or wooden wood handles, a technology which 

eventually spread globally. 

 

In comparing MIS 6 and MIS 4, Marean et al. (2014) noted increased adaptability in the latter, with a 

consequent rise in population. The MIS 5 – MIS 4 transition on the Cape south coast is characterized 

by the Still Bay techno-complex (~72–71 ka), and what has come to be known as the ‘Still Bay point’ 

(Jacobs et al., 2008) During MIS 4 the equally renowned Howiesons Poort techno-complex (~65 –59 

ka) appeared in southern Africa (Jacobs et al., 2008). Both are evident on the Cape south coast, at 

sites such as Klipdrfit Shelter and Blombos Cave, enabling comparison of these complexes with 

respect to Late Pleistocene subsistence strategies (Reynard and Henshilwood, 2017). 

 

The Howiesons Poort assemblage has also yielded engraved patterns on ostrich eggshells, first 

reported from Diepkloof Rock Shelter on the Cape west coast (Texier et al., 2010, 2013). 
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Subsequently, similar geometric motifs were reported on 95 pieces of ostrich eggshell from Klipdrift 

Shelter, within the study area (Henshilwood et al., 2014). Tylén et al. (2020) noted similarities in the 

nature of engravings in ochre at Blombos Cave and engravings in the ostrich eggshells. 

 

Marean et al. (2020) suggested that MIS 4 may have represented a ‘sweet spot’ for hunter-gatherers 

living in the caves and rock-shelters of the current coastline. According to this line of reasoning, 

there would have been both sufficient grassland and woodland (and hence fauna) on the PAP, as 

well as a coastline that would have been within reach. 

 

Marean et al. (2014) summarized how the Greater Cape Floristic Region presented a potentially 

outstanding resource system for hominins, but required technological innovation and sophisticated 

knowledge (e.g., recognizing lunar cycles and spring low tides) in order to be successfully exploited 

(Marean 2010b, 2011). Furthermore, the plethora of edible plant species sets cognitive demands on 

foragers that require detailed understanding (Marean et al., 2014). Complex cognition thus appears 

to be the catalyst that enabled early humans to survive and thrive at the southern tip of Africa. In 

the Pleistocene this area usually included the PAP, which formed a likely focus for foraging activity. 

Wadley (2015) placed these phenomena in a southern African, African and global context, and 

concluded (p. 202): “Evidence for transformative technology in MSA sites implies that these early 

people probably had minds rather like ours.” 

 

Seen in the context of this remarkable palaeoanthropological understanding of the Cape south 

coast, there is clearly a potential role for ichnology, either to independently buttress existing 

hypotheses or results, or to provide new information. In theory, ichnology could provide reliable 

data on group size, along the lines of what has been reported on the composition of a Neandertal 

social group based on footprint analysis in France (Duveau et al., 2019). However, the nature of 

preservation of Cape south coast palaeosurface exposures makes such findings unlikely. If humans 

began wearing footwear at around the same time they began to make complex clothing, it can be 

assumed that no evidence will remain of the perishable organic substances that comprised such 

‘shoes’. Ichnology thus becomes the logical method to investigate this possibility. Clearly, inferences 

on gait, stature and habitat can be derived from the analysis of hominin footprints and trackways. 

Finally, Pleistocene palaeosurfaces on the Cape south coast might exhibit not just tracks and 

trackways, but might also provide a record of other aspects of human behaviour. 
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2.5 The Cape south coast Pleistocene vertebrate body fossil record 

 

While the reported body fossil record is derived almost exclusively from archaeological sites and 

scavenger dens, it is worth noting, firstly, that through the course of the Cape south coast ichnology 

project a number of sites containing skeletal material have been identified in aeolianites. 

Documented herein, they await further investigation. Such skeletal material appears to be more 

prevalent in MIS 11 deposits than in MIS 5 deposits. Nonetheless, the Pleistocene deposits are 

generally track-rich and bone-poor. 

 

Secondly, biases inherent in the body fossil record, as compared with those in the ichnological 

record, are worth acknowledging. Fossil remains in archaeological sites (e.g., caves, rock shelters and 

open-air sits) or predator or scavenger dens (predominantly those of hyenas, jackals, leopards, 

porcupines, and avian raptors) are normally the remains of transported hunted or scavenged prey. 

They therefore represent a biased sub-set of the animals on the landscape. Trackways, in contrast, 

provide a census of trackmakers on dunes and beaches, despite the preservational bias that may 

exist towards larger, heavier trackmakers. Because the bones of larger mammals are less likely to be 

transported to caves and rock shelters, body fossil sites and ichnosites may thus complement one 

another and provide independent sources of palaeoecological information. This may help explain, 

for example, why Pleistocene giraffe (Helm et al., 2018a) or very large tortoises (Helm et al., 2022b) 

have not been identified on the Cape south coast through the body fossil record, or why evidence of 

elephants is more prevalent in the trace fossil record than the body fossil record (Helm et al., 2021c). 

 

Thirdly, there is the notion that the size of Pleistocene carnivores may correlate with climate 

regimes, having been shown to be larger during glacial phases (Klein, 1986). Likewise, Tyrberg (2008) 

reported that at a global level, the size of Late Pleistocene birds tended to be larger than that of 

their extant counterparts, and Slavenko et al. (2016) noted a similar phenomenon for reptiles.This 

has implications when comparing the dimensions of Pleistocene carnivore, avian and reptile tracks 

with those of their extant relatives, and when referring to dimensions reported in tracking manuals. 

 

With respect to reptile body fossils on the Cape south coast, tortoises were a dominant taxon in two 

studies (Thompson and Henshilwood, 2014; Reynard and Henshilwood, 2017) that featured the 

archaeological sites of Blombos Cave and Klipdrift Shelter respectively. There was a total absence of 

body fossils of large reptiles from the study area, although there are sites of doubtful provenance 

just east of the study area, and established sites further afield. 
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In the case of birds, the Late Pleistocene and Holocene avifauna has been well documented by Avery 

(1990), who reported on the avifaunal remains from three sites: Eland’s Bay Cave, Die Kelders Cave 1 

(which fall outside the study area), and Nelson Bay Cave (which falls within the study area). In this 

research Avery (1990) focussed on the time intervals between 80 and 40 ka, and 18 ka and 0.3 ka. 

These records were from archaeological sites, representing bird remains transported by humans, 

mainly pelagic species that had washed up on beaches. Although more than 70 taxa were described, 

no extinct taxa were apparent (Avery, 1990).  

 

To the east of the study area, Klasies River Cave has provided a Late Pleistocene MSA avifauna, 

dominated by African Penguin and beached seabirds (Klein, 1976; Avery, 1990). Reynard and 

Henshilwood (2017) noted the relative scarcity of avian remains at MSA sites compared with Later 

Stone Age (LSA) sites. Rector and Reed (2010) reported that avian remains from MIS 6, dated to 

~151 ka, were present at PP 30 (a hyena den near Pinnacle Point). Indirect evidence for the presence 

of birds in the Late Pleistocene was provided through the analysis of micromammal remains at 

Blombos Cave, which indicated predators, such as owls, as the most likely accumulators of these 

remains (Nel and Henshilwood, 2016).  

 

Ostrich eggs served as flasks, presumably used to transport water (Hodgkins et al., 2018), and 

geometric engravings were found on numerous ostrich eggshells at Klipdrift Shelter (Henshilwood et 

al., 2014). In all these studies, there is no evidence of Late Pleistocene avian extinctions or large 

forms. 

 

In the case of mammals, the body fossil assemblage has been well documented in southern Africa. 

This is exemplified in a comprehensive list of land-mammal fossils from the subcontinent, from the 

Eocene through to the Holocene (Avery, 2019). Likewise, detailed studies of the mammalian fauna 

have been reported from within the study area at sites such as Blombos Cave, the Pinnacle Point 

complex, Herold’s Bay Cave, and Nelson Bay Cave (Klein, 1972, 1983; Henshilwood et al., 2001b, 

2011; Thompson, 2008; Rector and Reed, 2010; Marean et al., 2014; Nel and Henshilwood, 2016; 

Reynard and Henshilwood, 2017; Matthews et al., 2020), and from further afield at sites such as 

Klasies River, Die Kelders and Elandsfontein (e.g., Klein, 1975, 1976; Marean et al., 2000; Klein et al., 

2007). 
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Klein (1983) described palaeoenvironmental implications of changes in large mammal fauna in the 

fynbos region of South Africa, comparing the historic faunal record with the body fossil record. 

Marean et al. (2014) provided in table form a detailed summary of the regional body fossil record, 

synthesizing the data from the Cape body fossil sites, summarizing their ages and the evidence for 

each site, then placing them into a palaeoenvironmental reconstruction. Six sites of appropriate age 

that fall within the study area were included: Blombos Cave, four sites in the Pinnacle Point area 

(PP30, PP13B, PP9, Crevice Cave), and Herold's Bay Cave.  

 

With regard to such body fossils, especially a large sub-family such as Antelopinae, many species 

may be distinguishable from each other from their skeletal elements. However, their track 

morphologies are so similar that it is unlikely that they are distinguishable from each other based on 

track analysis, given the sub-optimal preservation that characterizes so many Cape south coast 

ichnosites. 

 

With respect to evidence of human remains on the Cape south coast, MSA hominin fossils often 

comprise isolated teeth or post-cranial fragments (Wadley, 2015). Sites within the study area include 

Klipdrift Shelter (Henshilwood et al., 2014), Blombos Cave (Grine et al., 2000; Grine and 

Henshilwood, 2002), and Pinnacle Point (Marean et al., 2004). West and east of the study area 

respectively, Die Kelders (Grine et al., 1991) and Klasies River have also yielded MSA hominin fossils. 

The Klasies River fossils (which include mandibles and teeth, cranial and post-cranial elements and 

foot bones, dating from ~100 ka) are intriguing in that they suggest a greater degree of sexual 

dimorphism than is known today (Grine et al., 1998), and the array of teeth includes both larger and 

smaller specimens than occur in humans today (Grine, 2012; Dusseldorp et al., 2013).  

 

Of relevance from an ichnological perspective are the three foot bones described from Klasies River 

(Rightmire et al., 2006). An adult first metatarsal is similar in size and morphology to those from 

regional Holocene burial sites. However, a complete, well-preserved second metatarsal was 

reported as being long and heavy in the mid-shaft area, compared with all Holocene equivalents. 

Furthermore, a large fifth metatarsal exhibited a highly distinctive morphology. It was suggested that 

a high frequency of kneeling might account for these features. It is not known whether such features 

might translate into footprints with distinctive morphology. 
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2.6  The Cape south coast Pleistocene vertebrate trace fossil record 

(prior to the inception of the Cape south coast ichnology project) 

 

Almost all the initial Pleistocene ichnological publications in South Africa related to the hominin 

tracksite discoveries at Nahoon Point (near East London) and Langebaan (130 km north of Cape 

Town). The first scientific papers were published in 1966, with two articles appearing in the same 

issue of the South African Journal of Science. Mountain (1966) described the Nahoon Point track-

bearing aeolianite surface that had been identified in 1964 (in addition to three hominin tracks, it 

contained avian and other tetrapod tracks), and Deacon (1966) addressed for the first time the 

possible age of the sediments. Dating these sediments presented substantial challenges, in a process 

described by Roberts (2008) as lengthy and tortuous. The issue was only reliably resolved with the 

advent of OSL dating, and the tracks were dated to 126.6 ± 8.4 ka (Jacobs and Roberts, 2009). 

 

The Langebaan tracks (on an aeolianite surface at Kraalbaai) were identified in 1995, and were first 

reported by Roberts (1996), followed by Roberts and Berger (1997). Roberts (2008) provided a 

further, more detailed summary of the purported hominin tracks (dated to ~117 ka), as well as what 

were interpreted as hyena tracks. Tankard (1976) had reported on a large carnivoran trackway on an 

aeolianite surface at Kraalbaai, attributed to a hyena. Roberts was unable to locate this trackway, 

which appears to be the first reported fossil trackway from the west coast. 

 

The account by Roberts (2008) of the Nahoon and Langebaan sites provided a definitive summary of 

southern African Pleistocene hominin tracksites (with all tracks attributed to Homo sapiens sapiens). 

However, the Langebaan tracks have not been universally accepted in the international community 

as being of hominin origin (e.g., Bennett and Morse, 2014). Given the suite of proxies for cognitive 

complexity, described above, a reasonable assumption might be that Homo sapiens was the 

trackmaker in all cases. However, the sub-specific attribution of Roberts (2008) predated the 

announcement of the discovery of H. naledi (Berger et al., 2015). As the possibility of species like H. 

naledi and H. helmei cannot be completely excluded, a more cautious approach seems justified 

(Helm et al., 2020a). 

 

Roberts and Cole (2003) presented an abstract on vertebrate trackways in Pleistocene coastal 

aeolianites, which remains the standard explanation for the prevalence of fossil tracks on the Cape 

south coast, as detailed above and below. The first peer-reviewed publication to draw attention to 

ichnology on the Cape south coast in particular was by Roberts et al. (2008). These authors (David 
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Roberts, Mark Bateman, Colin Murray-Wallace, Andrew Carr, and Peter Holmes) introduced the 

aeolianites in the Still Bay area as reservoirs of vertebrate tracks and trackways, used a joint 

application of OSL and amino acid racemization dating for the first time in South Africa, used these 

results as a temporal framework for palaeoenvironmental interpretation, and established sediment 

dates from MIS 5e to 5b. While the major focus of the paper was elephant tracks, carnivore, 

antelope, equid, rodent and reptile tracks also received mention, and the concept of invertebrate 

ichnology was introduced through a description and photograph of a fossilized termitarium. 

Furthermore, in describing elephant tracks, fundamentals of ichnology were addressed, e.g., tracks 

appearing as impressions, as natural casts, and in profile (i.e., in cross-section).  

 

This, then, was the state of knowledge in South Africa at the inception of what has come to be 

known as the Cape south coast ichnology project. While these publications collectively contained 

hints at what was to follow, none of us imagined the scope and depth of the subsequent discoveries 

and their implications.  

 

Compared with the dearth of Pleistocene ichnological studies in South Africa, a body of ichnological 

research from elsewhere in sub-Saharan Africa has been published. Examples include Pliocene and 

Pleistocene tracks from Tanzania and Kenya (Leakey and Hay, 1979; Renders, 1984; Leakey and 

Harris, 1987; Musiba et al., 2008; Masao et al., 2016; Roach et al., 2016). 

 

Other than the suite of publications that have been produced through the Cape south coast 

ichnology project, and the examples mentioned above, published reports of regional vertebrate 

tracks are scarce. Exceptions are a report by Jacobs et al. (2020) of a large track in profile near 

Blombos Cave, in sediments thought to be from MIS 5e, and a description of unidentified ungulate 

tracks in MIS 5e sediments at Nahoon Point (Morrissey et al., 2020).  



47 
 

3) METHODS AND PRINCIPLES 

 

Abstract:  

In this chapter the methods that were employed in the Cape south coast ichnology project are 

reviewed. The crucial role of substrate in ichnology is addressed, and the relevant variables are 

discussed. This is followed by a summary of taphonomic effects divided into three phases: 

biostratinomy (post-registration and prior to burial), diagenesis (post burial and prior to re-exposure) 

and post-exposure. The three main forms that track- and trace preservation may take are then 

discussed: epirelief, hyporelief and profile. The concept of ichnofacies is addressed, and a 

classification is introduced that allows for a comparison of the trace fossil record and body fossil 

record for a given unit. 

 

 

3.1 Methods 

 

A ground survey to find and record ichnofossil sites was performed between Arniston and Robberg 

over a twelve-year period from 2007–2019, with further sites being reported from 2020–2022 by 

team members. Repeated visits were necessary due to the ephemeral nature of many ichnosites, 

and the appearance of new ichnosites. Most track-bearing areas could be accessed on foot along 

beaches or by traversing along cliffs. However, ichnosites in some exposed cliff areas proved 

inaccessible. Visits were timed to yield optimal site exposures at low tide, ideally close to spring low 

tide. Clear summer days proved optimal for viewing outcrops, when sunlight illuminated track-

bearing surfaces at a low angle, thereby accentuating relief detail. 

 

Global Positioning System (GPS) readings were obtained using a handheld device. Locality data 

including GPS co-ordinates of tracksites were reposited with the African Centre for Coastal 

Palaeoscience at Nelson Mandela University, with the understanding that the data would be made 

available to researchers upon request. 

 

Track measurements, including manus and pes length, width and depth, were recorded in 

centimetres (sensu Stuart and Stuart, 2019). Trackway measurements included pace length, stride 

length and straddle. Four southern African tracking guidebooks were used as reference works 

(Liebenberg, 2000; Van den Heever et al., 2017; Walker, 2018; Stuart and Stuart, 2019). 
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Standard field techniques for coastal Cenozoic deposits (e.g., Roberts et al., 2012; Cawthra, 2014) 

were applied in understanding ichnosite context. Where stratigraphic links could be demonstrated, 

ichnosites were investigated in the field through correlation to dated deposits. In some cases, 

vertical stratigraphic profiles were measured, and the set thicknesses of bedded and cross-bedded 

units were noted. Dip and strike readings were taken, where applicable, on in situ bedding planes. 

Geological samples were obtained for thin section and petrographic studies from sites adjacent to 

the rocks hosting the tracks, and were submitted to Dr. Hayley Cawthra, Council for Geoscience, 

South Africa, for analysis. 

 

For larger surface exposures, a 50 cm x 50 cm grid system was employed to create planimetric 

sketches, along with a numbering system for the individual tracks. Trackway maps were developed 

using Adobe Illustrator (version 23.0.3) and Microsoft PowerPoint (version 1908).  

 

Samples were taken for OSL dating from 21 sites. These were shipped to Dr. Andrew Carr, University 

of Leicester, United Kingdom, for formal analysis. Samples were either obtained from the track-

bearing layer or from the nearest suitable location, a measured distance up-section or down-section. 

Most were block samples, except for two cases in which tube samples were obtained from poorly 

consolidated sediments. The samples were broken up under subdued red light conditions to obtain 

sand-sized sediment unexposed to sunlight since they were deposited. They were then prepared for 

the analysis of the coarse-grained quartz fraction. Equivalent doses were determined using the 

single aliquot regeneration method (Murray and Wintle, 2000, 2003). Further details of the methods 

employed are provided in Helm et al. (under review b). 

 

Dr. Carr also assessed the sensitivity of the age estimates to changes in the amount of calcium 

carbonate cementation associated with the progressive reduction in sample water content during 

burial. This approach was based on the demonstration by Nathan and Mauz (2008) that the process 

of cementation probably altered the environmental dose rate over time due to the replacement of 

pore water by carbonate cement. The model to correct for this, developed initially by Nathan and 

Mauz can now by operationalised using the RCarb R Package (Mauz and Hoffman, 2014; Kreutzer et 

al., 2022). Published data from the Wilderness Embayment (Bateman et al., 2011) were used by Dr. 

Carr to estimate the probable range of water contents and cement contents for uncemented 

Holocene dunes and cemented aeolianites.  
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The Rcarb model was implemented under the following conditions: 

- a reduction in water content from 4 ± 1 % to 2 ± 1%, 

- accompanied by the formation of 10 ± 5, 20 ± 5% or 30 ± 5% secondary carbonate cement, 

- followed by scenarios for rapid cementation (first ~33% of burial time, but >10 ka) and 

gradual cementation (over 90% of the burial time).  

 

Photographs were taken of all trackways, and tracings on clear acetate film were made of selected 

trackways. For sites containing particularly well-preserved tracks or sites representing the first 

documented regional records of track morphologies, photogrammetry (Matthews et al., 2006, 2016; 

Falkingham, 2012; Mallison and Wings, 2014) was performed. Photogrammetry 3D models were 

generated with Agisoft MetaShape Professional (v. 1.0.4), mostly using an Olympus TG-5 camera 

(focal length 4.5 mm; resolution 4000 x 3000; pixel size 1.56 x 1.56 um). The final images were 

rendered using CloudCompare (v2.6.3.beta). 

 

To confirm trackmaker identification in cases with particularly important implications (e.g. 

crocodylian tracks), South African expert trackers were invited to visit and inspect ichnosites, e.g., 

Alex Van den Heever of the Tracker Academy. Neoichnological studies were conducted, when 

necessary, to aid in trackmaker identification, e.g. avian tracks and tortoise tracks. In one case, 

neoichnological studies of cattle tracks compared track dimensions in the southern Cape with those 

in Tanzania. The results were of importance in recognizing the distinctive morphology of tracks of 

the extinct long-horned buffalo. 

 

Depending on circumstances, samples were sent for further testing. For example, biofilm was 

analyzed by Dr. Robert Anderson (University of Cape Town). Coprolites formed a special case: once 

possible coprolite sites were identified, samples were collected with appropriate equipment (gloves, 

plastic sample bags, hammer and chisel). Samples were submitted for:  

- thin section analysis to the Council for Geoscience; 

- palynological analysis to Dr. Lynne Quick, Palaeoecological Laboratory, Botany Department, 

Nelson Mandela University; 

- phytolith analysis to Dr. Marion Bamford, Palynology Laboratory, Evolutionary Studies 

Institute, University of the Witwatersrand. 

 

The resulting data were collated into: 
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- a database of vertebrate ichnosites https://doi.org/10.25408/mandela.21509943 

- a photograph database https://doi.org/10.25408/mandela.21512049 

-  photogrammetry database https://doi.org/10.25408/mandela.21509976 

The databases can also be viewed at https://doi.org/10.17632/sg82wkgmxr.1 

 

The more remarkable sites, trackmakers, and palaeoenvironmental implications were the subject of 

peer-reviewed scientific articles. These were published in a variety of southern African and 

international journals. In almost all cases, five or more co-authors contributed to these articles, with 

expertise in geology, sedimentology, biology, palaeoanthropology, etc. Depending on the topic of 

the article, experts in the study of extant representatives of taxa were included, e.g., Dr. Xander 

Combrink with expertise in crocodiles, Dr. Michael Perrin with expertise in golden moles, Prof. Jan 

Venter with expertise in large mammals, and Dr. Ronel Nel with expertise in sea turtles. Further 

outreach, in an attempt to bring these findings to a wider audience, involved articles in The Digging 

Stick, The Conversation Africa, PALNews, the Great Brak River Museum newsletter, and other media. 

 

Dr. Martin Lockley, internationally renowned ichnologist from the University of Colorado, made two 

visits to the Cape south coast, and was shown ichnosites of particular relevance. Dr.Lockley 

sometimes made full-size, to-scale tracings of tracks on transparent overlays, a few of which are 

reposited in a tracings (T) archive at the University of Colorado Museum (UCM): e.g., T 1891-T1898 

series. Sophisticated ichnotaxonomic interpretations were made, and were incorporated into 

ensuing publications.  

 

In addition, a number of volunteers were on the look-out for new ichnosite exposures or new 

landslide events. Consequently, further discoveries were made. A collaborative relationship was 

established with the Tracker Academy, whereby unemployed youth from the region with initiative 

and promise might be given an opportunity to enrol in a twelve-month training program. The first 

graduate from this initiative, Given Banda, finished near the top of his class in 2020, and has 

subsequently been involved in ichnosite identification on the Cape south coast.  

 

 

3.2 The role of substrate 

 

The ichnosites mostly occur in aeolianites (cemented dune deposits) and associated interdune 

deposits. Other tracks were registered on now cemented: 

https://doi.org/10.25408/mandela.21509943
https://doi.org/10.25408/mandela.21512049
https://mandela.21509976/
https://doi.org/10.17632/sg82wkgmxr.1
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- beaches, e.g., elephant tracks (Helm et al., 2021a) 

- lagoonal sediments, e.g. crocodylian tracks and traces (Helm et al., 2020b) 

- overwash bars or berms, e.g. seal traces (Helm et al., 2022c). 

 

Roberts and Cole (2003) outlined the proposed, generally accepted mechanism through which tracks 

in South African coastal Pleistocene aeolianites were registered, buried, preserved, and re-exposed 

as follows: 

- the cohesiveness of moist sand provides an effective moulding agent; 

- high sedimentation rates promote the swift burial of tracks; 

- rapid lithification occurs via partial solution and re-precipitation of bioclasts; 

- shoreline erosion re-exposes the fossil-bearing surfaces. 

In addition, Seilacher (2008) suggested that microbial mats play an important role in the 

preservation of high-quality tracks. 

 

Trace fossil formation represents but one of a number of possible explanations for what are known 

as soft sediment deformation structures (Owen 2011). A track can also be viewed as the result of a 

dynamic interaction of a foot with the substrate properties at the time of formation (Belvedere et 

al., 2018). An understanding of the role of substrate is thus key to the understanding of the level of 

clarity and preservation of tracks and traces.  

 

Early work on the role of substrate in trace fossil preservation was done in the Permian Coconino 

Sandstone in Arizona, beginning with a postulate by Reiche (1938) that only upslope tracks in dunes 

were preserved (Sarjeant, 1975; Lockley, 1986). McKee (1944) noted that dune sand needed to be 

moist in order to preserve identifiable footprints, and that the steepness of the slope played a major 

role in footprint morphology. This was followed by neoichnological experiments with reptiles and 

invertebrates in fine-grained sand, comparing these with fossil tracks (McKee, 1947). Again, variables 

such as the inclination angle of a slope, moisture content and direction of trackmaker movement 

were noted. The notion that upslope tracks were preferentially registered on lee-side avalanche 

slopes persisted through these studies. This makes sedimentological sense in the context of dune 

formation, where the windward side is constantly destroyed (deflated) while the lee or avalanche 

slopes are the accumulating depocenters). Leonardi and Godoy (1980) dispelled this concept 

demonstrating that in cemented sand dune deposits from Brazil, tracks representing uphill, downhill, 

oblique and contouring travel were all apparent (Lockley, 1986). 
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Brand (1979) compared fossil tracks in the Coconino Sandstone with the results of experimental 

studies of vertebrates on dry sand, damp sand, wet sand and underwater, on both level and inclined 

surfaces. Sarjeant (1975) provided a detailed contemporary summary of vertebrate tracks and 

traces, including a section on the role of substrate. Lewis and Titheridge (1978) noted in New 

Zealand that clear footprints were formed only in moist sand, and that vertical stress on this type of 

substrate resulted in differential compaction, cohesion, and structures that could resist deflation. 

 

Lockley (1986), in an article on the palaeobiological and palaeoenvironmental importance of 

dinosaur footprints, alluded to the role of substrate, noting the value of the downslope displacement 

rim in providing information on the true dip of the slope. The empirical conclusion was that it was 

only possible to make good tracks on substrates which have the right (usually moist) consistency. In 

the same year Scrivner and Bottjer (1986) examined Neogene tracks in Death Valley, California, also 

documenting variation in track morphology according to moisture content, and how tracks in dry or 

wet sandy substrates were of poor quality compared to those registered in moist sand.  

 

Recent contributions to this field of ichnology have largely been related to advances in 3D modelling 

of tracks and an associated morphometric approach. Morse et al. (2013) examined Holocene 

hominin and other vertebrate tracks in the Namib Desert south of Walvis Bay, reporting on the 

influence of substrate on track variability, and noting variations in track morphology associated with 

small variations in substrate properties (grain size, moisture content, degree of sediment 

disturbance). However, the analysis was essentially confined to tracks registered on level surfaces. 

This was followed by a book chapter by Bennett and Morse (2014 – p. 101) on the role of substrate 

differences in hominin track morphology. It began with a synopsis, the principles of which are 

applicable to all tracks: 

 

“Before any inferences about a human track-maker can be made from the tracks they leave 

we first need to understand how substrate properties (consistency) mediate and record the 

interaction between the foot and the ground. A substrate has a profound influence in a range 

of different ways: it controls the way in which a track-maker walks; it moderates and 

cushions the pressure interaction between the sole and the substrate and therefore the depth 

record that results; it determines how the strain is accommodated and the type of 

deformation that occurs; and it determines the immediate survival and preservation of a 

track as well as its longer term taphonomy.” 
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Razzolini et al. (2014) described intra-trackway variations in four Early Cretaceous dinosaur 

trackways in Spain, noting how a gradient of substrate consistencies resulted in a continuum of track 

morphologies. Furthermore, differences in substrate were associated with differences in track 

length, pace length, and height of displacement rims. The conclusion was that a single trackmaker 

could register tracks of widely varying morphology depending on substrate qualities. 

 

Gatesy and Falkingham (2017) provided an analysis of track morphological variation and 

‘preservation quality’. Belvedere et al. (2018), in an article on ‘stat-tracks and mediotypes’, based on 

3D models, noted that finding a perfect track was rare, given the interaction between foot 

morphology, locomotion and behavior, and substrate properties. The increasingly ‘hi-tech’ approach 

to track analysis did not eliminate the need for an ideal substrate for a perfect track to be recorded. 

 

Literature on tracks found in aeolianites and made in sandy substrates elsewhere can further inform 

such study on the Cape south coast. This is discussed in the ‘ichnofacies’ section and in Chapter 5. 

 

In summary, major variables in substrate that influence the registration and preservation of tracks 

on the Cape south coast might include 

- grain size (coarse - fine) 

- moisture content (wet - dry) 

- consistency (firm - soft) 

- slope angle (level - steep) 

All the ichnosites described in Chapter 4 involved vertebrates registering tracks or traces on 

substrates of sand. Coarser substrates with larger grain size, representing relatively high-energy 

environments, typically involve beach deposits, whereas finer substrates with smaller grain size, 

representing depositional quiescence and low-energy environments, include lagoonal or interdune 

lacustrine deposits (Nichols, 2009). Occupying the middle of this spectrum are aeolian sediments of 

dunes and interdune areas, with medium grain size (Nichols, 2009). The finest sediments have the 

highest potential to yield the highest track quality, with the crispest margins. 

 

If moisture content is too high or too low, track quality suffers (Lockley, 1986): in very dry sand, the 

absence of surface tension between sand grains may lead to a track with indistinct margins and a 

crater appearance, and in saturated substrates the abundance of moisture prevents registration of a 

well-defined track, often with collapse of the track wall. In between these extremes lies a ‘sweet 
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spot’, with just the right amount of dampness, surface tension, and cohesion between sand grains, 

leading to the potential registration and preservation of a high-quality track or trace. 

 

Substrate consistency may be influenced by moisture content, but can also be an independent 

variable (Lockley, 1986). Firm surfaces make for shallow track impressions, sometimes with the 

preservation of exquisite detail. Less cohesive surfaces permit deeper track impressions, but often 

with accompanying lack of detail. 

 

Whether or not the angle of the surface is level, or represents a sloping dune or beach, is another 

important variable (Lockley, 1986). Track morphology is influenced by trackmaker speed, and, if the 

surface was sloping, whether the trackmaker was moving upslope, downslope, or was traversing the 

slope. Morphology may be distorted in tracks on such sloping surfaces, more so with steeper 

surfaces. Downslope displacement rims and associated features may provide valuable clues as to 

direction of movement. 

 

As Bennett and Morse (2014) observed, substrate controls the way in which a track-maker walks. A 

Cape south coast example lies in the digit impressions made by a small artiodactyl like the Cape 

Grysbok (Raphicerus melanotis): the digits become splayed and more parallel in soft substrates, 

causing them to resemble the distinctive ‘slots’ of the klipspringer (Oreotragus oreotragus) (e.g. Van 

den Heever et al., 2017). 

 

Lockley (1986) noted the implications if some of these variables were controlled: for animals of a 

given size and weight, treading on uniform substrates, there would be a direct relationship between 

footprint depth and water content. This presumably assumes a level surface. 

 

A final substrate factor relates to a fine layer of salt or silt which may coat track-bearing surfaces. 

Such a veneer would be more likely in a coastal environment, such as the Cape south coast, than in 

the inland sandy areas in which much of the aforementioned research was conducted. Such a veneer 

may seal a surface soon after track formation, preserving detail and enhancing track definition, and 

may play a role in the subsequent separation of layers. Loope and Rowe (2003) reported such 

features in the Navajo Sandstone in the American Southwest from a large Jurassic erg deposit. The 

presence of a microbial mat which binds moist sand grains, as described by Seilacher (2008), can 

provide a further opportunity for high-fidelity track preservation. 
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The above-mentioned principles can empirically be tested through neoichnology, by walking on a 

modern beach or dune on the Cape south coast and noting the differences in footprint morphology 

that occur in a variety of substrates. Such an exercise could begin at low tide on a non-rainy day 

beside the sea, and end on the summit of a dune, in the process traversing the spectrum from wet to 

dry, and passing through the ‘sweet spot’. It can be anticipated that the ‘ideal’ Cape south coast 

Pleistocene track would have been registered on a fine-grained, level surface that was neither too 

wet nor too dry, nor too hard or too soft.  

 

A global perspective on track quality is provided by Belvedere and Farlow (2016), who proposed a 

four-point score scale (0, 1, 2, 3). On this scale a rating of level 3 indicates an optimally registered 

and preserved track. Tracks made in relatively coarse-grained substrates such as dunes and beaches 

cannot be expected to rise above level 2 on this scale. Fine details, such as faint hallux impressions, 

faint claw impressions, digit pad traces, or scale impressions will therefore probably not be evident. 

Such features, which might allow a level 3 rating to be assigned, would more likely be found in very 

fine-grained substrates, such as fine silt, mud, or volcanic ash.  

 

This is relevant when considering resources that provide criteria for track identification (e.g., Tuttle, 

2008). Such criteria typically apply to near-ideal substrates and high-quality track preservation. In 

the context of the Cape south coast ichnosites, with the above-mentioned limitations, rigid 

adherence to meeting these criteria can be expected to result in under-diagnosis. Such criteria, while 

useful, are therefore more reasonably viewed as guidelines. 

 

Without an appreciation of the limitations that exist in interpreting tracks made in sandy substrates, 

errors in track identification can easily be made. The absence of claw impressions, for example, 

might suggest a felid rather than a canid trackmaker, whereas overprinted equid tracks might 

resemble hominin tracks. Such identification errors would be less likely to occur in a substrate that 

allowed for tracks to exhibiting fine detail. In summary, compared with substrates such as volcanic 

ash, or mud-covered cave floors which often remain undisturbed, Pleistocene Cape south coast 

track-bearing surfaces can be expected to exhibit suboptimal track morphology, regardless of 

taphonomic processes which also affect preservation quality. Such considerations demand a 

cautious approach, and an avoidance of over-interpretation (Gatesy and Falkingham, 2017). 

 

Indeed, there is a danger of naming and classifying poorly preserved tracks which reflect ‘extra-

morphological’ factors that relate to substrate conditions rather than to trackmaker foot 
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morphology. Appreciation of this pitfall, and the resulting nomina dubia, has led to the terms 

‘phantom ichnotaxa’ (Haubold, 1996; Lockley, 2000) and ‘taphotaxon’ (Lucas, 2001). Again, the 

benefits of a cautious approach are evident. One implication is that tracks belonging to a single 

species, or even a single trackmaker, can assume different morphologies, depending on the 

combination of variables that were present when the track was registered.  

 

A second implication is that many extant southern African species register tracks that are broadly 

similar in appearance, such as the variety of small and medium-sized bovids and carnivorans 

(Liebenberg, 2000; Van den Heever et al., 2017; Stuart and Stuart, 2019). Allowing for changes in 

track morphology related to substrate, confident identification to species or genus level is rare. If 

similar considerations apply to Pleistocene inhabitants of the Cape south coast, challenges in 

identifying trackmakers to species level can be anticipated. 

 

Substrate consistency is also of importance in areas of research that are more speculative. As 

discussed in the section on elephant tracks in Chapter 4, one hypothesis is that sub-surface seismic 

communication through sand by elephants leaves a ‘trace fossil’ signature which may be detectable 

in cemented deposits. If this line of reasoning is justified, then the consistency of the sand medium 

would be of paramount importance, as non-cohesive, dry sand would be unlikely to preserve 

evidence of such communication and the associated fracture patterns they might produce in a more 

cohesive medium, such as a moist, sandy beach deposit. 

 

The taphonomy of undertracks (transmitted tracks) is addressed in section 3.3.2. The importance of 

substrate in this context is that firmer surfaces will undergo less deformation from the pressure 

brought to bear by the trackmaker. In addition to the resulting track being relatively shallow, the 

disturbance to underlying layers will also be less. In contrast, a softer surface, that permits a much 

deeper track to be registered, will have a more profound impact on underlying layers, potentially 

creating undertracks of greater depth in more layers. 

 

The presence or absence of displacement rims is often also related to substrate characteristics. 

Tracks registered in very soft substrates almost inevitably create ill-defined rims, whereas tracks 

made in moister substrates may create better defined, more cohesive rims, or not create any rims 

(‘cookie-cutter tracks’). Other factors related to the creation of rims include slope angle and 

trackmaker speed. 
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3.3 Taphonomic effects 

 

3.3.1 Biostratinomy 

 

The term ‘biostratinomy’ is used here to define the portion of ichnotaphonomy that describes 

events that occur between registration and burial of the track or trace. It is distinct from diagenesis, 

which relates to processes that occur after burial. Post-exposure changes are discussed in a separate 

sub-section.  

 

Lyman (2010), in attempting to define taphonomy and to critique the loose use of the term by 

archaeologists, did not mention its applicability to ichnology and ichnofossils. Clearly, taphonomic 

processes apply to both body fossils and trace fossils. 

 

Roberts and Cole (2003) included the swift burial of tracks (as a result of high sedimentation rates) 

as one of the four main processes that account for the profusion of ichnosites in Cape south coast 

aeolianites. The key word is ‘swift’, as it implies that the shorter the time period between track 

registration and burial, the less opportunity there is for the track to be degraded by forces of wind or 

water, biological agents, or gravitational effects.  

 

Tracks with a remarkable degree of quality and preservation can be assumed to have undergone 

little taphonomic change. However, in the case of tracks of poor quality, substrate, biostratinomic, 

taphonomic or post-exposure factors may be implicated. Lockley (1986 – p. 44) noted: “the question 

arises as to whether the tracks were of poor quality from the time that they were made or, whether 

they began as well-preserved footprints but underwent deterioration prior to burial and preservation 

in a modified state. The extent to which either case may be recorded in the fossil record is virtually 

impossible to assess from the literature.” 

 

Track degradation may commence very soon after registration. In the case of sub-aqueous tracks or 

tracks registered in very wet substrates, collapse of the track wall due to gravitational effects might 

not only occur while the track is registered or immediately afterwards, but might persist over the 

ensuing minutes or longer. Tracks in such unstable substrates might also be subject to suction 

effects when the trackmaker’s foot is removed from the track.  
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The longer the biostratinomy phase, the greater is the chance of the tracks being trampled by other 

trackmakers. This possibility is not remote, as many vertebrates repeatedly use established trails. If 

the process is extensive, the original track may be undecipherable. Another possibility, perhaps less 

likely in the case of Cape south coast tracks on dunes and beaches, is that growing vegetation or 

roots may impinge on the track, and adversely affect morphology. 

 

Whereas it appears that a shorter biostratinomy phase is desirable in order to achieve optimal track 

preservation, there are exceptions. One of these involves ‘pedestalling’. There are few references to 

this in ichnological literature, one of the examples being Lockley (1991). The phenomenon is best 

described through neoichnology. Strong windy conditions are required, on a sand substrate that is 

readily compacted. Initially, a standard trackway will be registered. However, if the site is returned 

to after a suitable time interval, the trackway may have become elevated, or ‘pedestalled’, above 

the surrounding sand surface; i.e., the tracks do not take the forms of depressions, but appear as 

raised features. This occurs through the process of deflation, whereby the force of the wind is 

sufficient to dislodge and remove sand grains from the surrounding uncompacted surface, but 

insufficient to dislodge sand in the compacted tracks. The tracks therefore change from appearing in 

concave epirelief to convex epirelief. This has the potential to create confusion, because if the 

context and ‘way-up’ of the surface is not understood, the tracks may resemble natural casts of a 

hyporelief surface.  

 

The phenomenon of pedestalling is well known to trackers in snow, in which long trackways of 

pedestalled, relatively wind-resistant tracks, as much as 10 cm above the surface, may be evident. 

An added factor in the case of snow is that the compacted tracks typically do not melt as fast as the 

surrounding, less compacted snow. Familiarity with such processes in snow, where the effects are 

more pronounced than in sand, allow for identification of more subtle examples on the Cape south 

coast. 

 

Deflation also plays a role in the exposure of truncation surfaces. This may occur, for example, in 

interdune areas, where wind gusts remove dry surface sand sediments (‘blowouts’), possibly 

approaching the water table. Multiple underlying layers may be exposed in this process, which often 

are inclined at a substantial angle to the relatively level interdune area. Tracks may then be 

registered on this level truncation surface, impressed at an angle to the pre-existing layers (Figure 4).  
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Figure 4. Prominent truncation surfaces occur in front (to the left) of the human figure, and at top right. 

 

Another exception to the need for a short biostratinomy phase involves the microbial mat (‘bioglue’) 

hypothesis of Seilacher (2008, p. 256). It was postulated that aeolian sands, once moist, might 

rapidly induce the growth of interstitial microbial (cyanobacterial) networks which bind them and 

enhance the preservation of high-quality traces. This process might also create a potential future 

separation layer. A biostratinomy phase that is not too short would appear to be a prerequisite for 

the development of such microbial mats.  

 

A further positive aspect of a longer biostratinomy phase lies in the potential for a longer interval of 

time to have elapsed between the registration of different trackways on the same surface, and for 

the sequence of events to be interpretable. Lockley et al. (2021b) in describing a dinosaur tracksite 

in Utah, attempted to develop an approach to such interpretation. The authors suggested a 

‘protocol for tracksite analysis’, and noted that such a protocol had never before been outlined. 

Previous attempts at such interpretation were reviewed, with an emphasis on the lack of agreement 

among researchers. They noted the default position that track-bearing surfaces are regarded as 

representing an instant in time, which in many cases is an erroneous assumption. In contrast, a 

detailed and intricate attempt to unravel the probable sequence of events on surfaces containing 

Cretaceous crocodylian and dinosaur tracks and traces was undertaken at an ichnosite in northern 
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Canada (Plint et al., 2022). While such analysis may open a new avenue in ichnological research, to 

date the Cape south coast ichnosites have not permitted interpretation of such sequences of events. 

 

Finally, the biostratinomy phase may typically conclude through the development on the surface of a 

degree of cohesion or crust, and thus a potential future separation surface. In a coastal 

environment, such a veneer may result from dew, gentle drizzle, sea mist or sea spray, prior to the 

next depositional event such as a layer of wind-blown sand (Lockley et al., 2019). This may enable 

the subsequent cleavage of aeolianites along bedding planes, which may contain preserved tracks 

and traces. In addition, this veneer may seal the track-bearing surface, preserving detail and 

enhancing track definition. 

 

 

3.3.2 Diagenesis 

 

In order for the substrate and its associated tracks and traces to be buried and yet remain intact, the 

depositional event that buries the tracks needs to involve relatively low energy processes (Lockley, 

1986). Wind-blown sand represents one such process (Lockley et al., 2019). However, the wind 

strength is of importance: if it is too weak, sand grains are not transported, whereas if it is too 

strong, deflation rather than sedimentation may result.  

 

The third process proposed by Roberts and Cole (2003), to explain the profusion of ichnosites in 

South African aeolianites, was rapid lithification of the dune deposits containing the buried tracks 

via partial solution and re-precipitation of bioclasts. Clearly an initial phase of burial in sand must 

occur, of undetermined duration, before such cementation occurs. 

 

The dune or beach deposit contains a sedimentological record of events that have transpired on 

numerous layers underlying the surface. These events are unlikely ever to be apparent and 

amenable to interpretation unless the sandy deposit becomes cemented, and is fortuitously re-

exposed. Without cementation, when these cliffs are eroded and collapse, the sediments that 

comprise them crumble, and become uninterpretable from an ichnological perspective.  

 

The overburden pressure exerted on tracks by overlying layers is related to the depth of these 

layers. Pleistocene sand deposits of the Cape south coast have not undergone extremely deep burial, 

of the kind encountered elsewhere in the geological record, and there is thus an absence of regional 
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metamorphic processes. Furthermore, the relatively short period of burial prior to re-exposure 

(compared with, for example, Palaeozoic examples) implies a decreased temporal opportunity for 

the compaction of trace fossils through pressure effects. Longer periods of deeper burial would also 

create more opportunities for tectonic forces to occur, which might further distort trace fossil 

morphology. However, Quaternary tectonic activity is considered minimal along the Cape south 

coast (Fleming et al., 1998). In combination, these factors suggest that diagenetic forces are 

relatively minor on the Cape south coast with respect to Pleistocene sediments, and that relatively 

little change can be expected once the ‘rapid lithification’ process proposed by Roberts and Cole 

(2003) has occurred. 

 

The fossil tracks and traces that these regional deposits contain therefore remain recognizably three-

dimensional. However, even relatively shallow burial could to some degree result in vertical 

compaction of tracks and traces. Track length and width (and other parameters such as pace length 

and stride length) are therefore generally more reliable measurements than track depth.  

 

An aspect of taphonomy that is unique to ichnology involves ‘transmitted tracks’. Thulborn (1990, 

2012) preferred this term to the alternatives of undertracks, underprints, or ghost tracks. The 

phenomenon refers to the deformation in underlying layers resulting from the passage of a heavy 

trackmaker, and has been described in detail in relation to dinosaur tracks (Graversen et al., 2007).  

Thulborn (2012) described perhaps the most compelling examples of transmitted tracks (made by 

sauropods), and indicated that they resembled minor tectonic features. 

 

This phenomenon has implications for taphonomy. Firstly, buried layers which were previously 

undisturbed may acquire trace fossils as a result of the passage of heavy trackmakers on the dune or 

beach surface above. Secondly, such transmitted tracks should be more prevalent than original 

tracks, because they occur in multiple layers, while the original tracks are made on a single layer. 

Likewise, trace fossils such as coprolites, which do not deform underlying layers, may be relatively 

uncommon in comparison to tracks. Thirdly, a bias is created towards the tracks of heavy animals, as 

they have a greater capacity through their weight to deform underlying layers. While the same 

principles apply to the tracks of lighter trackmakers, deformation of underlying layers will occur to a 

much lesser degree, to the point of being unrecognizable. 

 

This notion, of the effect of pressure applied to the dune or beach surface that is apparent and 

interpretable in underlying layers, is important: a previously undisturbed sub-surface layer is 
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recognizably affected if sufficient force is applied from above. Such effects, when evident and 

interpretable in cemented deposits, indicate that the force was applied when the layers were 

composed of unconsolidated sand, and thus refute of the possibility of modern graffiti as a cause of 

the surface features.  

 

De Beer (2012) reported Neogene to Quaternary faulting and seismogenic deformation along the 

west coast of South Africa in the Namaqualand region. Although, as noted above, tectonic forces are 

considered minimal on the Cape south coast (Fleming, 1998), soft-sediment deformation resulting 

from slope processes, stacked dune sequences and loading on a narrow coastal plain, and variable 

cementation, may produce recognizable diagenetic structures in Pleistocene dune sequences. 

Typically, these are associated with vertical deformation rather than horizontal shear stress, and 

may include evidence of brittle failure, including joints, fractures, and faults (De Beer, 2012). Such 

vertically orientated structures, which may include parallel or sub-parallel linear patterns, cross 

multiple bedding planes. 

 

In summary, the circumstances that characterize Pleistocene Cape south coast sediments suggest 

that diagenetic effects are greater during the relatively short pre-cementation phase, while the 

longer post-cementation phase would be more quiescent. This quiescence may be abruptly 

terminated by re-exposure events, which are addressed in the next subsection.  

 

 

3.3.3 Post-exposure changes 

 

Trace fossil re-exposure may be a sudden occurrence, for example during cliff collapse, when loose 

blocks and slabs tumble down and come to rest below coastal cliffs. Alternatively, it may be a slow 

process, whereby overlying sediments are eroded by forces of wind and water. Coastal erosion is the 

dominant agent, and one expression of this is the development of sea caves through wave action. 

These caves may exhibit tracks on their ceilings or floors, or in their side walls in cross section.  

 

Regardless of precisely how the re-exposure occurs, principles govern the appearance and fate of 

exposed tracks and traces, and dictate an optimal ichnological data capture methodology. The 

overarching principle is that compared to the relatively long process of post-burial diagenesis, once 

exposed, ichnosites are ephemeral, and their morphological integrity can be measured in days to 

years. Erosion and weathering by natural processes are the dominant agents of exposed 
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palaeosurface denudation. Biogenic causes of degradation include the boring habits of the 

gastropods in the intertidal zone. Sites that are situated close to the low tide mark, if they are 

exposed for a length of time, become encrusted with barnacles and covered with algae, which 

makes the tracks unrecognizable or uninterpretable. Anthropogenic causes of degradation include 

graffiti and trampling of track-bearing surfaces.  

 

Unsurprisingly, therefore, the first ichnosites to be described can no longer be located. For example, 

at Langebaan the carnivoran trackway reported by Tankard (1976), and hyena tracks noted in 1995 

and reported in 2008 (Roberts, 2008), are no longer evident. The first ichnosite reported from the 

Cape south coast (Roberts et al., 2008) has slumped into the sea, which is a common outcome in 

unstable areas where effects of gravity prevail. Preservation of the Nahoon and Langebaan hominin 

trackways is due to their recovery, and curation in museum settings. 

 

It is thus important to identify ichnosites soon after their exposure. Reports of recent landslides or 

cliff-collapse events can lead to exploration for newly-exposed ichnosites. Similar considerations 

apply to areas of known cliff instability, where repeat visits may be scheduled. Ichnologists can 

attempt to describe and record sites as soon as they are identified, recognizing that sometimes it is 

impossible to determine how much time had elapsed since re-exposure, and to what degree a lack 

of preservation detail might be related to substrate factors, the effects of biostratinomy and 

diagenesis, or post-exposure changes. 

 

Well cemented sites tend to endure for longer and to be degraded at a slower pace. Sites that are 

well protected from the elements may also be preserved for longer than sites that are regularly 

exposed to wind, rain and wave action. Some ichnosites, once re-exposed, become reburied under 

layers of sand, in accordance with seasonal changes in coastal sand accretion and erosion. Such sites 

may only occasionally and briefly be exposed. Awareness of substantial changes in sand distribution 

therefore can lead to a timely search for newly exposed sites. 

 

 

3.4 Tracks exposed in epirelief, hyporelief and in profile  

 

Use of the terms ‘epirelief’ and ‘hyporelief’, preceded by ‘concave’ or ‘convex’, is standard in 

ichnology, as they simplify description and are unequivocal. Their use obviates the need for 
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repeatedly using cumbersome phrases such as ‘the original track-bearing surface’, ‘the sediment 

that filled in the tracks’, ‘a natural cast surface’, etc. 

 

In summary, tracks and traces appear in epirelief when they are evident on the original surface, and 

can also be referred to as ‘natural molds’. For the most part, they form depressions, and are thus 

registered in concave epirelief. However, raised features such as displacement rims, pedestalled 

tracks, coprolites and some burrow traces occur in convex epirelief.  

 

Tracks and traces occur in hyporelief when they form part of the infill layer (that formed above the 

layer in which the tracks were registered). They can also be referred to as ‘natural casts’. Typically 

these protrude from the surface and thus occur in convex hyporelief. However, they occur in 

concave hyporelief in the case of the above-mentioned examples of rims, pedestalling, coprolites or 

some burrow traces. Where tracks are preserved in situ in hyporelief, they frequently are found on 

the undersides of cave ceilings or rock overhangs. 

 

Publication of the discovery of a hominin tracksite (BS1505) at Brenton-on-Sea (Helm et al., 2018c) 

highlighted the different forms that fossil tracks can take. It also begged a question: because the 

morphology of the best-preserved tracks was clear (indicating a hominin footprint outline, with 

evidence of hallux and digits) why had the site not previously been identified, given that it was 

situated close to a coastal community?  

 

There are three possible answers to this. Firstly, lack of awareness among local residents of the 

potential for finding fossil tracks on local rock surfaces may mean that ‘if you don’t look for 

something, you won’t find it’. Secondly, the finest tracks were situated deep within a tight cave, 

which may have acted as a filter. However, the third answer is perhaps the most compelling: the 

tracks were preserved in hyporelief, protruding down from the cave ceiling. Without ichnological 

experience, very few would recognize that an aeolianite cave ceiling forms an ideal venue for track 

preservation. In fact, during the media interest that resulted, the commonest questions related to 

how tracks could form on cave ceilings, and why anyone would go caving to look for tracks. 

 

Exposed cliff sections in which tracks are evident in profile (cross section) form a unique case, 

frequently exhibiting both the surface on which the tracks were registered and the infill layer. In 

these circumstances, tracks and traces may be evident in both epirelief and hyporelief, as when 

separation along a track-bearing surface preserved both part and counterpart (mold and cast). 
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Layers below the track-bearing surface are predictably deformed to progressively lesser degrees, 

although sometimes the area of deformation is greater. The forms in which fossil tracks may be 

exposed are illustrated in Figure 5.  

 

It is recognized that other soft sediment deformation (SSD) structures might, in theory, form similar 

features in profile (Owen, 2011). While these have not been described in the Waenhuiskrans 

Formation or the Klein Brak Formation, Hodge (2013, pp. 88–89, Fig 4.26) described SSDs from the 

predominantly Pliocene Wankoe Formation, in the context of a Master’s thesis on neotectonic 

deformation in aeolianites. It appears that a biogenic, ichnological explanation for the noted 

features was not considered. Confirmation of the ichnological origin of such SSD features that are 

evident in profile can be obtained, where feasible, by following the layer to where tracks may be 

exposed in epirelief or hyporelief. 

 

 

Figure 5. Forms of track preservation: (A) crocodylian tracks exposed in epirelief; (B) author examining a 

hominin track exposed in hypoerlief (photo credit Jan De Vynck); (C) a large track on a loose block, exposed 

in profile; (D) a pedestalled probable composite equid track exposed in convex epirelief. Scale bars = 10 cm. 

 

Lockley et al. (2021b) reported on the potential for a track-bearing surface to represent a longer 

interval of time if track burial was delayed, and consequently for a sequence of events potentially to 
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be interpretable. The term ‘megabioturbation’ was introduced to describe trampling caused by 

mammoths in Ice Age sediments (Laury, 1980) followed by ‘dinoturbation’ (Lockley, 1997). The latter 

term has caught on and has become widely used. 

 

Tracks seen in profile in cliff sections in multiple layers provide a unique form of post-exposure 

events, representing a longer time interval than a single tracksite surface exposure, and can 

therefore potentially also be interpreted as a sequence of events. However, the interval that elapsed 

between registration events of these tracks in successive layers cannot be determined, and may vary 

widely. Nonetheless, the presence of tracks with similar cross-sectional morphology in multiple 

layers indicates repeated use over time, leading to notions of well-worn trails, or, more 

speculatively, proximity to a water source.  

 

Lockley (1991) referred to ‘megatracksites’ as track-bearing layers of strata covering large 

geographic areas. In general, aeolianites tend to fracture into slabs and blocks which rarely exceed a 

few metres in length and width, and large exposures of single bedding plane palaeosurfaces are 

uncommon. Large track-bearing surfaces are therefore a rarity. Roberts et al. (2008) noted a laterally 

persistent layer in profile east of Still Bay, containing elephant tracks seen in section. While such 

persistent layered units, preserving tracks in profile, can in a sense be regarded as large tracksites, 

there is no doubt that large two-dimensional surface exposures would provide more information. 

 

Is superior track preservation more likely to occur on epirelief surface or hyporelief surfaces? While 

this may vary globally and may be substrate-dependent, certain principles are relevant. Firstly, 

epirelief tracks may be damaged when track-bearing layers separate and tumble to the bottom of 

cliffs, whereas hyporelief tracks are more likely to remain in situ. Secondly, tracks preserved in situ in 

hyporelief may be spared some of the erosive effects of water and wind, and are not subjected to 

modern trampling. Thirdly, if tracks are registered in a fine-grained, silty or muddy substrate, they 

may be of relatively high quality. If the infill layer has a coarser consistency, e.g., wind-blown sand, it 

may faithfully fill in these tracks. Following re-exposure, the fine-grained surfaces may be eroded 

more readily, whereas the coarser layers survive, with the potential to exhibit the high-quality tracks 

in hyporelief. In general, tracks preserved in hyporelief can therefore be expected to exhibit a higher 

quality of preservation. 
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3.5 Ichnofacies, and comparison of the trace fossil record and body fossil 

record 

 

An ichnofacies is defined as an assemblage of trace fossils that provides an indication of the physical 

conditions that their formative organisms inhabited. The ichnofacies concept was proposed by 

Seilacher (1967) and has subsequently been repeatedly refined (e.g., Frey and Pemberton, 1985), 

with more recent, detailed summaries by Buatois and Mángano (2007, 2020).  

 

The ichnofacies approach is a paleontological tool to help understand ancient depositional settings, 

and hence palaeoenvironments. Ichnofacies are frequently named after a distinctive invertebrate 

trace fossil that is present in the assemblage. Initial ichnofacies classifications addressed marine 

environments, but the ichnofacies model has subsequently been expanded to include the 

continental realm (Hasiotis, 1997; Buatois and Mángano, 2007). Buatois and Mángano (2020) noted 

that the concept of ichnofacies was central to ichnology, and regarded ichnofacies as having features 

shared by different ichnocoenoses from a wide range of ages, formed under similar environmental 

conditions.  

 

The archetypal, globally distributed aeolian ichnofacies is the Chelichnus ichnofacies (Lockley et al., 

1994, Hunt and Lucas, 2007; Lockley, 2007; Krapovickas et al., 2016). Desert dune facies, especially 

in the Palaeozoic and Mesozoic, have been termed both the Chelichnus and the Brasilichnium 

ichnofacies. These are characterized by tracks of arthropods (mostly arachnids), small mammals and 

reptiles.  

 

The so-called ‘shorebird ichnofacies’, containing the richest assemblages of fossil avian tracks, is 

associated with fine-grained lake margin sediments of Cretaceous through Recent age (Lockley et al., 

1994, 2021c; Hunt and Lucas, 2007, 2016; Lockley, 2007; Melchor, 2012), although Hunt and Lucas 

(2007, 2016) add examples of Jurassic ichnocoenoses with non-avian theropod tracks. Smith and 

Mason (1998) described the Termitichnus ichnofacies in relation to Tertiary oasis deposits in 

Namibia. As fossil avian tracks may be rare in other facies, the identification of numerous avian 

tracksites on the Cape south coast from palaeodune and palaeobeach settings (Helm et al., 2020c), is 

unusual. 

 

It is apparent that the above-mentioned descriptions of aeolian ichnofacies from the international 

literature do not readily apply to the Cape south coast vertebrate ichnosites in Pleistocene coastal 
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dune and beach environments. Comparison with reports of aeolian trace fossil assemblages from 

other coastal sites at a global level is thus helpful. Lea (1996) described artiodactyl and mammoth 

tracks in Pleistocene aeolian sandsheet deposits in Alaska, but these deposits were not coastal and 

are thus not comparable. In contrast, Camens et al. (2018) described a Late Pleistocene coastal 

aeolian palaeoenvironment on Kangaroo Island, Australia, that appears similar in many respects to 

that of the Cape south coast. The variety of tracks described included those of birds and a goanna. 

Also from Australia, Rich and Gill (1976) reported Pleistocene dromornithid tracks in poorly 

cemented near-coastal aeolian deposits. 

 

In addition, numerous ichnosites from coastal or near-coastal aeolianites from the Mediterranean 

and Europe have been described: Fornós et al. (2002) described Pleistocene goat trackways from 

Mallorca; Milàn et al. (2007) reported Late Pleistocene / early Holocene dwarf proboscidean, 

artiodactyl and probable camel tracks in aeolianites on the island of Rhodes; Neto De Carvalho 

(2009, 2016) described Middle Pleistocene avian, lagomorph, artiodactyl, canid, felid and 

proboscidean tracks in aeolianites from the coast of Portugal; Milàn et al. (2015) described Late 

Pleistocene / early Holocene dwarf hippopotamus and dwarf elephant tracks in coastal aeolianites 

on the island of Cyprus; Pillola and Zoboli (2017) reported Pleistocene dwarf mammoth tracks in 

aeolianites from Sardinia; Muñiz et al. (2019) reported Late Pleistocene hominin, proboscidean, 

artiodactyl and carnivoran tracks in weakly cemented coastal dune sediments from Gibraltar. From 

more recent sediments, Bromley et al. (2009) described human and cattle trackways in Holocene 

beachrock in Greece. 

 

In combination, these studies raise questions as to whether coastal dunes and beaches represent 

facies-fauna relationships (ichnofacies) that are distinctly different from those of desert erg systems 

and fine-grained lake margin (playa) sediments. From the results of this project it is concluded that 

the collective Cape south coast ichnosites support the erection of a new ‘coastal dune and beach 

ichnofacies’. 

 

Protocols have been proposed for comparing the vertebrate trace fossil record and body fossil 

record in various formation units and facies, thus allowing a perspective on the overall fossil-bearing 

potential of such units. Lockley (1991) and Lockley and Hunt (1994) proposed a typological 

classification for such units, which is appliable to the Cape south coast Pleistocene deposits:  
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- Type 1 - ichnosites only,  

- Type 2 - ichnosites are more common than skeletal sites, 

- Type 3 - ichnosites and skeletal sites are equally common, 

- Type 4 - ichnosites are less common than skeletal sites, and 

- Type 5 - skeletal sites only. 

 

Types 2, 3 and 4 can be further distinguished between:  

 

- ‘a’ deposits where trace fossils and body fossils indicate similar faunas, and 

- ‘b’ deposits where different faunas are indicated.  

 

Eight categories are therefore possible: Type 1, Type 2a, Type 2b, Type 3a, Type 3b, Type 4a, Type 

4b, and Type 5. Such categorization highlights the degree of consistency between the trace fossil 

record and the body fossil record in a fossiliferous unit, compared to other units. For example, Type 

3a is the most consistent and Types 1 and 5 are the least consistent. It also highlights the value of 

either category of data (trace fossils or body fossils) where the other is rare or absent, e.g., Type 1 or 

Type 5. This classification system clearly represents a spectrum. This subject is revisited in Section 

5.2. 
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4) RESULTS AND INTERPRETATION 

 

 Abstract: 

In this chapter geochronology and the age results of the specimens submitted for analysis through 

OSL dating are first reviewed. This is followed by sections describing the ichnosites that have been 

identified and their interpretation: first plant and invertebrate traces are briefly reviewed, followed 

by more detailed reports of the reptile, avian and mammal ichnosites. The mammal category is 

divided into non-hominin and hominin sections. The hominin section includes discussion of a variety 

of trace fossil forms including tracks, ammoglyphs and lithics.  

 

 

4.1 Geochronology 

 

OSL dating provides an estimate of the time elapsed since grains of sand-sized quartz were last 

exposed to sunlight (Huntley et al., 1985; Rhodes, 2011). On the Cape south coast this relates to the 

time since the burial of grains on the dune or beach surfaces. 

 

Twenty-five samples, representing 21 sites, were submitted to Dr. Andrew Carr at the University of 

Leicester. Resulting OSL age estimates are summarized in Table 2. Prior to these current results, age 

estimates had been made based on stratigraphic correlation to previously reported sites dated 

through OSL, and carbonate diagenesis (e.g., Helm et al., 2018c). The new age estimates of this 

project are in accordance with the reported age range of Pleistocene deposits on this coastline and 

range from 161 ± 12 ka to 43 ± 4 ka (MIS 6 to MIS 3). It is noted that no samples were obtained from 

Dana Bay, where MIS 11 deposits occur (Roberts et al., 2012). The results obtained here add to the 

age estimates previously obtained on the Cape south coast (e.g., Bateman et al., 2008, 2011; Roberts 

et al., 2008; Bar-Matthews et al., 2010; Carr et al., 2010, 2019; Smith et al., 2018).  

 

The results of the Rcarb dose rate modelling (Table 2) suggest that inclusion of the effects of 

carbonate cementation processes in the dose rate calculations tends to reduce the resulting OSL 

ages. However, in light of the margin of error in most age estimates, the chosen scenarios for the 

timings of cementation do not strongly affect them. While the age differences resulting from the 

modelling are minor, they are somewhat more significant for the older age estimates. 
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As Dr. Carr notes, given the ages, the modelled results for some of the older samples are arguably 

more plausible, given the assumed need for a proximal sediment source to form the extensive 

coastal dune systems. However, the older age estimates are consistent with those previously 

reported (e.g., Bateman et al., 2011).  

 

The timing and duration of cementation are difficult to evaluate. Dunes of Holocene age on this 

coastline generally appear to be uncemented, e.g., early Holocene (7–10 ka) dunes at Robberg (Carr 

et al., 2019). In the Rietvlei area, however, some MIS 5e dune sediments are very poorly 

consolidated (RIPB1601). Dr. Carr inferred that for significant cementation to take place, a time 

period of at least 10 ka was required. The results for the varying dose rate scenarios are included in 

Table 2, and provide an indication of the sensitivity of the OSL age estimates to this process. 

 

The resulting OSL age estimates from this project have been incorporated into the recent suite of 

published and submitted papers (Helm et al., 2022b, 2022c, under review b, under review c, in 

preparation a). The result from GP1805 (Leic21028) needs to be interpreted with caution and may 

not be accurate, as the sample was relatively thin, and incorporated an underlying, porous, 

bioturbated layer. As is evident in Table 2, there is a tendency for older deposits to occur in the 

western part of the study area in the sampled areas, and for younger deposits to be encountered in 

the east (e.g., Goukamma coastline, Robberg). 
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Table 2: List of sites from which samples were taken for OSL dating, and ages obtained by Dr. Andrew Carr. 

The age in ka indicates results using conventional dose rate estimations (using 3 ± 3% water contents). The 

two right-hand columns provide age estimates obtained by Dr. Carr using the RCarb model for a reduction in 

water content and the formation of 20 ± 5% carbonate cement, either rapidly after burial (first 33% of burial 

time) or for the duration of burial (~90% of burial time). 

Site Site description Sample site Leic code Age (ka) Modelled age 
rapid (ka) 

Modelled age 
gradual (ka) 

RI1601 Hatchling turtle Track-bearing layer 21008 134 ± 9 130 ± 10 126 ± 9 

RI1901 Sand-swimming 
traces 

2.2 m up-section from 
Eremitalpa ichnosite 

21005 126 ± 9   

RIPB1601 Rooikrans skeleton Skeleton layer, 1 m 
above thin brown band 

21006 123 ± 8   

LL1903 Large equid tracks Edge of loose track-
bearing slab 

20033 161 ± 12   

LL1907 Ammoglyph - 
triangular 

Edge of ammoglyph-
bearing slab 

20031 139 ± 9 
137 ± 9 131 ± 10 

LE1605 Giraffe tracks Track-bearing layer, 5 m 
from tracks 

20024 109 ± 9 109 ± 7 104 ± 8 

DR1908 Elephant tracks and 
coprolites 

Edge of track-bearing 
slab 

20030 139 ± 10   

HA1906 Potholes, coprolites Track- and coprolite-
bearing surface 

20029 108 ± 7   

GP1302 Hominin ichnosite Track-bearing layer at 
NW end of tunnel 

20032 153 ± 10 150 ± 9 143 ± 9 

GP1805 Reptile tracks and 
traces 

Main track- and swim 
trace surface 

21028 165 ± 11? 
 

  

GP1812 Ammoglyph - circle Loose slab a few m 
away, same lithology 

20027 136 ± 8 
130 ± 7 125 ± 7 

GC1801 Hominin tracks, 
grooves 

1 m up-section, 2-3 m 
from ammoglyphs 

20007 71 ± 5 69 ± 5 69 ± 4 

GC1201 Hominin ichnosite 1 m up-section from 
track-bearing layer 

21007 75 ± 5 70 ± 5 72 ± 5 

GC1806 Radial ammoglyph Ammoglyph layer, 7 m 
east of seal traces 

20026 73 ± 5   

GC1301 Lion tracks Same block, 25-30 cm 
down-section 

20003 70 ± 4 
68 ± 4 66 ± 5 

GC1909-
GC1911 

Coprolites: nodules, 
latrine 

2.5 m up-section from 
GC1909, 1.5 m down-
section from GC1911 

21013 76 ± 5 73 ± 4 75 ± 4 

GC1203 Long-horned buffalo 
trackway 

NE edge of track-bearing 
layer 

20023 62 ± 4   

GC1305 Elephant tracks, 
many layers 

NE end of castle, from 
upper layers 

20025 78 ± 5   

BBPB1801, 
BBL1801 

Stromatolites, bone, 
lithics 

Stromatolite site 
‘drapery’ 

21020 In 
preparation 

  

BS1505 Hominin ichnosite Just below track-
beariing layer 

20005 90 ± 6 88 ± 6 85 ± 6 

BS1505 Hominin ichnosite Just above track-beariing 
layer 

20004 76 ± 5 71 ± 5 74 ± 4 

BS1505 Hominin ichnosite At track-bearing layer 20006 82 ± 6 78 ± 5 80 ± 5 

RO1703 Tunnel with rhino, 
buffalo tracks 

Just below truncation 
surface 

21003 56 ± 5 Not attempted Not attempted 

RO1703 Tunnel with rhino, 
buffalo tracks 

Truncation surface 21004 43 ± 4 Not attempted Not attempted 

RO1703 Tunnel with rhino, 
buffalo tracks 

Just above truncation 
surface 

20028 44 ± 4 Not attempted Not attempted 
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4.2 Plant fossils and invertebrate traces 

 

Plant fossils and invertebrate traces are discussed briefly here, because on occasion they need to be 

considered as alternative interpretations when identifying vertebrate Cape south coast trace fossils. 

Photos referred to in the text are preceded by ‘RP’ for ‘RHIZOLITHS AND PLANTS’ and by ‘IT’ for 

‘INVERTEBRATE TRACES’. 

 

4.2.1 Plant fossils and traces 

 

The commonest plant fossils and traces in the Cape south coast Pleistocene deposits are rhizoliths, 

which are frequently encountered in palaeosols, and are direct evidence of the stabilized vegetation 

that developed these soils. They also occur on aeolianite exposures (often in bioturbated areas) and 

may follow bedding planes or be evident in cliffs in cross section (photos RP Koensrust 3 to 7). The 

term ‘rhizolith’ can include root moulds, root casts, root tubules, rhizocretions and root 

petrifications (Klappa, 1980; Durand et al., 2018). Extensive exposures are found at Geelkrans (photo 

RP Geelkrans 1), the Goukamma coast (photos RP Goukamma 2–6) and between Buffels Bay and 

Brenton-on-Sea, where infilled bathyergid burrows are considered as an alternative explanation 

(photos RP Buffels Bay 3–6). 

 

Rhizoliths may be straight, especially in terrain with few obstructions, where they may be metres 

long. They may taper if they can be viewed over sufficient distance. Rhizoliths may cross one other, 

and where they branch into smaller roots, this typically occurs at an angle of 90o or less to the parent 

root. When seen in cliffs in cross section, root fossils often have a vertical or near-vertical orientation 

(photos RP Brenton-on-Sea, RP Geelkrans 2, RP Koensrust 1 and 2, RP Platbank 1 and 2, RP 

Skimmelkrans 1–5); this can be used to help determine original orientation of loose blocks (photo RP 

Gericke’s Point 1). Root casts can create radial patterns on palaeosurfaces (photos RP Whale Trail 1 

and 2). In some instances they may be indistinguishable from infilled invertebrate burrows (photo RP 

Platbank 3). 

 

Root fossils may alter the composition of the surrounding rock. This can result in rock which is more 

resistant or less resistant to erosion, and which typically appears different to the surrounding rock. If 

it is more resistant, then a rim of well cemented rock may be apparent around the area which the 

root had occupied. If it is less resistant, then a pair of grooves may occur on either side of the fossil 



74 
 

root, creating a pattern of two parallel or nested lines (photo RP Goukamma 1). A central tubular 

cavity, in effect a natural mould, is often apparent (photos RP Buffels Bay 1 and 2, RP Goukamma 7 

and 8, RP Skimmelkrans 6 and 7). In some cases, fossilized roots occur in pairs (photo RP Robberg). In 

cross section, roots or branches may appear as raised round features, often with a central cavity or 

dimple (photo RP Arniston 1). Rhizoliths and other cemented plant matter may protrude upwards in 

areas where sand has been scoured (photos RP Driefontein 1 and 2). An example of a possible tree-

trunk mould has been found at Dana Bay (photos RP Dana Bay 1 and 2), but a seal mould is also 

possible. 

 

Trace fossils of probable leaf fronds are occasionally encountered. These take the form of shallow, 

narrow, arcuate traces that are registered by the tips of the fronds as they are blown in the wind 

(photos RP Gericke’s Point 2 and 3). Sometimes a rhizolith may be visible centrally. Sometimes 

shallow, near-complete circular grooves are apparent, even concentric grooves if more parts of the 

frond structure create traces (neo-ichnological examples are seen in photos RP Arniston 2, RP 

Langebaan 1 to 3). These are termed ‘scratch circles’ (Jensen et al., 2018 and references therein). 

Intersecting patterns of arcs may result from the fronds of adjacent plants.  

 

Obvious examples of rhizoliths present no identification challenges, but it may be challenging to 

distinguish macroscopically between rhizoliths and invertebrate traces (trails or burrows), vertebrate 

burrows, and bone fragments. Petrography may be of value in such situations. Circular and radial 

patterns require careful scrutiny to distinguish plant traces from ammoglyphs. 

 

 

4.2.2. Invertebrate traces 

 

Invertebrate traces, mostly burrows and traceways, are abundant on Pleistocene surfaces on the 

Cape south coast (photo IT Whale Trail 4). They tend to have fewer branching points and be more 

curved than rhizoliths. Invertebrate traceways can usually be distinguished from vertebrate 

trackways by their smaller dimensions and, when preservation is exceptional, by different footfall 

patterns (photo IT Rietvlei 1, IT Rietvlei 1 photogrammetry). Invertebrate burrow traces, likewise, 

are typically smaller than those of their vertebrate counterparts, and sometimes the infill exhibits 

distinctive ladder-like spreiten as a result of active back-filling by the burrowing organism (photos IT 

East of Ladder East 1, IT Gericke’s Point 4, IT Rietvlei 2). 
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Nonetheless, distinguishing between invertebrate burrows and small rhizoliths can be difficult 

(photo IT Rietvlei 3). ‘Photo IT Whale Trail 5’ is of a recently made small invertebrate burrow in sand, 

which resembles some of the paired rhizolith structures seen in ‘photo RP Robberg’.  

 

The level of detail seen in well preserved traces (photos IT Rietvlei 1, IT Rietvlei 1 photogrammetry, 

IT Ladder east to Ladder west spider), may be close to the limit of what can be anticipated for 

aeolianite surfaces. The former example is of a number of invertebrate trackways, in which it is not 

possible to distinguish between a millipede, centipede, polychaete, cricket or beetle trackmaker. The 

latter example was noted in Waenhuiskrans Formation deposits by Martin Lockley in 2019, and 

identified as an arachnid traceway. It was described by Lockley et al. (2022), with review of the 

ichnogenus Octopodichnus, known from the Permian to Recent, and the eponymous Octopodichnus 

ichnofacies. It illustrates the potential for further study and documentation of invertebrate trace 

fossils. 

 

A final example (either an invertebrate nest or a plant fossil) is from Gericke’s Point (photo IT 

Gericke’s Point 5). This enigmatic feature was noted in 2019 in aolianite cliffs. Photos were shared 

with experts. Dr. Steve Hasiotis (University of Kansas) expressed an opinion that it resembled a wasp 

nest reported in aeolianites from the Bahamas. In contrast, Dr. Rob Gess (Albany Museum) 

interpreted the feature as representing a tussock of grass or sedge. 

 

The only prior report of invertebrate traces was by Roberts et al. (2008 – figure 8b): termite nests 

were described from a palaeosol between aeolianites in the Driefontin area. 

 

In summary, invertebrate ichnology is an important subdiscipline, largely neglected on the Cape 

south coast. It holds the potential to complement vertebrate ichnology studies on the Cape south 

coast to contribute to palaeoenvironmental interpretation, and is absolutely necessary to inform 

attempts to define ichnofacies and ichnocoenoses. 

 

 

4.3 Reptile tracks and traces 

 

There is a dearth of Pleistocene reptile fossils from southern Africa, when contrasted to the 

abundant occurrence of Palaeozoic (Permian) mammal-like reptiles and Mesozoic dinosaur-

containing deposits in the main Karoo Basin of South Africa as well as peripheral basins in Namibia 
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and Zimbabwe. In both of these more ancient examples the faunal assemblages are known not just 

from their body fossils, but from their traces, including trackways (Ellenberger, 1970, 1974a, 1974b; 

Raath, 1972; Olsen and Galton, 1984; Smith, 1986; Raath et al., 1990; Smith, 1993, De Klerk, 2002; 

Schneider and Marais, 2005; Smith et al., 2009; Wilson et al., 2009; Marsicano et al., 2014; Sciscio et 

al., 2017; Bordy et al., 2020). 

 

Globally, prior to the Cape south coast ichnology project, there were no unequivocal post-Mesozoic 

documented records of sea turtle tracks, and no records whatsoever of hatchling turtle tracks or any 

tortoise tracks. Furthermore, in a special volume dedicated to global occurrences of crocodylian 

tracks and traces (Milàn et al., 2010), it was noted that Cenozoic fossil crocodylian footprints are not 

common (Lockley et al., 2010). While the volume contained 31 research papers, none of these dealt 

with Pleistocene tracks, and only one paper reported on new Cenozoic discoveries, from the 

Miocene (Mikuláš, 2010). Two published reports of Palaeogene tracks were also noted (McCrea et 

al., 2004; Erickson, 2005). Furthermore, while crocodylian swim traces have been documented from 

diverse global localities, no such sites had been reported from the African continent. One exception 

to the paucity of reported Pleistocene reptile tracks comes from Australia: Camens et al. (2018) 

described a variety of Late Pleistocene tracks from Kangaroo Island, including those attributed to a 

goanna (Varanidae) trackmaker. 

 

Regionally, there is an absence of reports of large reptiles from archaeological sites or the 

Pleistocene body fossil record on the Cape south coast. Richard Klein (pers. comm., 2019) indicated 

that in his extensive inventory of the region there were no coastal records of crocodiles or monitor 

lizards. The situation is different for smaller reptiles: tortoises were the dominant taxon in MIS 4 

faunal remains from Klipdrift Shelter (Reynard and Henshilwood, 2017), and MIS 5a faunal remains 

from Blombos Cave (Thompson and Henshilwood, 2014). Klein and Cruz-Uribe (2000) also reported 

on tortoise remains from Die Kelders, west of the study area. These findings are consistent with 

southern Africa’s claim to the greatest diversity of extant tortoises in the world (Branch, 2014). 

 

Therefore, although reptile tracks form just a fraction of the total number of Cape south coast 

ichnofossils, these ichnosites are of considerable importance. They may have significant 

palaeoenvironmental implications (Lockley et al., 2019; Helm et al., 2020b; Helm and Lockley, 2021), 

and they have resulted in the erection of new ichnotaxa. In addition, a giant chelonian trackway 

represents the only case of a possible unexpected Pleistocene vertebrate trackmaker at the 
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continental level. The following summary of reptile ichnosites from the Cape south coast follows the 

order employed by Branch (2014). 

 

4.3.1 Order Testudines 

  

Family Testudinidae 

 

Sites 

 

Sixteen possible tortoise ichnosites have been identified, of which five may be terrapin ichnosites. 

They are described from west to east:  

 

East of Still Bay 

Roberts et al. (2008 – p. 262) mentioned tracks from east of Still Bay, but provided no details: 

“Impressive aeolianite exposures in sea cliffs east of Still Bay are relatively inaccessible and have not 

previously been described in any detail. They contain a rich archive of fossil mammalian trackways… 

as well as reptilian (testudinae)”. 

 

GE1902 

More than 20 tracks occur on loose slabs. Two possible trackways are present, with a possible 

tramline pattern. Length 5 cm; width 4 cm. Photos GE1902A-F. 

 

BO1901 

Five loose slabs lying on a dune slope contain more than 20 tracks. One slab exhibits tracks with a 

wide straddle, and closely spaced tracks in one ‘line’ of a tramline. Length 3 cm; width 3 cm. Photos 

BO1901A-D. Photogrammetry BO1901PG1,2. 

 

BO1902 

Two fragile surfaces on loose slabs contain more than 15 small tracks with prominent drag marks, 

and displacement rims which partially occlude the drag marks. A possible wide straddle is evident. 

Small avian tracks are also present. Length 2.5 cm; width 2 cm. Photos BO1902A-C. By 2022 most of 

the fragile surfaces had disintegrated. 
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BO1903 

A large loose slab forms a truncation surface and contains multiple tracks, including those of 

elephant and long-horned buffalo. At its western end a trackway with relatively short pace lengths 

may form one ‘line’ of a tramline trackway (the surface has been eroded away where the other ‘line’ 

would be expected). There is evidence that this was a crusted surface, which is preserved at the 

margins of some tracks, with overhanging rims. There is a suggestion of in-toeing and out-toeing of 

the tracks. Lengths 9.5 cm, 9 cm, 6 cm, 9 cm; widths respectively 6 cm, 9 cm, 5 cm, 8 cm. Photos 

BO1903A-B. 

 

RI1801 

Evidence of a ‘crusted-surface’ trackway with tramline features, ‘overhung’ tracks, a wide straddle 

(~25 cm) and an in-toeing gait suggest a tortoise origin. One putative pes-manus set demonstrates 

an in-toeing manus with claw impressions. Six irregularly spaced tracks are present, with width of 

~10cm. The surface was buried by a landslide in 2018–2019. Photos RI1801A-B. 

 

LL1924 

This is the most important tortoise tracksite that has been identified (Helm et al., 2022b). The track-

bearing surface, on a large loose aeolianite block, measures ~150 cm x 150 cm. The block is >100 cm 

in thickness. It lies in an unstable fan of slumping sandy debris. The track-bearing surface faces 

south, towards the sea, at a near-vertical angle. The cliffs above are largely covered by debris, and 

the layer of origin can not be determined, but must be a considerable height above the modern sea 

level.  

 

Two parallel, slightly curved (convex to the east) series of four tracks are evident, ~69 cm apart. In 

addition, multiple midline features are noted (Figure 6). Photos LL1924A and LL1924B are annotated 

to illustrate these features under different lighting conditions. Direction of travel is from bottom to 

top as the surface is viewed when facing north, and the tracks in the left and right series are labelled 

L1-L4 and R1-R4. A crusted surface phenomenon is present: tracks and traces are either shallow and 

well defined on the firm surface, or else as much as 2.5 cm deep where they have punctured it, with 

poor morphological detail but with crisp, sometimes slightly overhung margins.  

 

Many tracks exhibit posteriorly orientated displacement rims. The tracks show variation in length 

and width. In one case track R3 (photo LL1924D) has not fully punctured the crusted surface and has 

thus not penetrated into the underlying softer sand. Instead, well preserved, parallel claw-drag 
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impressions are evident. The most accurate interdigital distance can be measured from this track, 

despite the medial claw impression (digit I) being partially occluded.  

 

 

Figure 6. Annotated large chelonian tracks at LL1924: L = left, M = midline, and R = right; scale bar = 10 cm. 

 

R2 appears to exhibit at least four long claw-drag impressions; those of digits I and II are well 

preserved, tapering distally to sharply-angled anterior ends (photos LL1924B, E). L3 contains three 

less well-defined impressions (photo LL1924F). R1 is the longest feature (photo LL1924A, B), but is a 

composite track: a larger proximal depression (~13 cm in length) is separated by a shallow ridge 

from a smaller (~11 cm in length) distal depression.  

 

Three faint longitudinal groove features are noted proximal to L1, aligned in the direction of the 

trackway, and ~2cm long. Their true length may be greater, as their anterior ends are truncated a 

displacement rim (photo LL1924C). The distance between the central and left grooves is 4 cm, and 

between the central set and right grooves is 8 cm. 

 

Four feature-clusters are identified close to the midline, and are labelled M1, M2, M3 and M4. 

Proximally, and truncated by the proximal margin of the surface, is an area 25 cm in length and 13 
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cm in width (M1), containing as many as 13 parallel, narrowly-spaced, slightly curved (convex to the 

east), very shallow striations at approximately regular intervals (photo LL1924G). Their alignment 

and curvature is similar to that of the tramline trackway.  

 

M2 comprises a round depression, ~4 cm wide, within the area of M1 striations (photo LL1924G). 

Proximal to it (and also within the area of M1 striations) are three round midline depressions, ~1 cm 

in diameter and ~ 3 cm apart from each other, aligned in a linear pattern in the direction of motion 

(photo LL1924D). 

 

A large depressed feature (M3) contains as many as ten sets of ridges and grooves, aligned in the 

direction of motion. It is situated centrally, midway between the two lines of tracks (photos 

LL1924A-B). M4 comprises three midline depressions in a linear pattern.  

 

A fine-grained veneer was initially present on the surface, allowing for fine detail to be distinguished, 

but within the space of weeks this thin layer had mostly been eroded away. Over a period of months 

the block slumped into the sea. 

 

Table 3: Measurements and comments from LL1924; L = length, W = width, IT = intertrack length, ID = 

interdigital length; all readings are in cm. Reproduced from Helm et al. (2022b). 

Track L W Rim Straddle IT ID Comment 

L1 18 13 medial > 

lateral 

 L1-L2 

40 

 longer than wide, 

possibly composite 

L2 16 19 postero- 

lateral 

L2-R1 

>60 

L2-L3 

27 

 wider than long 

L3 16 19 postero- 

medial 

L3-R2 

69 

L3-L4 

38 

7 

(14/2) 

three possible claw-drag  

impressions 

L4 9 14 no    vestigial, not 

interpretable  

R1 25 13 minimal  R1-R2 36  partial, composite,  

pes-manus set 

R2 13 14   R2-R3 50 4.5 

(9/2) 

four claw drag / digit impressions, 

I and II well preserved 

R3 8 11   R3-R4 22 5 

(10/2) 

three claw-drag  

impressions 

R4 22 12 medial, 

lateral 

   side walls have possibly 

collapsed 

M1 25 13 nil n/a n/a n/a 13 longitudinal parallel striations, 

curved, very shallow 

M2 4 4 nil n/a n/a n/a three smaller depressions in linear 

pattern proximal to it 

M3 18 22 posterior,more  

on the left 

n/a n/a n/a ten longitudinal 

striations 

M4a 4 6 nil n/a n/a n/a symmetrical scuff-mark 

M4b 1.5 1.5 nil n/a n/a n/a midline small depression 

M4c 1.5 1.5 nil n/a n/a n/a midline small depression 

Far right 15 9? postero- 

lateral 

   significance 

uncertain 
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DB1910 

An in situ surface with tracks in epirelief was reported by Ilona Birch. Tracks are probably from MIS 

11 layers. Photos DB1910A-B. Dave Roberts (pers. comm., 2009.) mentioned finding a testudinid site 

on a surface at Dana Bay – it is unclear if this is the same site. 

 

GP1301 

A Klein Brak Formation truncation surface on a loose slab contains teardrop-shaped claw 

impressions, along with small bovid (antelope) tracks and invertebrate traces. The impressions are 

~1.5 cm long and ~0.8 cm wide, with faint displacement rims, and are ~2 cm apart. The surface has 

been inferred to represent a lagoonal or near-lagoonal environment (Helm et al., 2020b). Photos 

GP1301A-B. 

 

GP1806 

Metres northeast of GP1301 a Klein Brak Formation truncation surface on a large fallen block, in 

addition to exhibiting large unidentifiable tracks, contains a possible tramline trackway that shows 

the ‘crusted-surface phenomenon’ with areas of ‘missing tracks’, and overhanging track margins. 

The largest track is 6 cm wide; the smallest track is 4.5 cm wide with forward-pointing digit 

impressions. Approximately 3 cm ahead of its anterior margin are small circular depressions (~1.3 cm 

apart) within a shallow depressed area. These distal features are associated with two narrow, 

longitudinal, linear depressions. As with GP1301, the surface has been associated with a lagoonal or 

near-lagoonal environment (Helm et al., 2020b). Probable varanid tracks and a tail drag impression 

occur on a different portion of the loose block. Photos GP1806A-C. 

 

GP1907 

An in situ truncation surface contains 8 regularly spaced tracks, with a relatively short pace length of 

22 cm. The tracks are 8–10 cm long and wide. Evidence for a testitudinid origin is tenuous, resting on 

short pace length and speculation that the tracks could form one ‘line’ of a tramline trackway. 

Photos GP1907A-B. 

 

GC1904 

Six tracks (3 pairs), with wide straddle, occur on two in situ surfaces near a possible ammoglyph site. 

At best, this is tenuous evidence. Photos GC1904B, GC1904F. 
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GC1812 

A loose slab near the high tide mark below low coastal cliffs, frequently covered by beach sand, 

contains two, large oval depressed features on its surface. Master Trackers shown a photo of these 

probable tracks without the benefit of a scale bar identified them as chelonian (pers. comm. Alex 

Van den Heever, 2020). Viewed facing north, the larger, proximal depression measure 33 cm in 

length and 20 cm in width. Two small oval depressions, ~3 cm in maximum length, are situated just 

ahead of it. The minimum distance between proximal and distal depressions is 20 cm. The distal 

depression is smaller and rounder, with length of 22 cm and width of 15 cm. Just anterior to it and 

towards the right are three depressions, ~2 cm in diameter, and 5 cm apart. The longitudinal axis of 

the proximal feature is directed more to the left, and of the distal feature more to the right. Photos 

GC1812A-C. 

 

GC1204 

Situated 400 m east of GC1812, a loose slab contains numerous small depressions, ~1–2 cm in size, 

typically in sets of three. Total width = ~7 cm. Photos GC1204A-B. 

 

GC1815 

Thirty metres east of GC1204, three impressions on a fallen aeolianite slab are consistent with 

tortoise or terrapin claw impressions with short drag marks ~3 cm in length. Total width = ~6cm. 

Photo GC1815A. 

 

 

Interpretation and discussion  

 

Liebenberg (2010), Van den Heever et al. (2017) and Stuart and Stuart (2019) describe extant 

tortoise tracks from southern Africa. Most species have five claws on the front feet and four claws 

on the hind feet. Tramline trackways with a wide straddle and relatively closely spaced tracks are 

characteristic. Drag marks are commonly made by the claws of the hind feet (Van den Heever et al., 

2017). Scale impressions may be recorded in larger tracks under ideal substrate conditions (Van den 

Heever et al., 2017). 

 

The manus track faces inwards, whereas the pes track faces outwards. Pes tracks are slightly larger 

than manus tracks, and have an approximately oval shape, whereas manus tracks are more rounded. 

The depressions made by the claws are often prominent: the claws of digits I, II and III are registered 
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deepest; in manus tracks the digit IV claw impression is typically fainter and the digit V claw 

impression may be absent (Van den Heever et al., 2017). Sometimes only the claw impressions are 

registered, in what are referred to as toe-tip traces. These often occur in triplets, representing digits 

I, II and III, and may occur more readily during upslope travel and on firm surfaces. 

 

A slow walking gait results in the pes track being registered partially on top of the proximal portion 

of the manus track, producing a composite track. However, variations are possible, and the pes track 

may appear discrete from and behind the manus track, or may be superimposed on the manus track. 

 

Tracks registered in soft substrates, e.g., dry, unconsolidated sand, may show no morphological 

details. In such cases the wide-straddle and tramline pattern with close spacing of tracks may 

provide the only indications of a tortoise trackmaker, and pes and manus tracks may coalesce into 

crater-like depressions. On firm surfaces the underside of the plastron does not usually make 

contact with the substrate, but this may occur on softer substrates or when the trackmaker is tired 

or struggling; longitudinal striations orientated in the direction of motion may be detectable close to 

the trackway midline, indicating where the substrate was scraped by the plastron. The underside of 

the tortoise plastron often exhibits longitudinal grooves and ridges, which may be the origin of the 

striations in the traces. The tortoise tail is directed inferiorly and posteriorly, and may assist with 

locomotion if the trackmaker is struggling, typically via a dagger-like spearing of the substrate, 

resulting in a round or oval midline depression. Displacement rims are commonly present, occurring 

most prominently behind tracks and resulting from forward propulsion.  

 

Tortoise trackmakers are more probable than terrapin trackmakers on aeolianite surfaces, such as 

those seen at GE1902, BO1901, BO1902, BO1903, RI1801, LL1924, and GC1904. A near-lagoonal 

environment at GP1301 and GP1806 might make terrapin trackmakers more likely, but does not 

exclude tortoise trackmakers. It is hard to opine further on the GP1907, GC1204 and GC1815 

trackmakers. 

 

Characteristic sets of three ‘toe-tip traces’ occur more commonly with terrapin traces than tortoise 

traces (Van den Heever et al., 2017). GP1806 is an interesting site, with a crusted-surface 

phenomenon. The longitudinal grooves in the distal section, interpreted as claw drag marks, are 

more consistent with a tortoise trackmaker, but the orientation of the claw impressions and the 

distance between pes and manus impressions are perhaps more consistent with a terrapin 

trackmaker.  
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LL1924 (photos LL1924A-G) is the most important site (Helm et al., 2022b). A substantial cliff-

collapse event must have occurred not long before the track-bearing surface was identified. The 

brief preservation of the surface veneer allowed for interpretation of ichnological details. 

Preservation of the surface features was mostly of high quality, including crisp track margins, 

overhang features, and claw-drag features. 

 

The inference of a large tramline trackway was supported by the parallel nature of the left and right 

lines of the tracks. The digit/claw impressions evident in tracks R3 and R2 indicated a trackmaker of 

substantial size, as did the straddle of 69 cm. The short striations proximal to L1 were interpreted as 

claw-drag impressions probably made during protraction, with an inter-claw distance of ~4 cm. 

 

The midline features and clusters were important for interpretation. M1 represented the dragging of 

a midline body feature, interpreted as a plastron drag that did not puncture the surface crust. The 

large circular depression at M2 was registered after the passage of the plastron, and was interpreted 

as a probable deep tortoise tail impression, where the tail speared and penetrated the crust. Three 

smaller circular depressions that occurred proximal to it were interpreted as tail-tip impressions.  

 

The large, midline M3 depression, with striations in the form of grooves and ridges, was inferred to 

be a plastron trace where the plastron punctured the crust. M1 and M3 thus presented examples of 

plastron traces that differed substantially in appearance, depending on whether the substrate was 

scraped (M1) or punctured (M3).  

 

In summary, the impression created was of a struggling trackmaker walking on a crusted surface that 

had a varying capacity to support its weight. In addition to expected features such as closely spaced 

tracks and a wide straddle, this led to the registration of claw drag marks, plastron traces and tail-tip 

traces. 

 

GC1812 was also of interest. The distal feature, with three indentations anterior to it (appropriately 

positioned for chelonian claws I, II and III) resembled an enormous manus track. The ratio of the 

track dimensions to the size of the claw impressions and the inter-claw distance matched those in 

illustrations of tortoise tracks (Van den Heever et al., 2017), except for the gigantic size. The 

proximal oval feature and orientation of its long axis were consistent with the expected form of a 

chelonian pes track, although much larger than anticipated. The small depression ahead of it was 
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appropriately positioned for a claw impression. These features suggested a left pes-manus pair in 

which the manus claw impressions were directed slightly inwards. This potentially explained the 

absence of a right ‘line’ of a tramline, which would have been situated beyond the margin of the 

surface. The relative distance between the two putative tracks was large for a tortoise, and more 

consistent with a typical terrapin trackway pattern. However, the leopard tortoise enters bodies of 

water (Branch, 2016) and its footfall pattern on sub-aqueous surfaces might be different that on 

dryland substrates.  

 

Because of the potential inference of very large chelonian trackmakers, measurements were taken 

of adult leopard tortoises by staff at the Wild Rescue Wildlife Sanctuary and Nature Reserve, and 

Free Me Wildlife Rehabilitation. Three ratios were determined, and were used to estimate 

trackmaker length (Helm et al., 2022b): 

- Total body length / trackway straddle – a mean result of 1.53 was obtained (n=11). 

- Total body length / manus track length – a result of 11.8 was obtained (n = 1, total length 71 

cm, manus track length 6.0 cm) 

- Total body length / distance between manus claw impressions – a mean result of 29.8 was 

obtained (n = 8). 

The ratio for total length / straddle had a mean value of 1.53. Using the straddle of 69 cm measured 

at LL1924, a total trackmaker length estimate of 106 cm was obtained. If the ratios for the individual 

tortoises assessed were used, an estimated range of total length of 95–119 cm was obtained. 

 

The inferred inter-claw distance of 4 cm derived from the traces situated proximal to L1 yielded an 

estimated total length of 119 cm. These estimates can be compared with the record lengths of 

extant leopard tortoises (the only large reptile that currently occurs along the Cape south coast) 

which reach 70 cm (Branch, 1994). 

 

The ratio for total length / manus track length was 11.8. Based on this ratio, the trackmaker length 

estimate for GE1902 was ~50–60 cm, and for BO1901 was ~30–40 cm. The estimates for the 

GP1301, GP1806 and GC1204 were based on inter-claw distances of 2 cm, 1.3 cm and 2.5 cm 

respectively. This led to respective length estimates of 57 cm, 39 cm and 71 cm. In these cases the 

estimates were based on tortoise track measurements, but the tracks might have been made by 

terrapins. 
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GC1812 led to prodigious length estimates. Measurements of the putative tracks included manus 

track length and inter-claw distance. Based on putative manus size of 22 cm and the ratio of 11.8, a 

total length estimate of 260 cm was obtained. Based on the putative inter-claw distance of 10 cm, a 

total length estimate of 298 cm was obtained. An alternative involved noting that the inter-claw 

distance at GC1812 was double that recorded at LL1924, where a total length estimate based on 

straddle of 109 cm was obtained. Assuming that such measurements are scalable, doubling this 

length led to a total length estimate for the GC1812 trackmaker of 218 cm. While these estimates 

suggested a truly giant trackmaker, they are not out of line with the largest globally-recorded 

tortoises or terrapins (Branch, 1994).  

 

The question arose as to whether the LL1924 trackmaker was a large chronosubspecies of the 

leopard tortoise, or might represent a large extinct species, unknown in the body fossil record. Klein 

(1986) reported that mammalian carnivore size varied significantly during the Pleistocene, and was 

larger during glacial phases. Tyrberg (2008) reported that at a global level continental Late 

Pleistocene bird species were often larger than their extant descendants. A similar phenomenon 

might conceivably apply to reptiles. The estimated size of the trackmaker at LL1924 was ~50% larger 

than that of the largest extant adult leopard tortoises. Maximum size of extant leopard tortoises 

varies geographically, being largest at the northern (Sudan and Somalia) and southern (southeastern 

Cape) ends of the species’ range (Branch, 2016). Slavenko et al. (2016) noted with regard to Late 

Quaternary reptile extinctions that extinct reptiles, including ‘turtles’, were larger than their extant 

counterparts. If the tracks at GC1812 indeed have a chelonian origin (giant tortoise or giant 

terrapin), the prodigious estimated size makes it more likely that they were made by an extinct 

species. 

 

The rich fossil record of Testudinidae extends from the Late Eocene to the Holocene (Vlachos and 

Rabi, 2018). In comparison, the trace fossil record is hitherto virtually non-existent. Lockley et al. 

(2018b) noted that superficially similar features from the Late Cretaceous of Colorado could not be 

attributed to chelonians, although they were approximately the size of purported tortoise tracks 

described by Fiorillo (2005). Hirschfeld and Simmons (2021) re-evaluated these features, again 

noting that their affinity was uncertain. A hill south of the town of Graafwater in the Western Cape is 

named Skilpadsklip (Tortoise Rock), derived from the supposed tortoise trackways near its summit 

(Helm et al., 2019e). These trackways occur in Ordovician sediments and were made by large 

eurypterids (Braddy and Almond, 1999). The Cape south coast ichnosites attributed to tortoise 

trackmakers are the first of their kind to be reported. 
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Southern Africa contains the greatest diversity of extant tortoises in the world, with 5 genera and 13 

species of a global count of 17 genera and 58 species. Three genera and 10 species are endemic 

(Branch, 2016). Tortoises have a global distribution other than Australia and Antarctica (Ernst and 

Barbour, 1989).  

 

It is instructive to consider tortoise giantism, which evolved independently and recurrently in 

multiple continental taxa (Vlachos and Rabi, 2018), and was not limited to islands (Itescu et al., 

1984). Tortoise giantism on islands may be due to large continental forms being more probable 

island colonizers than smaller forms. The largest known species, Megalochelys atlas, had a reported 

carapace length of ~2.1 m and estimated total length of 2.5 – 2.7 m. The extinction of this genus by 

the Middle Pleistocene has been linked to the arrival of Homo erectus (Rhodin et al., 2015).  

 

Describing a fossil giant tortoise from central Africa, Geochelone laetoliensis, Harrison (2011) 

suggested that the Late Pliocene extinction of giant tortoises on the African mainland was possibly 

associated with the appearance of early Homo and the use of stone tool technology at 2.6 Ma, and 

that natural selection would have favoured smaller tortoise species. The extinction of many tortoise 

species is correlated with the global spread of humanity (Rhodin et al., 2015). Today, the largest 

tortoise occuring on a continental mainland is the African spurred tortoise (Centrochelys sulcata), 

which inhabits the Sahel and reaches lengths of 0.83 m (Branch, 2016). 

 

Although tortoise remains are prevalent in MSA sites in the southern Cape (Reynard and 

Henshilwood, 2017), evidence for large tortoises is extremely rare (Klein et al., 2004; Thompson and 

Henshilwood, 2014). Those found in MSA sites are generally larger than those in LSA sites, which has 

been attributed to MSA human populations being less dense, resulting in less intensive predation 

(Steele and Klein, 2013). Nonetheless, most of these tortoises were of relatively small size. 

 

Many of the studies at these sites were performed without regard to detailed tortoise taxonomy. For 

example, tortoise remains were fairly common at Boomplaas Cave on the southern flanks of the 

Swartberg Mountains, ~75 km inland from the modern coastline, but were not identified to species 

level (Faith, 2011).  

 

Thompson and Henshilwood (2014), in analyzing MIS 5a tortoise remains at the Blombos Cave 

archaeological site, found that tortoises were the dominant taxon, with an almost exclusive 
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occurrence of the angulate tortoise (Chersina angulata), with just one from the leopard tortoise. The 

angulate tortoise is a medium-sized tortoise, with a maximum body length of 30 cm (Branch, 1994). 

Descriptions of angulate tortoises have been reported from numerous archaeological sites in the 

western Cape (e.g., Parkington and Poggenpoel, 1971). Klein et al. (2004) noted that the angulate 

tortoise was by far the most common species, dominating regional MSA and LSA samples. Branch 

(1994) noted that the leopard tortoise was historically absent from the south-western Cape.  

 

Two exceptions to the domination of angulate tortoises have been identified, representing a smaller 

species. Peterhans and Singer (2006) identified a parrot-beaked tortoise (Homopus areolatus) 

specimen from the Cape Peninsula. At Pinnacle Point Cave 13B both angulate and parrot-beaked 

tortoise remains were identified (Thompson, 2010). Homopus areolatus has a maximum length of 16 

cm, and is currently found in the southern Cape (Branch, 2016). Thompson (2010) drew attention to 

the presence of the leopard tortoise in the region today, but identified no remains of this species at 

Pinnacle Point Cave 13B. 

 

There is thus a mismatch between the tortoises encountered in the body fossil record obtained via 

archaeological sites, and the evidence from ichnosites of large tortoise trackmakers. In addition to 

the findings at LL1924 and GC1812, those from the other sites are in the 30–70 cm range, larger than 

the tracks of angulate tortoises and marsh terrapins that occur in the region today and more 

consistent with those of leopard tortoises.  

 

Larger, heavier trackmakers made larger, deeper tracks, which are more likely to be recognized and 

interpreted. If, as seems plausible, tortoises preferred walking on firm, crusted surfaces, it is possible 

that smaller, lighter species seldom punctured the crust, and their tracks are thus absent from 

regional paleosurfaces. Nevertheless, the near-total absence of leopard tortoise remains from the 

Cape south coast requires explanation. 

 

The single example of leopard tortoise remains at Blombos Cave (Thompson and Henshilwood, 

2014) indicates that the species was present in the southern Cape in the MSA. One explanation is 

that the rarity of large tortoise remains reflects their extreme regional rarity. Another is that they 

were present, but seldom preyed upon by humans – this seems unlikely, given the penchant for 

humans to butcher large tortoises for their meat, contributing to their extinction at diverse global 

locations. The range of dates assigned to layers in the archaeological sites through the MSA and LSA 
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refutes the possibility that different periods are represented by the trace fossil record and body 

fossil record.  

 

The fourth possibility, which is considered likely, is that large tortoises were too heavy to carry, and 

may instead have been butchered (and perhaps cooked) where they were found. This would be a 

manifestation of the ‘schlepp effect’, whereby the likelihood of a carcass not being transported is 

related to size and distance from camp, leading to the under-representation of larger animals in the 

archaeological record (Perkins and Daly, 1968). In terms of ‘Optimal Foraging Theory’, living 

organisms tend to opt for the best cost-to-benefit ratio, and the energy expended during 

transportation would ‘eat’ into the total calories available from the prey (Hawkes et al., 1982). In the 

southern African context this phenomenon was first recognized by Parkington and Poggenpoel 

(1971). Thackeray (1979) suggested that large animals might be butchered and prepared as ‘biltong’ 

before returning to the camp, resulting in the absence of their bones in the archaeological record. 

 

Ethnography provides another means to consider these possibilities. Marshall (1999) spent years 

with the San in the Kalahari Desert in the 1950s. Her reporting documented their relationship with 

tortoises. This included the use of the shells of young tortoises of three species as containers by 

healers. Stigmochelys pardalis babcocki (the northern race of the leopard tortoise) was one of these 

species. Branch (2016) commented that the San used larger tortoise shells as vessels, and that there 

was a taboo on eating tortoise meat except by the very young and old, to prevent the exploitation of 

an easily collected food source. Two further studies of Kalahari San groups shed light on the role of 

tortoises in the diet. Silberbauer (1972) reported that one band killed an estimated 440 tortoises in 

one year for food, but did not specify the species. Lee (1972) noted that the leopard tortoise, easily 

collected, was a great favourite and could feed a family of four. Rock art also demonstrates a 

relationship between hominins and tortoises, but does not allow for species identification or size 

estimates (Helm et al., in press a). 

 

It appears then from the archaeological and ethnographic record that tortoises formed an important 

dietary item in southern Africa. There is no reason to think that leopard tortoises did not form part 

of this diet in the southern Cape. The relative absence of remains of large tortoises from the Cape 

south coast archaeological record is probably a manifestation of the schlepp effect. 

 

None of the tortoise ichnosites were directly sampled for OSL dating. The modelled OSL ages 

(gradual cementation) from west and east of the LL1924 (Leic20031, Leic20024; 131 ± 10 ka and 104 
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± 8 ka, respectively) place the site within a range from late MIS 6 to MIS 5c, and within the range 

established for the region by Roberts et al. (2008) of 140 ± 8 ka – 91 ± 5 ka. The modelled OSL age 

from close to GE1902, BO1901, BO1902 and BO1903 of 126 ± 9 ka (Leic21008) places the sites within 

a range from late MIS 6 to MIS 5e. For GP1301 and GP1806, the modelled OSL age of 125 ± 7 ka 

obtained from Leic20027 is more reliable than the result from Leic21028. Results from near GC1901, 

GC1812, GC1204 and GC1815 are clearly younger, from MIS 5a or MIS 4. The temporal range thus 

established for these ichnosites spans a variety of conditions and global temperatures, from the MIS 

6 glacial through the MIS 5e interglacial, through MIS 5a to the MIS 4 glacial phase (Helm et al., 

2022b). 

 

In summary, the reporting of the first fossil tortoise tracks and traces fills a gap in the global 

ichnology record. The interception of the LL1924 loose block, during its journey during its brief 

journey from cliff to sea, was fortuitous. While a tortoise trackmaker more than a metre in length iis 

not in the range of truly giant tortoises (as described in the global body fossil record and currently 

from islands), it is considerably larger than the largest extant tortoises in southern Africa (Helm et 

al., 2022b). 

 

 

Family Dermochelyidae 

 

Sites 

 

One site has been described (Lockley et al., 2019), consistent with a trackway of a hatchling 

leatherback turtle (Dermochelys coriacea). It is situated 4.4 km east of a loggerhead (Caretta caretta) 

hatchling turtle trackway site. 

 

LL1922 

A trackway in concave epirelief, 83 cm long and with a maximum width of 14 cm, is preserved on the 

underside of a loose slab 160 cm in maximum length, 90 cm in maximum width, and 32 cm in 

maximum thickness (Figure 7). Bedding appears parallel or sub-parallel, without clear cross-bedding, 

and a Klein Brak Formation deposit is inferred. A new ichnogenus and ichnospecies were erected 

within the new ichnofamily ‘Marineropodididae’: Marinerichnus latus ichnogen. et ichnosp. nov. 

LL1922 is therefore a holotype. Photos LL1922A-C. Photogrammetry LL1922PG. 
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Figure 7. (A) Marinerichnus latus trackway at LL1922; (B) 3D photogrammetry image of M. latus trackway at 

LL1922 – horizontal and vertical scales are in metres. 

 

 

Interpretation and discussion  

 

Diagnostic features for the new ichnogenus Marinerichnus are described by Lockley et al. (2019 – p. 

635):  

 

“Continuous subsymmetrical trails about 14–15 cm wide with median ridge averaging about 

30% as wide as whole trail separating very regular serial, posteriorly angled rhomb-shaped 

‘paddle’ traces, with anteriorly convex margins. Anterior margins of paddle traces show 

mirror image configuration about trackway midline.” 
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For the ichnospecies M. latus, Lockley et al. (2019 – p. 636) described the diagnosis as:  

 

“A continuous symmetrical trail about 14-15 cm wide and ~70 cm long as measured along 

curved midline, with median groove about 30% as wide as whole trail. Median groove 

separating posteriorly angled arcuate paddle traces, longer than wide, where length is 

measured parallel to trail axis. Left and right paddle traces show symmetrical arrangement 

about the median ridge / trackway midline. In cross section cast of median groove appears in 

convex epirelief whereas lateral paddle traces are concave epireliefs, up to 15 mm deep. 

Anterior margins of paddle traces are arcuate anteriorly, and antero-laterally with posterior 

margins marked by identical anteriorly convex traces of previously-registered paddle marks. 

However, the length of paddle traces measured parallel to the trackway axis varies, 

averaging ~2.5 cm (range ~ 1.5- 2.5 cm) Median margins of paddle traces are angled at 

about 130o to direction of travel marked by trackway midline, and curve postero-laterally to 

create outer trackway margin.”  

 

The symmetrical appearance of the trackway (resulting from the two fore-limbs being advanced 

forward at the same time, as is the case with the two hind-limbs) distinguishes it from the 

alternating gait pattern of Caretta caretta. The ichnogenus name is derived from ‘Seafarer turtle 

trail’. The ichnospecies name latus is derived from the relative broadness of the trackway, hatchling 

leatherback turtle tracks being wider than those of hatchling loggerheads. 

 

Lockley et al. (2019 – p. 636) compared the fossil trackways of the two turtle types: 

Australochelichnites agulhasii and Marinerichnus latus: 

 

“Australochelichnites agulhasii and M. latus can be differentiated by a number of distinctive 

morphological features of the traces... M. latus is a wider (14.0–15.0 cm) trackway with 

larger, more posteriorly oriented paddle traces, arranged symmetrically about the trackway 

midline. This makes the median ridge narrower in proportion to the trackway width (~30%, 

compared to 35-40% in A. agulhasii). This is in marked contrast to the narrower trackway of 

A. agulhasii (~10.0 cm, thus only ~67–71% as wide as M. latus) which has alternating and 

shorter, less posteriorly oriented paddle traces. All features of both trackways are consistent 

with inferring that A. agulhasii was made by a loggerhead turtle hatchling and M. latus by a 

leatherback turtle hatchling.” 
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Lockley et al. (2021a) referred to the challenges in distinguishing hatchling turtle tracks on an 

epirelief surface from sand-swimming golden mole traces on a hyporelief surface, and vice versa. 

This is not of relevance for in situ specimens, but implies that the orientation of loose blocks is 

important for the purpose of making this distinction. 

  

The conclusions of Lockley et al. (2019 – p. 639) are pertinent:  

 

“The finding of a trackway (Marinerichnus latus) consistent with those of hatchling 

leatherback turtles, less than 5 km from the loggerhead turtle tracksite, appears to duplicate 

the current nesting situation in a subtropical coastal environment farther to the northeast, 

where the two species breed in proximity to one another. Their occurrence in Pleistocene 

deposits of the Cape south coast, likely dated from the MIS 5 stratigraphic interval, is the first 

direct evidence of the antiquity of sea turtle nesting in this region and is consistent with an 

extension of the present-day range of successful sea turtle nesting sites.” 

 

There are no body fossil records of leatherback turtles from the southern Cape. Pleistocene beaches 

would have provided suitable nesting sites for sea turtles. Basic requirements for successful nesting 

incubation of extant sea turtles include: beach sand above the high tide mark that is deep enough to 

allow for burial of eggs, sufficient sand moisture to prevent the leathery eggs from drying out, sand 

that is not so wet as to drown eggs by prohibiting gas exchange, and temperatures between 25–35 

Co to allow for successful incubation (Maxwell et al., 1988; Davenport, 1997). Sand temperatures 

below the pivotal temperature of ~29.3 Co generate mostly male hatchlings, and above thisl 

temperature mostly females (Maxwell et al., 1988; Davenport, 1997). Compared with other extant 

sea turtles, loggerhead and leatherback turtles are able to nest successfully in sub-tropical, rather 

than tropical regions.  

 

In southern Africa, these conditions exist more than 1200 km to the northeast along the beaches of 

northern KwaZulu-Natal, where rookeries of loggerhead and leatherback turtles form the 

southernmost regular sea turtle breeding sites in the world. However, occasionally nests of either 

loggerhead or leatherbacks are reported from further south. There are two reports of recent nesting 

turtles (Dermochelys) on the Cape south coast: at Still Bay in 2005 (Jean du Plessis, pers. comm. 

2018), and at Buffels Bay in 2007 (pers. comm. Xander Combrink and Natalie Baker, 2018), as well as 

reports and photos of tracks and a clutch of eggs from Nautilus Bay in 2011 (Scholtz, 2011; pers. 

comm. Kei Heyns, 2018). These reports all indicated failed nests.  
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MIS 5e was characterized by warmer global temperatures, with sea levels 5-6 meters higher than 

present levels. These warmer temperatures could conceivably have allowed turtles to nest on the 

Cape south coast. The existence of loggerhead and leatherback hatchling turtle trackways within a 

five km stretch of coastline on the Cape south coast suggests a similar phenomenon to that which 

currently occurs in Kwazulu-Natal, with the two species nesting close to one another.  

 

 

Family Cheloniidae 

 

Sites 

 

Two sites consistent with trackways of hatchling loggerhead turtle (Caretta caretta) have been 

identified: RI1601 and KK1901 (110 km east of RI1601). In addition there is an equivocal site, 

KK1904, just east of KK1901. RI1601 lies 4.4 west of LL1922, the leatherback turtle ichnosite. 

 

RI1601 

Seven sub-parallel trackways are exposed on the very flat surface of a large loose block near the high 

tide mark and at the base of coastal cliffs (Figure 8). The block is ~2.5 m in thickness, with maximum 

surface measurements of 5.6 m x 3.0 m. 

 

Figure 8. (A) Three of the seven sub-parallel Australochelichnites agulhasii trackways at RI1601; (B) long A. 

agulhasii trackway at RI1601 – trackway width = ~10 cm. 
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Horizontal or very low-angle bedding is evident on the sides of the block, and the track-bearing 

surface can be identified as an epirelief surface through the analysis of soft-sediment deformation 

structures seen in profile. Through examination of a biofilm layer (Helm et al., 2017) coating one of 

the surfaces, and correlating this to layers in the cliffs above, as well as noting the orientation of the 

paddle impressions in the trackways, it can be determined that the track-makers were headed in a 

southerly (seaward) direction. A Klein Brak Formation deposit is inferred. The trackways are 

distinctive, with features previously unreported in the global ichnological literature. Photos RI1601A-

E. Photogrammetry RI1601PG. 

 

KK1901 

This site was identified too late for inclusion in Lockley et al. (2019). However, it can be considered a 

paratype for Australochelichnites agulhasii. Two loose slabs lie in close proximity to each other, on a 

dune slope above the high water mark, and each contains a segment of trackway, truncated by the 

edges of the slabs. The dimensions of the larger track-bearing surface are ~60 cm x 50 cm, and the 

dimensions of the smaller surface are ~40 cm x 30 cm. Trackway width is ~10 cm, and trackway 

length is 50 cm on the larger surface and 30 cm on the smaller surface. Trackway morphology is 

similar to that described at RI1601. The two slabs lie below vegetated slopes, without evidence of 

upslope in situ layers from which they could have originated. Stratigraphic correlation to regional 

deposits suggests that it and surrounding slabs may be remnants of an exposure of Klein Brak 

Formation deposits, similar to those at KK1904, which lies to the east. The orientation of the larger 

slab can be determined though the presence of a short, partially infilled avian trackway in epirelief. 

Photos KK1901A-B. 

 

KK1904 

A loose slab, 60 cm long, 60 cm wide, and 20 cm thick, lying on a dune surface above the high water 

mark, contains a trackway that is 25 cm long and 9 cm wide. Faint horizontal bedding is present. It 

lies below vegetated slopes. The orientation of the slab cannot be reliably determined. It and 

surrounding slabs may be remnants of an exposure of Klein Brak Formation deposits, similar to those 

at KK1901. The trackway appears to originate from a disturbed, wider area on the slab. A fainter, 

shorter trackway extends from this wider area, in a direction opposite to the main trackway. These 

directions of motion are inferred from the orientation of the putative paddle traces. The trackways 

are truncated by the edges of the slab. Lockley et al. (2019) pointed out the morphological 

similarities between these traces and the Australochelichnites agulhasii tracks at RI1601. Lockley 
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(2021) discussed the similarities between such traces and those of sand-swimming golden moles if 

the ‘way-up’ cannot be determined, and consequently regarded KK1904 as an equivocal site. Photos 

KK1904A-C. 

 

 

Interpretation and discussion  

 

RI1601 was identified in 2016, and, when examined in 2017, the track-bearing surface was 

orientated in a near-vertical position. In subsequent years the block split. In 2018 the track-bearing 

surface was tilted seaward away from the near-vertical inclination to an angle of ~60o. By 2019 it 

was tilted over even further, had essentially reached the level of the sandy beach, and was no longer 

amenable to interpretation.  

 

A new ichnogenus and ichnospecies were erected by Lockley et al. (2019) in the new ichnofamily 

Marineropodididae: Australochelichnites agulhasii ichnogen. et ichnosp. nov., based on the holotype 

at RI1601. For the new ichnogenus Australochelichnites, Lockley et al. (2019 – p. 635) described:  

 

“Continuous subsymmetrical trails about 10 cm wide with median groove averaging about 

35–40% as wide as whole trail separating very regular serial, posteriorly angled rhomb-

shaped ‘paddle’ traces, with anteriorly convex margins. Anterior margins of paddle traces 

show an alternating pattern. Median groove may be locally absent.” 

 

For the new ichnospecies, Lockley et al. (2019 – p. 635) described:  

 

“Continuous subsymmetrical trails about 10 cm wide with median ridge ranging from 25% to 

50% as wide as whole trail but averaging 35–40% of trail width. Median ridge separating 

posteriorly angled rhomb-shaped flipper or paddle traces slightly wider than long, where 

length is measured parallel to trail axis. Left and right paddle traces show regular alternating 

pattern, with anterior margins on each side offset about half a paddle trace length relative to 

opposite side. In cross section median ridge appears in convex epirelief, whereas lateral 

paddle traces are subhorizontal to slightly concave epireliefs. Anterior margins of paddle 

traces are crescent to semicircular in shape and anteriorly convex, with posterior margins 

marked by identical anteriorly convex traces of previously registered paddle marks, which 

repeat to create a highly regular series of traces on each side.” 
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The asymmetrical, ‘alternating gait’ pattern of the trackways (which is consistent with the tracks and 

gait pattern of loggerhead turtles) contrasts with the symmetrical pattern of the M. latus trackway 

attributed to the leatherback turtle.  

 

The ichnogenus name is derived from ‘Southern turtle trail’. The ichnospecies name is derived from 

the warm Agulhas current, which may have influenced turtle breeding range. As noted above, Helm 

et al. (2020d) referred to the challenges in distinguishing hatchling turtle tracks on an epirelief 

surface from sand-swimming golden mole traces on a hyporelief surface, and vice versa.  

 

The smaller specimen at KK1901 is easily portable. The larger specimen at KK1901 and the KK1904 

specimen would be portable with the use of an ATV and assistance from SANParks. These are the 

only portable examples of hatchling turtle tracks. There are no body fossil records of loggerhead 

turtles from the southern Cape. 

 

Lockley et al. (2019) noted in conclusion that fossil trackways of hatchling sea turtles had never 

previously been reported. Furthermore, the occurrence of multiple subparallel trackways, 

representing similarly sized hatchlings, was of behavioral significance as it indicated a post-

emergence downshore ‘run for the sea’ phenomenon.  

 

A sample from the track-bearing layer at RI1601 was sent for OSL dating, yielding a result of 134 ± 9 

ka. The modelled age estimate for gradual cementation was 126 ± 9 ka. This estimate, from around 

the time of the MIS 5e sea-level high-stand, is consistent with the requirement for warm 

temperatures for successful breeding. It is also consistent with the height of the probable layer of 

origin in the cliffs above RI1601. 

 

 

Family Pelomedusidae 

 

 

Sites  

 

There are five possible terrapin sites: GP1301; GP1806; GC1812; GC1204; GC1815. Along with 

relevant age estimates, they have been described above within the section on tortoise tracks (Family 

Testudinidae). 
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Interpretation and discussion  

 

Terrapin tracks share many common features with tortoise tracks. Distinguishing features may only 

be evident under ideal conditions, and may not be preserved on Cape south coast surfaces. Like 

those of tortoises, terrapin trackways typically have tramline features and exhibit a wide straddle.  

 

Van den Heever et al. (2017) provided a comprehensive description of terrapin tracks, which often 

just show toe-tip traces (claw impressions) in a characteristic pattern, often in triplets (Stuart and 

Stuart, 2019 – p. 211 figure K). Such traces may also occur in shallow sub-aqueous environments as a 

result of bottom-walking. Drag marks made by the claws of the hind feet are seen less commonly 

than in tortoise trackways (Van den Heever et al., 2017). When complete terrapin tracks are 

registered, they may resemble tortoise tracks, but the alignment of the claw impressions differs, in 

terrapins being orientated more in the direction of travel. In a normal walking gait the pes track is 

found behind the manus track and does not overlap it, unlike the typical tortoise trackway pattern 

(Van den Heever et al., 2017).  

 

Caution is required in basing track identification solely on environment. Tortoises access water at 

times, and their tracks may therefore occur in moist substrates. Terrapins bask on shores, and on 

occasion can be found on dry substrates a short distance from water or during migration to new 

territory after rains (Branch, 2016).  

 

In summary, terrapin trackmakers cannot be conclusively inferred at any of the sites. GP1301, 

GC1204 and GC1815 contain toe-tip traces in triplets and may thus be terrapin tracks, and GP1301 is 

interpreted as a near-lagoonal environment. Claw drag marks at GC1815 possibly make a terrapin a 

less likely trackmaker. Nonetheless, both terrapins and tortoises are possible candidates. 

 

The evidence at GP1806 is more substantive, and includes the distance between pes and manus 

impressions and a suggestion of terrapin-like digit alignment, although claw drag impressions are 

also present. Likewise, at GC1812 the distance between pes and manus impressions may indicate a 

terrapin trackmaker. As noted above in the section on testudinids, trackmaker length estimates at 

GC1812 were very large; the prodigious size and the absence of more than one set of tracks imply 
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that conclusions are speculative. Nonetheless, if conditions were favourable on the Cape south coast 

for crocodiles and breeding sea-turtles, giant terrapins might also have been present. 

 

Giantism is well documented in Podocnemididae (formerly classified within Pelomedusidae): a fossil 

terrapin from Venezuela reached giant proportions, exceeding 2.5 m in length (Branch, 1994). 

Representatives of Podocnemididae are reported from the Miocene and Pliocene of central Africa: 

the last known continental African representative was Turkanemys pattersoni from Kenya; the 

lineage survives today in Madagascar (Wood, 2003). The largest extant terrapin species in southern 

Africa is the Nile soft-shelled terrapin, Trionyx triunguis (Trionychidae), which reaches a maximum 

length of 120 cm and enters the subcontinent in the Cunene River (Branch, 2016). 

 

Of the indigenous terrapin species in southern Africa, a species of marsh or helmeted terrapin 

(Pelomedusidae, Pelomedusa galeata) occurs on the Cape south coast today (Petzold et al., 2014). It 

has a maximum reported length of 32.5 cm (Branch, 2016). The length estimate for the GP1806 

trackmaker was 39 cm, larger than the maximum reported length for this species (Branch, 2016). 

 

Single specimens of undifferentiated Pelomedusidae are known from the archaeological record from 

Gamtoos AK1 (Hendey and Singer, 1965), and Klipdrift Shelter (Reynard and Henshilwood, 2017). 

Two marsh terrapins were reported from Peers Cave (Peterhans and Singer, 2006). The earliest fossil 

turtle tracks are from the Early Triassic, and are older than the oldest known turtle body fossils 

(Lichtig et al., 2017). The freshwater turtle trace fossil record includes tracks, swim traces, and toe-

tip traces (Lockley et al., 2018, 2019). Two freshwater turtle ichnotaxa have been erected, extending 

back to the Mesozoic: Chelonipus and Emidhypus (Avanzini et al., 2005). 

 

 

4.3.2 Order Squamata 

 

Suborder Serpentes, e.g., Family Viperidae 

 

Sites  

 

Only one possible snake trail has been identified. This is perhaps surprising, given that puff adder 

(Bitis arietans) trails have been recorded and photographed on dune surfaces on the Goukamma 

coastline, and that such trails are distinctive and readily identifiable (Van den Heever et al., 2017).  
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GE2208 

A 60 cm curved furrow feature occurs on a loose south-facing rock, with a raised rim on each side. 

The curvature is greater in the western portion. Diagnostic features such as a narrow central groove 

are not detected. Photos GE2208A,B. 

 

 

Interpretation and discussion  

 

While GE2208 presents the most probable example of a snake trail thus far identified in the study 

area, the evidence is not conclusive. A longer specimen would be desirable, along with diagnostic 

features such as a central tail-tip drag impression. Nonetheless, alternative explanations do not 

readily come to mind, and the dimensions and trail morphology are consistent with an adder trail. 

Bitis arietans often employs rectilinear locomotion, rather than lateral undulating locomotion; this 

results in a relatively straight furrow. 

 

 

Family Varanidae 

 

Sites  

 

There is one probable site, GP1803, and a possible site, GP1806. In addition, the loose blocks and 

slabs in this area, probably from a single stratum within the Klein Brak Formation, contain a variety 

of large reptile tracks, swim traces, and possible coprolites. In many cases it has not been possible to 

identify the reptile trackmaker to family level. Possible further varanid sites include GP1801, 

GP1802, GP1804. GP1805, GP1807, GP1808, GP1905. Of these, GP1805 and GP1905 contain possible 

reptile coprolites. All the sites lie within the Gericke’s Point area. 

 

GP1803  

GP1803 is a large surface also containing crocodile tracks, avian tracks and mammal tracks and 

coprolites, as well as two MSA lithics. In an upper transverse trackway a well preserved track, 17 cm 

long and 7 cm wide, contains small depressions (consistent with claw impressions) ahead of three of 

the digits. The distance between the anterior ends of the digits and the anterior ends of the claw 

impressions ranges from 3 cm to 4 cm. Photos GP1803A, B, F, H. 
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GP1806 

GP1806 is a complex site on a large loose block. The upper portion is probably part of the same 

surface that is exposed in many locations in the area (which contains large-reptile tracks and traces). 

At this site it displays chelonian tracks, more likely made by a terrapin than a tortoise, as discussed 

above. The lower portion, 1 cm in section lower than the upper section, is rougher and therefore 

does not exhibit well preserved tracks. However, pentadactyl tracks with relatively long, narrow digit 

impressions and pentadactyl slide marks (9 cm total width) can be discerned, in a trackway pattern 

that exhibits a wide straddle of 18 cm, and a 20 cm-long, at times slightly sinuous median furrow. 

Photos GP1806D-G. Photogrammetry GP1806PG2.  

 

 

Interpretation and discussion  

 

The two largest extant lizards in southern Africa are the Water (Nile) Monitor (Varanus niloticus) and 

the Rock Monitor (Varanus albigularis). Large reptile tracks on the Cape south coast are addressed in 

detail in Helm et al. (2020b). Differences in track morphology between the two Varanus species are 

not substantial enough to allow differentiation. However, the differences between the tracks of 

crocodylians and varanids are more substantial, including the number, shape and orientation of the 

digits: varanids have five toes on front feet and hind feet, digits are relatively long and narrow 

compared with those of crocodylians, and digit I is orientated inwards at a greater angle than in 

crocodylians. However, a useful distinguishing feature is the greater distance between the anterior 

end of the toe impressions and the claw impressions, although this is not invariable, as crocodylians 

might not wear their claws down much in non-rocky areas (Van den Heever et al., 2017). Varanids 

very frequently register substantial tail-drag impressions. 

 

The substantial, consistent distance between the anterior ends of the digits and the claw 

impressions in the track at GP1803 indicates a large lizard species similar to the two extant Varanus 

species (Helm et al., 2020b). V. niloticus would be a much more likely trackmaker candidate because 

of the aqueous setting. Track size, while useful (very large tracks are more likely to be crocodylian) 

cannot be used as a sole criterion, firstly because post-depositional factors could conceivably affect 

track size, secondly because reptile growth is incremental over an animal’s life span, thirdly because 

V. niloticus can reach large sizes, and finally because the reported size of extant reptiles may not be 

the same as the size attained in the Pleistocene.  
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In the global Pleistocene ichnology record, Camens et al. (2018) described a variety of tracks from 

Kangaroo Island, Australia. These included tracks attributed to a goanna (Varanidae) trackmaker. 

Farlow and Pianka (2000) compared body form and trackway patterns in extant Australian varanids. 

 

There is an absence of reports of large reptiles from archaeological sites or contemporary faunal 

accumulations on the Cape south coast. Richard Klein (pers. comm., 2019) indicates that in his 

extensive inventory of the region there are no coastal records of monitor lizards. The southward 

cooling of habitats forms the most significant determinant of its range limits, as a result of its 

ectothermic biological requirements. Lubke and De Moor (1998) reported that the range extends 

southwest as far as Kouga River, Eastern Cape Province. Keates (2016) reports the southern range 

limit at Seekoei River, Eastern Cape Province. Both localities are more than 200 km east of GP1803. 

The likelihood is that the varanid tracks were registered during a warmer period during the 

Pleistocene, that allowed such reptiles to occupy an extended range. The two MSA lithics on the 

GP1803 surface hint at a previously undocumented temporo-spatial association between hominins 

and varanids. 

 

At GP1806 a moderately large reptilian origin for the trackway is inferred. Although a crocodylian 

origin cannot be excluded, the track size, the presence of relatively long and narrow digit 

impressions, and the prominent, slightly sinuous central tail drag impression point to a varanid 

trackmaker (possibly Varanus niloticus) struggling up a muddy slope. Of note is that the lowest part 

of the tail drag impression, at the bottom edge of the surface, acts as a conduit for rainwater.  

 

 

4.3.3 Order Crocodyla 

 

Family Crocodylidae 

 

Loose blocks and slabs in the coastal section of Garden Route National Park near Gericke’s Point, 

probably from a single layer within the Klein Brak Formation, contain a variety of large reptile traces 

in epirelief (Helm et al., 2020b; Helm and Lockley, 2021). Most of these were identified in late 2018 

following an initial discovery by Andre and Emily Brink. Representatives of the Tracker Academy 

visited the area and confirmed crocodile tracks.  

 



103 
 

Sites  

 

There are 9 inferred crocodylian ichnosites – from west to east: GP1801, GP1802, GP1803, GP1804, 

GP1905, GP1805, GP1807, GP1808, GP2201. Two sites contain possible coprolites. 

 

 

GP1801  

A large loose east-facing block (maximum length 230 cm, maximum width 120 cm, maximum 

thickness 170 cm) contains a trackway of four large tracks at its southern end (Helm et al., 2020b). 

Direction of motion is up the present incline of the surface (Figure 5A). A wide straddle of 32 cm is 

evident. The right upper (distal) track is orientated as much as 70o leftward compared to the other 

tracks. Photos GP1801A-B. Photogrammetry GP1801PG1. 

 

The right proximal track (partial), was registered by the right manus. The left proximal track was 

registered by the left pes; including the claw impressions, it is 22 cm long and 16 cm wide. Claw 

impressions are situated 4 cm ahead of the distal ends of the digit impressions. The left distal track 

was registered by the left manus, is ~18–19 cm long and 16 cm wide, and exhibits five digit 

impressions. Digits II, III and IV are each ~7 cm long, and claw impressions are present. The right 

distal (upper) track was made by the right pes: three deep digit depressions are evident, behind 

which are wide grooves, ending in a postero-lateral displacement rim. The distance between left pes 

and manus tracks is substantially less than that between right manus and pes tracks (Helm et al. 

2020b) 

 

Helm et al. (2020b) interpreted the tracks as having been registered by a large crocodile on a wet 

surface. The typical trackway pattern of a large reptile was evident, i.e., wide straddle, with manus 

tracks slightly anterior to pes tracks. A substantial swivel to the left was inferred, to explain the 

different orientation of the right pes track. Based on a formula reported by Thomson (1972) for 

estimating the length of the Nile crocodile (C. niloticus), a trackmaker length of 257 cm was inferred.  

 

Faint tracks can be discerned over much of the remainder of the surface, including four digit 

impressions of a crocodile pes. The inter-claw distance (lateral distance between claw impressions) 

suggests a body length consistent with the above estimate. Photogrammetry GP1801PG2.  
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GP1802  

Three loose blocks lie in close proximity to each other. One contains unidentifiable tracks (photo 

GP1802A). One contains probable reptile traces (photo GP1802B). The third contains a partial reptile 

track, consistent with that of a juvenile Nile crocodile with deeply impressed digit impressions and 

claw impressions. Photo GP1802C. Photogrammetry GP1802PG. 

 

GP1803 

A large west-facing surface exposure (300 cm x 300 cm), on a loose block 20 m east of GP1801 

(photos GP1803B, F), contains multiple tracks and trackways from a variety of trackmakers, as well 

as two stone artifacts (photo GP1803E). Identification was challenging due to the presence of 

composite tracks and trackways containing tracks heading in opposite directions. The orientation of 

rhizoliths in the underlying bioturbated sediments suggest that the original surface had lain at an 

angle of ~30o to the horizontal (photo GP1803A). This is supported by the asymmetrical nature of 

tracks crossing the surface, with upslope margins being steeper. Helm et al. (2020b) interpreted the 

inclined surface as having been wet or submerged when the tracks were registered.  

 

Three trackways traverse the surface. Their narrow straddles suggest a non-reptile origin, along with 

parallel striations in one trackway that suggest hair impressions consistent with brown hyena 

(Hyaena brunnea) tracks. A zone of parting lineation of flute casts covers the upper right portion of 

the surface, obscuring areas in which extensions of trackways might have been registered. 

 

Deep digit impressions, similar to those seen in the trackway at GP1801, and with a longer digit 

length (8 cm), are seen in one of the tracks heading upslope (photo GP1803C). These are present at 

the distal end of a large, deep, composite impression, which extends into the underlying bioturbated 

zone. These findings suggest a larger trackmaker than the length estimate of 257 cm from GP1801. 

One of the smaller depressions heading upslope is well preserved and exhibits four relatively parallel 

forward-pointing digits. Photo GP1803D. Photogrammetry GP1803PG1.  

 

The surface also contains evidence of varanid tracks and a short, small avian trackway that was 

attributed to a tern trackmaker. Two stone artifacts are embedded in the upper end of the surface, 

composed of silcrete, quartzite or quartz. No hominin tracks are evident on the surface.  
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GP1804 

 

Two loose slabs lie in close proximity, each containing a single large (>10 cm) probable reptile track 

in epirelief (Helm et al., 2020b). A substantial displacement rim surrounds one track. Photos 

GP1804A-B.  

 

GP1905 

A loose slab measuring 183 cm x 73 cm, and 70 cm thick, with its longitudinal axis in a shore-parallel 

(west-east) direction (photo GP1905A), presents evidence for swim traces (Helm and Lockley, 2021). 

Situated above the high-tide mark ~90 m east of GP1803, its surface is gently north-facing, and 

contains a variety of traces in epirelief (Figure 9). Photo GP1905B. Photogrammetry GP1905PG. A 

raised, light-coloured feature at the eastern end, measuring 15 cm x 5 cm, was interpreted as a 

possible coprolite, sampled, and sent for analysis. 

 

 

Figure 9. 3D photogrammetry image of crocodylian swim traces at GP1905 – horizontal and vertical scales 

are in metres. 

 

A probable pes-manus pair of tracks is noted at the eastern end, similar to the crocodile tracks on 

GP1801 and GP1803, but less well preserved. Four probable claw impressions, 3–4 cm apart, are 

present 1 cm ahead of the tips of the digit impressions of the presumed manus, which measures 10 

cm x 10 cm. Two probable claw impressions are also present at the anterior end of the proximal 

track, which is ~18 cm long. Between these tracks at the eastern end, and the probable coprolite at 

the western end, are a variety of crocodylian swim traces, less equivocal than those at GP1807 and 

GP1808. These traces, totaling at least eight, and ranging from monodactyl to pentadactyl, are 
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approximately unimodal in orientation. Mean interdigital distance, where measurable, ranges from 

1.5 cm for the smaller sets of traces to 2.2 cm for the larger sets. 

 

In some cases the slightly curvilinear swim traces appear contiguous with possible partial tracks, in 

other cases they take the form of raking traces without evidence of tracks. The pes-manus track pair 

at the eastern end possibly represents left-sided tracks, and the swim traces to the west of it, which 

may include a pentadactyl trace, made by a manus, may represent right-sided swim traces of the 

same individual.This would suggest a deepening water column from east to west. Such deepening of 

the water would help explain the long monodactyl trace further to the west, which is 25 cm long and 

a maximum of 3 cm wide, with a slight convexity to the west. This presumably represents a deeper-

water trace where only the longest digit touched the bottom. It would also explain the observation 

that the eastern portions of a number of these traces are impressed more deeply and therefore are 

longer than the western portions. 

 

In one case, swim traces are not perfectly parallel, but appear further apart (as much as 5 cm) at 

their southern end than their northern end (2.5 cm). If these represent a swim trace made by a 

single trace-maker, and are not composite traces, they indicate the ability to splay or adduct digits 

while swimming. Finally, the putative coprolite lies close to the westernmost curvilinear traces, 

which include a partial track, with inter-digital distance of ~3–4 cm. These traces possibly form a 

right-left pair with traces to the east, with a straddle of 36 cm. 

 

GP1805 

A surface on a loose rock close to GP1807 contains whitish cylindrical raised features with maximum 

dimensions of 1.5 cm x 0.5 cm. Macroscopically they appeared to contain osseous fragments, raising 

the possibility of coprolites. Photo GP1805A. The rock could not be located in 2019. 

 

GP1807 

A large (maximum height 220 cm, maximum width 200 cm), near-vertical, west-facing loose block 

contains three deep, large impressions. Two impressions in the lower row exhibit a characteristic, 

deep, curvilinear outline, 18 cm long. To the left of each impression are narrower curvilinear groove 

features, ~1 cm in diameter, ~2–3 cm apart, and 20–35 cm long. These grooves extend through two 

of the larger depressions. If direction of movement was from right to left and the bottom row 

represents left tracks and the top impression is a right track, then these curvilinear grooves occur 

anterior to the track impressions, and have a symmetrical appearance with outward convexity. 



107 
 

Photos GP1807A-D. Photogrammetry GP1807PG. Helm et al. (2020b) interpreted these traces as 

having been made on a submerged surface, based in part on the presence of scour marks and flute 

casts, which indicated the presence of water flow. The features were interpreted as possible 

crocodylian swim traces. 

 

GP1808 

A gently north-facing surface on a loose slab is often covered by sand. It is situated 2 m from 

GP1807, with maximum dimensions of 215 cm x 60 cm. It contains multiple linear or curvilinear 

grooves, ~10 cm long, some of which are associated with digit impressions or footprints. Orientation 

of the grooves is approximately unimodal. The tracks and traces at GP1808 appear to represent a 

shallower aqueous environment than those at GP1807. Photos GP1808A-B. Photogrammetry 

GP1808PG.  

 

GP2201 

A loose block found by Alan Whitfield contains two parallel, straight grooves, 4.4 cm apart. The 

longer, deeper groove is 25 cm long, and the shorter, shallower groove is 8 cm long. This is inferred 

to be a didactyl trace of a swimming cocodile. Photo GP2201A. Photogrammetry GP2201PG. 

 

 

Interpretation and discussion  

 

Identification of well-preserved crocodile tracks should be relatively straightforward (Liebenberg, 

2000; Van den Heever et al., 2017; Stuart and Stuart, 2019): four broad, tapering pes digit 

impressions, five thick, tapering manus digit impressions, and claw impressions anterior to both 

manus and pes digit impressions. While the pes of the Nile crocodile (Crocodylus niloticus) is 

webbed, web impressions typically do not register in the track. Exceptionally well-preserved tracks 

might contain scale marks. At a typical walking pace the pes track is registered just behind the 

manus track. Tail drag impressions are fairly common in extant crocodile trackways (but have not yet 

been noted in the Cape south coast fossil trackways). 

 

Well-preserved large crocodylian trackways are very uncommon in the global record: Lockley (2010) 

described Cretaceous crocodylian tracks (Mehliella) from Colorado, and Plint et al. (2022) described 

a probable Cretaceous crocodylian trackway from British Columbia, Canada. Farlow et al. (2017) 

described long trackways of exceptional quality made by extant American crocodiles (Crocodylus 
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acutus) from Costa Rica. Images from that study provide a useful reference in interpreting the Cape 

south coast tracks, given the conservative body plan of species within this genus over time (Milàn et 

al., 2010). 

 

The spectrum of reptile swim traces is related to various factors, including water depth, tracemaker 

limb length and degree of buoyancy, and current directions. In very shallow sub-aqueous 

environments they may be indistinguishable from dryland tracks, because the trackmaker can walk 

without being buoyed up. As water depth increases, typical walking tracks can be expected to 

become less evident, and swim traces to predominate. At a certain depth only the tip of the longest 

digit will touch and scrape the bottom. If the water is still deeper, no trace will be registered unless 

the trackmaker engaged in ‘bottom-walking’ (Helm and Lockley, 2021). 

 

Crocodile swim traces, although well-described at a global level (e.g., Lockley et al., 2010; Lockley 

and Lucas, 2014) had not been described from Africa until reported by Helm et al. (2020b) from 

GP1807, followed by Helm and Lockley (2021) from GP1905. Swim traces of extant Nile crocodiles 

have not been investigated, for understandable reasons.  

 

Even when dinosaurs are considered, the Gericke’s Point swim traces might still represent the first 

African record of reptile swim traces. The only other possible example is from Niger: Mudroch et al. 

(2011) reported novel theropod dinosaur tracks from a Jurassic site, and refuted the possibility of 

swim traces. However, Milner and Lockley (2016) interpreted these features as dinosaur swim 

traces. 

 

Grigg and Kirshner (2015) noted three types of swimming in crocodylians. Paraxial swimming and 

hybrid swimming are the types of motion most likely to result in the Gericke’s Point swim traces. 

Lockley et al. (2021d) presented an overview of crocodylian swim traces (ichnogenus Hatcherichnus) 

based on assemblages from western North America. The Gericke’s Point swim traces can be assigned 

to this ichnogenus. 

 

Given that the body plan of crocodylians has remained relatively stable over time (Milàn et al., 

2010), a formula can be developed using inter-digital distance (as evidenced at GP1801, GP1905, 

GP1807 and GP1808) to estimate total body length. This concept was addressed by Helm and 

Lockley (2021). The mean interdigital distance at GP1905 ranged from 1.5 cm for the smaller sets of 

traces to 2.2 cm for the larger sets of traces. To estimate the size of the reptiles that registered these 
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traces, based on interdigital distance, data from a variety of sources was used. Thomson (1972) 

investigated the ratio of pes (hindfoot) length to total body length for C. niloticus. A mean ratio of 

1:12 was obtained. Milàn and Hedegaard (2010) also concluded from studies of extant crocodylians 

that pes length could be used to provide an approximation of total length. Illustrations of C. niloticus 

tracks (Liebenberg, 2000; Van den Heever et al., 2017; Stuart and Stuart, 2019) were compared, with 

attention to the ratio between pes length and interdigital distance. A mean interdigital distance to 

pes length ratio of 1:6.4 was obtained, and a significant difference was not apparent between 

interdigital distance of manus tracks and pes tracks.  

 

Mean interdigital distance was therefore multiplied by 77 (12 x 6.4 = ~77) to calculate total length. 

For example, for a tetradactyl trace the mean of three measurements was calculated, and multiplied 

by 77. It is acknowledged that the resulting estimate of total length is imprecise, as a result of the 

possible splaying or adduction of digits when the swim traces were registered (Sadlok and 

Pawełczyk, 2020). Nonetheless, this estimate can be used to provide an approximate idea of 

crocodylian size. According to this formula, estimated total body lengths varied from 115 cm for the 

smallest swim traces to 170 cm for the largest swim traces. These estimates can be contrasted with 

the length estimate of 257 cm obtained from the tracks at GP1801.  

 

The GP2201 site displays a didactyl trace, with an interdigital distance of 4.5 cm. This translates into 

an estimated length of 346 cm, representing the largest crocodile thus far identified. The GP1803 

site also contained apparently larger tracks than those at GP1801, but could not be reliably 

measured. 

 

There are no reports of large reptiles from archaeological sites or contemporary faunal 

accumulations (other than occasional sea turtles) on the Cape south coast; Richard Klein (pers. 

comm., 2019) indicates that in his extensive inventory of the region there are no coastal records of 

crocodiles. Literature on Pleistocene reptile body fossils from the Cape south coast from 

archaeological sites relates almost entirely to smaller tortoises. 

 

The body fossil record of crocodylians from southern Africa is sparse. Pickford (2003) described 

crocodile remains from Early and Middle Miocene deposits in Namibia. Hendey (1978) described the 

earliest known occurrence of C. niloticus from Middle Miocene deposits on the Orange River. Feely 

(2010) noted a skull specimen of an unknown saurian found by A.G. Bain in the Eastern Cape at 

‘Crocodile Hill’. However, the site and geological context remain unknown. A large, partially 
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fossilised skull of C. niloticus, of uncertain age, was recovered near the Swartkops estuary east of 

Gqeberha (Feely, 2010). A crocodile tooth found in a shelter at Lottering River (just within Eastern 

Cape Province), was presumed to have been transported there by a LSA inhabitant. A crocodile skull 

was reported from Matjes River, east of Plettenberg Bay, also presumed to have been transported 

by a LSA inhabitant. In both cases the archaeological context was unknown (Feely, 2010). 

 

As regards historical records, Leggatt (2016) researched the history of the Kaaimans River, which 

flows into the Indian Ocean 20 km west of the Gericke’s Point ichnosites, and the possibility of the 

river’s name referring to ‘caymans’. Le Vaillant (1782) associated it with crocodiles, and Lichtenstein 

(1803) thought it referred to the water monitor, in both cases without supporting evidence. Leggatt 

(2016) provided an alternative derivation, from a Khoisan belief in a giant watersnake, ‘Keiman’, that 

inhabited river pools. Feely (2010) reached a similar conclusion, also noting that the name might 

derive from a smaller lizard, and that the absence of evidence of large reptiles included accounts by 

survivors of Portuguese shipwrecks between Plettenberg Bay and Pondoland in the 16th and 17th 

centuries. 

 

One unique attribute of the suite of reptile track-bearing surfaces was the presence of 

anthropogenic lithics at GP1803. They appeared to be from the MSA (Helm et al., 2020b) 

corroborating the probable age of the rock surface. This was the first reported example of lithics 

embedded in Pleistocene palaeosurfaces from the Cape south coast. Finding these two MSA artifacts 

on a track-bearing surface containing crocodile and monitor tracks represented a previously 

undocumented spatio-temporal association of Pleistocene hominin populations with large reptiles. 

 

Due to its ectothermic physiology C. niloticus, like most other crocodylians, is limited to tropical and 

subtropical areas with daily maximum ambient temperatures of 25–35°C (Grigg and Kirshner, 2015). 

The southward cooling of habitats forms the most significant determinant of its range limits. All 

recorded localities for this species towards the southern limits of its range are at or near coastal 

estuaries or wetlands. The closest C. niloticus population to the Gericke’s Point ichnosites is at the 

Dwesa-Cwebe Nature Reserve in Eastern Cape Province, where six juvenile C. niloticus were 

introduced in 1977, and two successful breeding events have been documented (pers. comm. Jan 

Venter, 2014). For C. niloticus embryos to hatch successfully, incubation (i.e. sand) temperatures 

must be sufficiently warm (28–35°C) for egg incubation (Helm et al., 2020b). 
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The presence of two possible coprolite sites adds an extra dimension to the reptile ichnology record. 

The features at GP1805 were rather angular in shape, and could also represent a localized breccia, a 

phenomenon that is not unknown from Cape south coast Pleistocene deposits (Hodge, 2013). 

Crocodiles defecate both on land in water; over time the initially green droppings turn white. 

Droppings are reported as 5–12 cm in length and 3–5 cm in width (Van den Heever et al., 2017). 

Stuart and Stuart (2019) noted that crocodile droppings are seldom found, as they tend to be rapidly 

covered by mud or sand. C. niloticus coprolites have not previously been reported. 

 

The Gericke’s Point cluster of ichnosites all appear to be part of the same bed, which is a distinctive, 

grey, silty surface underlain by heavily bioturbated, cemented sand. Measuring the height of the 

possible imprinted horizon above present sea level, as well as the chronology of the coastal cliff 

sequences, Helm et al. (2020b) inferred a probable age of MIS 5e, when sea levels were as much as 

6–8 metres higher than present levels. The silt-rich stratum in which the tracks were preserved 

suggested depositional quiescence. It was noted that wetland environments, lagoons and back-

barrier systems are well-preserved in the high-stand record as well as on the continental shelf, with 

their facies commonly identified in Pleistocene coastal cliffs. The silty depositional enrironment, 

coupled with the presence of swim traces, suggest that these traces were made in a wet or sub-

aqueous environment, such as a back-barrier lagoon or interdune lake. It is probable therefore that 

the crocodylian tracks were registered during a warmer period during the Pleistocene that allowed 

reptile species to occupy an extended range. 

 

OSL dating results support these inferences. Attempts were made to sample the track-bearing layer, 

but proved problematical due to the thinness of this layer and the porosity of the underlying 

bioturbated layer. The age estimate from GP1805 (Leic21028) is therefore not considered reliable 

(pers. comm. Andrew Carr, August 2022). The sample obtained from GP1812 (Leic20027) is 

considered more accurate, with a standard age estimate of 136 ± 8 ka, and a modelled (gradual 

cementation) age estimate of 125 ± 7 ka. The latter estimate, from the time of the MIS 5e sea-level 

high-stand, is consistent with the crocodylian requirement for warmer temperatures. 
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4.4 Avian tracks and traces 

 

In comparison to avian skeletal remains, which often allow identification to genus or species level, 

the analysis of avian tracks is frequently challenging. Nonetheless, identification to the higher 

taxonomic levels of family or order may be feasible. An article by Matsukawa and Shibata (2015), 

reviewing Cenozoic vertebrate tracks in Japan, exemplifies these challenges: “The Cenozoic Japanese 

bird tracks can be identified as four types: ?crane (Family Gruidae?), ?heron (Family Ardeidae?), 

?stork (Family Ciconiidae?), and ?shorebird tracks.” As a result of these limitations, the Cape south 

coast sites described below are not broken down into subsections based on order level or family 

level, but are simply described from west to east. In contrast to sections 4.3 and 4.5, dealing 

respectively with reptile tracks and non-hominin mammal tracks, interpretations of the avian sites 

therefore immediately follow the site descriptions. Site descriptions (4.4.1) are then followed by a 

more general interpretation and discussion (4.4.2). 

 

In the course of the Cape south coast ichnology project, 32 avian ichnosites have been identified, 

summarized in Table 4 from west to east. One of these (LL0906) was the subject of a dedicated 

report (Helm et al., 2017). Others have been reported on in passing (Helm et al., 2018b, 2019b, 

2020, 2020d). Helm et al. (2020c) provided a review of these Pleistocene sites and their implications, 

focusing on six sites which provided evidence of large birds, and postulating large Pleistocene forms 

of extant taxa and possible Late Pleistocene avian extinctions. 

 

Table 4: Avian ichnosites on the Cape south coast, from west to east. Measurements are in cm; L = length; W 

= width; GRNP = Garden Route National Park; PL = pace length. 

Site Family Formation In situ? Relief Track-

ways 

Tracks Dimensions Comments 

GE2104 unknown unknown no epi- 1 12 L 3, W 4, PL 9 beside rounded, rimmed 

depressions. 

BO1902 Small wader? Waenhuis-

krans 

no epi- n/a 3? L 2.5 

W 2 

posterior displacement 

rims and claw drag marks. 

BO2101 unknown unknown no epi- n/a 1 L 5, W 6 wide divarication angle 

RI0901 unknown unknown no epi- n/a 1 L 10 has slid into ocean 

RI0902 Laridae? & 

other 

unknown no hypo- 2 8 L 6.5 

PL 16 

 

5 gull-like tracks, 3 small 

avian tracks; slid into 

ocean. 

RI1602 unknown unknown no hypo- 1 6 L 11.5; 15 

with rim 

W13, PL 50 

‘Site A’ in Helm et al. 

(2020c); 

deteriorating 

RI1905 large wader? Klein Brak? yes hypo- 1 2 inaccessible consistent with 

oystercatcher? 

LL1901 Phalacro-

coracidae? 

unknown no epi- n/a 3 L 10 three possible totipalmate 

tracks 

LL1914 Gruidae? Waenhuis-

krans 

no epi- 1 2 L 12, 10 

PL 42 

‘Site B’ in Helm et al. 

(2020c) 
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LL0901 Phoeni-

copteridae? 

Waenhuis-

krans 

no hypo- 1 5 L 10 

PL 39 

part of a 2009 landslide; 

very thin slab which has 

disintegrated. 

LL0902 unknown Waenhuis-

krans 

no hypo- n/a 1 L 10 part of a 2009 landslide 

LL0906 Phasianidae or 

Numididae 

Waenhuis-

krans 

yes hypo- 4 

 

50 L 10 

PL 16 

Helm et al., 2017 

longest contain 20 & 14 

tracks 

LE1903 Numididae? Unknown yes epi- 1 2 L 9 

W 7 

large displacement rim 

LE1606 Laridae? Waenhuis-

krans 

no epi- 2 8 

(5 + 3) 

inaccessible on large surface with 

elephant and bovid tracks 

DR1907 unknown unknown no epi- 2? 7 L 17.5 

W 13 

PL ~36? 

‘Site C in Helm et al. 

(2020c) 

DB1906 Laridae? unknown not 

clear 

epi- n/a 1 L 8–9 in probable MIS 11 

sediments 

DB2002 Ciconiidae? 

anisodactyl 

unknown  epi n/a 1 L 13 

(truncated) 

W (>) 14 

in probable MIS 11 

sediments 

WE1803 unknown unknown no epi- 1 3 L3.5 

W 2.5 

narrow interdigital angle 

KK1901 unknown Klein Brak? no epi- 1 2 L 8 

W 7–8 

PL 21 

parallel to hatchling turtle 

trackway 

GP1803 Sterninae Klein Brak no epi- 1 3 L 3 

W 3, PL 13 

on surface with large 

reptile tracks 

GP1809 Struthionidae? unknown no epi- 1 1 L 15 very deep; 

uncertain as only one track 

SE1902 Phoenico-

pteridae 

unknown yes hypo- 1 6 L ~13 

W ~14 

PL ~34 

‘Site D’ in Helm et al. 

(2020c) 

SE1903 Phoenico-

pteridae 

unknown yes cross 

section 

n/a 3 L at least 12 

D at least 5 

in cross section in cliff 

SE1904 Anatidae? Waenhuis-

krans 

yes hypo 1 5 L ~17 

PL ~38 

‘Site E’ in Helm et al. 

(2020c) 

GC1813 ? Waenhuis-

krans 

no epi-  1 13L, 9W narrow interdigital angle, 

incurved outer digit 

GC1814 unknown unknown no epi- n/a 2 L 13 ‘Site F’ in Helm et al. 

(2020c) 

GR1304 Small wader? Waenhuis-

krans 

no epi- 1 3 L 2.5 

W 2.5 

bovid tracks on same 

surface 

GR1305 Large wader Waenhuis-

krans 

no epi- 1 3 L 7 

W 8 

equid tracks on same 

surface 

BS1501 unknown unknown no epi- n/a 1 L8  

BS1507 Struthionidae? Waenhuis-

krans 

yes hypo- n/a 3 L 8 

W 3 

possible pattern of 

juvenile ostrich tracks 

BS1509 Phalacro-

coracidae? 

Waenhuis-

krans 

yes epi-, 

hypo- 

1 4 L 7 

PL 20 

large bovid tracks on same 

surface 

RO1901 Anatidae, 

Pelecanidae? 

unclear yes epi- n/a 3 L 8 possible pelican track is 

partly covered 

 

Other than the Cape south coast avian ichnosites, and a site at Nahoon in the Eastern Cape, there is 

only one other known southern African avian ichnosite. Bennett et al. (2010) described an 

assemblage that included avian tracks in Holocene sediments (0.5–1.7 ka) in the Kuiseb River valley 

in Namibia. 



114 
 

4.4.1 Avian ichnosites  

 

GE2104 

This long avian trackway was identified by Given Banda. While potentially an important discovery, 

the quality of preservation is poor. Tridactyl avian tracks are present, 3 cm long, 4 cm wide, with a 

pace length of 9 cm, and the trackway is slightly sinuous. An array of 18 small (~1 cm), round 

depressions with rims is present to the right of the trackway. Feeding traces were considered, but 

the depressions are situated an implausible distance of ~20 cm from the nearest tracks. In 2022 

most of the surface was covered by sand and the tracks could not be seen. Photos GE2104A-D. 

 

BO1902 

Two fragile surfaces on loose slabs contain more than 15 small tracks in epirelief with prominent 

claw drag marks and posterior displacement rims. These tracks probably represent tortoise and 

tridactyl avian tracks. Length 2.5 cm; width 2 cm. Photo BO1902B. 

 

BO2101 

A single probable avian track with a large divarication angle between digits II and IV was recorded on 

a rough surface by Given Banda in 2021. Track length = 5 cm; width = 6 cm. Photos BO2101A-B. 

 

RI0901 

A single, 10cm-long tridactyl track in epirelief on a loose block was identified just east of RI1901. It 

has probably slid into the ocean in this unstable area. 

 

RI0902  

Two perpendicular trackways occur in hyporelief, perpendicular to each other on a loose block in an 

unstable area. The larger tracks are relatively well preserved, forming a trackway of five tracks; in-

toeing is present, and there is a suggestion of inward curvature of digits II and IV, suggestive of gull 

tracks (length 6.5 cm, pace length 16 cm). This trackway is crossed by three small indistinct tracks, in 

which linear features predominate. This resembles the pattern of the putative avian ‘enigmatic 

linear’ trackway at Nahoon (Roberts, 2008), in which only digit III was registered. The small size and 

proximity to a possible gull trackway suggest that these tracks may have been made by a small 

wader. Photo RI0902A (the gull-like tracks are lightly outlined in chalk). 
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RI1602 

Six tracks in hyporelief were identified on a loose slab following a rockfall event (Helm et al., 2020c). 

The surface quality deteriorated rapidly, and tracks at the margin of the slab broke off and were not 

recoverable. Photos RI1602A-B. Photogrammetry RI1602PG. 

 

Dimensions including displacement rims are consistently ~15 cm x ~15 cm, and pace length is 

consistently ~50 cm. The true track length is closer to 11.5 cm, and track width closer to 13 cm, with 

a length-to-width ratio of 0.88. Evidence of webbing is evident, and the outer digit impressions 

display a convex-outward curvature. The trackway exhibits a minimal straddle, and slight in-toeing 

(Helm et al., 2020c).  

 

The presence of such a long pace length suggests an avian trackmaker with long legs (e.g. Scott et al., 

2012). Paradoxically, however, long legs have also been inferred from avian trackways with short 

steps (Erickson 1967). The combination of tridactyl tracks with evidence of webbing and curvature of 

outer digits, in a very narrow trackway that exhibits only a slight in-toeing gait, suggests a flamingo 

or flamingo-like species as the trackmaker (cf. Erickson, 1967). The substantial pace length of 50 cm 

is consistent with the 31.4–60.5 cm walking pace length range on sub-aerial mud reported by 

Melchor et al. (2012) for the Chilean Flamingo, Phoenicopterus chilensis. Track size is consistent with 

upper limits of tracks of the Greater Flamingo, Phoenicopterus roseus (Helm et al., 2020c). 

 

RI1905 

Two didactyl tracks are identified in a probable trackway pattern with in-toeing. The tracks are 

preserved in situ, in hyporelief under an overhang on a faintly rippled surface, and are not 

accessible. Based on relative digit length, the proximal track is probably right sided and represents 

digits II and III, and the distal track is probably left-sided and represents digits III and IV. A large 

wader such as an oystercatcher may have been the trackmaker. Photos RI1905A-B. 

 

LL1901 

Three tracks are identified in epirelief on a loose slab found near the base of the western Todd 

ladder. Although they are evenly spaced (~20 cm apart), and of approximately similar size (length 

~10 cm), it appears unlikely that they form a trackway. On initial examination one of them appears 

totipalmate, and its size suggests a cormorant track. However, there are problems with this 

interpretation, in that only three digit impressions are present, in a pattern that suggests digits I, II 

and III – if so, the measured length is an underestimate of the true track length. Anisodactyl tracks 
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(e.g., guineafowl or francolin) were considered, but again the presence of only three digits proved 

problematic. Furthermore, the curvature evident in some of the digit impressions suggests webbed 

feet. At a follow-up visit the tracks could not initially be found, but were identified after suitably 

sized rocks at the base of the ladder were turned over and examined - very high tides probably 

overturned the slab. Given the risk to the tracks and their potential importance, the slab was carried 

out and reposited in the Blombos Museum of Archaeology.  

 

If these are indeed totipalmate tracks, they would form part of a very sparse global record, and 

would possibly provide the first record of cormorant tracks, although tracks at BS1509 may have 

similar morphology. The only other reported case of totipalmate tracks appears to be of pelican 

tracks by Roach et al. (2016). Neoichnology may prove useful, with documentation of the differences 

between left and right totipalmate tracks registered while traversing a sloping beach or dune surface 

– such differences may form an explanation for the absence of a fourth digit in the fossil tracks. 

Photos LL1901A-E. Photogrammetry LL1901PG. 

 

LL1914 

Two large tridactyl tracks are identified in epirelief on a loose slab, along with invertebrate traces. A 

crack in the surface may obscure a third, more proximal track. Cross bedding on the sides of the slab 

suggests an aeolianite surface. In both tracks, the digit III impression is long and straight, and no 

curvature is evident in the digit II and IV impressions. Track length is 10.5 cm for the proximal track, 

and 12 cm for the distal track. Both tracks are 13 cm wide, yielding length-to-width ratios of 0.78 and 

0.89. Identification of right and left tracks is not possible. Viewed in the direction of travel, the 

lengths of the right outer digit are 8 cm and 7.5 cm, and the lengths of the left outer digit are 6 cm 

and 6 cm. No evidence of web impressions is present, and the area in the distal track between the 

impressions of digit III and the left outer digit is elevated, suggesting displacement of sediment 

during registration of the track. The divarication angle between the outer digits is 115o for the 

proximal track, and 110o for the distal track. Pace length = 42 cm. The digit impressions are as much 

as 2 cm wide (Helm et al., 2020c). Photos LL1914A-C. Photogrammetry LL194PG.  

 

The combination of large tridactyl tracks, non-curved digit II and digit IV impressions, no hallux 

impression, wide digit impressions, and wide divarication angle between the outer digits, suggests a 

trackmaker from family Gruidae (cranes ). Otididae (bustards) produce tracks with some of these 

features, but typically with a substantially smaller divarication angle of <90o (Liebenberg 2000, Van 

den Heever et al. 2017, Stuart and Stuart 2019). Furthermore, bustard tracks, although they do not 
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exhibit hallux impressions, do register an impression from the tarso-metatarsal pad (Helm et al., 

2020c).  

 

The largest extant crane in southern Africa is the Wattled Crane (Bugeranus carunculatus), with a 

reported track length of 10.5 cm (Stuart and Stuart 2019). Avery (1990) reported Late Pleistocene 

skeletal elements of a large crane from the southwestern Cape. Brooke and Vernon (1988) reported 

on historical evidence of this species in the Cape Province. The LL1914 tracks could therefore 

conceivably have been made by a large Pleistocene form of this species (Helm et al., 2020c). While 

extant cranes tend to occur in grasslands rather than on dune surfaces, Holocene crane tracks were 

reported from beaches in the United Kingdom (Roberts, 2009). 

 

LL0901 

Five tridactyl tracks are noted in hyporelief on a very thin slab of rock that forms part of a recent 

landslide in aeolianites. They form a single trackway, parallel to two other trackways in which 

trackmaker identity cannot be determined. Track length = ~10cm; pace length = ~39 cm. Inward 

curvature of digits II and IV is discernible, and antecedent divarication angle (sensu Scott et al., 2012) 

appears to be large. Combined with the long pace length, these features suggest a flamingo 

trackmaker (family Phoenicopteridae) rather than a member of Anatidae. Photos LL0901A-C. 

 

LL0902 

A single tridactyl track is noted in hyporelief on a small loose slab, metres east of LL0901. Track 

length is ~10 cm, and the track has similar features to those at LL0901. This track and the LL0901 

tracks may belong to the same trackway. 

 

LL0906 

As many as 50 anisodactyl tracks occur in situ in hyporelief on an aeolianite surface (Figure 10). As 

the dune was at the angle of repose of windblown sand, the tracks occur on the underside of an 

overhang. The first trackway, slightly sinuous and containing 20 tracks, was noted in 2009, and was 

visible from a considerable distance along the coast in both directions, due to the preferential 

attachment of a dark layer of biofilm to the projections on the surface formed by the natural cast 

tracks. That this was an active and increasing process became evident on a repeat visit in 2016, when 

a second trackway, containing 14 tracks and lying approximately parallel to the first, was noted. It 

had not been apparent in 2009. An article was submitted to Palaeontologia Africana on this site, and 
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one of the peer reviewers noted further tracks in one of the submitted figures. Further site visits led 

to the identification of more tracks, and a detailed summary (Helm et al., 2017).  

 

 

Figure 10. Two sub-parallel avian trackways enhanced by a biofilm layer at LL0906; track length = ~10 cm. 

 

Typical track length is ~10 cm, and typical pace length is ~16 cm. Track morphology and size are 

consistent with a guineafowl (family Numididae) trackmaker or, less likely, a spurfowl (family 

Phasianidae). Differences in left- and right track morphology are related to the effects of traversing a 

steep dune slope (Helm et al., 2017). Photos LL0906A-D.  

 

Microscopy revealed adherent colonies of a unicellular cyanobacterium about 5 µm in diameter, a 

fragment of a filamentous cyanobacterium, a frustule of a very small diatom, and small amounts of 

probably inorganic matter, coated with bacteria. These findings were consistent with a biofilm, a 

feature characterised by patchy growth that is known to occur on rock surfaces. Biofilms eventually 

contribute to weathering of the surface, as they cause chemical and physical changes to the rock 

substrate. Ethnobotanical questioning of local residents about such discolourations on rock surfaces 

in the region yielded the term ‘klipsweet’ (‘rock sweat’ or ‘stone sweat), and an indication that this 

substance was once used for medicinal purposes (Helm et al., 2017). Biofilms can potentially aid in 

tracksite recognition. A phase of trackway enhancement can be anticipated as the biofilm layer 

continues to attach to the tracks, followed by a period of degradation as the lithophagic effect of the 

biofilm predominates. 

 

The two parallel trackways rendered visible by the biofilm layer are the longest reported avian 

trackways in the region. Fossil avian trackways of this length are rare, and this site adds to a sparse 



119 
 

global record. Lockley and Bishop (2014) described a Miocene trackway comprising 15 turkey-like 

tracks in Mexico. A sketch map made in 1889 of a Pleistocene track surface at the Carson City Prison 

site indicated 8 heron-like trackways, each with over 20 tracks (Lockley and Hunt, 1995).  

 

LE1903 

Two tracks occur in epirelief on an in situ surface. Only one of the tracks exhibits fair morphologic 

detail, with length of 9 cm and width of 7 cm. A prominent displacement rim is present. The left 

outer digit has a minimal amount inward curvature, not considered sufficient to be a proxy for 

webbing, and the possible appearance of webbing between digit III and the right outer digit is not 

‘anatomically correct’ and is probably artefactual. There is possible evidence of a short hallux 

impression – if so, this would indicate a right track. The angle between digits II and IV is 80o, which is 

narrow. The observed features are most consistent with a guineafowl (family Numididae) 

trackmaker. Photos LE1903A-B. 

 

LE1606 

Two avian trackways occur in epirelief on one of the surfaces of a large twelve-metre long block that 

had slid down unstable sandy slopes from aeolianite cliifs above. Eight surfaces are exposed, six of 

which exhibit tracks. In addition to the avian tracks, elephant tracks, bovid tracks, golden mole 

burrow traces and invertebrate traces are present. The better-preserved avian trackway is straight, 

containing five discernible tracks with a consistent pace length. Digit impressions appear relatively 

wide. The surface is unstable and inaccessible. Trackmaker family can not be confidently identified. 

The short second avian trackway of three tracks is poorly defined. This site is in the area reported on 

and dated by Roberts et al. (2008), where the oldest layer dated through OSL was 140 ± 8.3 ka and 

the youngest was 91 ± 4.6 ka. The site lies a few metres west of the erstwhile position of ‘Roberts 

Rock’ (Helm et al., 2019b). The track-bearing surface appears to be from the same geological unit as 

Roberts Rock. The surfaces of this large block and the avian tracks were described in Helm et al. 

(2019b). Photos LE1606A,C,E. 

 

DR1907  

Seven tracks were identified by Given Banda in epirelief on the surface of a loose block. Two 

trackways are present, with tracks on the right (eastern) portion of the surface being slightly smaller 

than the others, probably implying the presence of two trackmakers. Pace lengths of 36 cm, 34 cm, 

38 cm and 39 cm are recorded. While a number of tracks show evidence of a curved posterior 

margin and curved lateral margins, in only one case is a firmly identifiable outline evident. This well-
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defined track is tridactyl, with no evidence of a hallux impression, and a V-shape at its posterior 

margin (i.e., a relatively narrow angle between digits II and IV). It is 17.5 cm in maximum length, 13 

cm in maximum width, with a length-to-width ratio of 1.35. Digit III is long. The outer digits display a 

convex-outward curvature. Length of left outer digit = 10 cm. Length of right outer digit = 13 cm. The 

presence of webbing is tentatively inferred. Quality of preservation is poor and variable (Helm et al., 

2020c). Photos DR1907A-C.  

 

The site was interpreted with caution by Helm et al. (2020c) amid concerns about substrate 

properties, and the likelihood that true track length was less than measured track length. Such track 

lengthening was noted in neoichnological studies on a gently downsloping sand surface. 

 

DB1906 

A single track, in what is probably an in situ bedding plane, was noted and reported by Ilona Birch at 

Dana Bay. Track length = ~8–9 cm, and width = ~6 cm. Inward curvature of outer digits is present, 

and the antecedent divarication angle (between digits II and IV) is wide. There is no evidence of a 

hallux impression, and no unequivocal evidence of web impressions. The track morphology appears 

consistent with a large member of the gull family (Laridae) or a medium-sized member of the 

duck/goose family (Anatidae). The track was briefly mentioned in Helm et al. (2020c). From 

stratigraphic investigation and correlation with the data of Roberts et al. (2012) by Aleck Birch (a 

geologist and spouse of the track discoverer), it appears that the track lies within the MIS 11 

deposits. If this is correct, then along with DB2002 it is one of the only known avian tracks from this 

age, and one of the oldest thus far reported in southern Africa. Photo DB1906A. 

 

DB2002 

A single track was found by Celeste Birch in probable MIS11 sediments. Although preservation is 

sub-optimal, and the anterior portions of digits II, III and IV are not evident, there is enough evidence 

to identify it as a large right anisodactyl track. The prominent, postero-medially directed hallux 

impression and substantial size contribute to a likely ciconiid (stork) origin. Approximate track width 

of 14 cm is measurable and is considered an underestimate. Track length of 13 cm is a more 

substantial underestimate, and the original track may have been as much as 16 or 17 cm in length, 

based or reported length-to-width ratios for southern African stork species (Stuart and Stuart, 2020; 

Van den Heever et al., 2017). Divarication angle (II-IV) = ~95o. Bivalve fragments are embedded in 

the adjacent surface. As noted above, DB2002 and DB1906 are the oldest avian tracksites thus far 

reported from southern Africa. Other possible ciconiid tracks in the ichnology literature have been 
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reported by Matsukawa and Shibata (2015) from the Cenozoic of Japan, and Roach et al. (2016) from 

the Early Pleistocene of Kenya. Photo DB2002A. 

 

 

WE1803 

A single small probable avian track is noted in epirelief on a loose slab. It appears tridactyl. Length = 

3.5 cm; width = 2.5 cm. There are a couple of other faint impressions on the surface with a possible 

tridactyl appearance. A notable feature is the narrow inter-digital angle, as little as 50o between 

digits II and IV. Extant trackmakers on Cape south coast beaches and dunes capable of making tracks 

of these dimensions are speckled pigeons (Columbiformes, Columba guinea) and pied starlings 

(Passeriformes, Lamprotornis bicolor). Photo WE1803A. 

 

KK1901 

Two poorly defined avian tracks occur on a loose slab (~60 cm x 50 cm), parallel to a hatchling turtle 

trackway and other undefinable tracks. Stratigraphic correlation to regional deposits suggests that it 

and surrounding slabs form Klein Brak Formation deposits. The two avian tracks may form a 

trackway, with a pace length of 21 cm. Although the tracks are partly infilled, length of 8 cm and 

width of 7–8 cm can be determined. The epirelief nature of these tracks enables confident 

identification of the hatchling turtle trackway. Photo KK1901A. 

 

GP1803 

A large west-facing surface exposure (300 cm x 300 cm), on a loose block contains multiple reptile, 

avian and mammal tracks and trackways in epirelief, as well as two MSA artifacts. A lagoonal setting 

was inferred for this site in Helm et al. (2020b). The avian trackway, comprising three tracks, lies at 

the southern end of the surface. Track length = 2.5 cm; track width = 3.5 cm; pace length = 13 cm. 

Preservation quality is poor, but three forward-pointing digits can be identified, as well as a possible 

hallux. Outer digits clearly display an inward curvature in the best-preserved track (photo GP1803I), 

which is a proxy for webbing (Elbroch and Marks, 2001; Gutteridge, 2020). While the track size is 

consistent with tracks of small waders (shorebirds), the curvature of the digits to this degree is not 

seen in waders other than avocets (family Recurvirostridae). The tracks of the Pied Avocet 

(Recurvirostra avosetta) are described by Stuart and Stuart (2019) as being 4–5 cm long and 6 cm 

wide. There is no extant member of the ducks and geese (family Anatidae) or gulls (family Laridae, 

sub-family Larinae) capable of making tracks this small. However, tracks of this size and morphology 

are made by terns (family Laridae, sub-family Sterninae). Elbroch and Marks (2001) describe tracks 
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of small and medium-sized tern species as being 2.5–3.5 cm long and 2.2–3.5 cm wide. The GP1803 

tracks therefore were most likely registered by a species of tern. Photos GP1803F, I. 

 

GP1809 

A single possible didactyl track in very deep epirelief on a loose slab is noted to have the dimensions 

and morphology of an ostrich track (Struthio camelus). Because only one putative track is present, 

and because another deeply incised feature (that does not suggest a track) is present adjacent to it 

on the same surface, a firm conclusion can not be drawn. Length = 15 cm. Dave Roberts (pers. 

comm.) reported a set of possible ostrich tracks from the southwestern Cape coast. The only other 

possible Pleistocene ostrich tracks are from BS1507, which are also inconclusive. To date, therefore, 

there is no unequivocal evidence of fossil ostrich tracks, although ostrich eggshell fragments have 

been noted at GE1901. Photo GP1809A. Photogrammetry GP1809PG. 

 

SE1902 

An avian ichnosite was identified in 2019 by Andre and Emily Brink, preserved in hyporelief on the 

ceiling of a small recess at the bottom of high cliffs (Figure 11). The cliffs are characterized by thinly-

bedded foresets, dipping to the northeast at 25o – 30o.  

 

Two track-bearing surfaces are evident. The main surface lies to the east, where a trackway 

comprising four tracks is orientated up an incline. The second layer is 4 cm higher in the section, and 

contains two tracks. The main surface also contains numerous well-preserved burrow infills (possibly 

Callianassa sp). Tracks on this surface are labelled 1–4, in the order that they were registered. 

Measurements are provided in Table 5 (Helm et al., 2020c). Photos: SE1902A-C. Photogrammetry 

SE1902PG1, 2.  

 

Table 5: Track data from SE1902, reproduced from Helm et al. (2020c). 

Track # Track length (L) Track width (W) L/W Rotation angle 

1 (left) >13 cm 14 cm 0.93 23o 

2 (right) 14 cm 14.5 cm 0.97 23o 

3 (left) 13 cm 14.5 cm 0.90 13o 

4 (right) 12.5 cm unclear (truncated) - 25o 

Mean 13.1 cm 14.2 cm 0.93 21o 

 



123 
 

 

Figure 11. Flamingo tracks in hyporelief on two track-bearing surfaces at SE1902; scale bar = 10 cm. 

 

Evidence of webbing is present in tracks 2, 3 and 4. Unusually, however, the areas covered by the 

web traces form shallow recesses in the ceiling surface (concave hyporelief), rather than the deep 

projections (convex hyporelief) that are formed by the digits. Marked curvature of the outer digits is 

evident (convex outwards), so the posterior margins of the tracks appear semi-circular. Antecedent 

divarication angles (sensu Scott et al., 2012) = ~80o between digits II and III, ~80o between digits III 

and IV, and ~160o between digits II and IV. Mean medial width and lateral width (sensu Melchor et 

al. 2012) are respectively 6.6 cm and 7.7 cm. Pace length range = 27–34 cm, and stride length range 

= 60–65 cm. Strong in-toeing is present. The preservation of digit traces as very narrow, deep casts, 

now exposed in convex hyporelief as sharp ridges, is striking. The narrowness and depth of the digit 

trace casts suggest a soft but cohesive substrate at the time of track registration, which allowed only 

partial inward collapse of the track walls prior to infilling. Quality of preservation is good and 

consistent, at least 2.0 – 2.5 on the scale of Belvedere and Farlow (2016). 

  

The second track-bearing surface contains two similar, fainter tracks. Parallel linear features are 

evident on this surface, up to 71 cm in length, forming ‘tramlines’. Both tracks occur within these 

tramlines, with the track axes having the same orientation as the tramlines. A vague pattern of 

transverse bands can be noted between these tramlines, between 3.5 cm and 6.5 cm apart from 

each other. 
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Despite the good state of preservation, the surfaces were extremely friable. Not surprisingly, the site 

was subsequently obliterated in a single storm-surge event. It is rare to find avian track casts with 

such deep and narrow infills (see Stanford et al., 2007, fig.14). The characteristic shape of the 

posterior margins of the tracks, their asymmetrical form, the length-to-width ratio of less than 1, and 

the obvious webbing convincingly point to a flamingo or flamingo-like trackmaker. Pace length is 

consistent with that of a walking gait of a flamingo species, although this measurement is variable 

(Melchor et al., 2012, Camens and Worthy, 2019).  

 

In the global record, Camens and Worthy (2019) described Pliocene flamingo tracks from Lake Eyre, 

Australia. Melchor et al. (2012) described Oligocene-Miocene flamingo-like tracks from Argentina. 

Scott et al. (2012) described extant and fossil flamingo tracks from Kenya. The measured track length 

(>13 cm) was greater than the track length of 12 cm of the largest extant flamingo in southern 

Africa, the Greater Flamingo (Stuart and Stuart, 2019). Observations of recent tracks at Great Brak 

River did not record Greater Flamingo tracks more than 11 cm in length. The measured length is 

substantially greater than track lengths in the studies of Melchor et al. (2012), Scott et al. (2012), 

and Camens et al. (2019), regarding other extant and fossil flamingo tracks. 

 

The well-defined, crisp appearance of these deep tracks did not suggest distortion, and it is inferred 

that they were registered in a soft, cohesive substrate on a gently sloping surface in or beside a 

wetland, such as a lagoon or an interdune lake. The narrow infilling sediment supports the 

interpretation of a soft cohesive sediment that first allowed penetration of the avian feet up to ~4 

cms, and then permitted a little narrowing of the track (convergence of track walls) before infilling. 

The invertebrate burrow traces support the notion of a biota-rich, lagoonal setting with deposition 

of cohesive, fine-grained sediment (Helm et al., 2020c). 

 

The web impressions in concave hyporelief are intriguing. This was interpreted in the context of the 

soft but cohesive substrate, which would have allowed exceptionally deep digit impressions to be 

registered, while the webs between the digits would have bulged upwards, presumably in response 

to upward bulging of ductile sediment between the penetrating toes. Such phenomena are rarely 

observed in the fossil track record, although one example has been noted in University of Colorado 

Museum specimen UCM 230.17. Such bulging may either be coincident with the webbing sediment 

interface, or may occur independently as the result of the bulging up of sediment in the hypex 

spaces between toes registering on soft substrates (Lockley et al., 2020).  
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The two fainter tracks on the slightly higher surface, along with the linear tramline features with 

vague transverse bands, are of interest in relation to ichnological evidence of avian feeding activity 

(cf. Yang et al., 1995, Kim et al., 2012). Rooth (1965) described the feeding methods of the American 

Flamingo (Phoenicopterus ruber). Two of these methods employed ‘stamping’; both strategies 

promoted the release of food organisms from the substrate. In one such method the inverted bill 

formed the locus around which the birds stamped in a circle. The resulting feeding trace was a raised 

mound surrounded by a circular trough. This pattern is encountered in suitable settings in 

neoichnology, but has not observed it in the fossil record.  

 

The second stamping method involved ‘marking time’, sometimes without moving forwards or 

backwards, at other times with progression backwards; during this process the head was inverted 

and moved from side to side (Rooth, 1965). This behaviour can readily be observed when studying a 

flock of flamingos. Stuart and Stuart (2019 – p. 180) describe and provide a photograph of the 

resulting ‘tramline-like feeding track’ created by what they term a ‘rhythmic stomping action’. This 

resembles the tramline features noted at SE1902. This phenomenon has not previously been 

described in the global ichnological record, although a ‘shuffling gait’ was inferred for at least two 

trackways from a Cretaceous assemblage of small heron-like tracks described by Lockley et al. (2009, 

figs. 8 and 9). 

 

SE1903 

Three tracks are evident in cross section in the cliff face a few metres east of SE1902, and higher in 

the section. While these tracks can not be examined in plan view, they exhibit similar features as the 

tracks at SE1902, being deep and narrow. Length is at least 12 cm, and depth at least 5 cm. Other 

tracks are evident in cross section in these layers. They resemble the flamingo tracks at SE1902, and 

represent the first description of avian tracks in cross section. Photo SE1903A. 

 

SE1904 

An in situ avian ichnosite comprises a single trackway preserved in hyporelief on the undersurface of 

a gently inclined aeolianite layer. The site is difficult to access, at the top of a large, unstable cone of 

sand. Cross-bedding is evident in the surrounding layers. Initially only two tracks were visible. 

Unconsolidated and semi-consolidated sand was removed from below the track-bearing surface, 

exposing of a total of five tracks. Four are in situ, on the ceiling of the small recess that was created 

(Figure 12). The fifth track is identified on the undersurface of a loose slab in line with, and distal to, 
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the trackway. Sufficient space was created beneath the track-bearing layer to allow photographs to 

be taken for photogrammetry. Quality of preservation is moderate to good. Trackmaker direction 

was from east to west, up a gently inclined slope. The tracks are labelled 1–5, in the order in which 

they were registered. They appear consistently longer than wide. Digit pad traces are not observed. 

Measurements are provided in Table 6 (Helm et al., 2020c).  

 

Table 6: Track data from SE1904, reproduced from Helm et al., 2020c). 

Track # Track length Track width Pace length 

1 (right) ~16.5 cm 12 cm - 

2 (left) ~17 cm 14 cm Track 1-2: 38 cm 

3 (right) 17.5 cm 15 cm Track 2-3: 36 cm 

4 (left) ~17 cm >13 cm (digit IV is truncated) Track 3-4: 41 cm 

5 (right) not measurable not measurable - 

Mean values: length ~17 cm; width 13.5 cm; L/W ratio1.26; pace length 38.3 cm; stride length 75 cm. 

 

 

Figure 12. 3D photogrammetry image of large avian tracks (tracks 2, 3 and 4) at SE1904 – horizontal and 

vertical scales are in metres. 

 

The tracks show tridactyl morphology. Digits II and IV appear of approximately equal length, and are 

shorter than digit III. For example, in Track III the length of digit II is ~17 cm, whereas the length of 

digits II and IV is ~11 cm. There is no evidence of a backward-pointing digit (hallux), other than 

possibly in Track III, although Track 4 exhibits a possible large low-relief heel-drag feature. Convex-

outward curvature of digits II and IV is present in tracks 1, 2 and 3; this feature can not be reliably 

assessed in tracks 4 and 5 due to their partial nature. Possible low-relief evidence of webbing 

between is noted in Track 3. Antecedent divarication angles (sensu Scott et al., 2012) in Track 3 = 43o 

between digits II and III, 69o between digits III and IV, and 112o between digits II and IV. Mean medial 
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width and lateral width (sensu Melchor et al., 2012) are respectively 7.8 cm and 6.7 cm for tracks 2 

and 3. A slight inward rotation is measured averaging ~10o in the track 2-3-4 sequence (Helm et al., 

2020c). Photos SE1904A–C. Photogrammetry SE1904PG.  

 

The five tracks provide evidence of a large trackmaker with a relatively large pace length, a slight in-

toeing gait, a narrow straddle, and curvature of the digit II and IV in the three tracks in which this can 

be assessed. The curvature of these digits is a proxy for the presence of webbing (Elbroch and Marks 

2001, Gutteridge, 2020), and low-relief evidence of infill of web impressions may be present. The 

presence or absence of a hallux trace can only reliably be assessed in Track 3, where infill of a 

possible hallux can be identified, although infill of a tarso-metatarsal pad impression is equally 

plausible (Helm et al., 2020c).  

 

The possibility of a very large trackmaker from Anatidae was considered: the largest extant member 

of this family, the Spurwinged Goose (Plectropterus gambensis) has a reported track length of just 

under 14 cm (Van den Heever et al., 2017, Stuart and Stuart, 2019). The pace length and length-to-

width ratio are longer than usual for a member of this family, and a wider straddle and more 

intoeing would be expected. Thus, the trackmaker is unlikely to have been large goose, and its 

identity is difficult to infer with any confidence.  

 

Extant trackmakers capable of registering tracks of this size in southern Africa include Marabou Stork 

(Leptoptilos crumeniferus) and Goliath Heron (Ardea goliath), both of which typically register hallux 

impressions in their tracks, and which do not exhibit curvature of digits II and IV (Van den Heever et 

al., 2017, Stuart and Stuart, 2019). Similar considerations apply to the Shoebill (Balaeniceps rex), 

which has been recoded from the sub-continent (Mathews, 1979). Representatives of Pelecanidae 

(pelicans) and Phalacrocoracidae (cormorants) have totipalmate feet, which, although webbed, do 

not resemble the track pattern observed. 

 

GC1813 

Below the long GC1203 long-horned buffalo trackway and adjacent to the GC1503 elephant tracks, a 

single possible large avian track is identified in epirelief on a loose slab beside possible scratch 

marks. Track lengh = ~13 cm, and maximum width = 9 cm. The divarication angle between digits II 

and IV is narrow, measuring less than 90o. Limited conclusions can be drawn for this single track, but 

clearly there is no hallux impression. While it is not possible to lateralize the track to left or right, the 

right digit impression (and possibly the left digit impression) show an inward curvature, which 
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suggests the presence of webbing. The sub-parallel scratch marks, situated ~10–20 cm from the 

posterior margin of the track, are unusual, and may be associated with the same putative large avian 

trackmaker as at SE1904. Photos GC1813A-B. 

 

GC1814 

A loose slab with a probable partial large avian track in epirelief is identified at the bottom of a small 

cliff near the high water mark, in an area that is often covered with sand. Only two digit impressions 

are evident – the area where the third forward-pointing digit was presumably registered has been 

eroded, and a backward pointing digit (hallux) impression is not evident. The length of what appears 

to be digit III is 13 cm. Interdigital angle is 70o, and there is minimal curvature of the outer digit. A 

fainter putative track, with similar morphology and dimensions, is evident beside it, also in epirelief. 

It also displays only two digit impressions. Quality of preservation is poor. Little can be inferred from 

this site other than that it represents a large avian trackmaker. Photo GC1814A.  

 

GR1304 

A single avian trackway in epirelief is noted on a loose slab adjacent to GR1305. GR1304 and GR1305 

may represent parts of the same surface. Three tridactyl tracks are present, with straight digit 

impressions. Track length = 2.5 cm; track width = 2.5 cm. Divarication angle between digits II and IV 

is 80o. A small wader (shorebird) may have made these tracks. The quality of the surface, which also 

contained bovid tracks, deteriorated rapidly, aggravated by modern graffiti, and by 2017 the avian 

tracks were no longer visible. The site was described in Helm et al. (2018b). Photos GR1304A-B. 

 

GR1305 

Three avian tracks, possibly comprising a trackway, are noted on a large loose slab in epirelief. The 

slab was initially identified by Chris Gow in 2006, at which time it was situated higher up a sandy 

slope. By 2013 it had settled a few metres above river level. The site lies adjacent to GR1304, and 

may represent part of the same surface. The surface also contains large equid tracks and other 

unidentifiable tracks. The avian tracks are tridactyl, 7 cm long and 8 cm wide. The impressions of 

digits II and IV are 3 cm long, and straight. Divarication angle between digits II and IV is 120o.  

 

These features suggest that the tracks may have been made by a large wader. They are slightly larger 

than tracks made by the extant Black Oystercatcher (Haematopus moquini), which have a reported 

length of 5.2–5.5 cm. (Stuart and Stuart, 2019). The surface has deteriorated, aggravated by modern 
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graffiti, and by 2017 the avian tracks were no longer evident. The site was described in Helm et al. 

(2018a). Photo GR1305D. 

 

BS1501 

A single large possible didactyl avian track is noted in epirelief on a loose slab. Digit impressions are 

straight, and each is 8 cm in length, separated by an angle of just less than 60o. Because only a single 

putative track is present, and because only two possible digit impressions are present, an avian 

trackmaker is probable but not certain. Photo BS1501A. 

 

BS1507 

At least three natural casts with a similar shape are noted in situ on the ceiling of the cave at 

Brenton-on-Sea that contains up to 40 hominin tracks. Maximum length = 8 cm and maximum width 

= 3 cm. These three hyporelief features have different orientations, and do not suggest a trackway. 

They resemble the shape of the longer digit (III) of an ostrich (Struthio camelus) track, but the length 

is only compatible with a juvenile of this species. The smaller lateral digit (IV), which commonly is 

registered in ostrich tracks, is not present, hence the identification of juvenile ostrich tracks is 

uncertain. Photos BS1507C-D. 

 

BS1509 

A cave contains an avian trackway of three tracks in both epirelief and hyporelief. The hyporelief 

tracks are found on the underside of the ceiling in the western end of the cave. The epirelief tracks 

occur on the surface of fallen blocks on the cave floor below the hyporelief tracks. A fourth 

hyporelief track on a loose slab was found in 2017, retrieved, and is accessioned in the Blombos 

Museum of Archaeology in Still Bay. While the tracks appear tridactyl, with length of 8 cm and a pace 

length of 20 cm, they are asymmetrical. A possible explanation is that they are totipalmate tracks, 

with digit IV not having registered, although a vestige of digit IV can arguably be identified in the 

track that has been accessioned. If so, the measured length of 8 cm is less than the true length 

(measured through digit IV) and white-breasted cormorant (Phalacrocorax lucidus) would be the 

most likely trackmaker. The pattern is similar to that seen at LL1901. Photography and 

documentation of this trackway has been challenging due to the tight confines of the cave. While 

photogrammetry is impractical for the tracks in the cave, it has been performed on the retrieved 

specimen. The cave contains tracks of large bovids and a trackway for which both baboon and 

juvenile hominin trackmakers have been postulated. Photos BS1509A, E, H-K. Photogrammetry 

BS1509PG. 
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RO1901 

Three possible avian tracks are identified in epirelief on an in situ surface stratigraphically above the 

‘main palaeosurface’ at Robberg. The most convincing possible track appears tridactyl, with a length 

of 7.5 cm and width of 8 cm. Digit III is longer than digits II and IV, which display an inward curvature. 

No web impressions are evident. Antecedent divarication angle appears to be less than 90o. Based 

on track dimensions, a trackmaker from the duck and goose family (Anatidae) appears more likely 

than a trackmaker of the gull family (Laridae). On the same surface another possible avian track is 

noted, with two apparent narrow digit impressions, the shorter of which appeares straight and the 

longer of which is curved. If the longer digit is assumed to be digit III, then the other outer digit 

would be invisible, under a thin overlying layer. If the axes of the two digits are projected proximally 

to where they would intersect, then the length of putative digit III is as much as 13.5 cm. The angle 

between these two digits is in the 45o–50o range. The length of the longer digit, the narrow nature of 

the digit impressions, and the curvature of the longer digit are unusual, and suggest a pelican 

trackmaker (Pelecanidae). This would be part of a right totipalmate track, with the shorter 

impression being registered by digit II, and the digit I impression would also be concealed under the 

thin overlying layer. While this is hypothetical, it could be confirmed or refuted through removal of 

the overlying layer. Photos RO1901D-E. 

 

While great white pelican (Pelecanus onocrotalus) sightings are rare on the Cape south coast today 

other than near De Hoop (http://sabap2.birdmap.africa/species/42), Le Vaillant (1790: p. 143) 

recorded ‘thousands’ of pelicans in the Great Brak River estuary. The only reported pelican tracks in 

the global ichnology record are from northwestern Kenya (Roach et al., 2016).  

 

 

4.4.2. Interpretation and discussionn 

 

Lockley and Harris (2010 – p. 37) provided a detailed summary of the global avian ichnology record, 

from the Jurassic to the Holocene, and commented that challenges of determining avian trackmaker 

affinity increase with the increasing age of the tracks, i.e., it is more difficult to infer the identity 

Cretaceous tracks than Pleistocene tracks. This followed an earlier publication (Lockley et al., 1992) 

on the track record of Mesozoic birds. Lockley et al. (2021c) provided a summary of large unwebbed 

bird tracks from the Mesozoic and Cenozoic, and the Cape south coast Pleistocene examples were 

discussed and referenced therein.  
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The possible contribution of southern African tracks to the very earliest avian track record has been 

a subject of debate, following publications by Ellenberger (1970, 1972, 1974a, 1974b) on small bird-

like tracks with narrow digit impressions and wide divarication angles from Triassic and Jurassic 

sediments in Lesotho. Ellenberger created the new ichnogenus Trisauropodiscus; among the eight 

ichnospecies, two were named T. aviforma and T. superaviforma. Lockley et al. (1992) noted that 

these descriptions had received little global attention, and that tracks of approximately similar age 

from Morocco (Ishigaki, 1985) resembled Trisauropodiscus and likewise deserved attention as 

possible avian tracks.  

 

Furthermore, Ellenberger (1972) described other bird-like tracks, with purported feather 

impressions where the manus (wing) may have come into contact with the surface. Lockley et al. 

(1992 – p. 132) commented:  

 

“The fact that they are birdlike, as distinct from dinosaur-like… raises an important point of 

principle. Can we dismiss their aviform characteristics simply because they are older than 

known bird skeletal remains, yet attribute similar Cretaceous and Tertiary tracks to birds? 

We suggest that such a dismissal is inconsistent and unacceptable, especially in the light of 

new evidence for early Mesozoic bird-like taxa…” 

 

However, Lockley and Gierlinski (2006) noted that these tracks were similar to those of the 

ichnogenus Anomoepus, and Lockley and Harris (2010) stated that the tracks were more likely 

attributable to small, bipedal dinosaurs and could be assigned to Anomoepus. In similar vein, 

Belvedere et al. (2011) revised the description of the small tridactyl tracks from Morocco. It was 

concluded that they represent the tracks of non-avian dinosaurs rather than birds. However, De 

Valais and Melchor (2008), in describing bird-like tracks from Argentina, speculated that 

Trisauropodiscus tracks were made by birds.  

 

The question received further attention from Abrahams et al. (2017), who noted that not all 

Trisauropodiscus resembled Anomoepus. Abrahams et al. (2017) further noted the strong 

resemblance of Trisauropodiscus to Cretaceous bird tracks, that they were the oldest examples of 

‘bird-like tracks’, and that the issue had implications for the origin of the Aves class. However, based 

on their morphometric analysis, they suggested that the trackmakers were more likely non-avian 

dinosaurs, probably heterodontosaurid ornithischians. It appears, therefore, that the Triassic and 
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Jurassic Lesotho tracks may be non-avian, and that the Pleistocene examples of the Cape coast 

represent the oldest known fossil avian tracks in southern Africa.  

 

A number of Pliocene and Pleistocene avian ichnosites have been reported from locations around 

the world. From Australia, Rich and Green reported Pleistocene bird footprints from Tasmania, and 

Rich and Gill (1976) reported Pleistocene dromornithid tracks from Victoria. Ono (1984) and 

Okamura et al. (1993) described Pliocene or Pleistocene avian tracks from Japan. Aramayo et al. 

(2016) reported Pleistocene dromornithid tracks (rhea) and flamingo tracks (Phenicopterichnum) 

from Argentina. Kim et al. (2009) reported a variety of Pleistocene vertebrate tracks, including avian 

tracks from Korea. Neto de Carvalho et al. (2016) reported Pleistocene avian and other vertebrate 

tracks in aeolianites in Portugal. Camens et al. (2018) described an ichnofauna that included avian 

tracks from South Australia, and Camens and Worthy (2019) described Pliocene flamingo tracks from 

Lake Eyre, Australia.  

 

Within Africa, Leakey and Hay (1979) described Pliocene avian tracks from Laetoli, Tanzania. Roach 

et al. (2016) described Early Pleistocene avian tracks, dated to ~1500 ka, from Ileret, Kenya. Included 

in the assemblage were tracks of pelicans (Pelecanus), Gruidae (cranes) or Ciconiidae (storks), 

Anatidae (geese), and small wading birds, along with very large tracks that were attributed to the 

extinct Giant Marabou Stork (Leptoptilos falconeri).  

 

Prior to the inception of the Cape south coast ichnology project, there was just one known example 

of a South African avian ichnosite (Deacon, 1966; Mountain, 1966), from an aeolianite hyporelief 

surface at Nahoon Point on the Cape east coast, ~600 km east of the study area. This was also the 

first published report of a southern African Pleistocene ichnosite. The site was dated through OSL to 

124 ka ± 4 ka (Jacobs and Roberts, 2009).  

 

First identified in 1964, it achieved fame because of the presence of three hominin tracks. The 

overhanging sandstone slab containing the tracks collapsed soon after the initial discovery, but was 

recovered and is housed in the East London Museum (Roberts, 2008). In addition to the hominin 

tracks, it contained a short tridactyl avian trackway of three tracks, a deep tetrapod trackway, and 

two shallow felid tracks (Roberts, 2008). Roberts (2008 – p. 203) also noted an ‘enigmatic’ trackway 

of a series of linear features, and considered that it too might be of avian origin:  
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“The most enigmatic feature on the sandstone surface is a ∼1.2 m long linear series of 

impressions 2.6–4 cm long, 0.5 cm wide and 18–20 cm apart. It passes approximately along 

strike of the bed… and across the hominid and deep tetrapod trackways, but does not 

interfere with either... Close inspection of these traces revealed a slight alternate splay 

relative to the line of progression between successive impressions; this and the consistent 

interval between them… suggest a bipedal gait. A bird trackway comprising three prints 

passing to the rear of the hominid trackway, heads diagonally up dip… All three digit 

impressions are preserved and the interval between the prints is 18–20 cm. The large 

(middle) digit on its own makes an impression similar to the enigmatic trace. The linear series 

of impressions were apparently made by a bird, possibly of the same species as the well 

preserved avian trackway, with only the large middle digit leaving a visible imprint.” 

 

Depending on substrate consistency, all avian digits may be registered (softer substrates) or only 

digit III may be registered (firmer substrates). The explanation provided by Roberts (2008) above is 

consistent with the photographic evidence from 1964 of being an avian trackway. A similar 

phenomenon, with only digit III being registered or preserved, occurs at site RI0902. 

 

Books by Elbroch and Marks (2001) and Gutteridge (2020) are dedicated to avian tracks, and form 

useful references. The former is limited to North American birds, while the latter deals exclusively 

with southern African avian tracks and traces. Essential principles are discussed in both books, for 

example, while the presence of webbing is often not registered in tracks, curvature of digits II and IV 

can be regarded as a proxy for the presence of webs, and a small digit I might not be registered, 

depending on substrate conditions (Elbroch and Marks, 2001). Moreover, Marty et al. (2014) 

demonstrated through neoichnological studies on stork tracks that under certain substrate 

conditions the usually prominent hallux impression was not registered. There is thus a caveat related 

to such tracks: if a hallux impression is evident, an anisodactyl track is clearly evident, but if it is 

absent, a long trackway or favourable inferred substrate conditions are required in order to 

confidently identify tracks as tridacyl. 

 

Because most birds fly (and perch on above-ground surfaces), compared with mammals and reptiles 

there are relatively fewer opportunities to register tracks. A bias towards the registration of tracks of 

the types of bird families (e.g. waders, gulls, herons) that left tracks on Pleistocene dune, beach and 

lagoon settings on the Cape south coast can be expected, compared with passerines and other 

orders. Larger avian trackmakers are more likely to leave larger, deeper tracks, which might be more 
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readily detectable than shallower tracks made by smaller birds. Finer-grained sediments favour 

higher preservation quality, whereas dunes and beaches typically contain less fine-grained 

sediments. Despite these biases, avian tracks can be anticipated to provide a record of the birds that 

walked on these surfaces, free of the biases that characterise the avian body fossil record. Those 

biases include being limited to species that were scavenged or preyed upon by humans, jackals, 

hyenas, owls and other raptors.  

 

The preponderance of global fossil avian tracks is from what has been termed the ‘shorebird 

ichnofacies’ (Lockley et al., 1994; Hunt and Lucas, 2007, 2016; Lockley, 2007; Kim et al., 2012, 

Melchor et al., 2012), associated with fine-grained lake margin sediments of Cretaceous through 

Recent age. Lockley et al. (2020) expanded on this concept with respect to ichnofacies and 

ichnocoenoses, suggesting that ‘community convergence’ is a plausible explanation for similarities 

between Cretaceous, Eocene and modern shorebird (wader) track assemblages.  

 

The track-bearing Pleistocene sediments on the Cape south coast do not align with this lake-margin 

shorebird ichnofacies, and instead represent dune, beach and lagoonal environments. These 

surfaces clearly had the potential for avian tracks to be registered. The abundance of avian tracks on 

beach and dune settings in the region today provides further evidence. The Cape south coast sites 

therefore appear to represent a different and less commonly encountered ichnofacies compared to 

the shorebird ichnofacies, and are of potential global importance.  

 

In Pleistocene aeolianite and cemented foreshore sediments on the Cape south coast there is a 

paucity of skeletal material. No skeletal elements of avian origin have thus far been identified in 

these Pleistocene deposits. The Pliocene and Pleistocene avian body fossil record (largely from 

archaeological sites) was summarized in Helm et al. (2020c). It was noted that the great majority of 

these do not overlap chronologically with the ages of the majority of Pleistocene avian ichnosites 

from the Cape south coast, which can be inferred to date to a range from MIS 11 to MIS 3. 

 

Excavated deposits at Langebaanweg have provided a wealth of information on the Early Pliocene 

avifauna (Manegold et al., 2013), including a very large ostrich (Struthio cf. asiaticus). The Early 

Pleistocene is less well represented: Avery (1990) reported that the Elandsfontein site contained the 

only Early Pleistocene avian faunal records. The Late Pleistocene and Holocene avifauna was well 

documented by Avery (1990), who reported on the avifaunal remains from three sites: Eland’s Bay 

Cave, Die Kelders Cave 1, and Nelson Bay Cave. This research focussed on the time intervals between 
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80 and 40 ka, and 18 ka and 0.3 ka. These records were from archaeological sites, representing bird 

remains transported by humans, with the majority of specimens being pelagic species that had 

washed up on beaches, with a minority contributed by freshwater and terrestrial species. While 

more than 70 taxa were described, no extinct taxa were apparent (Avery 1990).  

 

Klasies River Cave has provided a Late Pleistocene MSA avifauna, dominated by African Penguin 

(Spheniscus demersus) and beached seabirds (Klein 1975; Avery 1990). Reynard and Henshilwood 

(2017) noted the relative scarcity of avian remains at MSA sites compared with LSA sites. Val et al. 

(2016) reported on MSA exploitation of birds by humans at Sibudu Cave in KwaZulu-Natal, dating as 

far back as 77 ka. Rector and Reed (2010) reported that avian remains from MIS 6, dated to ~151 ka, 

were present at a carnivore den assemblage near Pinnacle Point. Indirect evidence for the presence 

of birds in the Late Pleistocene is provided through the analysis of micromammal remains at 

Blombos Cave, which indicate predators such as owls as the most likely accumulators (Nel and 

Henshilwood, 2016). Richardson (2016) noted that at Pinnacle Point, avian remains appear in 

archaeological sites in the LSA. 

 

In addition, one reference to the use of avian bones in the archaeological record pertains to 

aerophones. Bone tubes that may have been used as flute-like musical instruments have been found 

at archaeological sites like Die Kelders, Matjes River, Nelson Bay Cave, and Boomplaas. Some of 

them are decorated, and most of them are reported to be composed of avian bone (Ludwig, 2005, p. 

46).  

 

While the probable trackmaker family cannot be identified at some of the 32 avian ichnosites thus 

far identified, a summary of trackmaker groups can be made. The list includes possible ostrich, ducks 

and geese, waders of various sizes, gulls, terns, flamingos, possible cormorants and pelicans, cranes, 

storks, guineafowl or spurfowl, and a possible pigeon or starling. This record is relevant to the 

dune/beach/lagoon ichnofacies. Helm et al. (2020c – p. 15) concluded that it remained to be seen 

where coastal dune-beach systems fit into ichnofacies schemes. 

 

As none of the avian ichnosites have been directly dated, stratigraphic correlation to nearby sites 

dated through OSL must suffice until further refinement is possible. This suggests that the oldest 

avian ichnosites, in MIS 11 deposits, are at Dana Bay, and that the most recent avian ichnosites, at 

Robberg, date from MIS 3. For all the other avian ichnosites, MIS 5 dates appear convincing. 
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Two distinct avian track types have not yet been identified. One is the ‘no webbing, three toes 

forward, back toe straight’ type (Stuart and Stuart, 2019), in which digit 1 is offset slightly from the 

hypex. This track type includes heron and ibis trackmakers, which are commonly encountered today 

on beaches and beside lagoons. Determined searching over time for further fossil avian tracks may 

identify such track types. Another track type not yet reported is the zygodactyl track, with two toes 

pointing forwards and two toes pointing backwards. This track type includes osprey, woodpeckers, 

owls, mousebirds, etc. Finding fossil tracks of these bird groups appears improbable. 

 

The value of neoichnological studies was underscored with regard to two sites. Observations of Kelp 

Gull (Larus dominicanus) tracks at Great Brak River provided a possible explanation for enigmatic 

features evident at DR1907, and measurements of Greater Flamingo tracks at Great Brak River 

provided a useful comparison with the flamingo tracks at SE1902. 

 

The identification of larger-than-expected avian tracks suggests the existence of large chrono-

subspecies, and raises the possibility of extinct Pleistocene avian species. Tyrberg (2008) noted that 

many continental avian taxa were distinctly larger than their extant descendants. Klein (1986) 

addressed carnivore size, documenting that size increased during glacial phases. Some of the sites 

could be manifestations of this phenomenon, and may suggest the presence of large chrono-

subspecies rather than distinct species. For example, LL1914 could indicate the existence of a large 

subspecies of Wattled Crane, and, with greater certainty, SE1902 could indicate the presence of a 

large subspecies of Greater Flamingo.  

 

Tyrberg (2008) reported a significantly higher global extinction rate for continental avifauna (97 

known extinct species) in the Late Pleistocene (defined as 127 ka–11 ka), than the Middle 

Pleistocene or Early Pleistocene. However, not a single extinction from Africa south of the Sahara 

was recorded for the Late Pleistocene. Tyrberg (2008) questioned whether this absence of evidence 

was a reflection of the ‘almost nonexistent’ data record for Africa. While ‘some data’ from Tanzania 

and South Africa were acknowledged, in the lengthy reference list (Tyrberg 2008) there is no 

mention of the work of Avery (1990) or the rest of the corpus of publications on southern African 

Pleistocene avifauna. 

 

Could some of the tracksites with large avian tracks, such as SE1904, represent tracks of extinct, 

hitherto undocumented species? Large size was found to be characteristic of a higher proportion of 

extinct Late Pleistocene taxa compared with extant taxa (Tyrberg 2008). The extinction of a large 
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freshwater bird species may have been driven by climate change which led to the MIS 5e interglacial 

and sea level high-stand, and would have removed the abundant wetland habitat that had been 

provided by the PAP, coupled with the emerging presence of modern humans. Based on the large 

avian tracks that have been identified, such a possibility cannot be excluded. To date there does not 

appear to be evidence of any Late Pleistocene avian extinctions in the skeletal record to support this, 

including the studies of Klein (1975), Avery (1990), Rector and Reed (2010), Val et al. (2016), or 

Reynard and Henshilwood (2017).  

 

The skeletal record thus provides no evidence for large forms or extinctions, while the ichnological 

evidence suggests chrono-subspecies and cannot exclude extinctions. This is not necessarily a 

contradiction, as the studies on the skeletal record date back as far as 80 ka, and the trace fossil 

evidence is mostly from older sediments. If substantial skeletal avian remains are identified and 

documented from the Middle Pleistocene and from MIS 5e (the initial portion of the Late 

Pleistocene), this question might be resolved. 

 

DB2002 falls into the same category. The single large anisodactyl track, with a prominent hallux 

impression, was most probably made by a large stork. A track length of as much as 16 cm can be 

inferred, and track width of 14 cm can be measured. No extant stork species in the southern Cape is 

capable of making a track of this size. The two largest ciconiids in southern Africa are the Marabou 

Stork (Leptoptilos crumeniferus) and the Saddle-billed Stork (Ephippiorhynchus senegalensis). The 

former creates a track that is substantially larger (22 cm) than the inferred length of the DB2002 

track (Van den Heever et al., 2017), and is not distributed west of Gqeberha. The latter creates a 

track that is 16.5 cm long (Van den Heever et al., 2017), but its distribution range ends far to the 

north and east of the DB2002 location. Extant stork species in the southern Cape include the White 

Stork (Ciconia ciconia) and Black Stork (Ciconia nigra). For the former, track length of 14 cm and 

width of 13 cm are reported, and for the latter, track length of 15 cm and width of 12.5 cm (Van den 

Heever et al., 2017). Furthermore, these authors note that the hallux impression of the Black Stork is 

short, and angled more posteriorly (i.e., less postero-medially), which is inconsistent with the 

findings at DB2002. Again, a larger chrono-subspecies or extinction can be postulated. 

 

The bivalve fragments found close to the DB2002 track deserve closer analysis. Roberts et al. (2012 – 

p. 232) noted that the MIS 11 sediments “contained numerous intact and fragmentary specimens of 

the thick-shelled bivalve Tivella natalensis, an extralimital form which currently inhabits the warmer 
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waters of the southern African east coast” and that this species was absent in the MIS 5 sediments. 

This could independently confirm the age of the deposits in which the DB2002 track occurs. 

 

 

4.5 Non-hominin mammal tracks and traces 

 

A suite of mammal tracks is presented here, using the taxonomic order of extant and recently extinct 

mammals of Vaughan et al. (2015 – Chapter 4). There follows a section on vertebrate coprolites. This 

builds upon the summary provided by Helm et al. (2020d), as many subsequent discoveries have 

been made and interpretations have been updated.  

 

 

4.5.1 Order Afrosoricida 

  

Family Chrysochloridae 

 

Subsurface, branching burrow traces consistent with those made by extant golden moles in the 

southern Cape region (e.g., Amblysomus sp.) were noted from at least six localities. These are 

described first, followed by a description of traces which appear to have been made by sand-

swimmers, resembling the tracks made by representatives of the genus Eremitalpa, which currently 

is known from the southern African west coast only. All these golden mole traces were described in 

detail by Lockley et al. (2021a). 

 

 

Burrow sites 

 

GE2101 

Burrow traces with average diameter of ~7 cm occur in profusion at ‘Burrow Bay’. Smaller and larger 

burrows may have been made by gerbils and bathyergids respectively. Photos GE2101C-H. 

 

BO2103 

Partially infilled burrow traces, 9–10 cm in diameter, occur on the same surface as burrow traces 

with smaller diameters. Photos BO2103A-B. 
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RI1904 

Burrow traces as much as 75 cm in length and 6 cm in diameter, without infill, are identified on a 

loose block. Photos RI1904A-D. 

 

LL1902 

A site identified on a loose block exhibits filled, branching burrow traces as much as 80 cm in length 

and 7 cm in diameter. Photos LE1902A-B. 

 

LE1606 

The site was described by Helm et al. (2019b): a massive fallen block contains multiple bedding 

planes on which elephant, artiodactyl, and avian trackways are noted, in addition to small 

invertebrate traces, and probable golden mole burrow traces without infill with an estimated width 

of up to 10 cm. Photos LE1606C, E. 

 

DR1920 

This site exhibits a long, sinuous burrow trace (length not measurable, diameter 7 cm), without infill, 

on the underside of a large fallen block and in profile. Photos DR1920A-B. 

 

RO1802 

Burrow traces are evident in situ in convex epirelief beside a hiking trail boardwalk on The Island at 

Robberg, and were reported in Helm et al. (2019c). The burrow traces are as much as 300 cm in 

length, and 7 cm in diameter, within sediments dated to 35–42 ka (Carr et al., 2019). Photo 

RO1802A. 

 

RO1707 

This site contains burrow traces up to 140 cm in length, 7 cm in diameter (Figure 13). The burrows 

are detected as epifaunal (surface) features and infaunal (cross sectional) features, one of which 

ends in a chamber 10 cm in diameter, in sediments dated to 56–67 ka (Carr et al., 2019). Photos 

RO1701A-B. 
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Figure 13. Golden mole burrow traces at RO1707; scale bars = 10 cm. 

 

 

Interpretation and discussion  

 

Stuart and Stuart (2019) reviewed extant southern African mammalian burrow makers, which, in 

addition to golden moles include mole rats, mongoose species, suricates, ground squirrels, gerbils, 

warthogs, aardvark and porcupines. Of these, only the golden moles produce sub-surface tunnels 

with dimensions that resemble the traces at the above-mentioned sites. Golden moles are endemic 

to sub-Saharan Africa (Stuart and Stuart, 2019). Bronner and Jenkins (2005) identified and listed 21 

species, of which 18 occur in southern Africa. Many species have extremely restricted distribution 

ranges, such that some are known from only a single locality or single specimen (Stuart and Stuart, 

2019), and 10 of the 21 species are classified as threatened. Thus, as a family, golden moles display 

high rates of endemism. The relatively widespread ‘species’ Amblysomus hottentotus may in fact 

represent a species complex, containing distinct cryptic species that may be vulnerable (Mynhardt et 

al., 2015). While they represent an important part of the Cape south coast Pleistocene ichnofaunal 

assemblage, their presence is not unexpected, and they do not contribute to a novel 

palaeoenvironmental interpretation. The eight sites ascribed to golden moles on the Cape south 

coast represent the only known Pleistocene examples of their kind, and the only fossil golden mole 

burrows to have been described, other than the ‘sand-swimming’ sites described below.  

 

 



141 
 

‘Sand-swimming’ sites  

 

Six ‘sand-swimming’ sites have been recorded in the study area, and one to the east of it. One site 

(KK1904) is equivocal. The five western sites occur in a ‘cluster’ within 17 km of each other east of 

Still Bay. 

 

GE2207 

A 40 cm-long hyporelief trackway/trail is preserved on the underside of an in situ low ceiling. Access 

for photos is challenging due to the tight confines. Width of 9.5 cm is measured. Photos GE2207A,B. 

 

RI1901 

East of Still Bay, a large (4 m x 4 m x 4 m), split block, that has dislodged from the cliffs above, rests 

on the beach, with its bedding planes vertically orientated in a shore-parallel direction (Figure A4A). 

Tetrapod tracks at various stratigraphic levels are evident in cross section on the western and 

eastern sides of the rock, allowing the seaward (southern) surface to be identified as the epirelief 

surface on which the tracks were originally registered, and the landward surface as the hyporelief 

infill surface. The distance between the surfaces varies from 2 cm at the bottom to ~50 cm at the 

top. The confined space prevents large tracks with substantial displacement rims from being 

visualized well.  

 

At the western ends of these two surfaces an accessible trackway/trail is evident (Figure 14). It 

extends for at least 130 cm in a curved fashion; width is 8-10 cm. At the lower end a wider portion 

(maximum 18 cm in diameter) extends over a distance of 17 cm. Preserved detail on the northern 

surface (concave hyporelief) is superior to that on the southern surface (convex epirelief). This site 

forms the holotype for Natatorichnus subarenosa ichnogen. et ichnosp. nov. (Lockley et al., 2021a). 

Photos RI1901A-D.  

 

A sample for OSL dating was obtained from 2.2 m upsection from the layer containing the tracks / 

trail. A standard age of 126 ± 9 ka was obtained (Leic21005). 
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Figure 14. RO1901: (A) Natatorichnus subarenosa trail - scale bars = 10 cm; (B) 3D photogrammetry image of 

N. subarenosa trail – horizontal and vertical scales are in metres. 

 

LL1905 

A 37 cm- long hyporelief trackway/trail is preserved on the underside of an in situ low ceiling. Width 

varies from 8–12 cm, with localized infilling of a prominent median sulcus (furrow). Two nearby 

loose slabs are inferred to have originated from the same horizon; both exhibit large equid tracks 

attributed to the giant Cape horse (Equus capensis). OSL dating from that horizon (Leic20033) 

yielded a standard age result of 161 ± 12 ka. LL1905 forms the paratype for Natatorichnus sulcatus 

ichnogen. et ichnosp. nov. (Lockley et al., 2021a). Photos LL18905A-B. 

 

LE1907 

Hyporelief trails /burrows are evident on the underside of a protruding in situ rock ledge ~10 m 

above the cliff base. With binoculars, evidence of a median feature is noted, probably the infill of a 

deep median sulcus in the original trackway. Estimated length is 100 cm, and estimated width is 10 

cm. Roberts et al. (2008) reported dates in the range of 140 ka ± 8.3 ka – 91 ka ± 4.6 ka for 

sediments dated ~100 m to the east. Photos LE1907A-B. 

 

KK1904 

More than 100 km east of the above-mentioned sites, a loose slab lies exposed on a dune surface 

above the high-tide mark. It measures 60 x 60 cm, and is ~20 cm thick. The longest segment of 
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trackway measures 25 cm in length, with a diameter of 9 cm. As the stratigraphic orientation of the 

ex situ surface can not be confidently determined, a conclusion as to a hatchling loggerhead turtle 

trackmaker or a sand-swimming golden mole can not be reached. Photos KK1904A-C. 

 

Woody Cape 

The final site mentioned here is from the Woody Cape region of the Addo Elephant National Park, 

more than 400 km to the east of the other sites. It forms the holotype for Natatorichnus sulcatus 

ichnogen. et ichnosp. nov. (Lockley et al., 2021a). A cluster of epirelief trails with distinctive 

morphology is observed on three adjacent aeolianite slabs in the Nahoon Formation, respectively 2.0 

m and 3.6 m apart. The trails are preserved in convex epirelief, except for the median sulcus, which 

is in concave epirelief (Figure 15). These trails exhibit localized widenings or terminations beside 

rounded cavities. The longest trail is more than 100 cm in length with width between 5 cm and 7 cm.  

 

 

Figure 15. 3D photogrammetry image of Natatorichnus sulcatus trail at Woody Cape – horizontal and 

vertical scales are in metres. 

 

 

Interpretation and discussion  

 

The morphology of sand-swimming traces, which are unique to southern Africa in the global 

ichnological record, depends on depth below the surface and substrate composition and 

consistency. They are a unique, intermediate form between a surface trackway and a deeper 

burrow. The recognizable manner in which the resulting morphologies vary led to the erection of 

Natatorichnus ichnogen. nov., with the new ichnospecies N. subarenosa ichnosp. nov. for near-
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surface trail morphologies that exhibit a raised roof, and N. sulcatus ichnosp. nov. for near-surface 

trails that show collapse of the roof as they are being made. Differences between N. subarenosa and 

N. sulcatus are attributed to the stability of the roof under which the trail-maker passed just below 

the surface. Essentially the roof of the former did not collapse whereas in the latter case it did. 

Differences in the cohesion of the surface layers of the sand, and variations in the depth of the sub-

surface activity, may play a role in determining whether or not the roof collapses. As the burrowing 

depth is one factor in determining burrow morphologies, the traces reflect behaviour as well as 

substrate properties. This highlights the underlying principle that trace fossils are combinations of 

organism-substrate interactions. 

 

Videos of extant Eremitalpa golden moles making sand-swimming traces illustrate that in soft, non-

cohesive sand, roof collapse may occur continuously, as soon as the posterior portion of the mole’s 

body no longer holds up the thin sand roof which it created by passing just below the sand surface 

(https://www.youtube.com/watch?v=8dP2LIUGekg). In the trace fossil records, this forms the 

Natatorichnus sulcatus morphotype, whereas the roof does not collapse with the N. subarenosa 

morphotype (Lockley et al., 2021a). These N. sulcatus sand-swimming traces are therefore 

considered to exhibit primary ichnological features, and not secondary, post-registration features.  

 

Formal ichnotaxonomy for Natatorichnus ichnogen. nov. is quoted here from Lockley et al. (2021a – 

p. 186), modified to be consistent with site number used herein: 

  

“Holotype: Specimen shown from RI1901. 

Type locality: RI1901, east of Still Bay.  

Type horizon: the Pleistocene Waenhuiskrans Formation.  

Derivation of name: natator, from the Latin meaning ‘swimmer’ and ichnos meaning ‘trace’. 

Diagnosis: Flattened, sand filled, sub-horizontal, linear to meandering, transmitted trail or 

shallow burrow trace, up to ~10 cm wide, with local width irregularities. Traces are generally 

upwardly and anteriorly convex into a low roof or ridge, or with ridge or roof mid-line 

collapsed into a central furrow or sulcus. They are transversely divided into short ‘spreite’ 

expressed as low amplitude, en echelon, anteriorly convex bulges, which tend to be arranged 

sequentially in alternating left-right patterns.” 

 

Formal ichnotaxonomy for Natatorichnus subarenosa ichnosp. nov. is quoted here from Lockley et 

al. (2021a – p. 186): 

https://www.youtube.com/watch?v=8dP2LIUGekg
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“Type locality and horizon: as for ichnogenus. 

Derivation of ichnospecies name: from the Latin sub meaning ‘under’ and arenosa meaning 

‘sand’ 

Description: Sand filled, sub-horizontal, sub-linear flattened, convex up transmitted trail 

trace, ~10 cm wide. Trace upwardly and anteriorly divided into short en echelon anteriorly-

convex transverse spreite, numbering ~50 per meter. Anteriorly-convex spreite show 

consistently alternating left and right traces.”  

 

Formal ichnotaxonomy for Natatorichnus sulcatus ichnosp. nov.is quoted here from Lockley et al. 

(2021a – p. 186), modified to be consistent with site number used herein: 

 

“Holotype: ‘Woody Cape’ 

Paratype: LL1905. 

Type locality: Woody Cape, Addo Elephant National Park. 

Type horizon: the Pleistocene Nahoon Formation.  

Derivation of ichnospecies name: sulcatus from the Latin meaning ‘furrow’  

Differential diagnosis: N. sulcatus differs from N. subarenosa in showing a prominent central 

furrow or sulcus that represents collapse of the trail roof as the trailmaker progressed just 

below the surface of the sand. The N. sulcatus holotype is narrower than that of N. 

subarenosa, whereas the N. sulcatus paratype is of similar width as the N. subarenosa 

holotype.  

Description: Sand filled, sub-horizontal, sub-linear flattened, convex up transmitted trail 

trace, ~5.0-7.0 cm wide. Trace upwardly and anteriorly divided into short en echelon 

anteriorly convex transverse spreite, numbering ~70 per meter. Central furrow feature is 

present, as noted above. The degree of collapse of the trail roof, and hence the width of the 

collapsed section, may vary.” 

 

There is a single previously-illustrated example of a similar ‘trackway’ from an Early- to Middle 

Tertiary site in Namibia. It was noted that “back-filled, burrow-like traces cutting cross eolian 

stratification in the Tsondab Sandstone Formation resemble trackways left by the golden mole, 

Eremitalpa sp., that today is endemic to the Namib Desert” (Ward, 1988 – p. 155). This has features 

of the N. subarenosa holotype, although it is of lesser width. However, the N. sulcatus trails from 

Woody Cape are of similar width (~5–6 cm) to the specimen described by Ward (1988). 



146 
 

 

Avery (2019) provided a comprehensive list of land mammal fossils from southern Africa, from the 

Eocene to the Holocene. Representatives of the Chrysochloridae are documented from all the 

epochs of this time interval. Matthews et al. (2020), in reporting on micromammal remains from 

archaeological and palaeontological sites on the Cape south coast, spanning a time interval from MIS 

9 to MIS 1, noted only indeterminate Chrysochloridae specimens, which had not been identified to 

the genus or species level. No body fossils of Eremitalpa are known from the Cape south coast, and 

the first record of this monospecific genus is of the type specimen of the extant species E. granti 

from Garies in South Africa’s Northern Cape Province (Broom, 1907). However, Asher and Avery 

(2010), in describing early Pliocene golden mole fossils from Langebaanweg, near the west coast of 

South Africa, reported two new species. One, which they named Chrysochloris arenosa, exhibited 

morphology in the distal humerus which resembled that seen in Eremitalpa. Asher and Avery (2010) 

suggested that this might represent adaptation to locomotion in non-cohesive sand similar to that 

of the ‘sand-swimming’ E. granti. 

 

Eremitalpa, the ‘desert-dwelling mole’ or ‘Namib mole’ (Perrin and Fielden, 1999) is a monospecific 

genus, with two subspecies: E. granti granti inhabits the west coast of South Africa, from near St. 

Helena Bay in the south to north of Port Nolloth in the north, while E. g. namibensis is restricted to 

the Namib Desert in Namibia, south of the Kuiseb River (Perrin and Fielden, 1999). Both sub-species 

are restricted to sandy dune habitats. Multiple adaptations to an existence in sand and locomotion 

through sand have been described (Perrin and Fielden, 1999). Although blind, E. granti has 

developed a search pattern that is effective in encountering patches of high insect prey availablility. 

It is the smallest of the golden moles, and has short, medially-located limbs with long, broad, 

ventrally-hollowed foreclaws for burrowing in loose sand (Smithers, 1983). The enormous 

epitympanic recess and large malleus are particularly sensitive to vibrations and are used in locating 

prey (Fielden, 1989).  

 

The Namib mole is a surface forager, and hunts insect prey at night. Unlike other golden moles, 

Eremitalpa does not inhabit or create a system of burrows (Fielden et al., 1992). Fielden (1989) and 

Perrin and Fielden (1999) described its distinctive sand-swimming form of locomotion as shallow 

sub-surface movement: i.e. at a shallower level than any of the sub-surface tunnels and burrows of 

other golden mole species). Locomotion involves “lateral rather than dorso-ventricular articulation 

with the forelimbs providing most propulsion” (Perrin and Fielden, 1999 – p. 3). This form of 

locomotion alternates with surface quadrupedal locomotion (Fielden et al., 1992).  
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E. granti sand-swimming traces may extend for as much as 50 m (Fielden, 1989). Surface trackways 

may be interrupted by ‘dips’ creating areas of widening, sometimes associated with directional 

changes. ‘Dips’ typically represent the act of stopping to listen for prey, especially termites (Fielden, 

1989). During sand-swimming activity, the animal’s locomotion creates raised areas (convex 

epirelief) with well-preserved, anteriorly-convex margins. Depending on substrate consistency, the 

midline portion of the trail may collapse behind the trackmaker, leaving a linear sulcus (concave 

epirelief), consistent with the N. sulcatus ichnospecies. Alternatively, where not collapsed, and 

preserved in convex epirelief, the N. subarenosa morphotype is preserved. If the sand substrate is 

not cohesive, the entire trail may collapse and be preserved in concave epirelief. In neoichnology 

studies on the Cape south coast, it has been noted that ‘non-Eremitalpa’ golden mole (probably 

Amblysomus) trail transitions occur between surface travel and sub-surface burrowing. In such cases 

a short segment (less than 20 cm) may resemble sand-swimming traces.  

 

The trails at RI1901 and LL1905 exhibit a diameter range from 8–12 cm, wider than expected from a 

sand-swimming trackmaker like E. granti. A larger Eremitalpa species may have inhabited the 

Pleistocene dune fields of what is now the Cape south coast. However, the trails at the Woody Cape 

site have a diameter of 5–7 cm, similar to the E. granti trails and the fossil trail from Namibia 

described by Ward (1988). Convergent adaptation to similar dune conditions is possible, and sand-

swimming locomotion by other fossorial species cannot be fully excluded. However, with the 

exception of the brief transition phases described above, there is no current evidence for this form 

of locomotion in any genus other than Eremitalpa.  

 

Sand-swimming traces could be confused with hatchling turtle tracks when the ‘way-up’ of a loose 

slab or block cannot be determined. KK1904 represents such an ambiguous case. For example, the 

paddle impressions made in concave epirelief by hatchling turtles resemble the sequence of 

crescentic bulge traces of sand-swimmers if they are preserved in convex hyporelief. Furthermore, in 

hatchling turtle trackways, the plastron may be elevated off the sand surface, leaving no median 

trace, or it may make contact with the surface. In the former case, the median area is more raised 

relative to the tracks formed by the paddle impressions. 

 

The presence of sand-swimming traces on the Cape south coast suggests a species that was obliged 

to use dune surfaces. The only extant trackmakers capable of registering such traces are E. g. granti 

and E. g. namibensis. Both subspecies inhabit areas characterised by extensive dune fields, which 
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may either reflect widespread arid conditions or may be the result of persistent strong winds (Tinley, 

1985; Chase and Thomas, 2007). The presence of tracks of the extinct giant Cape horse on one of the 

surfaces containing sand-swimming tracks is of potential significance, as this species has been 

associated with more arid environments (Klein 1980; Churcher 2006). 

 

Why, then, are sand-swimming trails not currently found on the Cape south coast? A possible 

analogy lies with evidence on the Cape south coast of crocodylians (Helm et al., 2020b) and sea 

turtles (Lockley et al., 2019). In both cases warmer temperatures have been inferred, and cooler 

temperatures during the glacial phases of the Pleistocene would have made the Cape coast 

uninhabitable by these species. The fact that Eremitalpa is a poor thermo-regulator, controlling body 

temperature through behaviour physiologically, by being largely nocturnal and by finding an optimal 

temperature in the thermal gradient in sand (Fielden, 1989), suggests similar environmental control. 

The long periods of cooling associated with glacial phases may have had adverse consequences for 

poor thermo-regulators. Termites, the dominant food source for Eremitalpa (Fielden, 1989), are 

globally successful in many arid zones, and an absence of a stable food source is a less likely 

explanation for the disappearance of sand-swimming species from the region. 

 

The ichnological evidence therefore suggests the activities of at least one extinct species, with traces 

that are in some cases larger than those of extant sand-swimming species. The erection of a new 

ichnogenus containing two ichnospecies, based strictly on diagnostic trail morphologies, and the 

convergence of the fossil traces with the morphology of the traces registered by the two extant 

Eremitalpa subspecies, allow for a highly unusual and specific track / trackmaker match. The OSL age 

estimates suggest a presence from MIS 6 into MIS 5. 

 

 

4.5.2 Order Tubulidentata 

 

Family Orycteropodidae 

 

Burrow sites 

 

Three sites have been recorded, each showing evidence suggestive of large burrows which are 

consistent with those of the Aardvark (Orycteropus afer). Stuart and Stuart (2019) describe aardvark 

burrows as being ~50 cm in mid-section diameter (sometimes as much as a metre at the surface), 
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and note that other mammals such as warthog (Phacochoerus africanus) and porcupine (Hystrix 

cristata) may modify them. One site exhibits hollow burrows, while at the other two sites the 

burrows are infilled, one in a palaeosol and one in an aeolianite.  

 

DR1902 

A laterally persistent palaeosol layer, ~1 m in thickness, shows evidence of three large infilled 

burrow features of approximately equal dimensions, seen in cross section; the largest measures 55 x 

57 cm. Photo RD1902A. 

 

DR1903 

East of DR1902, and probably in the same laterally persistent palaeosol layer, three adjacent 

features appear in section, and appear to be large unfilled burrows. Although the inferior margins of 

these features are absent (photo 1903A), dimensions of at least 25 cm x 25 cm can be measured, 

and depth of as much as 50 cm can be discerned. No claw marks are evident on the walls of these 

features. 

 

GC1401 

A large burrow feature is evident in cross section. This was examined in 2014 in the company of Dr. 

Dave Roberts, who identified it as a probable aardvark burrow in an aeolianite. Dimensions are 

approximately 50 cm x 50 cm. Photo GC1401A. 

 

 

4.5.3 Order Proboscidea 

 

Family Elephantidae 

 

Sites  

 

The 55 confirmed or possible proboscidean ichnosites are presented in Table 7 from west to east, 

followed by a description of the features and implications of the more informative sites. The 

profusion of sites formed a basis for the Helm et al. (2021c) publication on elephant tracks and 

traces.  
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Table 7: Elephant ichnosites on the Cape south coast, from west to east. Measurements are in cm; L = 

length; W = width; PL = pace length. Reproduced from Helm et al., (2021c). 

Site In 

situ? 

Relief Track

ways 

Tracks Dimensions Comments Photo #s 

AR1701 Y hypo  1 25L, 18W southernmost track AR1701A 

W51806 N epi  6 30L  W51806A-C 

W51808 Y epi  1 45L seismic evidence? W51808A-B 

W41804 Y epi 1 5   W41804A-B 

W41805 Y epi  12  trampled surface? W41805A 

GE2201 Y profile  1 38W, 32D on a slope GE2201A 

BO2201 N epi  5 20L, 20W tracks, trunk-drag , possible coprolite BO2201A-C 

BO1903 N epi    crusted truncation surface, tracks of 

tortoise, long-horned buffalo 

BO1903D-E 

RI1901 N epi, 

hypo 

   huge split block, unsure if elephant or 

hippo/rhino 

 

LL1913   1 4 45L, 8D, PL 73 large rims, ‘bisected’ tracks LL1913A-E 

LL1917 N epi 1 5 30L large surface LL1917A-B 

LL0905    5  elephant and bovid tracks  

LL1601 N epi, 

hypo, 

profile 

  34L, 31W Megafauna Rock: 20 elephant tracks, 

& long-horned buffalo, rhino?, giant 

Cape horse? 

LL1601A, D, E-G 

LE1601 N epi  4   LE1601A 

LE1603    2    

LE1908 N hypo, 

profile 

 6 25L, 25D  LE1908A-B 

LE0902 N epi    huge track and rim, slumped into 

ocean 

lost 

LE0701 N epi 3 12 28L, 25W Roberts Rock, also bovid tracks, split 

by 2009, gone by 2016 

LE0701A-C, G-H 

DR0702 Y profile  many >20 laterally persistent layer DR0702A-C 

DR1908 N epi  8 30L tracks and coprolites DR1908A-D 

DR1911 N epi   25L, 18W elephant and bovid, difficult access to 

‘Dixon site’ 

DR1911A-B 

DR1916 N epi   38L, 30W other tracks, multiple slabs DR1916A-B 

DR1921 N epi  2 32L, 25W large rim DR1921A 

DR0704 N hypo    first track discovery, large flipped 

block 

DR0704C 

DB1903 Y epi 1 5 34L, 26W trackway and pothole, found by Aleck 

Birch, MIS 11 

DB1903A 

DB1501 Y epi 2? 5 30L, 21W often covered by algae or sand DB1501A-B 

HA1901 Y epi 1 2  ‘failed pes-manus set’ HA1901A 

HA1902 Y epi  many  good potholes, seismic? HA1902A 

HA1904 Y epi, 

profile 

1 3  low cliff HA1904A-B 

HA1905 N hypo    natural cast of pes-manus set HA1905 

HA1906 Y epi  many  best potholes, small coprolites HA1906A-D 

WE1802 Y epi  1 26L, 26W large rim, beside deep equid/bovid 

tracks 

WE1802A 

WE1807 Y epi  7 34L, 28W  WE1807A 

KK1903 N epi   34L, 25W large displacement rim KK1903A 

KK2001 Y epi    potholes KK2001A 

GP1303 Y profile  2  covered by landslide GP1303A 

SE1901 Y profile  3   SE1901A 

GC1801 Y epi  2 23L beside hominin tracks and 

ammoglyphs 

GC1801F 

GC1903 Y epi, 

profile 

  30L possible evidence of seismic 

communication 

GC1903A-B 

GC1904 Y epi  2  large elephant tracks beside possible 

hominin tracks and ammoglyphs  

GC1904A 
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GC1601 Y hypo, 

profile 

 12 35L intricate shapes, found by Nikki Smit GC1601A-C 

GC1810 Y epi 4 >14  beside bovid tracks at western end of 

track-rich area 

GC1810A-C 

GC1302 Y epi, 

profile 

2 many 28L, 26W, 

30D 

in multiple layers over 10m section, 

and 1 loose block surface, 

eleturbation 

GC1302A-B 

GC1912 Y profile  5   ‘work of art’ GC1912A-B 

GC1501 Y epi 1 13 44L, 32W;  

trunk 260L, 

20W 

trunk-drag site GC1501A-D 

GC1503 N epi 2 4 23L, 20W below long-horned buffalo trackway GC1503A-D 

GC1305 Y profile    in cross section up to 26 m GC1305A-D 

GR1302 N epi  5 30L friable, no longer easily seen, two 

smaller tracks with 'double bulge' 

GC1302A-C 

BS1505 Y epi, 

hypo, 

profile 

 many  with avian, equid, bovid tracks, near 

hominin tracks, many layers 

 

BS1605 Y epi 7 50 30L with bovid tracks; 2 surfaces 30 cm 

apart in section 

BS1605A-C 

RO2201 N epi 1 4 27-38L, 22-

30W 

‘Elbie’s site’ RO2201A-D 

RO1901 Y epi    with small bovid, avian RO1901C 

RO1902 N epi, 

profile 

2 >6 32L, 25W massive overturned block RO1902A-C 

RO1903 Y epi 1 3 35L underwater tracks RO1903A 

RO1801 N epi, 

hypo 

2 12 largest 70 cm huge transmitted tracks on large 

block 

RO1801A-B 

 

AR1701 

A natural cast on the ceiling of an overhang near Arniston is the southernmost track thus far 

identified. Being a single feature, its provenance is not certain, but it exhibits a size and relative 

dimensions consistent with a juvenile elephant track. 

 

W51808, HA1902, GC1903 

These three sites exhibit possible trace fossil evidence of seismic communication between 

elephants. This takes the form of linear, parallel or sub-parallel groove features (as many as 25, 

typically ~1 cm apart from each other) in close association with elephant tracks. W51808 is a special 

case and possibly a ‘smoking gun’, as the parallel grooves appear on a layer immediately below the 

surface containing a probable elephant track characterized by concentric rings or ovals (photos 

W51808A-B). This may be a transmitted track, as the concentric rings would not be expected to be 

visible on the surface on which the track was made, but might plausibly be a sub-surface 

phenomenon. An alternative explanation is that the rings represent ‘scratch circles’ created sub-

aerially by a flimsy frond blowing in the wind, as described by Jensen et al. (2018) and as noted on 

modern dune surfaces, but this would not explain the parallel grooves on the lower surface. A 

similar phenomenon of oval features within an elephant track is noted at Woody Cape in Algoa Bay, 



152 
 

400 m to the east of the study area. The reality of subsurface seismic communication between 

elephants has been demonstrated (O’Connell-Rodwell et al., 2001; O’Connell-Rodwell, 2007), but 

the possibility of this activity leaving a trace fossil record is novel and, at present, speculative. This is 

a suitable topic for further investigation in collaboration with seismologists. 

 

BO1903, LL1601, LE0701, DR1911, WE1802, GC1810, BS1505, BS1605, RO1901 

These sites provide examples of spatial trackmaker associations between elephants and other 

vertebrates, although the amount of time that elapsed between the registration of the different 

tracks cannot be determined. LL1601 (Megafauna Rock) exhibits a long-horned buffalo (Syncerus 

antiquus) track within an elephant track (Helm et al., 2019b). Medium-sized bovid tracks are present 

in large numbers at LE0701 (Roberts et al., 2008; Helm et al., 2019b). 

 

GC1801, GC1904, BS1505 

These three sites demonstrate elephant tracks in close association with confirmed or possible 

hominin tracks. A similar association was postulated by Palombo et al. (2018) from the Middle 

Plistocene Roccamonfina site in Italy. 

 

LL1601, GC1601, GC1912 

These three sites have been unofficially labelled ‘works of art’. Here elephant tracks have been 

eroded into remarkable, intricate shapes (e.g., Helm et al., 2018b). 

 

LE0701 

‘Roberts Rock’, apart from being an impressive site, provided the first documentation of Cape south 

coast tracks, and the first report of fossil elephant tracks from southern Africa (Roberts et al., 2008). 

OSL dating yielded a result of 140 ± 8.3 ka for the oldest dated layer (below the main elephant track 

horizon), and 91 ± 4.6 ka for the youngest dated layer. The surface had dimensions of 5 m x 3.5 m, 

with three purported juvenile elephant trackways on a well-preserved, ripple-marked palaeosurface. 

As illustrated in Figure 16, over time the block split in two, exposing numerous further bovid tracks, 

before slumping into the sea (Helm et al., 2019b). 
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Figure 16. ‘Roberts Rock’: (A) in 2007; (B) in 2009. 

 

DR0702, HA1902, GC1302, GC1306 

These sites present the best evidence for use of large areas, or use of areas over substantial periods 

of time. DR0702 was idenfified by Roberts et al. (2008) as a laterally persistent layer containing 

numerous elephant tracks. At HA1906 elephant tracks have developed into potholes on a substantial 

palaeobeach horizon. OSL dating from this site (Leic20029) yielded a standard result of 108 ± 7 ka. At 

GC1302 elephant tracks are evident in numerous layers in 10 m of vertical section, and intersect with 

layers containing evidence of a small-carnivoran latrine (Helm et al., in press b). At GC1306 elephant 

tracks are evident in numerous layers in 26 m of vertical section. OSL dating at this site (Leic20025) 

yielded a standard result of 78 ± 5 ka. These phenomena may plausibly represent natural corridors 

of travel or proximity to water sources. However, the time interval that such sections represent 

cannot accurately be determined (Helm et al., 2018b).  

 

DR1908 

Raised dark features lightly attached to the rock surface, in and adjacent to elephant tracks, are 

interpreted as probable elephant coprolites (Helm et al., in press b). The notion of open-air 

coprolites being preserved on aeolianite surfaces is novel, and re-examination of other elephant 

ichnosites might conceivably yield further possible coprolites. A sample from the edge of the track-

bearing slab was obtained for OSL dating (Leic20030), and yielded a standard result of 139 ± 10 ka. 

BO2201 also contains at least one possible elephant coprolite. 

 

DB1903, HA1901, HA1902, HA1905, HA1906, KK2001 

The sites (Figure 17) demonstrate the potential of elephant tracks to be precursors of potholes 

(Helm et al., 2021a). The suite of Hartenbos sites and KK2001 represent palaeobeaches. DB1903 is 
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unique in that it exhibits an elephant trackway in which only one track has developed into a large 

pothole, and also contains the only elephant tracks that are from MIS 11. 

 

 

Figure 17. Potholes as much as 50 cm in diameter occur in linear patterns at HA1906. 

 

HA1906 also contains more than 30 raised features up to 5 cm in length, within an area of a square 

metre; some are eroded and hollowed appearance, whereas others appear flattened. The nearest 

potholes are situated a couple of metres from the raised features, which are interpreted as probable 

coprolites (Helm et al., in press b). They do not resemble elephant dung, unless they represent 

extensively eroded vestigial forms. A sample for OSL dating (Leic 20029) was obtained from the edge 

of the surface, within a few metres of the raised features and potholes; a standard result of 108 ± 7 

ka was obtained. Photos HA1906C, D. 

 

GP1303 

This site provides a ‘teaching case’ demonstration of the effect of a large trackmaker on underlying 

sediment layers in a predictable fashion, viewed in profile: each successive lower layer is deformed 

to a slightly lesser degree, but the horizontal dimensions of each of these layers of transmitted 

tracks are slightly greater than in the layer immediately above it. Unfortunately, it has been buried in 

a landslide, but may become re-exposed through tidal action. Photo GP1303A. 

 

BO2201, GC1501 

These two sites are interpreted as trunk-drag sites in association with elephant tracks. At BO2201 

circular or elliptical patterns are consistent with infilled juvenile elephant tracks on a large, dark-grey 
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loose slab. A linear feature on the lower part of the surface is 88 cm long and varies in width from 

11-15 cm. It comprises two parallel, deeper longitudinal grooves which form the outer margins, and 

at least three parallel striations between and parallel to the deeper grooves. The feature displays 

slight convexity towards the upper part of the surface. A raised feature, 10 cm long and 8 cm wide, is 

present within the linear feature, and is interpreted as a possible coprolite. Comparison with GC1501 

(described below) suggests that tracks associated with a trunk-drag may be as much as 25 cm away 

from the closest part of the trunk-drag impression. The bottom of the BO2201 rock surface is 25 cm 

from the bottom of the linear feature. The parallel striations indicate that something was dragged 

along this surface when it consisted of unconsolidated sand. There is no evidence of a subaqueous 

environment, and the presence of fine striation detail makes wind unlikely as a causative agent. 

Given that elephant tracks occur on the same surface, the most parsimonious explanation for the 

noted features is a trunk-drag impression. Photos BO2201A-C. 

 

At GC1501 a trackway of 13 elephant tracks is bounded by two curvilinear features (Figure 18), 

which are interpreted as trunk-drag impressions, the first of their kind to be described (Helm et al., 

2021c). The site is usually covered by sand, having only been briefly exposed on two occasions, in 

2015 and 2019. During such periods it is subjected to intense wave action during high tides and 

storm surges, and can only be examined at low tide. 

 

 

Figure 18. Arrows indicate elephant trunk-drag impressions beside elephant tracks at GC1501; scale bar = 10 

cm. 
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The five-metre trackway at GC1501 traverses a palaeodune slope, with a dip measurement of less 

than 30o. The best preserved track exhibits a substantial downslope displacement rim. The striking 

feature of the trackway is the set of two wide grooves, located within it or close beside it (one on 

either side of it), and approximately parallel to it. The proximal groove, which is evident downslope 

(east) of the trackway, exhibits better preservation, as it occurs in a less-eroded portion of the 

surface. Length = 270 cm; maximum width = 20 cm. Its lateral margin displays a slight outward 

convexity. A slight displacement rim is present at its medial and lateral margins, indicating the initial 

presence of a compressive force rather than an erosive force. The more prominent lateral 

displacement rim is consistent with its downslope position. Some of the tracks appear to have 

slightly distorted the groove feature, and therefore to have been registered on top of it. This is 

consistent with registration of the trunk impression preceding the subsequent footfalls of the manus 

and pes (Helm et al., 2021c). Photos GC1501A-E. Photogrammetry GC1501PG. 

 

The distal groove feature at GC1501 (upslope of the trackway) is present in a more eroded portion of 

the surface. It is 110 cm in length, with a maximum measured width of 15 cm. It displays more of an 

outward convexity than the proximal groove. 

 

A sample for OSL dating from the vicinity of GC1501 (Leic21013) yielded an age estimate of 76 ± 5 

ka. 

 

RO1902 

This site demonstrates how large tracks can easily identify the ‘right-way-up’ of a fallen block. An 

enormous block lies at the foot of cliffs. From a distance elephant tracks can be seen in profile, with 

deformation of sediments, but it is clear that these are all ‘inverted’, and therefore that the block is 

lying ‘upside-down’. This impression is confirmed by examining the block from below and finding 

elephant tracks in convex epirelief. 

 

RO1903 

The only subaqueous tracks thus far identified occur in a rock pool at Robberg. A photograph of 

these being measured was included in Helm et al. (2021c), and garnered an unexpected amount of 

attention among readers. 
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RO1801 

A bedding plane surface exhibiting huge oval depressions, is interpreted as a possible transmitted-

track surface (Figure 19). Track lengths of 70 cm, 65 cm and 62 cm are documented (Helm et al., 

2019c). Even with the understanding that these were transmitted tracks, and therefore probably 

somewhat larger than the original tracks, these are among the largest post-Mesozoic tracks ever 

described and hence among the largest Quaternary tracks ever recorded. Confirmation that these 

are elephant transmitted tracks was obtained through crawling into a tight recess and finding typical 

elephant track infill layers. Stewart et al. (2020) reported large Pleistocene proboscidean tracks from 

the Arabian Peninsula, with a reported diameter of as much as 63 cm, and Neto de Carvalho (2020) 

reported proboscidean tracks as much as 70 cm in length from the Iberian Peninsula. Aeolianites at 

Robberg have ben shown to date to MIS 3 (Carr et al., 2019). 

 

 

Figure 19. Large elephant tracks at RO1801; scale bars = 30 cm. 

 

Interpretation and discussion  

  

Despite being readily identifiable, fossil elephant tracks from South Africa were only relatively 

recently reported (Roberts et al., 2008). Juvenile elephant tracks may potentially be indistinguishable 

from poorly preserved hippopotamus or rhinoceros tracks, as identification of elephant tracks 

typically depends on the presence of large round (manus) or oval (pes) tracks, sometimes occurring 

in manus-pes pairs, without obvious evidence of digit impressions (Liebenberg, 2000; Stuart and 

Stuart, 2000; Van den Heever et al., 2017). 
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The number of Pleistocene elephant ichnosites on the Cape south coast, from at least three MIS 

stages, and indicating repeated use of certain areas over time, indicates a substantial presence on 

the landscape. The relative profusion of elephant ichnosites in these deposits contrasts with a 

paucity of body fossils. The only Pleistocene elephant bones that have been detected on the Cape 

south coast are from Cape Vacca at CVPB8501 and CVPB1501. The frequency of elephant ichnosites 

has palaeoenvironmental implications for the PAP. 

 

Marean et al. (2020) noted this ‘mismatch’, and suggested that the regular presence of elephants 

may have been a factor in the maintenance and spreading of grasslands on the PAP. The mosaic of 

woodland and grassland, meandering rivers and seasonally waterlogged floodplains that 

characterised this plain (Cowling et al., 2020) would have provided extensive habitat for elephants. 

Elephants are ecosystem engineers, and their presence may result in large-scale effects and changes 

in the landscape, for example, transforming woody habitats to open habitats such as mosaics or 

grassland (Fritz, 2017). 

 

The Cape south coast ichnosites provide the only Pleistocene records of elephant tracks within 

southern Africa, other than a single occurrence near Durban, more than 800 km to the north-east 

(Cawthra, 2012), and tracks identified during a reconnaissance trip at Woody Cape in Algoa Bay in 

the Addo Elephant National Park. It seems likely Pleistocene aeolianite exposures elsewhere on the 

South African coast may yield further discoveries. The only other southern African record of fossil 

elephant tracks is from Namibia, where Bennett et al. (2010) reported Holocene tracks from the 

Kuiseb delta, and from the Kuiseb delta and Smith and Mason (1998) reported Pleistocene elephant 

tracks from the Namib Desert. Elsewhere in Africa, Musiba et al. (2008) reported Pliocene elephant 

tracks from Laetoli in Tanzania, and Roach et al. (2016) reported Pleistocene elephant tracks from 

Ileret in Kenya. A summary of global occurrences of proboscidean tracks was provided by Helm et al. 

(2021a, c). There is no body fossil evidence to suggest that earlier elephant species such as 

Loxodonta atlantica survived later than 400 ka in southern Africa (Klein et al., 2007; Carruthers et al., 

2008). The Cape south coast elephant tracks occur in deposits ranging in age from MIS 11 at Dana 

Bay, through MIS 6 and MIS 5, to MIS 3 at Robberg. For the MIS 6, MIS 5 and MIS 3 elephant 

ichnosites, Loxodonta africana is the only plausible trackmaker, whereas for elephant tracks from 

MIS 11, L. atlantica is not implausible. 

 

Analogies can be drawn between Pleistocene elephant tracks and Mesozoic dinosaur tracks in terms 

of their ability to deform underlying sediment layers. In both cases, these tracks were the largest of 
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their time, made by the heaviest creatures, and therefore had the greatest impact on underlying 

layers of sediment. In both cases this may result in turbation of trampled areas, hence the use of the 

parallel terms ‘dinoturbation’ (Lockley, 1997) and ‘eleturbation’. These terms complement what 

Laury (1980) called ‘megabioturbation’, which relates to Ice Age mammoths.  

 

Extraordinary track depth, as much as 30 cm, may be present. As with dinosaur tracks, elephant 

tracks deform these underlying layers in a predictable pattern, creating undertracks or ‘transmitted 

tracks’. In cross section, each successive lower layer is deformed to a slightly lesser degree, but the 

horizontal dimensions of each of these layers of transmitted tracks are slightly greater than in the 

layer immediately above it. This is evident in particular at RO1801. 

 

The term ‘eleturbation’ was suggested to describe heavily trampled surfaces. This followed the 

introduction of the terms ‘megabioturbation’ to describe trampling caused by mammoths in Ice Age 

sediments (Laury, 1980) and ‘dinoturbation’ (Lockley, 1997). 

 

The profusion of elephant ichnosites may be related then to their size and depth: tracks registered 

by smaller, lighter trackmakers may not be discernible on poorly preserved surfaces. However, 

elephant tracks may be identifiable on such surfaces and may therefore be recorded with 

disproportionate frequency. 

 

With regard to GC1501, the probable elephant trunk-drag site, Van den Heever et al. (2017), used 

the term ‘serpentine’ to describe the pattern of trunk drag impressions associated bull elephant 

trackways. Indeed, this seems to be an apt term to describe the pattern made by the groove 

features, with their varying degrees of outward convexity. Furthermore, in considering potential 

elephant trunk drag marks made while traversing a sloping dune surface, a more linear appearance 

can be be expected for the downslope drag mark, and a more curved appearance for the upslope 

drag mark: this is consistent with the documented features.  

 

Could the grooves at GC1501 have been created by an elephant using something other than its 

trunk? Elephants may gouge out grooves with their tusks, and may create long scuff marks with their 

feet, especially when injured (pers. comm. Alex Van den Heever, 2020). However, on an angled dune 

surface, such behaviours would likely have caused discernible irregularities in the trackway, and the 

sequence of two grooves, one on each side of the trackway, makes these possibilities unlikely. 

Elephants may drag sticks, branches and other objects that they hold in their trunks. It is not 
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implausible that the drag marks described were made not by an elephant trunk, but by an object 

that was held in the trunk pes (Helm et al., 2021c).  

 

The likeliest scenario to account for an elephant engaging in trunk-dragging is musth, a temporary 

state of heightened testosterone levels that most adult males experience. While experiencing 

musth, male elephants often use their trunks for ritualized reproductive displays (Kahl and 

Armstrong, 2002). Poole and Granli (2011 – p. 118) noted that “musth males may drag… the distal 

portion of the trunk on the ground, making a rasping sound. This behaviour leaves a snake-like mark 

on the ground… Musth males may trunk-drag as a threat at very close range.” Likewise, Kahl and 

Armstrong (2002- pp. 167–168) in describing musth displays noted that “while standing, or more 

commonly while walking, a musth male may bounce or drag the distal portion of his trunk on the 

ground. One sometimes sees a snakelike drag-mark in the sand, where this has been done in the 

recent past.” 

 

The profusion of Pleistocene elephant ichnosites has implications for the ‘Knysna elephant’ 

population. Approximately 1000 elephants may have occupied the Outeniqua-Tsitsikamma area in 

pre-colonial times (Boshoff et al., 2002). Their numbers were decimated in the 19th century as a 

result of the ivory market and habitat transformation (Carruthers et al., 2008). By 1900 only an 

estimated 30–50 elephants remained (Hall-Martin, 1992). The survival of this small relict population 

near Knysna may be attributed to hunters having difficulty in finding them in dense forest (Skead, 

2011).  

 

Whereas in recent times the Knysna elephants have been confined to the afrotemperate forests, 

historic records indicate that they occupied areas outside of the forest and immediate surrounding 

fynbos before the 18th century (Boshoff et al., 2016). It has been suggested that the Knysna 

elephants retreated into the forest and surrounding fynbos for protection, and would not have 

utilized only these two habitats year-round if they had access to other habitats (Moolman et al., 

2019a). Only one elephant remains, an adult female in her forties (Moolman et al., 2019b). She 

inhabits an area ~18 km from the ichnosite containing the trunk-drag impressions. Genetic studies 

(Essop et al., 1996; Eggert et al., 2008) provided evidence that the Knysna elephants formed part of a 

single South African population. The Pleistocene elephant ichnosites described here, from a variety 

of ages, combined with the evidence from Holocene sites and historical records, indicate a 

substantial regional elephant presence in open areas dating back to MIS 11, and support the 

contention that elephants retreated into the forest for safety reasons in recent centuries. 
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The presence of a probable elephant coprolite site (DR1908) provides another element to regional 

proboscidan ichnology, with an OSL date that places it within MIS 6. It appears that L. africana 

coprolites have not previously been described.The ease with which the features could be removed 

from the surface, and the organic matter evident on petrography both corroborate the identification 

of coprolites.  

 

Elephant droppings are large, and 100 kg of dung may be produced per day (Stuart and Stuart, 

2019). Dung is coarse and contains fibrous material, such as twigs, bark, leaves and fruit (Van den 

Heever et al., 2017). Assuming that they are suitably preserved and recognizable, the likelihood of 

encountering elephant coprolites is considerable, given their size, the prodigious amounts of dung 

produced, and the high number of elephant ichnosites on the Cape south coast.  

 

 

4.5.4 Order Primates 

 

Family Cercopithecidae 

 

Sites  

 

Two possible sites have been recorded. In each case a hominin origin was also considered. 

 

LL1925 

Baboon (Papio ursinus) tracks are considered more likely than hominin hand impressions on an 

epirelief surface on a fallen loose slab. Two tracks are present, with maximum lengths of 14.5 and 18 

cm, respective widths of ~12 cm and ~16 cm, and at least three (possibly four) parallel possible digit 

impressions. Putative pace length is ~65 cm. No definite conclusion can be reached due to the poor 

quality of preservation. Photo LL1925A. 

 

BS1509 

A possible baboon (Papio ursinus) origin is postulated for a hyporelief trackway on the ceiling of a 

small cave (Helm et al., 2019d). The cave is situated ~5 metres above mean high tide level, and 

contains numerous tracks (artiodactyl and avian). The four tracks exhibit a maximum length of 15 

cm, a maximum width of 7.5 cm, and a mean pace length of 37 cm. Displacement rims are present, 
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and are most pronounced at the downslope end of the tracks. The quality of track preservation does 

not allow identification to a baboon or hominin origin. Photos BS1509F-G. 

 

 

4.5.5 Order Lagomorpha 

 

Family Leporidae 

 

Sites 

 

Two sites have been recorded.  

 

LL1910 

A poorly preserved trackway on a loose slab exhibits a possible bounding hare pattern. Five tracks 

are present; length = ~4 cm. Photo LL1910A. 

 

GP1902 

A large loose aeolianite block contains 8 tracks, well preserved in epirelief. Dimensions of the larger 

tracks are 5 cm x 5 cm. The typical bounding hare pattern is present, with the midpoints of the hind 

feet impressions ~9 cm apart, but unfortunately graffiti in the form of an erosion-resistant black 

substance transects the trackway and compromises interpretation (Helm et al., 2021d). Other paired 

tracks on the same surface suggest further hare trackways. Photo GP1902A-B. 

 

 

Interpretation and discussion  

 

The typical bounding gait pattern of hares is distinctive and identifiable: the front feet are placed 

one ahead of the other, and the larger hindfeet land ahead of them, beside each other. Hares 

typically have copious amount of hair underneath their feet and between their toes, so that 

morphological detail in tracks is unlikely, while the gait pattern is distinctive (Van den Heever et al., 

2017 – p. 219). 

 

While fossil lagomorph tracks may be rare on the Cape south coast, the opposite is true at the 

Pliocene site of Laetoli in Tanzania. While the site is better known for its australopithecine tracks, 
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approximately 90% of the 9500 tracks identified were lagomorph (Leakey and Harris, 1987). It was 

memorably referred to as “the Watership Down of the ichnological world” (Lockley, 1999 – p. 241). 

 

 

4.5.6 Order Rodentia 

 

Family Muridae 

 

Sites 

 

Four sites have been recorded, although other burrow sites might also represent murid tunnels. 

 

GE2101 

‘Burrow Bay’ contains numerous burrow traces of various sizes. The smallest, consistently 3–4 cm in 

diameter, are suggestive of gerbil burrows. Photos GE2101A, C, G-H. 

 

BO2103  

This site contains burrow traces and burrow infill of a variety of widths. Some of these are 

consistently 3–4 cm in width and are consistent with gerbil burrows. Photos BO2103A-B. 

 

LL1921 

A small mammal trackway occurs in epirelief on a loose, north-facing aeolianite slab at the high tide 

mark (Lockley et al., 2022). The precise origin in the cliffs above can not be determined. The mid-

portion of the trackway contains the best-preserved track impressions (Figure 20). The trackway 

comprises twelve sets of relatively evenly spaced tracks, most of them in pairs, but in three cases a 

single larger impression is apparent in the midline. The total trackway length is 43 cm.  

 

The track pairs are symmetrical about the midline, indicating a hopping or bounding gait rather than 

an alternating gait. The maximum external straddle (measured from the most lateral margins of the 

tracks) is ~4.0 cm. Dimensions for the best-preserved tracks that occur in pairs are ~1.5 cm long, and 

~1.0 cm wide; they exhibit an oval configuration and antero-posterior symmetry. The three larger 

impressions in the midline are 1.5 cm wide, with a length (measured in the longitudinal axis of the 

trackway) of 1.1 cm. The distance between corresponding points on sets of paired tracks, or 

between corresponding points on the larger midline impressions, is ~7.5 cm. Some tracks appear to 
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have poorly preserved, anteriorly-situated digit traces. No tail-drag impressions are apparent. 

Photos LL1921A-B. 

 

 

Figure 20. Small-mammal trackway at LL1921; scale bar = 10 cm. 

 

An adjacent large block with poorly defined bedding, a few metres to the east, contains a variety of 

infaunal burrow traces, ~5 cm in diameter and as much as 50 cm in length. The absence of any 

discernible changes in the rock at the margins of these traces serves to make other origins for these 

features, such as rhizoliths, unlikely. Beside it, another palaeosurface is exposed, also exhibiting 

burrow traces, ~3–4 cm in diameter. Photos LL1921C-E. 

 

LL2101 

LL2101 is situated 310 m ESE of LL1921. Here two adjacent loose slabs, which were once joined, lie 

close to the high-tide mark. Branching burrow traces, ~4cm in diameter, with maximum length of 80 

cm, form a complex pattern on the surface of the western slab. A number of these traces lead to the 

base of an unusual raised feature that measures 25 cm x 20 cm, with a height of 12 cm. Within 

months of its identification this raised feature had cracked and crumbled. 

  

On the eastern slab, similar burrow traces are exposed on the same layer; part of this slab contains 

overlying layers exhibiting parallel bedding. The burrow-containing layer can be followed around the 

sides of the slab, where burrow traces are evident in profile, to where another raised feature is 

present. Photo LL2101A. 
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Interpretation and discussion  

 

The findings from LL1921 and LL2101 were described in detail in Lockley et al. (2022). The tracks at 

LL1921 were tiny, with dimensions of no more than 1.5 cm x 1 cm. The evidence indicates a 

bounding gait pattern (Liebenberg, 2000; Stuart and Stuart, 2000; Van den Heever et al., 2017). In a 

bounding gait the hind legs provide the propulsion for pushing the trackmaker off the ground and 

forwards. It lands on the two front feet, which are usually smaller than the hind feet, and the manus 

tracks are thus situated closer to each other and close to the midline of the trackway. The hind legs 

then follow, over and around the front feet, landing ahead of them, further apart from each other 

than in the case of the front feet. The push-off phase by the hind-feet then initiates another 

bounding cycle. These features are present a LL1921, with the front feet landing close enough to 

each other that the impressions they created coalesced into a single larger depression on three 

occasions. A slow bounding gait is the most plausible interpretation for the even spacing seen in the 

LL1921 trackway.  

 

The capacity for morphological detail to be registered, such as pad impressions or digit impressions, 

is related to the grain size of the substrate. The finer the grain size, the more likely it is that such 

detail may be preserved. High-quality small-mammal tracks are therefore seldom encountered other 

than in substrates of silt, mud or snow. In the Cape south coast context, silty Pleistocene lagoonal 

deposits, reflecting depositional quiescence, might have the greatest capacity to record such detail. 

The diameter of fine sand grains may be as much as 0.2 cm, and the width of a small rodent manus 

impression (less than 1 cm) can be expressed on approximately the same scale as that of the sand 

grains which form the substrate. The level of detail described here is therefore close to the limit of 

what can be anticipated for aeolianite surfaces, in which medium-to-large grain size is typically 

present. The limitations imposed by grain size provide a bias against the registration, preservation, 

and identification of detail in small mammal trackways.  

 

Extant small mammals capable of registering tracks on Cape south coast dunes of the size described 

here, with a bounding gait pattern, include gerbils and mice. Both can walk with an alternating gait, 

run, or employ a bounding gait. It is difficult to identify tracks of extant small rodents to trackmaker 

species level in the field. However, gerbils indulge more frequently in bounding, and are considered 

a likely trackmaker group for the trackway described here (e.g., the extant and common Cape gerbil, 

Gerbilliscus afra). The most commonly encountered mouse in the region is the four-striped grass 

mouse (Rhabdomys pumilio), and is a less likely candidate trackmaker species. 
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The infaunal burrow traces at LL1921 are intriguing, although the stratigraphy is not the same as that 

of the trackway slab. Their diameter of 3–5 cm is large enough to make an invertebrate origin 

unlikely. The dimensions are consistent with gerbil burrows, or small golden mole burrows (Stuart 

and Stuart, 2019). LL1921 may therefore exhibit both tracks and burrows of gerbils.  

 

The two adjacent loose slabs at LL2101 provide more convincing evidence of a gerbil origin: gerbils 

create mounds of excavated soil adjacent to their tunnels, consistent with the size of the raised 

features recorded at LL2101 (Stuart and Stuart, 2019). In a study of micromammal remains from 

fossil and archaeological sites from the Cape south coast from MIS 9 through MIS 1, Matthews et al. 

(2020) reported remains of Gerbillliscus afra from all sites, and it remains a common denizen of the 

region in sandy soils. In combination, the various features identified at LL1921 and LL2101 strongly 

suggest various forms of gerbil activity, and contribute to a very sparse global record of such 

features. One example in the global record is of burrows and mounds from the mid-Jurassic of North 

America, attributed to kangaroo rats (Loope, 2008 fig 7D), which resemble those described from 

LL2101.  

 

The global small-mammal track record extends back to the Jurassic, but trackways representing a 

bounding or hopping gait are globally rare. Well-preserved mid-Jurassic tracks from Argentina, 

known as Ameghinichnus, show digit traces in fine detail, and reveal evidence of bounding and 

hopping gaits as well as alternating gaits (Casamiquela, 1961; de Valais, 2009). While of similar size 

to the LL1921 tracks, they are different in that they are wider than they are long (de Valais, 2009). A 

Cretaceous trackway from Korea, Koreasaltipes jinjuensis, exhibits a hopping gait pattern (Kim et al., 

2017), but the tracks are smaller than those of LL1921. Also from the Cretaceous, a trackway 

segment from Colorado, known as Schadipes crypticus, shows ambiguous evidence of a hopping gait 

(Lockley and Foster, 2003). 

 

Likewise, there are very few reported Cenozoic examples of small-mammal trackways that exhibit a 

bounding gait. The formally defined ichnotaxa are named Musaltipes occidens and M. longidigitus, 

respectively from the Miocene of Colorado and Utah (Lockley and Milner, 2014). The former occurs 

in aeolian sediments. Musaltipes is the only fossil trackway similar to the LL1921 example with 

respect to facies association, quality of preservation, size, approximate age, and trackway 

configuration. Lockley et al. (2022 – p. 184) concluded: “In summary, there are only two Mesozoic 

trackways of small hopping mammals (Ameghinichnus and Koreasaltipes) that are comparable to the 
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South African trackway. Likewise, there are only two Cenozoic trackways (Musaltipes occidens and 

M. longidigitus) that are comparable and would tentatively allow us to label the South African 

trackway as cf. Musaltipes. All other aforementioned ichnotaxa and track morphotypes are based on 

isolated tracks or small trackway segments with different individual track morphologies and 

trackway configurations.” 

 

Lockley et al. (2022) suggested that the small-mammal tracks and traces at LL1921 and LL2101 could 

allow the Chelichnus ichnofacies, previously identified in Permian through Early Jurassic dune 

deposits, to be extended to the Pleistocene. They had already suggested it could be identified in the 

Miocene of Colorado and Utah (Lockley and Milner, 2014). Furthermore, the presence of associated 

burrow traces and mound traces could be added to the schema of ichnocoeonoses and ichnofacies. 

 

 

Family Bathyergidae 

 

Sites  

 

Thirteen sites potentially representing mole rat (Bathyergidae) traces have been recorded, although 

some are equivocal. 

 

GE2101 

Multiple burrow traces occur in ‘Burrow Bay’, just east of Still Bay. Diameters range from 2 cm to 12 

cm, and the burrows were probably made by gerbils, golden moles and bathyergids. Some of the 

larger burrow traces terminate in chambers as much as 25 cm in diameter and height. Photos 

GE2101 A-B. 

 

GE2102 

Long vertical and horizontal burrow traces, with a consistent width of 10 cm, suggest bathyergid 

burrows. Photos GE2102A-C. 

 

GE2203 

A raised feature on a level loose slab surface that is devoid of tracks might represent a compressed 

bathyergid surface mound. Measured dimensions are 50 cm in length, 40 cm in width and 10 cm in 

depth. Photos GE2203A,B. 
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GE2205 

A 16 cm wide burrow trace probably represents the upper size limit of bathyergid burrows. Photo 

GE2205A. 

 

GE2206 

A 150 cm long burrow trace, open at both ends and 16 cm in diameter, probably represents the 

upper size limit of bathyergid burrows. Photos GE2206A,B. 

 

BO2202 

Two rocks contain long burrow traces, with diameter of ~10 cm. One is partially infilled. Photos 

BO2202A,B. 

 

WE2101 

A 55 cm long, 11 cm wide internal cast of a burrow contains raised, parallel, longitudinal striations 

that probably represent scratches made by Bathyergus suillus. The surface has low-relief, round or 

oval raised areas, ~1 cm in diameter. This ex situ specimen was recovered from the rocky coastline 

east of Wilderness by Mandie Van Rensburg. It is reposited in Munro House, Diaz Museum, Mossel 

Bay, where photographs were taken by Struan Henderson (Figure 21) along with samples for OSL 

dating and thin section. Photos WE2101A-C. 

 

 

Figure 21. Internal cast of a bathyergid burrow showing raised longitudinal striations interpreted as 

scratches made by Bathyergus suillus; scale bar = 10 cm, photo by Struan Henderson. 
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WE2102 

A 30 cm long, 4 cm wide partially infilled burrow trace lies within an internal cast of a probable 

Bathyergid burrow. This ex situ specimen was recovered by Mandie Van Rensburg. It is reposited in 

Munro House, Diaz Museum, Mossel Bay, where photographs were taken by Struan Henderson. 

Photo WE2102A. 

 

SE2101 

In 2019, when ascending a steep talus slope of sand and rocks below aeolianite cliifs, Martin Lockley 

remarked on a number of loose cylindrical structures, ~11 cm in diameter, that appeared to be loose 

back-filled burrow traces. Following the identification of bathyergid burrow traces at other sites, 

Fred van Berkel visited the site in 2021, took photos of two specimens on loose boulders, and 

recovered one specimen. The specimens probably originated in the lower portion of aeolianite 

exposures above the slope. Photos SE2101A-C. 

 

BB2102 

This large in situ site was identified by Fred van Berkel and a group he was leading. It is usually 

covered by sand, and only transiently exposed. It measures 60 m x 15 m, of what appear to be 

substantial 3D burrow complexes on top of a layer of bioturbated aeolianites. Diameter is 

consistently ~13 cm. Photos BB2102A-G. 

 

BB2103 

Although not as large an exposure as BB2102, this site exhibits well preserved, similar features, again 

with a consistent diameter of ~13 cm. It too was initially identified by Fred Van Berkel. Photos 

BB2103A-D. 

 

Considering these two similar sites together, it is evident that there is no sign of tapering in the 

features, which extend for as much as 5 m (photo BB2103A shows a 2 m long example). In places 

they intersect or show branching points or chambers (photo BB2102B). In some places small 

vertically oriented structures appear to ‘hang’ from them (photos BB2102D-E, G). They mostly 

appear to consist of structureless sand, but rarely hollow tubes are evident in their centres (photos 

BB2102C,F). They are more erosion-resistant than the enclosing rock but they do not appear to be 

calcretised (Fred Van Berkel, pers.comm., March 2021). In places, vertically orientated features of 

similar diameter extend upwards from the predominantly horizontal features, and are truncated 

after a few cm (photos BB2101A, BB2103D). 
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BB2104 

A site with possible horizontal burrow traces, as much as 10 cm in diameter, and one unusual 

inclined feature, was identified by Fred Van Berkel. The site is usually covered by sand and is only 

rarely exposed. Photos 202104A-B. 

 

BS2101 

Possible burrow traces of varying diameter, from 2 cm to 10 cm, and as much as a metre in length, 

are sometimes exposed in aeolianite layers at Jaap se Baai. They were identified by Fred van Berkel. 

The larger features may be bathyergid, but rhizoliths cannot be excluded. Photos BS2101A-C. 

 

 

Interpretation and discussion  

 

The features at these sites were interpreted by international bathyergid experts (pers. comm., Chris 

Faulkes and Nigel Bennett, March 2021). Bathyergid burrows are commonly encountered in sandy 

areas in the modern Cape south coast region, for example along the 5 km Cape dune molerat trail in 

the Garden Route National Park. However, it is difficult to gain an appreciation of what a three-

dimensional burrow complex might look like, although two-dimensional images with depth-below-

surface markings have been published (Thomas et al., 2012). Such burrow complexes form one 

explanation for the features at BB2102 and BB2103. Chris Faulkes (pers. comm., March 2021) 

indicated that the sites are on the scale of Bathyergus (and other bathyergid) burrows, and are 

consistent with the findings and diagrams of Thomas et al. (2012), for example with respect to 

branching and long, straight sections. Furthermore, “the fossil burrows nicely overlap in time and 

space with known Bathyergus suillus fossils; the estimated diameter of the fossil tunnels would be 

consistent with Bathyergus rather than the smaller Georychus and Cryptomys” (pers. comm., Chris 

Faulkes, March 2021). 

 

The example from the Wilderness area (WE2101) which includes longitudinal, parallel surface 

striations indicative of scratch marks supports such an interpretation, with further corroboration 

from the site east of Sedgefield (SE2101). WE2102 is an unusual case of a small burrow apparently 

made in the infill of a larger burrow. These are the first reports of fossil mole rat burrows, and of a 

mole rat ‘track’. 
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The alternative explanation that needs to be considered at BB2102 and BB2103 is that the cylindrical 

structures are rhizoliths. Supporting a possible rhizolith origin are the hollow tube-like structures 

seen within the axes of some of the features, and the features that hang down from some of them 

(although the latter can also be interpreted as erosional or re-precipitation features). Counting 

against a rhizolith interpretation are the consistent nature of the measured diameters, the absence 

of any tapering over distances of as much as 5 m, the observation that the vertical extensions are of 

the same diameter as the horizontal features (i.e., no evidence of tree trunks), and intersection and 

branching angles that are consistent with those of Bathyergus burrows. Nonetheless, rhizoliths 

provide a more parsimonious explanation, and the inability to reliably distinguish between the two 

explanations mandates caution in interpretation. 

 

Two hypotheses have been discussed for the burrow interpretation. The first is of active back-filling 

of burrows by Bathyergus. This is known to occur in the burrows of extant molerats (pers. comm., 

Chris Faulkes and Nigel Bennett, March 2021), but is much less common than the familiar open 

burrows with heaps of sand moved onto the surface at burrow entrances. If the features noted 

represent back-filled burrows, the abundance of this burrow type would be surprising, although an 

example from Australia involving a marsupial mole (Benshemesh, 2014) reveals both the plausibility 

of the concept and how it can be applied to other fossorial species and regions. The second 

hypothesis involves the filling of (perhaps semi-consolidated) tunnels with sediment during a sea-

level highstand. If the age of the putative burrows is substantially different from the age of the 

adjacent aeolianites, the latter hypothesis would be supported. Consequently, OSL dating from both 

burrow infill and nearby aeolianite may help to resolve this question. 

 

The oldest representatives of the bathyergid (molerat) family are known from the lower Miocene, 

and bathyergids are currently diversified and endemic in sub-Saharan Africa (Bennett and Faulkes, 

2000). Matthews et al. (2006) reported on large numbers of molerats (mostly Bathyergus hendeyi) at 

Langebaanweg (Mio-Pliocene). The Cape dune molerat (Bathyergus suillus) is the largest of the 

bathyergids, and is the world’s largest fossorial rodent (Skinner and Smithers, 1990). It has been 

reported from archaeological sites on the Cape south coast: Badenhorst et al. (2016) reported 

finding 461 B. suillus specimens at Blombos Cave, where humans were implicated in the processing 

of these specimens (Henshilwood, 1997), and Matthews et al. (2020) reported Bathyergids in low 

numbers from the Pinnacle Point cave complex and Knysna Eastern Head Cave. Klein and Cruz-Uribe 

(2000) reported that Cape dune molerats were the dominant mammal detected in deposits at Die 

Kelders 1 Cave, and that they appear to have been accumulated mainly by eagle owls in the MSA 
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and mainly by hominins during the LSA. Klein (1991) noted that high concentrations of molerats in 

archaeological and palaeontological sites were associated either with human agents, carnivores or 

raptors. Mole rats can also be viewed as a proxy for geophytes, as this food source forms a staple 

diet of all members of the family (Cowling and Richardson, 1995; Bennett and Faulkes, 2000). 

 

 

4.5.7 Order Carnivora 

 

Identifying fossil carnivoran track types in the Cape south coast Pleistocene deposits can be 

challenging, due to the generally poor level of morphological detail. The presence or absence of claw 

impressions, which is important in distinguishing between felid, canid and herpestid tracks, may be 

difficult to determine. Subtle features such as claw marks may only be apparent soon after the fossil 

tracks are exposed, before wind and water erosion cause these features to deteriorate. 

Consequently, an identification of ‘carnivoran tracks’ often has to suffice. The examples where tracks 

could be assigned to a felid or canid trackmaker depended largely on track size. The habit of 

carnivorans of often registering straight trackways provided an identification clue when track 

morphology was sub-optimal. 

 

 

Carnivoran ichnosites not identifiable to family level 

 

Sites 

 

Eighteen sites in this category have been recorded. 

 

AR2201 and AR2202 

These sites were reported by Martinus Prinsloo. Tracks are 9 cm long and 8 cm wide. The best-

preserved track at AR2201 contains a claw drag impression anterior to a claw impression. 

Photogrammetry AR2201PG, AR2202PG. 

 

W51803 

A loose block contains a track-bearing surface with at least ten tracks in two or three trackways. 

Track size varies from 4–7 cm in length and width. Despite general poor preservation, main pad 
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impressions and digit pad impressions can be discerned, along with substantial displacement rims. 

Photos W51803A-B. 

  

LL0801 

Daniel Helm found a trackway comprising four tracks on a fallen slab. The corresponding hyporelief 

surface was evident in situ on the ceiling above. Preservation quality was good, and the tracks were 

thought to be attributable to a jackal, due to a combination of morphology and size. A cliff-collapse 

event destroyed these tracks before they could be properly documented. 

 

LL1920 

A straight trackway of six small tracks was identified on two adjacent loose slabs by Linda Helm, with 

a track length of ~3 cm. The narrow straddle and the linear trackway appearance suggest a small-

carnivoran trackmaker. 

 

DR1913 

Linda Helm found three successive track-bearing layers on a loose slab. This indicates repeated use 

of a locality. The three bedding plane layers are centimetres apart in section, and each contains 

small-carnivoran tracks, 3–4 cm in length and width. At least 20 tracks are present, with portions of 

at least three trackways. Large displacement rims surround most of the tracks. Photos DR1913A-C. 

 

DB1901 

Ilona Birch identified this site, wondering if it might have been registered by a leopard. By the time it 

was evaluated, limited morphological data was available. Track length of 7–9 cm, and probable main 

pad impression and digit pad impressions could be discerned. The site appears to be located in MIS 

11 deposits. Photos DB1901A-B. Photogrammetry DB1901PG. 

 

WE1805 

An in situ trackway is only exposed at low tide. Nine tracks are present, with overstepping resulting 

in adjacent forefoot and hindfoot tracks. Tracks are ~9 cm long and 8 cm wide. Small displacement 

rims are present. While the trackmaker cannot be confidently identified, no claw impressions are 

evident and a large felid such as leopard is plausible. Photo WE1805A. 
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WE1806 

This site is adjacent to WE1805, but is submerged except at very low tide. It contains a single 

trackway of four circular tracks without morphological detail, 8 cm long and wide, with a pace length 

of 26 cm. A large carnivoran is the likeliest trackmaker. Photo WE1806A. 

 

SE1802 

A single trackway with linear orientation and narrow straddle was identified by Willo Stear at sea 

level at the foot of a large fan of landslide debris. Little morphological detail is present in the shallow 

tracks, which are ~6–7 cm in length and width. Photo SE1802A. 

 

GC1901 

Usually covered by sand or sea, this site was identified by Mark Dixon in 2019, but waves were 

repeatedly washing over it, preventing analysis. It was then covered by sand until late 2021, when it 

was briefly exposed and could be examined at spring low tide. The tracks are preserved in epirelief 

on an in situ surface. There are probably two trackways, partially superimposed, with a total of 

seven tracks. There appear to be carnivoran tracks (length ~12 cm) with probable main pad and digit 

pad impressions occurring centrally within larger oval depressions (Figure 22A). 

 

 

Figure 22. (A) 3D photogrammetry image of carnivoran tracks surrounded by oval depressions at GC1901 – 

horizontal and vertical scales are in metres; (B) circular depressed areas surround central snowshoe tracks in 

British Columbia, Canada. 
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One explanation for the observation of depressed ovals around the tracks (rather than raised 

displacement rims) involves air-pockets beneath the sandy surface at the time of track registration. 

This could be attributed to sub-surface moisture loss without substrate collapse. In such a scenario, 

in addition to the registration of the track impressions, the surrounding area may sink downwards, 

creating an oval shape. If this interpretation is accurate, it may represent a previously undescribed 

ichnological phenomenon, although it is encountered not infrequently in snow (Figure 22B). An 

alternative interpretation is that raised displacement rims were initially present, but have been 

eroded away, leaving residual oval depressions. Photos GC1901A-C. Photogrammetry GC1901PG. 

 

 

GC2202 

A trackway comprising three or four tracks was identified by Mark Dixon on a loose slab. Track 

dimensions (14 cm long, 13 cm wide), pace length of 80 cm and footfall pattern are similar to those 

noted at the lion tracksite GC1301. However, the level of morphological detail is poor, and a 

conclusive identification of lion tracks can not be made. 

 

GC1701 

Two large carnivoran tracks were identified by Johan Huisamen on a transiently exposed loose block 

that had been revealed by the scouring action of high tides. It is situated 30 m west of GC1301, 

which contains lion trackways. The proximity of GC1701 and GC1301, the lateral persistence of the 

probable lion track-bearing horizon west as far as GC1301, and the size of the tracks (>10 cm) raise 

the possibility of lion tracks. Photos GC1701A-B. 

 

GC1911 

About 50 small-carnivoran tracks (~ 4cm in length and width) are present in situ in epirelief on the 

main surface, which measures 6.6 m x 1.5 m. At least ten similar tracks are present on a smaller 

surface (80 cm x 60 cm), which lies 42 cm above the main surface. These aeolianite surfaces are 

slightly inclined, are often covered by sand, and are submerged at high tide. 

 

The main surface contains ~30 probable coprolites, fairly evenly spaced, the largest of which 

measures 11 cm x 7 cm. These often assume ‘sausage’ shapes, typically measuring ~5 cm x 1 cm, and 

often are partially hollow (Figure 23). A further ten probable coprolites, similar to those on the main 

surface, are present on the upper surface, along with a single equid track.  
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Figure23. Probable coprolites on a track-bearing surface at GC1911 – scale bar = 10 cm. 

 

A low cliff sequence occurs immediately above these surfaces, in which six further layers contain 

probable coprolites within a sectional height of 2 m. They appear similar in size and form (often 

partially hollow) to those on the main surface. Elephant tracks and smaller, unidentifiable tracks are 

evident in profile in this cliff sequence. In total there are eight layers containing probable coprolites, 

within 2.5 m of stratigraphic section. Some of the probable coprolites were detached and collected 

for further analysis from the main layer, the upper layer, and the top layer in the section. Photos 

GC1911A-G.  

 

GC2002 

A trackway containing four tracks was identified on a loose slab by Mark Dixon. Length = ~8cm. Main 

pad impressions are evident. No obvious claw impressions are present. Photo GC2002A. 

Photogrammetry GC2002PG. 

 

GC1306 

A long, straight trackway containing 11 tracks was identified on a loose slab above the high water 

mark. Tracks are ~5 cm in length and width. Little morphological detail is preserved. The surface 

shows signs of erosion and a long period of exposure. Photos GC1306A-B. 

 

GC2003 

A coprolite site containing eight clusters was identified by Mark Dixon. It appears similar to the 

coprolites at GC1911, and may represent a small-carnivoran latrine. There is extensive hollowing of 

most of the features, which are found on a single bedding plane surface. The underlying 
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palaeosurface is eroded; tracks cannot be discerned. An OSL date of 91 ± 5 ka has previously been 

reported from the vicinity of GC2003 (Bateman et al., 2011 – 7b). Photo GC2003A. 

 

GR1301 

A straight trackway with a narrow straddle was identified on the surface of a loose aeolianite block. 

It comprises eight tracks, ~6 cm in length and width, with a consistent pace length of 20 cm. Photo 

GR1301A, also seen in GR1302A. 

 

GR1401 

Helm et al. (2018b) described a medium-sized carnivoran trackway of 14 tetradactyl tracks with well-

defined main pad impressions, and well-preserved digital pad impressions with claw impressions 

(Figure 24). Track length of 4–5 cm and probable pace length of ~30 cm are recorded. The trackway 

occurs on the flat surface of a loose slab. One track is surrounded by a circular displacement rim. The 

track size is consistent with either a small canid or a larger herpestid trackmaker (Stuart and Stuart, 

2000; Van den Heever et al., 2017). The loose slab lies at river level, and is submerged when the river 

mouth is closed. Between 2014 and 2017 the quality of the tracks in the distal portion of the 

trackway diminished, including the claw impressions. This portion of the slab is often exposed to 

wind and tidal action. Photos GR1401A-B. Photogrammetry GR1401PG. 

 

 

Figure 24. 3D photogrammetry image of a medium-sized carnivoran trackway at GR1401 - horizontal and 

vertical scales are in metres. 
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GR1303 

Helm et al. (2018b) reported four parallel, straight, medium-sized carnivoran trackways from a site 

on a very fragile surface on a large loose slab, on sandy slopes above the Goukamma River. The 

surface was initially discovered by Chris Gow in 2006. Comparing a 2006 photograph with 

subsequent photographs, it is evident that over the ensuing years the slab slid some distance down 

the slope.  

 

The longest trackway contains 11 tracks. Track length varies from 5.0–6.5 cm; pace lengths varies 

from 34.5–37.0 cm. Substantial dispacement rims proximal to the posterior edges of the main pad 

impressions indicate that the trackmakers were travelling up a slope. Direct register is likely evident, 

indicative of a walking gait, which would be unlikely to create sediment displacement rims on a more 

level surface.  

 

Preservation of track detail is rather poor, and although main pad impressions and digit pad 

impressions are evident, identification to family level is not possible. Nonetheless, the four parallel 

trackways are impressive examples of their kind. Photos GR1303A-D. Photogrammetry GR1303PG. 

 

BS1506 

An in situ trackway containing four large round tracks was noted on the gently sloping floor of the 

cave in which hominin tracks were described from the ceiling and side walls (Helm et al., 2018c). 

Track morphology is not well preserved. While track margins are indistinct, the tracks appear to be 

at least 10 cm in diameter. Displacement rims are present, more prominent at the downslope 

margins of the tracks. Based on size and overall shape, a lion trackmaker is plausible. Photo 

BS1506A. 

 

 

Interpretation and discussion 

 

With regard to the GC1911 track-and-probable-coprolite site, the findings are interpreted as 

evidence of a small-carnivoran latrine (Helm et al., in press b). While the tracks are not identifiable 

to family level, their size (~4 cm) provides an indication of potential trackmakers. Inferences can also 

be made from the arrangement of the coprolites and the minimum size of the latrine (which is at 

least the size of the main surface). The occurrence of similar probable coprolites in eight layers in a 

stratigraphic section of 2.5 m indicates repeated use over time, despite the presence of elephants. 
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The relatively scattered nature of the latrine droppings, combined with coprolite size and shape, 

suggest that they were produced by a mongoose or genet (Van den Heever et al., 2017; Stuart and 

Stuart, 2019). 

 

Many species of terrestrial carnivorans use latrines (sites where scat is repeatedly deposited) as a 

method of olfactory communication (Hulsman et al., 2010). Avery & Fosse (2012) documented a 

brown hyaena (Hyaena brunnea) den and latrine site on the Skeleton Coast of Namibia – it had been 

used periodically for at least 16 years, and it was estimated that one accumulation layer had taken 2 

years to develop. Hulsman et al. (2010) in investigating patterns of scat deposition in H. brunnea in 

the Waterberg of northern South Africa, observed low defecation rates at latrine sites, with a 

median value of less than 1 defecation in 30 days. 

 

Hollow coprolites might be explained through the exterior portions of the scat being cemented after 

burial by sand, whereas the interior sections decomposed. Cavities in the interiors of coprolites have 

also been attributed to the release of decay gases (e.g., Harrell and Schwimmer, 2010). Alternatively, 

scatophagic invertebrates may hollow out portions of the scat soon after deposition (Jouy-Avantin et 

al., 2003). Such activities by termites have been noted in neoichnological observations (pers. comm., 

Alex Van den Heever, 2019). 

 

A sample for OSL dating (Leic21013) was obtained 1.5 m downsection from the main surface. A 

standard age result of 76 ± 5 ka was obtained, and a modelled age result (gradual cementation) of 75 

± 4 ka. This places this site within MIS 5a, before the migration of the coastline onto the continental 

shelf during MIS 4. 

 

 

Family Felidae 

 

Sites 

 

One unequivocal site has been recorded. 

 

GC1301 

Large felid tracks were reported by Helm et al. (2018b, 2020d). Two parallel trackways, containing a 

total of six tracks, are present on a large, inclined loose slab (Figure 25). Direction of movement is 
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from left to right as the slab was viewed (facing north, towards the cliffs). The lower trackway, 

comprising two tracks, exhibits better morphology. The proximal track (length 15 cm, width 13 cm, 

depth 3.0 cm) is not as well preserved as the distal (length 17 cm, width 14 cm, depth 4.0 cm). Main 

pad impression and four digit pad impressions are evident, without evidence of claw impressions. 

Pace length is 76 cm. Indistinct indentations anterior to each track are likely related to overstepping. 

The main pad is somewhat triangular, with the anterior apex oriented along the line of the trackway.  

 

 

Figure 25. Lion tracks at GC1301 – ruler length = 30 cm. 

 

The upper trackway, ~65 cm above the lower trackway and orientated approximately parallel to it, 

contains four tracks. The two proximal tracks each take the form of a crescentic, in-filled depression. 

Distal to these two features the track-bearing surface is lost, but in the same line of progression two 

undertracks are evident on a layer ~1.5 cm below the main track-bearing layer. Under low-angle 

illumination these undertracks (length ~12 cm, width ~12 cm), display similar morphology to those in 

the lower trackway. Pace lengths between the four tracks in the upper trackway are consistent: 60 

cm, 61 cm, 61 cm. Photos GC1301A-D. Photogrammetry GC1301PG. 

 

Sediment displacement rims are not evident around any of the tracks, suggesting that they were 

registered on a relatively level surface rather than on a dune face. A horizontal bedding plane, 

sbetween layers of steeply dipping aeolianite beds and probably representing an interdune area, is 

evident in the cliffs above the track-bearing block, and is a likely origin of the track-bearing surface. 

 

A sample for OSL dating (Leic20003) was obtained from GC1301, 25 cm down-section from the track-

bearing layer. It yielded a standard age of 70 ± 4 ka, and a modelled age (gradual cementation) of 66 

± 5 ka, indicating an age from MIS 4 or MIS 3. 



181 
 

Interpretation and discussion 

 

Other than lion (Panthera leo) with a track length of 12–15 cm, (Liebenberg, 2000; Stuart and Stuart, 

2000; Van den Heever et al., 2017), there is no known extant or Late Pleistocene carnivoran capable 

of making tracks of the dimensions noted. The latest records of African sabertooth of 700–500 ka 

(Hendey, 1974) or dirk-toothed cat of 600 ka (Klein et al., 2007) significantly predate the OSL dates 

obtained from the ichnosite (see below). One of the tracks is larger than those of the extant African 

lion, suggesting that they may have been made by the Cape subspecies (P. leo melanochaitus), which 

became extinct in the 19th century (Mazák, 1975; Christiansen, 2008). However, Klein (1986) 

reported that carnivore body size varied by temperature during the Pleistocene, with glacial phases 

characterised by larger sizes. This is another explanation for the large track size (Helm et al., 2018b).  

 

Fossil lion trackways are sparse in the global record. Within Africa, Pliocene lion tracks occur at 

Laetoli, Tanzania (Musiba et al., 2008). Ten-thousand-year-old tracks of the North American lion 

(Panthera atrox) were reported from Missouri in Cat Track Cave (Graham et al., 1996), and tracks 

were reported from Tennessee in Jaguar Cave (Lockley, 1999). A site at Bottrop in northern Germany 

contained a 35–42 ka trackway of the European cave lion, P. leo spelaea (Antón and Salasa, 2012).  

 

GC1701, just 30 m west of GC1301, contains two large carnivoran tracks, on a transiently exposed 

loose block. Although no scale bar is present in photos taken of this surface, a bare foot used as scale 

suggests that the tracks are >10 cm in size. Although identification to the felid family was not 

possible, the proximity of these tracks to GC1301, the lateral persistence of the probable track-

bearing horizon, and the track size, suggest that these are also lion tracks. BS1506, where large 

carnivoran tracks occur on a cave floor, provides another example of possible lion tracks. 

 

 

Family Viverridae and Family Herpestidae 

 

Sites 

 

This is uncertain, as distinguishing between large viverrid (e.g., civets, genets), herpestid and small 

canid tracks (or small felid tracks) is problematical. Some of the unidentifiable small-carnivoran 

tracks described above may be viverrid or herpestid tracks. In particular, GC1911 with its 

combination of numerous small tracks (~4 cm in length and width) and numerous coprolites that 
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indicate a latrine site, suggests a mongoose or large genet trackmaker. However, many terrestrial 

carnivoran species make use of latrines, and a small canid trackmaker cannot be excluded. Similar 

findings at GC2003 suggest that dedicated searching might identify more carnivoran latrine sites. 

GR1401 contains 14 tracks that are 4–5 cm in diameter, with claw impressions. Track size places 

these in the zone between large herpestid- and small canid tracks (Van den Heever et al., 2018).  

 

 

Family Hyaenidae 

 

Sites  

 

DB2003 

A single trackway containing 10 tracks was identified in epirelief on a seldom-exposed in situ surface 

in MIS 11 deposits. The trackway comprises five manus-pes pairs, with the manus impressions 

appearing ahead of the pes impressions. Pad and digit morphology is not reliably identifiable. The 

most obvious feature of this trackway is the size difference between manus- and pes tracks: manus 

impressions are ~12 cm long and ~15 cm wide, whereas pes impressions are ~8 cm long and ~10 cm 

wide. Pace length of 41 cm is recorded. Photos DB2003A-C. Photogrammetry DB2003PG. 

 

 

Figure 26. 3D photogrammetry image of hyaena trackway at DB2003 – horizontal and vertical scales are in 

metres. 



183 
 

 

GP1803 

This complex, large surface (Helm et al., 2020b) contains stone tools, crocodile tracks, monitor lizard 

tracks, an avian trackway, invertebrate traces, and trackways which are harder to identify to 

trackmaker level (photo GP1803F). One trackway contains features that suggest a hyaenid origin. It 

comprises eight depressions in an approximately linear orientation. Some are long and deep and 

probably represent poorly preserved manus-pes track pairs. Claw impressions are present but poorly 

defined. A gap in the sequence of tracks in the trackway is related to an overwash area with parting 

plane lineations. The feature that most clearly suggests a brown hyaena (Hyaena brunnea) origin 

occurrs at the northeastern end of the best-preserved manus-pes set, where at least seven sub-

parallel, curvilinear grooves are noted, appearing consistent with traces of the thick mat of hair that 

is associated with tracks of this species made in a soft substrate (Van den Heever et al., 2017). Photo 

GP1803G. These tracks are separated from the stone tools by a distance of less than 30 cm. The 

most northeastern track contains a possible coprolite. 

 

GC1809 

Three parallel, straight, evenly-spaced trackways with a narrow straddle were identified on the 

Goukamma coast, each containing 4–5 round tracks, and reported in Helm et al. (2020d). Digital 

impressions are not evident. A size difference is apparent within the trackways, with the larger 

tracks being 9.5 – 11 cm in diameter, and the smaller tracks ~7 cm in diameter. Photos GC1809 A-B. 

 

 

Interpretation and discussion  

 

According to Van den Heever et al. (2017) and Stuart and Stuart (2019), features that aid in the 

identification of brown hyena tracks include the noticeable size difference between the manus and 

pes tracks (with the pes track being as much as 2.5 cm shorter), a jigsaw-puzzle-like pattern in well-

preserved tracks in which the toes and pads are grouped tightly together, the thick mat of hair that 

may leave traces in association with tracks made in a soft substrate , and evidence of a unique gait in 

which the pes track faces outwards at 25o and the manus faces ahead. As the level of preservation at 

these sites does not allow interpretation of pad and digit impressions, it is unsurprising that the 

jigsaw pattern has not been identified, but the other features are probably present when the sites 

are considered in combination. The brown hyena is often regarded as solitary, but as Van den 

Heever et al. (2017) note, they are social animals that live in clans consisting of up to four adults and 
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six adult females; the finding of three parallel trackways at GC1809 is therefore not inconsistent with 

the social behaviour of this species. 

 

At a global level there are very few records of fossil hyaena tracks. One exception is from Crete, 

where a Late Miocene hyaenid track was reported, with the identification relying on the ‘jigsaw 

pattern’ (Iliopoulos et al., 2012). Casteret (1948) reported Late Pleistocene hyena tracks from the 

Aldène Cave in France. The southern African examples are therefore of importance, and are 

interesting in that two of the first reported examples of Pleistocene trackways in southern Africa, 

both from the Langebaan area on the west coast, were attributed to hyaenid trackmakers (Tankard, 

1976; Roberts, 2008). These were identified in approximately 1976 and in 1995. While the 

interpretation of a large carnivoran registering tracks on a sloping sandy surface is not contested, the 

tracks and trackway do not appear from the photo (Tankard, 1976 - figure 21) to exhibit the 

distinctive features described by Van den Heever et al. (2017) or Stuart and Stuart (2019). The 

attribution of the trackway to H. brunnea by Tankard (1976) may therefore be controversial.  

 

This trackway could not be relocated by Roberts (2008), who attributed the trackway found in 1995 

to a probable brown hyaena based on the size difference between manus and pes tracks. The 

trackway contained four tracks, one of which was very poorly preserved. Roberts (2008) noted that 

the diameter of the posterior track was 12.5 cm, and the diameters of the two more anterior tracks 

were 11.5 cm and 11 cm. These differences are less than those described at the Cape south coast 

sites, or by Van den Heever et al. (2017). Whether they allow a confident identification of a hyaenid 

trackmaker is debatable. The discovery of this trackway was of considerable importance, however, 

as it led David Roberts to search intensively for further tracks in the Langebaan area, culminating in 

the identification of tracks attributed to a hominin. 

 

Carnivore and scavenger dens have yielded a number of coprolites, in particular those of Hyaena 

brunnea (e.g., Rector and Reed, 2010). Within the study area, hyaena coprolites were reported from 

100 ka layers at Blombos Cave (Badenhorst et al., 2016). Hyaena coprolites from PP 30 (a carnivore 

den site near Pinnacle Point) were found not to contain pollen (pers. comm,. Curtis Marean, 

December, 2019; pers. comm., Louis Scott, January 2020).  

 

Carrión et al. (2000) reported on an open air hyaena coprolite site near Oyster Bay (~120 km east of 

the eastern limit of the study area), eroding out of a palaeosol above a layer characterized by 

Howieson’s Poort stone tools, and hence dated to ~70 ka. Palynological assessment was performed, 
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with conclusions that the pollen assemblage differed markedly from the current assemblage, 

suggesting displacement of vegetation zones to lower altitudes, and overall cooler, more inland 

conditions (Carrión et al. 2000). Scott et al. (2003), in reviewing pollen analysis of hyaena coprolites 

from South Africa and Spain, provided a table of ten South African sites where palynology of hyaena 

coprolites had been attempted. They suggested that pollen was less likely to be found in older 

coprolites or those which had been subjected to repeated moisture fluctuations. 

 

Pliocene and Pleistocene hyaena coprolites have been identified at a number of sites on the west 

coast; some of these were in open, sandy aeolian contexts, probably close to water bodies (pers. 

comm., Graham Avery, January 2020).  

 

 

Family Canidae 

 

Sites  

 

One conclusive site has been identified. 

 

KK1902 

Two tracks occur in hyporelief as a probable short trackway on a loose slab. One track exhibits better 

preservation. Track length = 8 cm; track width = 6 cm. Casts of the main pad impression and four 

digit pad impressions are present, and at least one of the digits pad casts tapers sharply to a cast of a 

claw impression. The posterior margin of the main pad cast appears to have a slight bifid 

configuration. A substantial displacement rim (evident as a depressed area) surrounds much of this 

track. Photo KK1902A. Photogrammetry KK1902PG. 

 

 

Family Otariidae 

 

Sites  

 

Three probable sites have been identified. One is a possible site at Dana Bay; the other two sites, 

which were described in Helm et al. (2022c), are separated by a distance of 560 m in the Goukamma 

Nature Reserve. 



186 
 

 

DB2004 

A trough, orientated perpendicular to the shoreline, was identified by Ilona and Aleck Birch in MIS 11 

sediments at Dana Bay. It is situated in Klein Brak Formation sediments just below the rip-up clast 

contact zone described by Roberts et al. (2012). It measures 200 cm in length, 78 cm in maximum 

width, and 27 cm in maximum depth. It is truncated at both ends. The width appears to taper 

towards both ends. Substantial rims are present along the lateral margins. At the seaward end, it can 

be examined in cross section, and it is clear that the trough surface is shaped like an arc. There is no 

obvious deformation of underlying layers (Photo DB2004D). In a landward direction from this trough 

lies a similar, larger, more eroded depression. Photos DB2004A-D. 

 

GC1805 

GC1805 comprises a north-facing, in situ, ripple marked surface with a strike of 90° and dip of 30°. 

The bedding of this and adjacent outcrops (which extend in a shore-parallel direction along strike for 

~20 m) is relatively uniformly parallel and planar, or low-angle cross-bedded, but without evidence 

of aeolian foresets. This unit has a different orientation from the aeolianite layers in the overlying 

cliffs and adjacent coast, which are the result of prevailing westerly or southwesterly palaeowinds. 

The traces appear in concave epirelief. The surface is often covered by sand for long periods, and 

when exposed is subjected to intense wave action. Petrographic analysis indicates a beach 

environment (Helm et al., 2022c). 

 

Maximum dimensions of the surface containing the traces are 7 m x 2 m. The north-facing surface is 

described here as viewed when facing south (seawards). The most prominent features are two 

furrows, 15 cm in width, which extend for 1.5 metres from the top edge of the surface to the 

bottom. The west (right) furrow appears relatively straight, and a crack runs along a portion of its 

base. The east (left) furrow is more sinuous, with a widened area towards the bottom and a smaller, 

wider area towards the top (Helm et al., 2022c).  

 

This upper widened area contains ten parallel, longitudinally orientated, closely spaced, shallow 

grooves, 8–12 cm in length, over a width of 22 cm, and extending beyond the furrow section to the 

west to two fainter grooves, which are parallel to the other grooves (Figure 27A). Downslope, within 

the furrow, there are further, smaller depressed areas, associated with fainter groove features that 

lie in a similar orientation to those described above (Helm et al., 2022c).  
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Elsewhere on this surface there are at least three further areas of narrow groove impressions in 

varying patterns. To the left of the furrows, near the upper end of the surface, is a series of five 

shallow, sub-parallel curvilinear grooves, just over 4 cm apart from each other, with maximum 

length of 37 cm, orientated approximately parallel to the ripple crests. Towards the bottom left of 

the surface is a tight collection of shallow parallel grooves, 25 cm long, with a total width of 3 cm, 

perpendicular to the ripple crests. Between this area and the furrows is a series of ten shallow 

curved grooves, approximately 8 cm long, over a total width of 34 cm, and often 2.5 cm apart from 

each other, forming a nested pattern that lies oblique to the ripple crests. Thus, there is no 

consistent relationship between the orientations of these three areas of groove features and the 

prominent ripple marks on this surface. Photos GC1805A-C. 

 

GC1806 is situated six metres from this surface, and 3 m higher in the section, also in situ, with 

similar orientation and slope. It exhibits a pattern interpreted by Helm et al. (2019a – figure 10) as a 

possible ammoglyph. This layer was dated through OSL to 73 ± 5 ka (Leic20026). 

 

GC1914 

A collection of loose slabs, often covered by sand, lies at the bottom of coastal cliffs. On the surface 

of one slab are four large, deeply depressed features (Figure 27B). The surface is described here 

when viewed facing north (away from the sea). The lower three features are orientated in a row, 

approximately parallel to each other. The fourth depressed feature lies at a sub-perpendicular angle 

to the other three, and lies horizontally (Helm et al., 2022c).  

 

The three depressions in the bottom row are wider at their upper ends. The middle depression is 83 

cm in maximum length and 28 cm in maximum width. The right depression is 88 cm in maximum 

length and 38 cm in maximum width, although the length measurement is likely to be an 

underestimate, as the bottom edge of the rock truncates the depression. Maximum depth of this 

feature is 11 cm. 

 

The maximum length of the fourth depression is 100 cm. It differs from the other three depressions 

in terms of its more irregular outline, which includes a protuberance at its lower edge, with 

maximum dimensions of ~13 cm x 10 cm. Maximum width is 49 cm if this feature is included, and 36 

cm if it is not included. While displacement rims are evident at the margins of all four depressions, 

they are particularly prominent at the margins of this depression and the margin of the 

protuberance (Helm et al., 2022c). Photo GC1914A. 
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Macroscopically, the sedimentary composition of this surface has a coarser grain size and thicker 

beds than are usually seen in dune sediments, and is sedimentologically more consistent with a 

beach environment. Petrography indicates a beach environment (Helm et al., 2022c). A sample for 

OSL dating (Leic21013) was obtained 100 m west of GC1914. It yielded a result of 76 ± 5 ka.  

 

 

Figure 27. (A) 3D photogrammetry image of probable seal traces at GC1805 – horizontal and vertical scales 

are in metres; (B) probable seal resting traces at GC1914 – scale bars = 10 cm. 

 

Interpretation and discussion  

 

The fossil record of Pinnipedia, the clade or suborder that includes true seals (Phocidea), fur seals 

and sea lions (Otariidae), and walruses (Odobenidae), extends from the Oligocene to the Holocene, 

and has a global distribution (Valenzuela-Toro and Pyenson, 2019). Despite this extensive body fossil 

record, there are no previous reports of seal trace fossils, and there is just a single record of walrus 

feeding traces (Gingras et al., 2007). This is a notable absence, as seals are a widespread, distinctive 

and familiar carnivoran group. Furthermore, they include the largest extant carnivorans and the 

largest non-cetacean marine mammals: the southern elephant seal (Mirounga leonina) is the largest 

and heaviest extant member of the Carnivora (Berta, 2009). The absence of ichnological records can 

be attributed to these mammals spending much of their time swimming in the ocean, and, when 

they do emerge onto land they have a preference for rocky islands, cliff-side rock ledges, boulder 

beaches and pebble beaches (Reeves et al., 2002). None of these habitats would be expected to 

register or preserve fossil seal traces. However, large colonies can also be found on sandy beaches 

(Reeves et al., 2002), which could potentially leave a trace fossil record. 
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By far the commonest extant pinniped on the southern African coast is the Cape fur seal 

(Arctocephalus pusillus pusillus). Klein and Cruz-Uribe (1996) discussed the exploitation of the Cape 

fur seal at MSA and LSA sites in South Africa, and Marean (2010a) described the role of seals in MSA 

hunting practices and human diet from the archaeological record of Pinnacle Point Cave 13B. 

Marean et al. (2014) discussed evidence in the archaeological record, ranging from MIS 6 through to 

the Holocene, of exploitation of seals at sites on the Cape south coast; the presence of seal remains 

was used as a proxy for a relatively nearby coastline. Seals might have been harvested through 

hunting at rookeries, rarely through catching a seal resting on rocks, and through scavenging of 

wash-ups (Marean, 1986, 2010a). Pinnipeds, and in particular the Cape fur seal, could theoretically 

be expected to leave ichnological evidence on the Cape south coast. 

 

Marean (1986) noted that seals have much higher fat levels than do all terrestrial mammals, and 

that the amount of blubber on Cape fur seals varies significantly through the seasons, being highest 

in the winter months. This is the season when carbohydrate availability from plant sources in the 

region is at its lowest, and Marean (1986) postulated that seal blubber (rather than meat) formed an 

important part of the winter diet for human inhabitants of the region. At Die Kelders Cave 1, Klein 

and Cruz-Uribe (2000) recorded large numbers of Cape fur seal bones in multiple layers from the 

MSA, but no elephant seal bones. If GC1805 and GC1914 do indeed provide ichnological evidence of 

seals, then the archaeological evidence suggests that these would probably have been Cape fur 

seals.  

 

Stuart and Stuart (2019) provide descriptions of traces of the Cape fur seal and the southern 

elephant seal, explaining the significant differences in locomotion between fur seals and true seals. 

For the Cape fur seal, on land the heavy body is supported by the front flippers, which extend to the 

sides. The area of the front flipper that comes into contact with the ground is used to pull the animal 

forward and leaves impressions in soft sand. The large body leaves a drag mark between the front 

flipper traces. The hind flippers are held under the body when moving, and usually only the inner 

base or ‘heel’ leaves a clear impression in the sand, registered over the body drag mark. In contrast, 

true seals, exemplified by the southern elephant seal, move on land by humping the body in a 

caterpillar-like fashion, alternating the weight between the chest and pelvic areas. The front flippers 

are usually used to assist the animal in moving forward. The hind flippers always drag behind and do 

not assist in locomotion on land. A clear trough is left by the dragging of the body and the deeper 

indentations left by the front flippers on either side of it. 
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Therefore, fur seals are more likely to leave midline hind flipper impressions, both families leave 

curvilinear front flipper impressions (usually aligned perpendicular to the central drag impression), 

and both leave central drag marks, although true seals may be more likely to create a deeper trough. 

While traces left on relatively level beaches may readily be interpreted, steeper surfaces may 

preserve different features. Furthermore, seal rookeries on beaches may contain dense 

concentrations of seals of various ages and sizes in close proximity: Cape fur seals often gather into 

rookeries in numbers ranging from 500–1500 (King, 1983), and some rookeries are even larger, 

containing hundreds of thousands of seals, e.g., at Kleinzee and Cape Cross on the west coast. Seals 

in rookeries on beaches may create resting/basking depressions in the sand that are moulds of their 

outlines. 

 

Martin and Flemming (1987 – p. 507) noted that, a few km west of GC1805, “overwash bar facies are 

suggested by… fine-grained landward dipping planar bedding”. This is the most parsimonious 

interpretation of GC1805, given the orientation, the nature of the bedding, and macroscopic and 

petrographic analysis. Similar evidence indicates that GC1914 too represents a beach environment. 

The localized occurrence of such overwash bar facies may help to explain why fossil seal traces have 

not been commonly identified elsewhere in the study area. The features observed at the two 

Goukamma coastal sites are unlike any other traces that have been documented thus far from the 

Cape south coast. Consequently, there are no comparative examples to help inform the findings 

(Helm et al., 2022c). 

 

The steepness of the surface of GC1805 would lend itself to the formation of furrows of the kind 

noted, should seals progress downslope. The juxtaposition of furrows, parallel grooves and nested 

grooves requires explanation. While these features could represent unrelated activities by different 

trackmakers, their proximity to each other, and their regional rarity, make an ‘Occam’s Razor’ 

argument plausible, whereby the likeliest explanation is that they were created by one species. The 

10–12 parallel grooves in the widened portion of one of the furrows may be striations consistent 

with dragging of the hind flippers during downslope progression. Their presence in a widening of the 

furrow indicates that the furrow was created first, followed by the parallel grooves. The presence of 

similar (albeit fainter) features downslope within the furrows supports this contention. This would 

be more consistent with fur seal traces than those of a true seal, buttressing the archaeological 

record. The width of the furrow suggests that it was made by a pup or juvenile, rather than an adult. 

Furthermore, the presence of at least three features on other parts of the surface, consisting of 
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curvilinear, nested grooves with variable degrees of separation, appears consistent with the 

interpretation of pinniped front flipper impressions (Helm et al., 2022c). The hypothesis that GC1805 

is a pinniped trace fossil site was first put forward during a site visit by Johan Huisamen, who has a 

background of seal research and familiarity with their traces. 

 

At DB2004 and at GC1914 (where a repeating pattern is evident) the outlines of the documented 

depressions approximate those of gross seal morphology, being much longer than they are wide, 

and somewhat wider in the middle or towards one end. These resemble the moulds or impressions 

potentially created by adult seals (DB2004) or densely concentrated juvenile seals (GC1914). Cape 

fur seal males average 2.3 m in length, while females average 1.8 m in length (King, 1983). For 

southern elephant seals these numbers are, respectively, 4.2–5.8 m and 2.6–3 m (King, 1983). The 

size of the depressions at GC1914 would, therefore, be consistent with the dimensions of seal pups 

or juveniles. The prominent rims that occur at the margins of these depressions indicate the 

presence of a compressive force with the capacity to create considerable displacement of sand. In 

addition, one depression at GC1914 contains a protuberance which resembles the outline of a front 

flipper (Helm et al., 2022c). The absence of deformation of underlying layers at DB2004 is intriguing. 

It possibly is related to the evenness of weight distribution over the entire trough area, which may 

be less than the concentrated pressure exerted by the footfalls of other large vertebrates. 

 

Helm et al. (2022c) considered alternative explanations that might account for the features noted. 

This included the possibility that the furrows at GC1805 were erosion channels. However, the 

presence of the striated groove features and widenings in the one furrow indicate that these 

features were registered penecontemporaneously (and soon after the furrow was created), and 

before the surface was covered by further sediment or exposed to further erosion. Tree casts could 

be excluded on similar grounds, and the ten parallel striations were not consistent with a 

crocodylian or monitor lizard origin. Consideration of potential causes of parallel striations and 

nested curvilinear lines forming rainbow patterns is similar to what can be applied to the 

identification of ammoglyphs, as described by Helm et al. (2019a, 2021b), and includes both biogenic 

and abiogenic agents. This was explored again by Helm et al. (2022c): none of the alternative 

explanations were consistent with the observed features on the rippled surface at GC1805. For 

example, the varying orientation of the features compared with the orientation of the ripple marks 

argues against ‘tool marks’ being a cause. A tree cast needs to be considered as an alternative 

explanation for the features at DB2004, but the shape of the trough, tapering at both ends, does not 

appear consistent with that of a tree trunk or log. 
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The likeliest scenario is that GC1805 represents the activities of a fur seal, including front flipper 

impressions, striations from a sliding hind flipper, and body drag impressions made while sliding 

down a sand slope, forming furrows. Combined with the features at GC1914 that suggest body 

impressions of juvenile seals, the most plausible inference is that fur seals created these traces in 

the Pleistocene. The findings at GC1805 and GC1806 suggest a convergence of ichnological and 

archaeological evidence, and a relationship between MSA hominins and seals (Helm et al., 2022c).  

 

DB2004 occurs in MIS 11 deposits, and OSL dating indicates that the GC1805 and GC1914 deposits 

were laid down during or immediately prior to the sea-level regression at the end of MIS 5a (Helm et 

al., 2022c). In conclusion, pinnipeds form a large and familiar clade within the class Mammalia and 

order Carnivora. The absence until now of seals from the palaeoichnological record represents a 

substantial gap. The findings at DB2004, GC1805 and GC1914 are inferred to be most easily 

explained as seal traces, with the implication that Pleistocene seal populations occupied sandy 

shorelines on the Cape south coast during MIS 11 and MIS 5a.  

 

 

Family Mustelidae 

 

Sites  

 

One site has been considered, but is more probably a varanid site. 

 

GP1806 

Alan Whitfield submitted photos of pentadactyl tracks which he found just north of Gericke’s Point. 

Scale bar is absent on the photos, but the putative tracks appear to be of moderate size. They are 

unusual in not being on a flat surface, but instead possibly record a pentadactyl trackmaker 

ascending up a slope onto a more level surface. More detailed analysis of the tracks revealed a wide 

straddle and a median furrow suggestive of a tail drag impression. 

 

 

Interpretation and discussion  

 

Among mammals, pentadactyl tracks of this size would point to a mustelid trackmaker such as the 

Cape clawless otter (Aonyx capensis). However, reptile trackmakers also need to be considered, and 
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the wide straddle observed is more consistent with a reptile. Tail drag impressions can be registered 

by both otters and varanids, but are more common in the latter group. 

 

The Cape clawless otter inhabits, inter alia, rocky coastlines and estuarine environments. Deposits 

representing Pleistocene estuarine environments have been shown to occur in the Gericke’s Point 

area, in association with large reptile tracks (Helm et al., 2020b). A search for evidence of otter 

tracks is therefore a worthy goal, but the tracks at GP1806 are more likely to be reptilian in origin, 

and are discussed further in that section.  

 

  

4.5.8 Order Perissodactyla: odd-toed ungulates 

 

Family Equidae 

 

Sites  

 

The 36 identified equid (or possible equid) ichnosites (Helm et al., under revew c) are presented in 

Table 8, from west to east. The more informative sites are then described in more detail. 

 

GE2001 

Four large tracks occur in situ in a low aeolianite cliff. One of the tracks appears in hyporelief and has 

equid features (length ~15 cm, width ~12 cm), including a probable ‘frog’. The remaining tracks have 

dimensions consistent with large equid tracks but are evident in profile only. Photos GE2001A-B. 

Close by a single equid track (length 14 cm, width 12 cm) is present in epirelief. Photo GE2001C. 

 

GE2103 

A well-preserved composite track with a ‘frog’ occurs in hyporelief on the underside of an in situ 

overhang in aeolianite cliffs. The composite track, with overall dimensions of 20 cm x 15 cm, 

contains both a manus and pes track. The manus track measures 12 cm in length; the pes track, 

beside the manus track and partly superimposed on it, measures 15 cm x 13.5 cm. Two trackways 

are evident. One represents the infill of tracks made on the surface. The second is of transmitted 

tracks, as the trackbearing layer can be discerned (in profile) ~10 cm higher in the section. This 

indicates repeated use of the site over time. Photos GE2103A-D. 
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Table 8: Equid ichnosites on the Cape south coast, from west to east. Measurements are in cm; L = length; W 

= width; PL = pace length. Reproduced from Helm et al. (under review c). 

Site In situ? Relief Track- 

ways 

Tracks Dimensions Comments Photo #s 

W41807 Y epi 1 3  upslope W41807A-C 

GE2001 Y hypo, 

profile, 

epi 

? 4 15L, 12W Jan’s site GE2001A-C 

GE2103 Y hypo 2 8 15L, 13.5W Pieter-Jan Grabe’s find, good quality GE2103A-D 

RI1902 N epi 1 4 15L, 12W over- or under-stepping RI1902A 

LL1903 N epi 1 3 15L, 13W carried out; beside Eremitalpa traces LL1903A 

LL1904 N epi 1 5 13L, 12W beside Eremitalpa traces LL1904A-B 

LL1906 Y,N Epi, 

hypo 

2 4 in 

gallop 

4L, 4W; 

6L, 5W, 17PL 

high above on overhang LL1906A-C 

LL1911 Y hypo, 

profile 

 2 inaccessible possible; in cliff face 5m apart  

LL1916 N epi 1 5 6L possible; Linda’s site LL1916A 

LL0802 Y hypo 1 4 inaccessible high up on dune infill layer Data lost 

LL0903 N epi 1 10 13-14L, 13-14W large LL0903A-B 

LL1601 N epi 

(pedes

tal) 

1 2 24L, 20W 

(composite) 

Megafauna Rock, overstepping LL1601A-B 

LE1906 N epi    possible LE1906A 

LE0901 N epi, 

hypo 

1 4 18L 

(overstepping?) 

31PL 

shod-hominin/equid; has slumped 

into ocean 

LE0901A-E 

DR1905 N epi 1 4 12L, 12W gallop? DR1905A 

DR1910 N epi 2 13 6.5L, 6.5W ‘Tatenda Banda’s zebra’ DR1910A 

DR1917 N epi  >2 10L tracks on multiple slabs DR1917A-B 

DR1918 N epi 2 18 9L, 8W, 26PL the ‘zebra crossing’ DR1918A-C 

DB1904 Y epi  1 14L, 15W ?equid/bovid/erosional; ?MIS11 DB1904A 

DB1909 Y epi 1 4 14L, 15W possible; MIS 11 DB1909A 

WE1801 Y epi >2 20 ~9L, ~8W tracks, may be sand- covered WE1801A-B 

WE1802 Y epi  1 10L, 8W possible equid/bovid WE1802C 

WE1808 Y epi, 

hypo, 

profile 

>1 17 

(10 

epi) 

13L, 13W, 76PL the ‘outdoor classroom’ WE1808A-D 

KK2201 ? epi 3 ? 8L, 8W hoof wall only KK2201A 

GP1901 N epi  10 10L, 10W  GP1901A 

GC1803 Y epi 1 6 12L, 12W possible: bovid/equid undertracks GC1803A-B 

GC1602 N epi 1 3 or 4 14L, 13W Johan Huisamen’s find GC1602A-B 

GR1305 N epi  3 14L, 13W Chris Gow’s find, now eroded GR1305A,E 

BS1503 Y hypo 2 5+2 12L, 10W possible, ceiling at Jaap se Baai BS1503A-D 

BS1504 Y epi 2 14 ~14L, ~14W possible; bovid/equid BS1504A-B 

BS1507 Y epi, 

hypo, 

profile 

  12L many layers, east of hominin site BS1507A-B 

BS1603 Y epi 2 14 14-16L, 13-15W possible; bovid/equid; often sand-

covered 

BS1603A-B 

BS1604 Y epi 1 2 10L, 8W   

RO1701 N epi 1 4 8L, 8W fallen block on cave floor, The Island RO1701A 

RO1902 N Epi    massive overturned block RO1902A-C 

RO2202 Y Epi  6 17L, 15W large surface RO2202A 
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RI1902 

Tracks are preserved in epirelief on a loose slab lying on the beach. Two probable equid tracks, ~15 

cm in length and 12 cm in width occur on a firm surface, illustrate an overstepping or understepping 

gait and invite comparison with a hominin footprint. Photo RI1902A. 

 

LL1903, LL1904 

Two loose slabs were found lying at the base of coastal cliffs near the high-tide mark. The probable 

layer of origin in the cliffs can be determined, approximately a meter above the slabs. Nearby, in this 

layer, sand-swimming traces are present and form a paratype for Natatorichnus sulcatus (Lockley et 

al., 2021). One of the slabs was recovered, and was accessioned in the Blombos Museum of 

Archaeology (museum number ICH011AN). It contains three tracks (~15 cm long, 13 cm wide). A 

sample for OSL dating (Leic20033) was obtained from the edge of the track-bearing slab, yielding a 

standard age estimate of 161 ± 12 ka. The second slab (non-portable) contains four large tracks (13 

cm long, 12 cm wide), and a smaller track beside them, possibly representing a juvenile. Photos 

LL1903A, LL1904A-B. 

 

LL0903 

A large loose slab lies just above the low tide mark. It contains the most important equid tracks thus 

far identified: a long equid trackway (total length 320 cm) of ten tracks, although the distal two 

tracks are transmitted tracks on an underlying layer, and cannot be accurately measured (Figure 28). 

The trackway exhibits a narrow straddle. Track length and width = ~12–14 cm. Mean pace lengths 

are 56 cm. Stride (cycle) lengths of 142 cm, 146 cm, 150 cm and 150 cm (mean = 147 cm) arre 

measured. There is evidence of a repetitive short-long gait pattern, with five pairs of tracks. The 

mean minimum distance between consecutive tracks in the short segments is 11 cm and in the long 

segments is 23 cm. The repeated short-long sequence of tracks in five pairs, with a short stride 

length of 147 cm, is most consistent with a slow walking gait pattern, probably with substantial 

understepping. Vincelette (2021) described the walking footfall pattern as comprising ipsilateral 

couplets that alternate between the left and the right side of the midline, with a short stride length 

(147.1 cm for a slow walk and 177.0 cm for a fast walk). Photos LL0903A-D. Photogrammetry 

LL0903PG1,2,3. 
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Figure 28. LL0903: (A) Long large-equid trackway – scale bars = 10 cm; (B) 3D photogrammetry image of two 

of the tracks - horizontal and vertical scales are in metres. 

 

LL1601 

This unusual feature presents a good example of a pedestalled track (Figure 5D). Its composite 

nature and large size make it enigmatic. It is one of the features on ‘Megafauna Rock’, along with 

elephant, long-horned buffalo and possible rhinoceros tracks. The presence of only a single raised 

feature mandates a cautious approach and implies that firm conclusions can not be drawn (Helm et 

al., 2019b). Photos LL1601A-B. Photogrammetry LL1601PG1. 

 

LE0901 

The potential resemblance of tracks of over-stepping equids to the tracks of shod hominins 

registered in suboptimal sand substrates has been noted. LE0901 illustrates this ambiguity, at a 

potentially important site from a palaeoanthropological perspective, where firm conclusions 

unfortunately cannot be drawn. Photo LE0901A-D. 

 

DR1918 

Two trackways, intersecting at close to a right angle, occur on a large loose slab. The longer trackway 

contains at least ten equid tracks, a few of which are composite. Track length = 9 cm, track width = 7 



197 
 

cm, and pace length = ~26 cm. The shorter trackway contains six smaller tracks, possibly made by a 

juvenile equid. Photos DR1918A-C. 

 

WE1808 

This site comprises a surface on which an Equus capensis trackway is evident in epirelief. The surface 

can be followed into the adjacent cliffs, where the infill layer is preserved as the ceiling of an 

overhang and tracks are evident in hyporelief. From here the layer can be followed west into the cliff 

band, and tracks are evident in profile, with deformation of underlying layers in a predictable 

pattern. This is a good field site for instruction in ichnological principles. Photos WE1808A-D. 

 

RO1701 

Sea caves on The Island at Robberg contain tracks. In one cave a loose slab on the floor contained 

four small-equid tracks (8 cm long and wide) in epirelief. Photo RO1701A. 

 

RO2202 

An in situ surface on The Island at Robberg (photo RO2202A) contains six large-equid tracks in 

epirelief. While most are shallow, exhibiting just hoof wall impressions, one track displays better 

morphological detail, with a discernible frog, a length of 17 cm and width of 15 cm. Photogrammetry 

RO2202PG. 

 

LL0903, DR1910, DR1918, WE1801, WE1808, GP1901 

These sites are notable for the large number of equid tracks. Photos WE1801A-B. 

 

 

Interpretation and discussion  

 

Tracks of bovids and equids, registered in soft sand substrates and hence displaying few 

morphological details other than general size and shape, may be indistinguishable. Confident 

identification of equid tracks depends on features such as a hoof wall, a ‘frog’, and the absence of an 

interdigital sulcus (Liebenberg, 2000; Stuart and Stuart, 2000; Van den Heever et al., 2017). Equids 

tend to overstep more frequently than bovids, rather than employing a direct register; this leads to 

the formation of composite tracks in which the pes is often placed immediately ahead of the manus 

(Van den Heever et al., 2017). In such cases, if the level of preservation is poor and the manus and 

pes impressions coalesce, the outline and dimensions may be misidentified as hominin tracks (Helm 
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et al., 2019d). The manus track tends to be rounder than the slightly longer and narrower pes track 

(Liebenberg, 2000; Van den Heever et al., 2017; Stuart and Stuart, 2019). 

 

On firm substrates only the hoof wall tends to be registered (Stuart and Stuart, 2019), whereas in 

soft, unconsolidated sand all that may be evident is a crater of appropriate dimensions. In between 

these extremes there is a substrate (usually damp) of ideal cohesiveness, in which the characteristic 

equid features are preserved. 

 

Equids may exhibit a walking gait, a trotting gait, or a galloping gait, each with a distinctive pattern. 

As speed increases from a slow walk to a fast walk to a trot, the distance between the manus track 

and the pes track ahead of it increases, and straddle tends to decrease (Van den Heever et al., 2017). 

Equid gaits and their corresponding trackway patterns have been reviewed (Vincelette, 2021 and 

references therein). Patterns pertaining to southern African equids have been summarized (Van den 

Heever et al., 2017). In order to determine the gait, a reasonably long trackway is required. Most of 

the Cape south coast equid trackway sites where gait can be inferred suggest a walking gait pattern. 

Because equids are largely gregarious, it may be difficult to distinguish individual trackways within a 

large collection of tracks. 

 

Track length for the extant plains (Burchell’s) zebra (Equus quagga burchelli) has been reported as 

8.5–9 cm (Van den Heever et al., 2017), and 9.5–10 cm (Liebenberg, 2000). Stuart and Stuart 

reported average track length for this species of 7.7 cm for the front foot and 8.3 cm for the hind 

foot. For the Cape mountain zebra (Equus zebra zebra) track lengths were reported of 7.5–8 cm (Van 

den Heever et al., 2017) and 9–10 cm (Liebenberg, 2000). Stuart and Stuart reported average track 

length for this species of 11 cm for both manus and pes. 

 

The equid tracksites were separated into two groups: the first group contained tracks more than 11 

cm in length, and the second group contained tracks 11 cm in length or less. This proved convenient, 

as no track length between 10 cm and 12 cm was recorded at any site.  

 

Sites GE2001, GE2103, RI1902, LL1903, LL1904, LL0903, DR1905, WE1808, GC1803, GC1602, 

GR1305, BS1507 (n = 12) exhibit equid tracks 12–15 cm in length, with a mean length of 13.5 cm. 

Tracks of this size are not recorded by any extant equid. These are interpreted as giant Cape horse 

(Equus capensis) ichnosites. Photos GC1602A-B; GR1305E. 
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Sites LL1906, DR1910, DR1917, DR1918, WE1801, KK2201, GP1901, BS1604, RO1701, in contrast (n = 

9) exhibit equid tracks that with a length range from 7–10 cm, and a mean length of 9.2 cm. These 

smaller equid tracks appear consistent with tracks of plains zebra, and equal to or slightly larger than 

tracks of Cape mountain zebra, which may have been a less likely trackmaker on dune surfaces (e.g., 

Skinner and Chimimba, 2005). While juvenile E. capensis cannot be excluded, the quagga (Equus 

quagga quagga), the southern race of the plains zebra that became extinct in the 19th century, 

appears to be a more likely trackmaker, based on historical distribution range and habitat 

preference (e.g. Skinner and Chimimba, 2005).  

 

Orlando et al. (2009) and Faith (2014) have addressed the distribution and habitat preferences of 

extinct and extant zebra species. At present the limited data suggests a slightly higher prevalence of 

tracks attributable to E. capensis than E. quagga quagga on the Cape south coast. Identification of 

more equid ichnosites on the Cape south coast, with a larger sample size, may allow for meaningful 

comparison of their regional prevalence. 

 

The equid ichnosites exhibiting the larger tracks represent the first documented track occurrences of 

the giant Cape horse (Equus capensis), a species well documented in the body fossil record on the 

west coast (e.g. Klein et al., 2007; Marean et al., 2014). Also known as the giant Cape zebra, it is one 

of the extinct large mammal species from the Cape coast of South Africa, and is the largest equid 

known from the African Quaternary (Faith, 2014). 

 

The type specimen of Equus capensis was described by Broom (1909), based on part of a mandible 

with four teeth, which was found in 1907 embedded in a calcarenite layer on the shores of Table 

Bay, near Cape Town. Eisenmann (2000) estimated a body mass for E. capensis of 400 kg or as much 

as 450 kg, and a height of 144–156 cm at the withers. This weight estimate is almost double the 

weight of its extant relatives, E. quagga at 235 kg (Venter et al., 2014) and E. zebra at 234 kg 

(Skinner and Chimimba, 2005). Its markedly hypsodont teeth contribute to the conclusion that it was 

a bulk grazer of dry grasses (Faith, 2011). 

 

Stachurska et al. (2011) obtained a ratio range of 12.83–13.16 between the height at the withers and 

manus length in the modern horse (E. caballus). Applying this ratio to the mean length of the large 

tracks (13.6 cm) yields an estimated height range at the withers of 174–179 cm. This is probably an 

overestimate, as the mean track length does not distinguish between manus tracks and presumably 

longer pes tracks. The estimated height at the withers of E. capensis, based on track length and 
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acknowledged to be a probable overestimate, thus appears to be a reasonable match for the height 

range of 144–156 cm obtained by Eisenmann (2000) based on skeletal material. 

 

Churcher (2006) contended that E. capensis had a geographic range that extended from the Cape 

Town area in the southwest through East Africa to Egypt in the northeast, and was essentially 

conspecific with Grevy’s zebra (E. grevyi). However, based on skeletal material Eisenmann (2000) 

reported that E. capensis was substantially different from E. grevyi, and subsequent DNA analysis has 

demonstrated that E. capensis was more closely related to the extant plains zebra (E. quagga 

burchelli) than to E. grevyi (Orlando et al., 2009). The status of E. capensis as a separate, extinct 

species therefore appears valid (Faith, 2014). 

 

Churcher (2006) summarized the distribution of E. capensis in southern Africa: the coastal areas of 

the western Cape, the Karoo, northern Cape, western Orange Free State and the Highveld, as well as 

a single region in Namibia, and the Zimbabwe highlands. It has been recorded from as early as the 

Late Pliocene, at Langebaanweg (Tankard 1975). Most of the E. capensis body fossils from southern 

Africa span a range from 90 ka to 11 ka (Faith, 2014), and Klein (1983) noted that it went extinct in 

the region at ~12–10 ka. The last possible record from the southwestern Cape is from Elands Bay in 

the western Cape, dated to ~9.6 ka 9,6 (Klein and Cruz-Uribe, 1987), and the last record from 

southern Africa is from Wonderwerk Cave, dated to ~10,2- 9,1 ka. The temporal range of E. capensis 

is thus from the Late Pliocene to the terminal Pleistocene / early Holocene. 

 

Klein (1980) noted that E. capensis fossils were more numerous in what are currently the more arid 

regions of southern Africa. This contention is borne out in the synopsis of fossil and archaeological 

sites from the Cape coast by Marean et al. (2014), who noted that the dominant herbivore taxon at 

the Early or Middle Pleistocene Elandsfontein site on the currently drier west coast was E. capensis, 

where, for example, a minimum number of individuals of 118 was recorded (Klein et al., 2007). In 

contrast, from the currently wetter Cape south coast, E. capensis fossils have only been documented 

from a single archaeological site, Blombos Cave, where four specimens (representing a representing 

a minimum of one individual) were identified in 100 ka layers (Henshilwood et al., 2001b; 

Badenhorst et al., 2016). 

 

Despite this wealth of skeletal material for E. capensis from southern Africa, the only reference to 

Pleistocene equid tracks was by Roberts et al. (2008), who noted that track-rich aeolianites east of 

Still Bay included tracks of equids. No details were provided. Consequently, prior to the 
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commencement of the Cape south coast ichnology project, there were no Pleistocene equid tracks 

that had been described in detail, or assigned to E. capensis or other equids.  

 

The presence of so many ichnosites on the Cape south coast is therefore unexpected, provides a 

contrast to the relative paucity of body fossils of this species from the region, and is contrary to the 

notion that E. capensis was predominantly a west coast species. Awareness of these findings may 

have contributed to the conclusion of Marean et al. (2020) that the PAP environments of floodplain 

grasslands, grasslands and renosterveld were frequented by E. capensis. The presence of tracks of 

Equus capensis close to Eremitalpa sand-swimming tracks (at LL1903 and LL1904) is of potential 

significance, as E. capensis is generally characteristic of more arid environments (Klein 1980; 

Churcher 2006).  

 

Marean et al. (2020) noted that the northern portion of the PAP would have contained extensive 

floodplain and shale grasslands with suitable habitat for grazing species such as E. capensis. Likewise, 

the renosterveld in the northwestern portion of the Plain would have included a grassy component, 

likely attractive to E. capensis. When the well-watered PAP was exposed during the Pleistocene, its 

C4 grasslands were probably a key resource for E. capensis on the Cape south coast. These habitats 

would have been almost completely absent from the region at the Pleistocene-Holocene transition. 

Faith (2014) noted that at least 24 large mammal species are known to have disappeared from 

continental Africa during the late Pleistocene or Holocene, predominantly between 13 ka and 6 ka. 

Grazing species were predominantly affected. Three of these extinctions, E. capensis, Pelorovis 

antiquus (long-horned buffalo) and Megalotragus priscus (giant hartebeest), were the largest 

members of their lineages. All three were adapted to consume large amounts of low-quality forage, 

necessitating larger home ranges, which would have made them susceptible to loss of habitat (Faith, 

2011). Environmental change can therefore be implicated in the extinction of E. capensis, and the 

loss of suitable habitat provided by the PAP may have been a contributing factor (Venter et al., 

2020). While Faith (2014) did not believe that humans played an important role in these African 

extinctions, the timing of the extinction of E. capensis coincides with a probable increase in the 

presence of Homo sapiens, and the possibility that increased predation by humans played a 

contributory role cannot be discounted. 

 

The only equid ichnosite directly sampled for OSL dating is L1903, which yielded a result of 161 ± 12 

ka, firmly within MIS 6. Samples obtained close to other equid sites suggest an equid presence 

during MIS 5, MIS 4 and MIS 3. 
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The global record of long horse trackways appears to be rather sparse. Vincelette (2021 and 

references therein) reported Miocene, Pliocene and Pleistocene examples. A Pleistocene equid 

trackway was reported from Wally’s Beach, Alberta, Canada, where a trackway of five tracks, 10.5 

cm in length and dated to ~11 ka, was attributed to Equus conversidans (McNeil et al., 2007). 

Another record from Africa is from Laetoli, Tanzania, where Pliocene trackways containing 8–13 

tracks were reported (Renders, 1984; Renders and Sondaar, 1987). 

 

 

Family Rhinocerotidae 

 

Sites 

 

There are five possible recorded sites, of which one is unequivocal and exhibits black rhinoceros 

(Diceros bicornis) tracks. At the other four sites a hippopotamus origin either cannot be excluded or 

is as likely as a rhinoceros origin.  

 

RI1901 

A huge split block contains six large tracks deep within the split section, which therefore appear in 

both epirelief and hyporelief. The tracks are hard to view adequately, but appear to have a 

maximum length of ~16 cm and maximum width of ~20 cm. Possible digit casts are evident, but it is 

not possible to distinguish between a hippopotamus or rhinoceros trackmaker. Photos RI1901A, B, 

D-F. 

 

LL1912 

Three large, inaccessible tracks are evident in shallow hyporelief on the underside of an in situ 

overhang layer. They appear in approximately a linear arrangement, although do not clearly 

constitute a trackway. Digit casts appear to be present, but it is not possible to distinguish between a 

hippopotamus or rhinoceros trackmaker. Photo LL1912A. 

 

LL1601 

A single track on ‘Megafauna Rock’ (so named because possible tracks of elephant, long-horned 

buffalo, giant Cape horse and rhinoceros are present on the same surface) was attributed to a 

possible rhinoceros trackmaker by Helm et al. (2020b). Length of 24 cm and width of 20 cm were 
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recorded. However, this could also be a hippopotamus track in which the middle digits are ‘fused’, as 

described by Van den Heever et al. (2017). Photo LL1601C. Photogrammetry LL1601PG2. 

 

WE1804 

East of Wilderness, two epirelief trackways with a total of 10 tracks occur in situ. Track length of ~24 

cm, track width of ~20 cm, and pace length of 65–70 cm are measured. Although the tracks closely 

resemble those of a rhinoceros trackmaker, the suboptimal level of preservation means that 

hippopotamus tracks can not be excluded. Photos WE1804A-B. 

 

RO1703 

The finest example of rhinoceros tracks thus far identified (Figure 29) is on the ceiling of a tunnel on 

The Island at Robberg (Helm et al., 2019c). The tracks occur in hyporelief on a truncation surface, 

and are only accessible at very low tides. The twice-daily wave action through the tunnel is steadily 

eroding the tracks. Two rhinoceros trackways are present, with a total of 6 tracks which exhibit a 

characteristic ‘cloverleaf’ pattern. Photos RO1703A-D. Photogrammetry RO1703PG1, 2.  

 

Size and morphology are consistent with that of black rhinoceros (Diceros bicornis); the best-

preserved example is a natural cast of a right track, with features that distinguish it from tracks of 

white rhinoceros (Ceratotherium simum), e.g. outer toe relatively small, and situated relatively far 

from the middle toe (Liebenberg 2000; Stuart & Stuart 2000; Van den Heever et al. 2017). Mean 

track length = 23.4 cm; mean width = 23.2 cm; n = 5. One track points in the opposite direction, 

suggesting a trail that was used in both directions. Large casts are seen in profile at the junction of 

south-eastern tunnel wall and the ceiling, which might represent a continuation of one of the 

rhinoceros trackways. 

 

Three samples for OSL dating were obtained from below (Leic21003), at (Leic21004), and above 

(Leic20028) the truncation surface. Respective standard results were 56 ± 5 ka, 43 ± 4 ka and 44 ± 4 

ka.  
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Figure 29. 3D photogrammetry image of black rhinoceros tracks at RO1703 - horizontal and vertical scales 

are in metres. 

 

 

Interpretation and discussion  

 

Well-preserved rhinoceros tracks should be easily identifiable through a combination of track size 

and the presence of three substantial digit impressions with distinctive morphology. However, in 

soft, sandy substrates the two middle toe impressions of a hippopotamus track may appear to fuse, 

in which case the resulting track may resemble a tridactyl rhinoceros track (Van den Heever et al., 

2017). Juvenile elephant tracks may be confused with poorly preserved rhinoceros tracks. 

  

The black rhinoceros (Diceros bicornis) was historically more common than the white rhinoceros 

(Ceratotherium simum) in the south-western Cape, and has been recorded more often in the body 

fossil record (e.g., Klein, 2007). The ability to distinguish between the tracks of the two extant 

rhinoceros species has paleoecological implications due to their different feeding niches.  

 

The tracks at RO1703 were likely registered at 43 ± 4 ka, during MIS 3. Prior to obtaining these 

results, the age of deposits situated just above sea level at Robberg was not known.  
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4.5.9 Order Artiodactyla 

 

Family Suidae 

 

Sites  

 

RI1903, GC1402  

 

These sites show evidence of possible suid tracks, although in both cases a small or small-medium 

bovid could also have registered the tracks, in which case an atypical bovid track appearance has to 

be postulated due to splaying of digits in a soft sandy substrate. If these are bushpig (Potamochoerus 

larvatus) tracks then direction of travel is probably opposite to that inferred from bovid tracks, as 

bushpig track digit impressions diverge rather than converge (Van den Heever et al., 2017). 

 

The tracks at RI1903 are either 3 cm or 5 cm in length. These may be consistent with bushpig tracks 

(Potamochoerus larvatus), which have a reported average track length of 5.5 cm (Van den Heever et 

al., 2017) and 5.3 and 5.5 cm (Stuart and Stuart, 2019). The only well-preserved track at GC1402 is 

smaller, 3.2 cm in length and 3 cm wide, too small for an adult suid but possibly consistent with a 

juvenile trackmaker. While bushpig tracks often exhibit dewclaw impressions (Van den Heever et al., 

2017), no dewclaw impressions are noted. Photos RI1903A, GC1402A-B. 

 

 

Interpretation and discussion  

 

Marean et al. (2014) reported the presence of bushpigs in the body fossil and archaeological record 

from a number of Late Pleistocene and Holocene sites on the Cape south coast, associating bushpigs 

with thicket vegetation. In addition Marean et al. (2014) describe the extinct warthog, 

Metridiochoerus andrewsi, from the Early or Middle Pleistocene at Elandsfontein on the west coast, 

and Faith (2014) describes Middle and Late Pleistocene Metridiochoerus species in southern Africa. It 

therefore needs to be considered as a possible trackmaker in Cape south coast deposits. It is also 

known as the ‘giant warthog’, and larger tracks can be anticipated than those documented here. 

Extant warthog (Phacochoerus africanus) tracks more closely resemble bovid tracks, compared with 

bushpig tracks. 
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Family Giraffidae 

 

Sites 

 

There is a single reported giraffe ichnosite. 

 

LE1605 

Twelve giraffe tracks (Figure 30) were identified in epirelief on an in situ truncation surface in 2016 

(Helm et al., 2018a, 2020d). In 2019 further (more eroded) tracks were identified on the same 

surface on a fallen block closer to the ocean. The in situ tracks are aligned in an approximate north-

south, slightly downslope direction. The surface exposure measures 3.9 m from north to south and 

7.9 m from east to west. The largest track is 20.5 cm long and 16.5 cm wide. The smallest track is 7.5 

cm long and 5.0 cm wide. The best preserved tracks occur at the southern end of the surface, where 

the largest and smallest tracks occur. Minimal displacement rims are evident. Boring of the surface is 

noted from a modern gastropod species, Nodilittorina africana knysnaensis, and the tracks are also 

subject to degradation by wave action. Photos LE1605A-C. Photogrammetry LE1605PG.  

 

A sample was obtained for OSL dating (Leic20024) from the track-bearing layer. A standard age 

estimate of 109 ± 9 ka was obtained, and a modeled age (gradual cementation) of 104 ± 8 ka. 

 

 

Figure 30. Giraffe tracks at LE1605; scale bar = 10 cm. 
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Interpretation and discussion  

The LE1605 tracks are morphologically and dimensionally consistent with those of the giraffe 

(Giraffa camelopardials). Other than giraffe, there are no extant mammals in southern Africa that 

leave tracks with these dimensions (Liebenberg, 2000; Van den Heever et al., 2017; Stuart and 

Stuart, 2019). In comparing adult tracks of extant Giraffidae and Bovidae, the distinction is 

straightforward, as giraffe tracks are uniquely large and long, relatively narrow compared with the 

largest bovids, with a distinctive shape to the interdigital sulcus. The better preserved tracks at 

LE1605 exhibit these characteristics. The presence of smaller tracks with similar morphology 

suggests that a family group made the tracks. Because of the palaeoenvironmental implications, 

Helm et al. (2018a) considered other potential Pleistocene trackmakers in detail. Sivatheres (short-

necked giraffes) needed to be excluded as potential trackmakers. This was considered unlikely on 

two grounds. Firstly, there is no evidence for Sivatherium maurusium, the African representative of 

the giant short-necked giraffes, occurring in the Cape since 400 ka (Singer and Boné, 1960; Kingdon 

et al., 2007; Klein et al., 2007). Secondly, the massive sivatheres had very robust limb bones, along 

with substantially longer ossicones than extant giraffe. These factors, considered in the context of 

the observation that hooves follow horns (Lockley, 1999), suggest that sivathere tracks would not 

only be larger, but would also be relatively wider than the tracks of Giraffa camelopardalis (there 

appear to be no records of sivathere tracks). The giant hartebeest (Megalotragus priscus) was also 

considered. Although significantly larger than the extant red hartebeest (Alcelaphus buselaphus) and 

other alcelaphines, and although fossil tracks of this species have not been documented, the track 

morphology of this species would likely resemble that of other alcelaphines, and a track length of 

over 20 cm appears implausible. Track length of the Red Hartebeest (Alcelaphus buselaphus) is 

recorded as 9.5–10 cm (Stuart and Stuart, 2019).  

 

Pliocene giraffid tracks (dated to 3.66 ma) were recorded at Laetoli, where dimensions of 17 cm x 

12.5 cm were recorded (Masao et al., 2016). Holocene giraffe tracks, thought to be hundreds of 

years old, were recorded from the Kuiseb Delta in Namibia (Bennett et al., 2010). The tracks at 

LL1605 are the only Pleistocene giraffe tracks recorded thus far. 

 

According to historical records, giraffe in the Cape Province were mainly confined to 29°S (in the 

Orange River valley) and further north. There is no record south of 30°S. The southernmost record 

was at the Spoeg River, Namaqualand, as noted by Van Meerhoff in 1663 (Skead, 2011). Skead 
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(1980) noted that Namaqualand in the north-west Cape is the farthest south that the giraffe has 

been recorded in historical times. Skead (1980) further remarked on possible evidence that a giraffe-

like animal lived as far south as Darling in prehistoric times, mentioning a report of fossil specimens 

from this area in the South African Museum in Cape Town; however, he noted further that the 

palaeontologist at the museum knew of no other fossils having been found at that site, and had cast 

doubt on the locality. Skead (1980) also noted that an 1837 report by Herschel (Evans et al., 1969) of 

four giraffe near Cape Town referred to animals in captivity. Rust (1995) reported a rock art site from 

the Hex River Valley depicting fine line images of at least two giraffe, and was estimated to date to 

within the last 2 ka. However, rock art images of giraffe cannot be regarded as a proxy for the 

historic distribution of the species, as they may reflect awareness by the artists that these mammals 

occurred further north.  

 

Giraffe bones have not been reported from Cape south coast archaeological or palaeontological 

sites. The absence of giraffe remains from the body fossil record may be another manifestation of 

the ‘schlepp effect’, whereby the likelihood of a carcass not being transported is related to size and 

distance from camp, leading to the under-representation of larger animals in the archaeological 

record (Perkins and Daly, 1968). The bones of large animals like giraffe are less readily transported 

than those of smaller prey (Monahan, 1998), which provides a taphonomic filter+-. Parkington and 

Poggenpoel (1971) recognized that larger animals may never be traced in archaeological sites, and 

Thackeray (1979) suggested that large animals might be butchered and prepared as ‘biltong’ at the 

site, rather than being carried home. LL1605 thus provides a unique record, and a significant 

geographical range extension.  

 

Contemporary giraffe populations in southern Africa are associated with subtropical savanna 

ecosystems, dominated by deciduous acacias (Vachellia spp.) with a field layer of summer-growing, 

C4 grasses (Skead, 1980; Mitchell and Skinner, 2003). Their presence in the southern Cape fossil 

record, far south of their current range, has implications for the Cape south coast Pleistocene 

climate and vegetation. This includes the requirement for savanna, a habitat that is rare in the 

present landscape. Wooded grassland in alluvial valleys that meandered across the low-gradient PAP 

(Cowling et al., 2020), complemented with evergreen thicket, a habitat that would likely have been 

widespread on the calcareous substrata of the Plain (Cawthra et al., 2020), may have provided 

sustenance for a Pleistocene giraffe population during MIS 5, as suggested by the OSL age result 

from LE1605. 

 



209 
 

 

Family Bovidae 

 

The list of potential bovid trackmakers on the Cape south coast in the Pleistocene (extending 

through to the Holocene) is long. Marean et al. (2014) summarized the body fossil record and 

evidence from archaeological sites, and Marean et al. (2020) discussed the PAP fauna. There are at 

least twenty-three species, of which four (long-horned buffalo, giant hartebeest, blue antelope and 

one springbok species) are extinct. Consultation of tracking guidebooks (Liebenberg, 2000; Van den 

Heever et al., 2017; Stuart and Stuart, 2019) highlighted the difficulty of identifying most bovid 

tracks to species level, given the relatively subtle morphological differences between them, 

combined with the generally low quality of preservation of Cape south coast tracks. Rather than 

attempt to assign tracks to trackmaker species, bovid tracks were arbitrarily divided into large (>10 

cm), medium (5–10 cm) and small (<5 cm) categories. As discussed below, large tracks form an 

exception, and an association of tracks with coprolites can narrow down trackmaker candidates. 

 

Sites  

 

Sixty-six sites have been recorded, and are presented from west to east in Table 9. Descriptions 

follow of 14 sites of special interest or displaying excellent preservation. 

 

RI0903 

An epirelief surface on a loose slab was noted in 2009, but could not be re-located in 2019. The 

surface contains two or three parallel trackways, with smaller tracks 3 cm in length, and larger tracks 

5 cm in length. Displacement rims are present. An overlying layer contains further tracks with similar 

orientation, suggesting repeated use of a trail. Digit impressions are typically well outlined and are 

relatively parallel and ‘slot-like’, unlike those of most small bovids, which converge distally. This led 

to consideration of a klipspringer (Oreotragus oreotragus) trackmaker, but track length (as much as 

5 cm) excludes this possibility. Suids, e.g., bushpigs (Potamochoerus larvatus) could be considered, 

and have a reported average track length of 5.5 cm (Van den Heever et al., 2017) and 5.3 and 5.5 cm 

(Stuart and Stuart, 2019). However, bushpig tracks often exhibit dewclaw impressions, which are not 

present at this site. An alternative explanation is that small bovids splay their digits when treading in 

a soft substrate (Van den Heever et al., 2017), resulting in relatively parallel digit impressions. Photo 

RI0903A. 
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Table 9: Bovid ichnosites on the Cape south coast, from west to east. Measurements are in cm; L = length; W 

= width; PL = pace length. 

Site In  

situ? 

Relief Track 

ways 

Tracks Dimensions Comments Photo #s 

W51809 N hypo  1 5L large displacement rim W51809A 

W41808 N epi 2 3 4L  W41808A-C 

KO1601 Y hypo 1 2 11.5L, 11.5W on tunnel ceiling, large 

displacement rims  

KO1601A-B 

BO1903 N epi    crusted truncation surface, with 

tortoise and elephant tracks, 

possible long-horned buffalo 

BO1903A-B 

BO2102 N epi    Jan De Vynck’s site BO2102A-D 

RI0903 N epi 3? 11 two sizes, 3–

5L 

‘slots’, 20 m W of western ladder; 

no longer present in 2019 

RI0903A 

LL1901 N epi  1 6L, 4W with avian tracks LL1901B,C,E,F 

LL1908 N hypo 2 7 27L, 14W, PL 

~70 

? overprinting large bovid / 

hominin, eroded; two sizes 

LL1908A 

LL1919      a variety of bovid tracks alongside 

possible reptile scrapes 

 

LL0904 N epi    small  

LL0905 N     bovid and elephant  

LL1601 N epi  1 13.5L, 16W Megafuna Rock, within elephant 

track 

LL1601A,D 

LE1901 N epi 1 6 4L, 3W two sizes, with one partly obscured 

buffalo track  

LE1901A-B 

LE1902 N epi ? 7 8L, 6W  LE1902A-B 

LE1904 N epi  1 or 2 14L, 16W poor preservation LE1904A 

LE1905 N epi 1 2 15L, 13.5W large downslope rims, deep tracks, 

dewclaw imprssions 

LE1905A-C 

LE1701 N epi 1 2 10L, 10W, PL 

44 

Martin Lockley’s find, Craig Foster’s 

‘re-find’ 

LE1701A 

LE1702 N   many 7L, 6.5W, PL 

31 

small and medium, four surfaces all 

with tracks 

LE1702A-D 

LE1606 N epi  many small and 

medium 

new huge slab to ‘replace’ Roberts 

Rock, also with avian and elephant 

tracks and burrows 

LE1606 

LE0701 N epi, hypo many 

 

many, longest 

trackway with 

20 tracks 

small and 

medium 

Roberts Rock, split by 2009, gone 

by 2016. 

LE0701A-H 

DR0701 N epi >2 >16 small-

medium 

no longer evident, large fractured 

surface  

DR0701A-B 

DR1904 N epi 1 4 medium with rims DR1904A 

DR1906 N? epi  8   DR1906A 

DR1909 N epi 4 many 6.5L, 4W; 

3.5L, 2.5W 

4 slabs slightly apart DR1909A-C 

DR1911 N epi 3? many 7L elephant and bovid tracks, 2 layers, 

difficult access 

DR1911A-C 

DR1919 N epi 1 3 7L, 4W deep tracks, maybe dewclaw 

impressions 

DR1919A 

DR0703 N epi 1 7 6L, 4W ‘J Singleton’ graffiti DR0703A-C 

DR0704 N hypo  1 8L, 8W elephant and bovid tracks with rim, 

first discovery on flipped block 

DR0704A-C 

DB1902 Y epi 1 2  covered in algae, MIS 11? DB1902A-B 

DB1904 Y epi  1 14L, 15W possible buffalo track or erosional, 

reported by Ilona Birch, MIS 11? 

DB1904A 

DB1905 N hypo  1 13L, 12.5W MIS 11? DB1905A 

HA1903 N epi 1 3 6L  HA1903A 

GB1501 N epi 2 12  small, above river, Klein Brak 

Formation 

GB1501A 

GB1202 N hypo  >11  under loose slab, variable size GB1202A 
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WE1802 Y epi   10L, 8W deep equid/bovid with elephant WE1802C 

GP1904 N epi >5 18 3–4L new slumping. 3 slabs metres 

apart, western slab buried in 2020 

GP1904A-C 

GP1301 N epi 1 4 3L bovid and tortoise/terrapin? GP1301A-B 

GP1906 N hypo  1 10L, 11W large, cached GP1906A 

GP1302 Y epi  24, 16 small, small 

and medium 

43 cm and 51 cm in section below 

hominin tracks 

GP1302B,C,H 

GP1811 Y epi 2 7 + 3 + 1 5W, 3W on 'tourist route' up Gericke's 

Point, in 3 layers 

GP1811A-B 

GC1803 Y epi 1 6 12L, 12W large bovid (can’t exclude equid); 

undertracks 

GC1803A-B 

GC1906 Y epi  2 10.5L, 12W  GC1906A 

GC1808 Y epi 4 12 12L, 14W truncation surface, reptile traces? GC1808A-C 

GC1909 Y epi 1 4 8L, 7.5W 130 coprolites, 2-3L GC1909A-D 

GC1810 Y epi 4 13 15L trampled surface, western end of 

very track-rich area 

GC1810A-C 

GC1910 Y epi  1 20L, 22W, 

12D 

deep, with dew claw impressions GC1910A 

GC2204 Y epi 1 8 10L, 8W seldom exposed GC2204A 

GC1811 N epi >3 14 + 20 13L, 13W; 

15L, 15W 

often covered GC1811A-F 

GC1913 N hypo  2 15L, 11W  GC1913A 

GC1203 N epi 1 17 mean 11.8L, 

12.8L; PL 31 

(n = 5) 

long, famous trackway GC1203A-E 

GC1402 N epi  18 3L, 3W many tracks, one small bovid very 

well preserved 

GC1402A-B 

GC1303 N epi  11 5L poor preservation GC1303A 

GC1304 Y hypo  1 large, W>L only one well preserved on ceiling, 

others probably present 

GC1304A 

GR1304 N epi 5 23 ~6–7L with avian tracks; suffered through 

graffiti and erosion, found by Chris 

Gow 2006? 

GR1304A-B 

BS1901 Y epi 1 2 6L, 5W south of graffiti site in Jaap se Baai BS1901A 

BS1504 Y epi 2 14 ~14L, ~14W large bovid and equid BS1504A-B 

BS1507 Y epi, 

hypo, 

profile 

  10L avian, equid, elephant, bovid; many 

layers around and east of hominin 

site 

BS1507A-D 

BS2001 N epi  1 12L, 9W Cape buffalo, partial infill BS2001A-B 

BS1603 Y epi 2 14 14–16L, 13–

15W, PL 58–

70 

Cape buffalo, often covered by 

sand 

BS1603A-B 

BS1702 Y epi many >30 11.5L, 11.5W rarely exposed, found by Myles 

Mander on 

truncation surface 

BS1702A-F 

BS1605 Y epi >3 many 13L, 12W elephant and bovid; 2 surfaces 30 

cm apart in section 

BS1605A-C 

BS1509 Y,N epi, hypo 3 11 16L, 13W avian, large bovid, 

?hominin/baboon 

BS1509A-D 

RO1901 Y epi, 

profile 

pedestal 

   small bovid, avian, elephant;  

above and west of Tunnel; 

11 layers in 150cm 

RO1901A-B 

RO1703 Y hypo  3 S. caffer 

1 

S. antiquus 

~12–13L,  

8–9W, 7D,  

PL 25 & 31; 

11L, 12.5W 

rhinoceros, both buffalo; 

The Tunnel, truncation surface 

RO1703A-B,E 

RO1704 Y hypo  80? inaccessible hard to identify, on ceiling, 

truncation surface 

RO1704A-C 

RO1706 N hypo    large slab, poor preservation RO1706A 
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LL1601 

Megafauna Rock is notable for the presence of a single bovid track in epirelief, 13.5 cm long and 16 

cm wide, superimposed on an elephant track (Helm et al., 2019b). The dimensions are consistent 

with a long-horned buffalo track). A possible giant Cape horse track and possible rhinoceros track 

are also present. Photos LL1601A,D.  

 

LL1905 

Two large, deep tracks (~15 cm long and 13.5 cm wide) display substantial downslope displacement 

rims and clear dewclaw impressions. The presence of dewclaw impressions renders the length 

measurement unreliable, whereas the width is likely accurate. A large buffalo species is a plausible 

trackmaker. Photos LE1905A-C. 

 

LE0701 

‘Roberts Rock’ is best known for its elephant trackways (Roberts et al., 2008; Helm et al., 2019b). 

However, small- to medium-sized bovid trackways were present on the initially-described surface, 

and were the first fossil bovid tracks described from southern Africa (Roberts et al., 2008). One 

remains the longest bovid trackway thus far identified, with 20 tracks. Furthermore, when Roberts 

Rock split in two, exposing further bedding plane surfaces (Figure 16), numerous bovid tracks of 

various sizes were identified in both epirelief and hyporelief before the large slabs slumped into the 

sea. Photos LE0701A-H. 

 

GP1906 

A single large bovid track, wider (11 cm) than long (10 cm), was identified in hyporelief on a loose 

slab east of Gericke’s Point. The length-to-width ratio of <1 suggests a juvenile long-horned buffalo 

(Syncerus antiquus) track (see below). The specimen was cached above the high-tide mark for future 

retrieval, pending approval from SANParks. If this specimen is retrieved it would be the only track of 

this extinct species to be recovered. 

 

GC1909 

An aeolianite surface with maximum dimensions of 127 cm x 35 cm contains 130 nodular features 

(Figure 31) interpreted as coprolites (Helm et al., in press b). The in situ surface, with a dip of 12°, is 

usually covered by sand. Ripple marks are prominent. Predominant wind direction from the 

southwest at the time of deposition is inferred. Most nodular features are approximately round or 
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oval in shape, typically 2–3 cm in length, and slightly flattened, but some are joined together or 

exhibit irregularities. They are much darker than the underlying surface, and appear approximately 

evenly spread in a sinuous pattern along a trackway consisting of four medium-sized bovid tracks in 

epirelief. The tracks are 7.5 cm – 8 cm in length, with a pace length of ~47 cm. The shallow 

depressions formed by three of the tracks contain some of the nodules. Samples were sent for 

palynology analysis, but the coprolites were sterile; phytolith analysis was also negative (Helm et al., 

in press b). Photos GC1909A-D. 

 

A sample for OSL dating (Leic21013) was obtained 2.5 m up section from the track-bearing surface. A 

standard age result of 76 ± 5 ka was obtained, and a modelled age result (gradual cementation) of 75 

± 4 ka. This places this site within MIS 5a, before the migration of the coastline onto the continental 

shelf during MIS 4. 

 

 

Figure 31. Coprolites beside and in bovid tracks at GC1909 – scale bars = 10 cm. 

 

GC1910 

A single, large deep, in situ track in epirelief exhibits dewclaw impressions. The dimensions of the 

depression are substantial (20 cm long, 22 cm wide, and 12 cm deep) but they extend beyond the 

apparent margins of the digit impressions and dewclaw impressions. The long-horned buffalo 

(Syncerus antiquus) is a plausible trackmaker. Photo GC1910A. 

 

GC1811 

This large site, on a surface on a number of adjacent loose blocks which are often covered by sand 

and sometimes with algae, contains multiple large tracks with bovid morphology in epirelief, likely 
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made by a herd of animals, with plausible individual trackways. Track width typically equals length 

(e.g., 13 cm long and wide, 15 cm long and wide). The size suggests a buffalo trackmaker, but the 

length-to-width ratio of 1 makes it impossible to assign it to species. 

 

GC1203 

A fallen block below a prominent cliff on the Goukamma coast contains a large bovid trackway which 

is more than 5 m in length, described by Helm et al. (2018b, 2020d). This is the trackway most often 

noticed and reported by beach hikers. It exhibits 17 consecutive tracks in epirelief on the steeply 

inclined surface of a large loose block.  

 

Width equals or exceeds length in the better-preserved tracks: mean length is 11.8 cm and mean 

width is 12.8 cm (n = 5). Average pace length is 31 cm, with an average stride length of 60 cm. The 

trackway at GC1203 can be regarded as the holotype for large bovid tracks with a length-to-width 

ratio of <1, which are attributed to the long-horned buffalo (Helm et al., 2018b). 

 

The tracks within this slightly sinuous trackway are highly variable along its length. The first three 

tracks are partially covered by a thin layer of infill. The final three tracks are poorly preserved 

undertracks. Tracks 4 to 8 were made on a firm substrate, are relatively shallow, and provide the 

best-preserved morphology. Tracks 9 to 14 were made on a soft substrate, and are large and deep 

(maximum length 23 cm; maximum width 33 cm).  

 

The trackway is intersected by a post-depositional structural crack halfway along its length. There 

are no significant sediment displacement rims, and bedding planes in the cliffs behind the trackway, 

from which it originated, are close to horizontal. This suggests that the tracks were made in a 

relatively horizontal area. Wind-generated ripple marks are evident on the surrounding surface 

(Helm et al., 2018b). Photos GC1203A-C. 

 

A sample for OSL dating (Leic20023) was obtained from the edge of the track-bearing layer. It 

yielded an age estimate of 62 ± 4 ka, placing the site wihin MIS 3. 
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Figure 32. 3D photogrammetry image of a portion of a long-horned buffalo trackway at GC1203 - horizontal 

and vertical scales are in metres. 

 

 

GC1402 

On a loose slab containing 18 poorly defined tracks in epirelief, the morphology of one small track is 

well preserved. It is 3.2 cm long, 3 cm wide, with a surrounding depressed area and a displacement 

rim. It does not resemble the typical track of any extant trackmaker, as the two digit impressions are 

relatively parallel and do not converge distally. The track is too big to have been made by a 

klipspringer (Oreotragus oreotragus), which is strongly habitat-specific, unlikely to have been found 

on dune or interdune surfaces. As with RI1903, the possibility of a small bovid trackmaker splaying 

its digits on a soft substrate, leading to parallel digit impressions, must be considered, along with the 

possibility of a juvenile suid trackmaker. Photos GC1402A-B. Photogrammetry GC1402PG. 

 

BS2001 

A single track, 12 cm long and 9 cm wide, was found on a loose slab in 2020. Although partially 

infilled, the track is well preserved. Symmetry of the anterior portion suggests a Cape buffalo 

(Syncerus caffer) rather than an eland (Taurotragus oryx) trackmaker. 

 

BS1603 

Two intersecting trackways, on an in situ surface usually covered by sand, exhibit large, well-

preserved bovid tracks in epirelief. Track length (14–16 cm) slightly exceeds width (13–15 cm), hence 

they were probably registered by a Cape buffalo (see below). Pace length range is 58–70 cm. Photos 

BS1603A-B. 
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BS1702 

Myles Mander discovered this in situ, epirelief site on a truncation surface during a brief period in 

which it was not covered by sand. It contains more than thirty large bovid tracks, many of them well 

preserved, some exhibiting overprinting, and some with displacement rims. Length and width are 

~11.5 cm. A buffalo species is the probable trackmaker. Photos BS1702A-F. 

 

BS1509 

A small cave at the eastern end of the Brenton-on-Sea aeolianite exposures contains multiple tracks 

in hyporelief on the ceiling, and corresponding tracks in epirelief on fallen blocks on the floor. Large 

bovid tracks are present, with length 16 cm, width 13 cm, and length-to-width ratio of >1. Cape 

buffalo is the probable trackmaker. Photos BS1509A-D. 

 

RO1703 

Large bovid tracks are present in hyporelief on the ceiling of a tunnel on The Island at Robberg, as 

well as rhinoceros trackways (Helm et al., 2019c). The tunnel is 16 m in length, with a maximum 

height of 2 m and a maximum width of 2.5 m. One track with a length of 11 cm and width of 12.5 

cm, hence consistent with a long-horned buffalo (Syncerus antiquus) trackmaker, is present close to 

the rhinoceros trackway. Photogrammetry RO1703PG3.  

 

In addition, a series of three exceptionally well-preserved large bovid track casts is evident, ~12–13 

cm long, 8–9 cm wide, and 7 cm deep, with pace lengths of 25 cm and 31 cm (Figure A5B). Photos 

RO1703A-B, E. Photogrammetry RO1703PG4. 

 

Samples for OSL dating were obtained from below (Leic21003), at (Leic21004), and above 

(Leic20028) the truncation surface. Respective standard age results were 56 ± 5 ka, 43 ± 4 ka and 44 

± 4 ka.  

 

RO1704 

This spectacular site, on the ceiling of an active sea cave on The Island at Robberg, is notable for the 

large number of densely concentrated, inaccessible tracks (Figure 33). The limited examination 

which has been possible suggests that many of the 80 tracks are bovid. The tracks occur in 

hyporelief, and the ceiling forms part of the ‘main palaeosurface’ (Helm et al., 2019c). Photos 

RO1704A-C. The OSL age estimates provided above are therefore applicable to RO1704. 
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Figure 33. Densely concentrated, inaccessible bovid tracks on the ceiling of an active sea cave at RO1704.  

 

Interpretation and discussion  

 

Table 10 presents potential bovid trackmakers from the southern Cape region from Pleistocene 

through to Holocene, in order of decreasing track length. 

 

Table 10: Potential bovid trackmakers on the Cape south coast, in order of decreasing track length (in cm). 

Common name Scientific name Van den Heever et al. (2017) Stuart & Stuart (2019) 

long-horned buffalo (Syncerus antiquus)  ? ? 

Cape buffalo Syncerus caffer 12.6 12 

eland Taurotragus oryx 12.7 10 

roan Hippotragus equinus 11.3 12 

gemsbok Oryx gazella 10.5 11 

giant hartebeest Megalotragus priscus ? ? 

blue antelope Hippotragus leucophaeus ? ? 

red hartebeest Alcelaphus buselaphus  8.7 10 

black wildebeest Connnachaetes gnou 9 9 

greater kudu Tragelaphus strepsiceros 7.7 8 

bontebok / blesbok Damaliscus pygargus) 6.7 7 

southern reedbuck Redunca arundinum - 6.5 

springbok Antidorcas marsupialis 5.5 5.5 

springbok Antidorcas australis ? ? 

mountain reedbuck Redunca fulvorufula 4.8 4.5 

grey rhebuck Pelea capreolus 4.5 4.8 

bushbuck Tragelaphus scriptus 4.5 4.4 

oribi Ourebia ourebi - 4.2 

grey duiker Sylvicapra grimmia 3.8 4.2 

steenbok Raphicerus campestris 3.8 4 

cape grysbok Raphicerus melanotis - 3.5 

blue duiker Philantomba monticola -  2.4 

klipspringer Oreotragus oreotragus 2 2.1 
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Marean et al. (2014, 2020) suggested that the PAP fauna could be subdivided according to 

vegetation and ecosystem types. For example floodplain grasslands could harbour long-horned 

buffalo, red hartebeest, black wildebeest, bontebok, roan, blue antelope and southern reedbuck. In 

contrast, floodplain woodlands might be home to browsers like bushbuck and greater kudu, a 

numbers of grazers, and mixed feeders, e.g., the two springbok species and eland. Fynbos systems, 

often from more recent sites, would include grysbok, steenbok, and grey duiker. Bovids from any of 

these groups could conceivably have ventured onto dunes or even beaches at the margin of the PAP, 

and registered tracks that may be evident in the sites identified. 

 

Three out of the four known extinct species probably created tracks that fall within the >10 cm 

category: long-horned buffalo (Syncerus antiquus), giant hartebeest (Megalotragus priscus) and blue 

antelope (Hippotragus leucophaeus). Prior to the initiation of the Cape south coast ichnology 

project, there were no reports of tracks of any of these species. Whereas tracks with typical bovid 

track morphology (i.e., longer than wide, with an interdigital sulcus open at both ends) may be 

attributed to Cape buffalo (Syncerus caffer) in the case of tracks with a length of 12 cm or greater, 

tracks in the 10–11 cm range could also have been made by eland, roan or gemsbok, as well as 

juvenile Cape buffalo. While eland tracks, for example, are generally narrower than Cape buffalo 

tracks, and gemsbok tracks are even narrower (Liebenberg, 2000; Van den Heever et al., 2017; Stuart 

and Stuart, 2019) these differences are liable to be over-interpreted as they can vary with different 

substrates. Furthermore, the size and relative dimensions of giant hartebeest and blue antelope 

tracks are unknown. A final variable involves the notion that Pleistocene trackmakers may have been 

larger than their extant equivalents – this has been reported for carnivores (Klein, 1986), birds (Helm 

et al., 2020c) and chelonians (Helm et al., 2022b). While this observation has not yet been reported 

for bovids, large tracks with typical bovid morphology (e.g. ,BS1603, BS1509), may be consistent with 

this notion. Identifying bovid tracks to species level is therefore fraught with hazard, and is probably 

only feasible in cases of exceptional preservation and where long trackways are present.  

 

The striking examples at RO1703 provide a possible exception. The track length excludes all but the 

largest Pleistocene bovid trackmakers. Length-to-width ratio is close to 1.5. If a Cape buffalo (S. 

caffer) made the tracks, this would be the only known site containing the tracks of both buffalo 

species. However, the length-to-width ratio of ~1.5 raises the possibility of other large bovid 

trackmakers, such as eland, gemsbok, roan, or two extinct species: giant hartebeest and blue 

antelope. These natural casts, resembling stalactite pairs, are unusual, highly aesthetic examples of 

their kind (Figure A5B). 
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Different bovid track morphology was sometimes noted in the case of large tracks, with track width 

exceeding track length. This phenomenon is not recorded in pes or manus tracks of any extant bovid 

in southern Africa, and was considered in relation to the observations of Lockley (1999, and 

references therein) that long, laterally-extending horns tend to be associated with wider hooves 

(‘hooves follow horns’). This was borne out in a conversation with a keen tracker and cattle farmer, 

Nikki Smit: she related how she farms with both Afrikaner cattle (short-horned) and Nguni cattle 

(with horns of medium length), and how she was able distinguish the tracks of one group from the 

other by observing to the relative length and width (length-to-width ratio being less in the Nguni 

group). 

 

Taking this concept a step further, Helm et al. (2018b) compared the tracks of short-horned cattle 

from the southern Cape (a variety of Bos taurus taurus) with long-horned Ankole cattle (a variety of 

Bos taurus indicus) in Tanzania. The Ankole cattle tracks were consistently wider than they were 

long, whereas short-horned cattle tracks exhibited a length that was equal to or greater than their 

width.  

 

There has been debate as to whether the long-horned buffalo (Syncerus antiquus) justifies its own 

genus, Pelorovis. However, a suggestion that it might just represent a race of the Cape buffalo, 

Syncerus caffer (Peters et al., 1994) was firmly rebutted (Klein, 1994). The long-horned buffalo is 

sometimes referred to as the ‘giant buffalo’, and clearly tracks with substantial dimensions can be 

anticipated. Given the prodigious lateral span of the horns of the long-horned buffalo, the large 

tracks in which width exceeded length were attributed to this extinct buffalo species (Figure 32).  

 

The three bovid sites from which samples were obtained for OSL dating are all from relatively young 

deposits: MIS 5a at GC1909, early MIS 3 at GC1203, and MIS 3 at RO1703 and RO1704. 

 

For the coprolite site GC1909 (Figure 31), the track morphology does not permit identification to 

genus or species level, but the number of coprolites within a relatively small area suggests possible 

territorial behaviour (pers. comm., Alex Van den Heever, 2019). One plausible candidate is the 

bontebok (Damaliscus pygargus pygargus). Stuart and Stuart (2019) note how territorial rams of this 

species leave separate but concentrated heaps of droppings, with an average pellet length of 1.5 cm. 
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Given the unprecedented nature of these findings, alternative explanations for the features were 

considered (Helm et al., in press b). The lack of any demonstrable relation of the nodular structures 

to the prevailing wind direction argued against adhesion warts (Kocurek and Fielder, 1982). Nodular 

pisolite concretions or carbonate or manganese/ferric nodules of diagenetic origin (e.g., Johnson, 

1989) could also be postulated. However, advancing either of these suggestions would require an 

explanation of why they have not been noted anywhere else in the entire study area, and an 

acknowledgement that a) their only documented occurrence happens to occur within a trackway of 

a medium-sized bovid and b) the nodular features are consistent in number, size and pattern with 

the scat of such a trackmaker. 

 

The roles of diagenesis and taphonomy were also considered in the interpretation of these features. 

The slight flattening of the nodular features might be due to pressure from overlying sand layers 

when the features were still malleable, a concept which has been addressed by Niedźwiedzki et al. 

(2016). If this was the case, then the measured length and width might be slightly greater than those 

of fresh scat. 

 

A similar phenomenon of multiple nodules occurring on a, aeolianite palaeosurface was reported by 

Alan Whitfield at Kayser’s Beach, west of East London (photos KB1401A-C) and more than 450 km 

east of GC1909. Tracks are not obviously present at this site. 

 

 

Family Hippopotamidae 

 

Sites 

 

Eight sites have been recorded, of which four are probable and four represent either hippopotamus 

or rhinoceros tracks.  

 

GE2202 

An isolated loose slab near the low water mark contains three tracks in hyporelief, possibly 

representing one trackway. Only one track has relatively well preserved morphology, although it is 

truncated posteriorly by the edge of the slab, and one of the digits has broken off at its base. 

Nonetheless, a probable hippopotamus track outline is discernible, and the other three digit 
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impressions are evident. The length of 26 cm and width of 26 cm are probable underestimates, given 

the incomplete nature of the track. Photos GE2202A,B. 

 

RI1901 

A huge split block contains six large tracks deep within the split section, which therefore appear in 

both epirelief and hyporelief. The tracks are hard to view adequately, but appear to have a 

maximum length of ~16 cm and maximum width of ~20 cm. It is not possible to distinguish between 

a hippopotamus or rhinoceros trackmaker. Photos RI1901A, B, D-F. 

 

LL1912 

Three large, inaccessible tracks are evident in shallow hyporelief on the underside of an in situ 

overhang layer. They appear in approximately a linear arrangement, although do not clearly 

constitute a trackway. It is not possible to distinguish between a hippopotamus or rhinoceros 

trackmaker. Photo LL1912A. 

 

LL1601 

A single track on ‘Megafauna Rock’ was attributed to a possible rhinoceros trackmaker by Helm et al. 

(2020b). Length of 24 cm and width of 20 cm were recorded. However, this could also be a 

hippopotamus track in which the middle digits are ‘fused’ (Van den Heever et al., 2017). Photo 

LL1601C.  

 

WE1804 

Forty metres west of WE1701, two epirelief trackways occur in situ, with a total of 10 tracks. 

WE1804 is often covered by sand. Track length of ~24 cm, track width of ~20 cm, and pace length of 

65–70 cm are measured. Although the tracks resemble those of a rhinoceros trackmaker, 

hippopotamus tracks cannot be excluded. Photos WE1804A-B. 

 

WE1701 

A natural cast trackway containing four tracks (partially obscuring other tracks) was identified on 

two adjacent fallen slabs. Although the tracks appear eroded, the dimensions (track length 19–20 

cm, track width 19–21 cm, depth 5 cm, pace length 59–63 cm) and digit morphology are consistent 

with a juvenile hippopotamus (Hippopotamus amphibius) trackmaker (Helm et al., 2020d). Photos 

WE1701A-B. Photogrammetry WE1701PG. 
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GP1908 

A raised natural cast feature was noted on the surface of a loose slab. Its outline resembles that of a 

hippopotamus track. Track length = 20 cm, and width = 25 cm. Photo GP1908A. 

 

BS1602 

A trackway can be discerned on the ceiling of a small cave at Brenton-on-Sea, ~14 metres above sea 

level. Three large, very shallow tracks are preserved in hyporelief. They are not easily accessible, and 

have not been measured. At least one track exhibits tetradactyl morphology, making this a probable 

hippopotamus trackway. Photos BS1602A-C. 

 

 

Interpretation and discussion 

 

Well-preserved hippopotamus tracks should be identifiable through a combination of track size and 

the presence of four large, rounded digit impressions. However, in soft, sandy substrates the two 

middle digit impressions may appear to fuse, creating the appearance of tridactyl rhinoceros tracks 

(Van den Heever et al., 2017). Juvenile elephant tracks could potentially be confused with poorly 

preserved hippopotamus tracks. To date the ‘perfect’ hippopotamus track has yet to be 

encountered. 

 

There is only one other published description of fossil hippopotamus tracks. Bennett et al. (2014) 

reported Early Pleistocene hippopotamus tracks and a transition from bottom-walking tracks to 

swim traces in a subaqueous setting from Koobi Fora, Kenya. Roach et al. (2016) allude to the 

presence of hippopotamus tracks at Ileret, Kenya, but do not describe them.  

 

Numerous Pleistocene hippopotamus tracks were apparently briefly observed in the Maputaland 

Group near Richard’s Bay after a cyclone event had exposed sediments that are usually covered by 

sand (pers. comm., Greg Botha, December 2021). However, these were not formally described. The 

three probable hippopotamus (Hippopotamus amphibius) Cape south coast ichnosites therefore 

appear to provide the first descriptions of dryland tracks of this family in the ichnology record. 
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4.5.10 Coprolites  

 

Sites 

 

Coprolites (fossilized scat) are unequivocally accepted as falling within the domain of ichnology. 

Eight potential coprolite sites were identified in the study area by Helm et al. (in press b). From west 

to east these are: DR1908, HA1906; GP1803, GP1905, GP1805, GC1911, GC1909, GC2003. Sites 

GP1803, GP1905 and GP1805 occur on what is probably the same palaeosurface. In combination 

they provide a diverse array of possible coprolite forms, interpreted with varying degrees of 

confidence to represent elephant, bovid, small carnivoran (most likely mongoose or genet), hyaena, 

and crocodile fossilized scat, and dated to three stages of MIS 5.  

 

Probable or possible coprolites were subsequently identified on five further track-bearing surfaces in 

2022: BO2201, GC2203, GC1811, GC1203 and GC2205. BO2201 contained a possible elephant 

coprolite on a trunk-drag impression (photo GC2201A,B). GC2203 contained many partially hollow 

coprolites on a vertical surface on a fallen block; one of these was substantially longer (12 cm) than 

wide (4 cm). Tracks on this surface were not identifiable to family level. Photos GC2203A-D.  

 

GC1811 is a long-horned buffalo tracksite at which loose slabs that are usually covered by sand were 

exposed in 2022. Raised features, interpreted as coprolites, were present and exhibited some 

surface irregularity and structure (photos GC1811G-I). At GC1203 the large, raised feature (32 cm in 

maximum length, 15 cm in width, and 5 cm high) that forms a prominent landmark beside the long-

horned buffalo trackway appeared to have a similar sandy consistency as the surrounding surface. 

However, its proximity to the trackway (its medial edge lies within it) suggests that it is causally 

related to it. A coprolite origin provides a plausible explanation (photos GC1203F,G).  

 

At GC2205 two coprolites were found within tracks. The coprolites exhibit a different consistency 

and colour (darker green) to the host rock. In one case the coprolite measures 4 cm x 3.5 cm in a 

track that is 7.5 cm long and 7 cm wide. In the second case the coprolite measures 6 cm x 5 cm in a 

track that is 10 cm in length and width. The tracks cannot be identified to family level (photos 

GC2205A-C). 
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Interpretation and discussion  

 

The presence of tracks and traces on the same surface at most of the above-mentioned sites 

provides corroborative evidence for the presence of coprolites, as is the organic material evident 

from petrographic analysis. Together they add an unanticipated dimension to the Cape south coast 

ichnology project (Hrlm et al., in press b).  

 

Coprolites have been identified from all geological periods and epochs since the Cambrian (e.g., 

Kimmig and Strotz, 2017) and Ordovician (Hunt et al., 2012). The first published reports are from the 

late 17th century (Duffin, 2012). Pioneering studies commenced in the early 19th century by 

Buckland (1829, 1835), who famously studied Pleistocene hyaena coprolites. Subsequently, their 

potential has been recognized for, inter alia:  

- identifying either the producer of the coprolite or the identity of its prey,  

- enabling palaeoenvironmental reconstruction through palynological studies, isotope studies 

on ingested skeletal material, and phytolith analysis and the associated identification of ingested 

plant matter. 

 

Jouy-Avantin et al. (2003) provided a standardized method for the description of coprolites, but 

approached this from an archaeological perspective, restricting the use of the term ‘coprolite’ to 

material found in archaeological sites. This contrasts with the Cape south coast sites described 

herein. Nonetheless, the method suggested by Jouy-Avantin et al. (2003) can be extrapolated to the 

description of all coprolites, and hence is of relevance.  

 

Carnivore and scavenger dens have yielded a number of Cape south coast coprolites, in particular 

those of the brown hyaena. Scott et al. (2003) provided a table of ten South African sites where 

palynology of hyaena coprolites had been attempted, suggesting that pollen was less likely to be 

found in older coprolites or those which had been subjected to repeated moisture fluctuations. 

Elsewhere in South Africa, there are reports of coprolite analysis at or close to hominin sites from 

the Sterkfontein Valley, northwest of Johannesburg: possible human hair was described from a 

hyaena coprolite dated to 257–195 ka from Gladysvale Cave (Backwell et al., 2009), and pollen 

analysis was performed at Malapa, dated to 1.97 –1.75 Ma (Bamford et al., 2010). Gil-Romera et al. 

(2014) compared the inner and outer portions of hyaena coprolites from Equus Cave in Northwest 

Province, and concluded that the inner portions might be of superior palynological value. In 

combination, these sites indicate the potential of coprolites in palaeoenvironmental reconstruction. 
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It could be argued that the different composition of scat material compared with the sandy 

substrate might make preservation unlikely, and that reworking and destruction might occur even if 

scats were quickly buried. Viewed in this context, the identification of open-air coprolite sites is a 

welcome surprise. Features resembling coprolites were not actively sought, but were incidentally 

noted during exploration for vertebrate ichnosites. 

 

Organic material was noted in all studied thin sections. Palynology and phytolith studies were 

negative (i.e., the coprolites were ‘sterile’). A contaminant of Pinus pinaster pollen was noted in one 

sample from GC1911, likely a reflection of the hollow nature of coprolites from this site. The 

recognized ichnological bias towards larger, heavier animals may apply to coprolites. These animals 

may produce larger scat, which may be more likely to be recognized upon re-exposure as coprolites. 

 

The flattened forms of some coprolites and the hollow nature of others were observed. Diagenesis 

and taphonomy need to be considered in the interpretation of these features. For example, 

flattening might result from pressure from overlying sand layers when the scat was still malleable 

(Niedźwiedzki et al., 2016). Hollow coprolites might be explained through the exterior portions of 

the scat being cemented after burial by sand, whereas the interior sections decomposed. Cavities in 

the interiors of coprolites have also been attributed to the release of decay gases (e.g., Harrell and 

Schwimmer, 2010). Alternatively, scatophagic invertebrates may hollow out portions of the scat 

soon after deposition (Jouy-Avantin et al., 2003). Such activities by termites have been noted in 

neoichnological observations (pers. comm., Alex Van den Heever, 2019). 

 

There appear to be tendencies that Cape south coast possible coprolites share: 

1) They often occur within, or adjacent to, vertebrate tracks. This can be contrasted with the 

phenomenon described by Telles Antunes et al. (2006), in which vertebrate tracks were 

found on the surfaces of trampled coprolites. 

2) They can be detached with relative ease from the underlying surface (this is highly unusual, 

as protruding areas typically represent the most erosion-resistant portions of surfaces and 

are usually only removable with substantial effort). 

3) They exhibit a ‘plastered on’ appearance. 

4) They may have a different colour and consistency compared with the underlying surface.  

5) They may appear flattened or hollow. 
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If elephant tracks create a 30 cm disturbance in underlying layers (as observed in profile) and if 

bedding planes are 2 cm apart, there will be fifteen potential opportunities to observe tracks 

(fourteen of which will be of transmitted tracks) if these bedding planes become surface exposures. 

In contrast, coprolites will only be evident on the layer on which the scat was deposited. As tracks 

are commoner than scat, coprolite sites can be expected to be a relative rarity.  

 

Disappointingly, the potential of the possible coprolites to deliver information that can lead to 

palaeoenvironmental reconstruction has not yet been met, given the negative palynology and 

phytolith results. The observations of Scott et al. (2003) are prescient: many coprolites are ‘sterile’, 

and repeated moisture fluctuations might decrease the likelihood of palynology studies yielding 

positive results. It is possible that conditions are not favourable for the preservation of the hoped-

for features in coprolites embedded in these Pleistocene palaeosurfaces. If so, the remarkable array 

of macroscopic features identified thus far can still be interpreted and appreciated. However, it is 

too early to reach such a conclusion, as new sites may yield more positive results.  

 

Future work can include the following steps: 

- identify further possible sites; 

- sample all possible sites according to standard protocols; 

- submit samples for OSL dating, petrography, palynology and phytolith analysis; 

- add carbon isotope studies to the above; 

- perform geochemical testing to identify phosphate levels in possible coprolites attributed to 

carnivorans. 

The sites dated thus far are from MIS 6 (DR1908) and MIS 5 (HA1906, GC1909, GC1911). Searching 

for coprolites in MIS 11 deposits at Dana Bay and in MIS 3 deposits would provide another line of 

investigation, as preservation conditions might have been different at those times. 

 

 

4.6 Hominin tracks and traces 

 

At the outset of the Cape south coast ichnology project it was appreciated that hominins were in the 

region at the time the other vertebrate tracks and traces were being registered, and therefore that 

hominin tracks could be found. However, the possibility of finding evidence of sand sculptures and 

other patterns registered by hominins (what have come to be known as ‘ammoglyphs’) was never 

imagined. The fact that some of the finest examples of track- and trace-bearing aeolianites and 
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cemented foreshore deposits occur in an area where cognitive modernity emerged is fortuitous, as is 

the fact that these surfaces record the activities of not just human tracks, but other aspects of 

human behaviour. 

 

However, this begs a question: what are the limits of ichnology when it comes to hominin traces? 

Regardless of which classification is used (Early Pleistocene / Middle Pleistocene / Late Pleistocene / 

Holocene, or ESA / MSA / LSA, or Lower Palaeolithic / Upper Palaeolithic), the trend is clear: over 

time there is evidence of increasingly complex human activities, innovations, and cultural behaviour. 

Holocene developments include architecture, cities, and transportation, and extend to the present; 

sensi strictu, there are innumerable ichnological traces today of human activity (although they are 

not trace fossils). To avoid an unworkable situation, a line needs to be drawn, either at a certain 

point in history or in defining what falls within the domain of ichnology. 

 

Various authors have attempted to address such questions. Hasiotis et al. (2007) included artifacts, 

biofacts and features in hominin ichnology. According to this classification, artifacts include lithics, 

ceramics, metals and organics; biofacts are plant or animal remains that have been modified by 

human activity; features include hearths, roads, graves, buildings and middens (Hasiotis et al., 2007 - 

figure 12.10). 

 

Kim et al. (2008), in classifying hominin traces, included not only footprints but also paintings on rock 

surfaces, sculptures made with shells, bones, antlers or wood, and ‘diverse tools made with stones’.  

It was noted that the latter category could include any built structure. It was acknowledged that it 

would be controversial to include tools and artwork in the exclusive realm of ichnology, rather than 

in the fields of archaeology or anthropology, and that describing all human traces up to the present 

time would be impractical. The value of such an approach, however, may lie in seeing hominin 

ichnology as a discipline that helps to bridge natural sciences (sedimentology, palaeontology) with 

social sciences (archaeology, anthropology). For example, Baucon et al. (2008) explored the common 

ground between ichnology and archaeology, and introduced the term ‘ichnoarchaeology’. 

 

Lockley et al. (2016) addressed the importance of ichnology in understanding complex cultural 

behaviour as it relates to the emergence of modern humans. Whereas earlier humans had 

inadvertently created not just footprints but also traces like butcher marks on bone or lithics, by the 

Late Pleistocene there was considerable evidence of deliberate, intentional activities, including 
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palaeoart. Lockley et al. (2016) note the etymology of ‘ichno’ and ‘trace’, linking these words with ‘to 

drag’ and ‘to draw’.  

 

Lockley et al. (2016 – p. 421) concluded:  

 

“From a philosophic and methodologic perspective, we arrive at the following conclusions. 

There is no scientific justification for confining discussion of hominin ichnology only to 

footprints (produced inadvertently or otherwise). Thus, we may include such diverse traces as 

flaked stone tools, fire traces, cave painting, ditches, and foundations. While these trace 

fossil categories are commonly different from those associated with animal activity during 

most of the Phanerozoic, they are nevertheless unequivocal evidence of behavior and 

activity.” 

 

The contributions of the above authors predated the identification of ammoglyphs on the Cape 

south coast. No doubt this form of palaeoart and possible associated foraging activity would have 

reinforced their arguments for a broader definition of what constitutes hominin ichnology. The 

argument is easy to make for ammoglyphs, which may be found in association with human tracks 

(indeed, the presence of human tracks beside purported ammoglyphs provides a potential factor in 

their identification). 

 

The challenges of where to ‘draw the line’ do not apply when considering Pleistocene aeolianites 

and cemented foreshore deposits on the Cape south coast. Firstly, the youngest deposits thus far 

identified are from MIS 3, dated to ~35 ka. The increasing traces that could be anticipated during the 

terminal Late Pleistocene and through the Pleistocene-Holocene transition would not occur in these 

deposits. Secondly, through confining the discussion to tracks and traces embedded in or directly 

associated with coastal Pleistocene sediments, many other categories are excluded, e.g., Acheulian 

hand axes found in unconsolidated sediments, anything found in unconsolidated Holocene 

sediments, and traces created during the Pleistocene that are not directly associated with cemented 

Pleistocene rocks. An example in the latter category would be the engravings and drawing at 

Blombos Cave (Henshilwood et al., 2002, 2018) and Pinnacle Point (Watts, 2010): they were indeed 

created during the Pleistocene, but are not associated with Pleistocene aeolianites or cemented 

foreshore deposits. Similar considerations apply to the engravings on ostrich eggshells at Klipdrift 

Shelter (Henshilwood et al., 2014). 
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The approach followed here is therefore a blend of narrow and broad. It is narrow in the sense of 

being restricted to hominin tracks and traces associated with cemented Pleistocene deposits. 

However, it is broad in the sense of including ammoglyphs, lithics, and evidence of human activities 

that are directly associated with Pleistocene deposits. Thus far, forty-five sites with possible 

evidence of such a hominin ‘signature’ have been identified in Pleistocene sediments within the 

study area. Some of these are unequivocally of hominin origin, such as confirmed hominin tracksites 

and MSA lithics embedded in aeolianites. Others are based on speculative inferences, and may be 

the result of confirmation bias or pareidolia, defined as the tendency to perceive a specific, often 

meaningful image in a random or ambiguous visual pattern. It can be argued that human observers, 

having an idea of what they are trying to find, are perhaps inclined to see patterns that seem to have 

been created by ancient humans, but may well have other explanations. 

 

In a novel field such as that of ammoglyphs, early identification errors or undertainties can be 

anticipated. For example, in the case of one of the possible ammoglyph sites on the Goukamma 

coast, described as Site D in Helm et al. (2019a), further evidence came to light after more of the 

surface was exposed. It became clear that the features noted were invertebrate burrow traces, 

which was not apparent in the initial assessment. This site therefore does not appear in Table 11, 

which lists the 45 established and possible hominin ichnological sites identified thus far on the Cape 

south coast. 

 

Rather than describe these in order from west to east, as they are numbered in Table 11, they are 

grouped here into categories: 

- Established hominin tracksites 

- Possible hominin tracksites 

- Possible shod-hominin tracksites 

- Possible hand impression 

- Possible knee impressions 

- Possible fingertip impressions 

- Possible ammoglyphs 

- Lithic sites 

- Fish traps 

Within these groupings, sites are presented from west to east. Some sites may contain more than 

one kind of trace (e.g., footprints and ammoglyphs). 
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Table 11: Established and possible Pleistocene hominin ichnosites on the Cape south coast, from west to 

east. 

Site Formation Latitude Longitude In situ? Type of trace Photos 

W51807 Uncertain   yes foraging? W51807A,B 

W41809 Uncertain   yes foraging? W41809A-C 

SB2101 Klein Brak? 34° 22’ 22.2” 21° 26’ 31.1” yes fish traps?  

GE1901 Waenhuiskrans 34° 21’ 57.2” 21° 29’ 12.0” no tracks, lithics, ostrich 

egg shell, bone and shell 

fragments 

GE1901A-J 

BO2102 Waenhuiskrans 34° 21’ 36.2” 21° 30’ 35.5” no evidence of foraging? BO2102A-D 

LL1907 Waenhuiskrans 34° 21’ 40.7” 21° 33’ 18.6” no ammoglyph LL1907A-E 

LL1908 Waenhuiskrans 34° 21’ 41.1” 21° 33’ 23.2” no tracks LL1908A 

LL1925 Waenhuiskrans 34° 21’ 45.9” 21° 34’ 16.2” no hand impression? LL1925A 

LL1926 Waenhuiskrans 34° 21’ 46.8” 21° 34’ 21.9” no ammoglyph – ‘stingray’ LL1926A 

LE0901 Waenhuiskrans   no shod tracks? LE0901A-E 

LEL?  ? ? yes lithics  

DBL2101 Klein Brak MIS 11? 34° 12’ 25.4” 22° 01’ 59.4” yes lithic  

DBL2102 Klein Brak MIS 11? 34° 12’ 21.0” 22° 02’ 42.6” no lithic DBL2102A 

DBL2103 Klein Brak MIS 11 34° 12’ 20.2” 22° 02’ 43.8” yes lithics (3) DBL2103A-D 

DB2001 Klein Brak MIS 11 34° 12’ 20.4” 22° 02’ 44.9” yes possible tracks?  

DBL2104 Klein Brak MIS 11 34° 12’ 19.8” 22° 02’ 49.8” yes lithic (1?) DBL2104A 

DBL2105 Klein Brak MIS 11 34° 12’ 19.2” 22° 02’ 59.9” yes lithics (2?) DBL2105A-B 

DBL2106 Klein Brak MIS 11 34° 12’ 25.4” 22° 03’ 07.7” yes lithic  

DBL2107 Klein Brak MIS 11 34° 12’ 18.6” 22° 03’ 08.7”  lithic and bone  

GBL1701 Klein Brak 34° 03’ 09.1” 22° 14’ 36.3” no lithic  

KK1905 Klein Brak? 34° 00’ 50.6” 22° 41’ 36.6” no shod tracks? KK1905A-B 

GPL1801, 

GP1803 

Klein Brak 34° 02’ 03.3” 22° 45’ 46.1” no lithics GPL1801A, 

GP1803A,B,E 

GP1302 Waenhuiskrans 34° 02’ 06.4” 22° 45’ 53.4” yes tracksite GP1302A-I 

GP1810 Klein Brak? 34° 01’ 52.9” 22° 45’ 54.8” yes foraging? GP1810A-C 

GP1812 Klein Brak? 34° 01’ 47.1” 22° 46’ 01.5” no ammoglyph, foraging? GP1812A-F 

GP1813 Klein Brak? 34° 01’ 46.9” 22° 46’ 01.6” no foraging? GP1813A-C 

GP1814 Klein Brak? 34° 01’ 46.4” 22° 46’ 02.1” no foraging? GP1814A 

SE1801 Waenhuiskrans 34° 02’ 43.7” 22° 50’ 03.7” no shod tracks? SE1801A-C 

SE1803 Waenhuiskrans 34° 02’ 44.0” 22° 50’ 05.1” no foraging? SE1803A 

GC1801 Waenhuiskrans 34° 02’ 51.6” 22° 50’ 34.7” yes tracks, ammoglyphs GC1801A-F 

GC1802 Waenhuiskrans 34° 02’ 51.6” 22° 50’ 37.4” yes ammoglyph? GC1802A-C 

GC1904 Uncertain 34° 02’ 57.2” 22° 51’ 02.5” yes ammoglyph? GC1904A-F 

GC1201 Waenhuiskrans 34° 03’ 00.0” 22° 51’ 17.1” yes tracksite GC1201A-E 

GC1202 Waenhuiskrans 34° 03’ 00.3” 22° 51’ 21.6” no shod tracks? GC1202A-F 

GC1806 Klein Brak? 34° 03’ 04.1” 22° 51’ 39.7” yes ammoglyph? GC1806A 

GC1807 Uncertain 34° 03’ 05.3” 22° 51’ 46.3” no ammoglyph? GC1807A 

GC1502 Waenhuiskrans   no ammoglyph GC1502A-B 

GC1504 Waenhuiskrans 34° 03’ 13.5” 22° 52’ 16.1” no ammoglyph GC1504A 

GC2001  34° 03’ 32.3” 22° 53’ 35.8”  fingertip impressions?  

BBL1801, 

BBPB1801 

unknown 34° 05’ 24.5” 22° 58’ 39.3” yes lithics BBL1801A-D 

BBPB1801A-J 

BS1801 Waenhuiskrans 34° 04’ 28.5” 23° 01’ 22.0” yes tracksite? BS1801A 

BS1505 Waenhuiskrans 34° 04’ 32.5” 23° 01’ 49.0” yes tracksite BS1505A-G 

BS1902 Waenhuiskrans 34° 04’ 35.8” 23° 02’ 00.7” yes tracksite? BS1902A 

BSL2101 Waenhuiskrans 34° 04’ 41.6” 23° 02’ 05.0” yes lithics BSL2101A-C 

BS1509 Waenhuiskrans 34° 04’ 40.1” 23° 02’ 06.7” yes tracksite? BS1509A,F,G 
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4.6.1 Established hominin tracksites 

 

Of the six southern African Pleistocene hominin sites which are regarded as confirmed, four have 

been identified on the Cape south coast. In order to provide context, the previously identified sites 

of Nahoon Point and Langebaan are discussed first, after which the Cape south coast sites are 

presented in order of their identification. 

 

 

Nahoon Point 

 

The Nahoon Point tracksite, in the Eastern Cape Province, near East London, was identified in 1964 

(Deacon, 1966; Mountain, 1966). It contained three hominin tracks in hyporelief (forming a left-

right-left sequence) as well as an avian trackway, a tetrapod trackway, and felid tracks (Roberts, 

2008). The tracks occurred in hyporelief in the Nahoon Formation of the Algoa Group (Le Roux, 

1989). Soon after its discovery, the in situ overhanging aeolianite ceiling containing the tracks 

collapsed. However, two of the hominin tracks were recovered, and are housed in the East London 

Museum. They have been dated through OSL to ~124 ka (Jacobs and Roberts, 2009). A track length 

of 19.2 cm was recorded, with maximum forefoot width of 8.5 cm, and maximum heel width of 6 

cm. A well-developed medial longitudinal arch was noted. Casts of digits I–IV were well preserved, 

shortening progressively from a larger hallux; a cast of digit V was not evident. The heel impression 

was shallow compared with those of the forefoot and hallux. This was interpreted as evidence of 

progression up a dune slope, with the main contact made with the forefoot rather than the 

heel,consistent with a relatively short pace length of 33.0 cm. Stature inferences were made using a 

formula (footprint length x 6.67) derived from global mean data (Mietto et al., 2003), yielding a 

height estimate of 128 cm, and a conclusion of a probable juvenile trackmaker. 

 

 

Langebaan 

 

The Langebaan tracksite, at Kraalbaai on the west coast in the Western Cape Province, was identified 

in 1995, and contained three probable hominin tracks in epirelief in a right-left-right sequence 

(Roberts and Berger, 1997; Roberts, 2008). Modern graffiti narrowly missed defacing the tracks, 

which occurred in the Langebaan Formation of the Sandveld Group (Roberts et al., 2006). The tracks 

were recovered by helicopter and are housed in the Iziko South Africa Museum, Cape Town. They 

have been dated to ~117 ka (Roberts, 2008).  
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The trackway was interpreted as descending diagonally down a dune face, and involving a direction 

change. Track length of 22.8 cm was recorded. A medial longitudinal arch was reported in the left 

track. Roberts (2008) reported poorly preserved impressions of digits I, II and V in the proximal right 

track, shortening from a longer hallux, but digit impressions were not evident in the other tracks. 

The impressions were deep, with the ball of the foot penetrating further into the substrate than the 

heel. Roberts performed simulations on dune slopes and explained this by proposing that a human 

walking downhill in soft sand would make contact with the dune surface with the ball of the foot 

rather than the heel, with the arch strongly flexed. It was furthermore suggested that the push-up 

mound might partially collapse into the track, potentially obscuring evidence of digit impressions. 

Pace length of 50.0 cm was recorded. Stature inferences using the formula of Mietto et al. (2003) 

yielded a height estimate of 152 cm, and a conclusion that the trackmaker was probably an adult. 

The discovery received substantial coverage, and the tracks became known as ‘Eve’s Footprints’.  

 

They have not been unanimously accepted as being of hominin origin. For example, Bennett and 

Morse (2014 – p. 72) stated: “The challenge is that the tracks have relatively poor anatomical form 

and consequently not all authorities are convinced that they are in fact human tracks. However on 

the basis of the limited trail and the distinct dome-shaped rim structures around the margins of the 

tracks a human origin remains the most likely interpretation.” 

 

Further discoveries have occurred in both the Nahoon and Langebaan regions as a result of the Cape 

south coast ichnology project. From 30 km southwest of East London, Alan Whitfield has reported a 

single possible hominin track (27 cm long and 11 cm wide, with a prominent displacement rim) on an 

aeolianite surface at Kayser’s Beach. Photos KB1402A,B. Analysis of the Brenton-on-Sea hominin 

tracksite (BS1505) involved a cave survey by Rudolf and Sinèad Hattingh. Rudolf Hattingh thus 

became familiar with ichnological principles, and the possibility of hominin tracks occurring in 

hyporelief on cave ceilings. During field explorations near Langebaan in 2021 he investigated a small 

overhang and reported two possible hominin tracks on the ceiling. Hayley Cawthra was able to visit 

the site, confirm that it was an aeolianite surface, and take photographs for photogrammetry. It was 

determined that these were probable hominin tracks, lending further credence to a Pleistocene 

hominin trackmaker presence on the West Coast (Helm et al., 2022a). These were the first possible 

hominin tracks to be described on the west coast since Roberts’ 1995 discovery. 
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Brenton-on-Sea 

 

BS1505:  

The Brenton-on-Sea tracksite was identified in a ten-metre-long, wave-cut cave within coastal 

aeolianite cliffs in 2016 (Helm et al., 2018c). Forty tracks are present, seen in hyporelief on the 

ceiling of the cave (Figure 5B) and in cross section in the cave walls. The track-bearing layer is not 

manually recoverable. The tracks were initially inferred to date to ~90 ka, using carbonate diagenesis 

and stratigraphic correlation to nearby OSL-dated sites (Bateman et al., 2011). Three samples were 

obtained for OSL dating, from below (Leic20005), at (Leic20006), and above (Leic20004) the track-

bearing layer. Respective standard age results were 90 ± 6 ka, 82 ± 6 ka and 76 ± ka. Respective 

modeled ages (gradual cementation) were 85 ± 6 ka, 80 ± 5 ka and 74 ± 4 ka.  

 

Two track-bearing bedding planes are present, with as many as 35 tracks associated with the upper 

bedding plane and five tracks associated with the lower bedding plane. The upper bedding plane 

displays two surfaces: a southern surface towards the mouth of the cave, and a northern surface 

deeper within the cave. Track preservation and morphological detail are variable. Those on the 

southern surface were made in a soft substrate, lack digit casts, and exhibit downslope displacement 

rims. Photo BS1505B. Those on the northern surface were made in a firmer substrate. Nine exhibit 

digit casts. The tracks are orientated in a downslope direction in a predominantly unimodal 

distribution. Many tracks exhibit deep heel casts (Figure 34, Figure 35).  

 

One trackway consists of a sequence of two large tracks, with maximum length of 23 cm, maximum 

width of 10.5 cm, maximum depth of 5.5 cm, and pace length of 85 cm (Figure 34C). One of these 

exhibits detailed morphology, with casts of hallux and digits II–IV and a prominent medial 

longitudinal arch. Photos BS1505C-E. A short-long gait pattern is noted when a third, less distinct 

track is included.  

 

Many tracks are ~17 cm in length. The smallest track is 12 cm in length. Pace length for a probable 

trackway, evident in one of the lateral walls, is 73 cm. Stature inferences using the formula of Mietto 

et al. (2003) yield an estimated height of 153 cm for the large trackmaker and ~116 cm for the 

smaller trackmakers. 
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Figure 34. BS1505: (A) hominin track registered in soft sand, showing large displacement rim but no digit 

casts – adult thumb and finger for scale; (B) hominin track registered in cohesive substrate showing digit 

casts – scale bar is in cm; (C) 3D photogrammetry image of hominin trackway - horizontal and vertical scales 

are in metres. 

 

Helm et al. (2018c) interpreted the short-long gait pattern of the large trackmaker and the deep heel 

casts as evidence of a rapid downslope gait (possibly jogging) that involved heel-planting to aid 

stability in a relatively soft substrate. The variation in track size, and the unimodal orientation, 

suggested a group travelling in the same direction.  

 

Excavation of the surrounding rock layers could confirm the hominin origin of the tracks in cross 

section, but this carries a substantial danger risk. Tracks of elephant, various sizes of bovid, large 

carnivoran, giant Cape horse, and possible juvenile ostrich are present on nearby surfaces. Photos 

BS1505F-G. Photogrammetry BS1505PG1, 2. 

 

In anticipation of the identification of further potential hominin tracksites and the need for rigour 

and discipline, Helm et al. (2019d) developed criteria for the identification of Pleistocene hominin 

tracks. Included, for the first time, was the consideration of hominin tracks in profile. Expected 

variations as a result of upslope or downslope travel were discussed. 
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Figure 35. Trackway map of BS1505, reproduced from Helm et al. (2018c). 

 

In 2021 part of the cave ceiling collapsed, resulting in the loss of several tracks at the southern 

(seaward) end of the cave. However, the newly exposed layer on the ceiling, 11 cm higher 

stratigraphically than the main layer, also contains tracks in hyporelief. While the level of 

preservation was poor, at least three tracks exhibit a possible hominin track outline. 

Photogrammetry BS1505PG new. If this interpretation is correct then hominin tracks are present on 

three discrete layers, separated by ~31 cm and 11 cm, implying repeated use of an area. A similar 

phenomenon was reported from Le Rozel in France, where hominin tracks were present on five 

discrete layers (Duveau et al., 2019). 
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Goukamma Nature Reserve (west) 

 

GC1801 

An epirelief site on an in situ aeolianite truncation surface, with a dip of 25°, was identified in 2018 

(Helm et al., 2019a – Site C). Initially one left forefoot impression was noted, with four digit 

impressions including a hallux impression aligned in the longitudinal axis well demonstrated. 

Photogrammetry GC1801PG. A fainter row of similar impressions was noted immediately ahead of 

these, and was interpreted as indicating a slight pivot to the left. 

 

 

Figure 36. GC1801: (A) Hominin forefoot impression surrounded by longitudinal grooves – scale bar = 30 cm; 

(B) 3D photogrammetry image of forefoot impression and groove - horizontal and vertical scales are in 

metres. 

 

Surrounding the track is an array of sub-parallel groove features (one of which shows possible 

evidence of deliberate lengthening) and circular depressions, which may have been created by a 

hominin using a stick or finger, suggesting foraging or messaging (Figure 36). In 2019 additional 

evidence was found when two further probable forefoot impressions were noted (Helm et al., 

2020a). One is on an underlying layer, along with more groove features, indicating a repeating 

pattern. Unfortunately, both of these tracks are truncated by the edge of the surface. GC1801 is 

therefore both a hominin tracksite and an ammoglyph site. Photos GC1801A-F. An elephant track is 

locaated on the lower layer, ~200 cm from the forefoot track. 
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A sample for OSL dating (Leic20007) was obtained one metre upsection from the track-bearing layer. 

It yielded a standard age estimate of 71 ± 5 ka, and a modeled age (gradual cementation) of 69 ± 4 

ka. 

 

 

Goukamma Nature Reserve (east) 

 

GC1201 

A site was identified in 2012, but not initially analyzed in detail. Its hominin origin was established in 

2019 during a site visit by Martin Lockley. No significant deterioration appears to have taken place 

during the interval. This site is globally unique among hominin tracksites in containing both epirelief 

and hyporelief surfaces: tracks in hyporelief are present in situ under a slanted aeolianite overhang 

(with a dip measurement of 35o), and corresponding tracks in epirelief are evident on a large fallen 

slab on the beach below. Thirty-two tracks are present (Figure 37), from four areas on the surface, 

including a variety of trackways and track sizes and generally representing upslope travel (Helm et 

al., 2020a). Photos GC1201A-E.  

 

The preservation quality of tracks in epirelief is inferior to those in hyporelief. In some cases, where 

evidence of a probable medial longitudinal arch is present, left or right tracks can be identified. 

While details of track morphology, in particular with respect to digit morphology, are not well 

preserved, footprints of various sizes are present, indicating the presence of more than one 

trackmaker, and raising the possibility of a family group. Photogrammetry GC1201PG1, 2. The 

relative lack of morphological detail is attributed to a fairly soft dune substrate, compounded 

perhaps by post-exhumation weathering and erosion.  

 

According to the formula of Mietto et al. (2003) used in the determination of trackmaker stature at 

the previously identified hominin tracksites, the longest tracks (20 cm) yield a height estimate of 

~133 cm, and the shorter tracks (13 cm) yield an estimate of ~87 cm. Romano et al. (2019), in 

describing very well preserved hominin tracks in an Italian cave, used a foot length/stature ratio of 

0.1541, calculated from a sample of Upper Palaeolithic adults. Using this ratio, estimated height = 

footprint length x 6.49, respective estimates of ~130 cm and ~85 cm are obtained. 
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A sample for OSL dating (Leic21007) was obtained one metre upsection from the track-bearing layer. 

It yielded a standard age estimate of 75 ± 5 ka, and a modeled age (gradual cementation) of 72 ± 5 

ka. 

 

 

Figure 37. Trackway map of GC1201, reproduced from Helm et al. (2020a). 

 

 

Gericke’s Point 

 

GP1302 

The site was identified in 2013, but not initially analyzed in detail. Its hominin origin was established 

in 2019 during a visit by Martin Lockley (Helm et al., 2020a). As many as 18 tracks, of which six could 

be identified as hominin (Figure 38), occur in hyporelief on the ceiling of a cave at the foot of 

aeolianite cliffs (photos GP1302A-I). The interior of the cave lies below the high tide mark, and is 

buffeted by waves during high tides; resulting track degradation has been noted, and a number of 

vestigial, eroded tracks can be identified. Tracks of various sizes are present. The trackbearing 

surface has a gentle dip of 4o. The cave (actually a tunnel as it has opening at both ends) is 8 metres 

long, with a sandy floor; the distance from floor to ceiling is 190 cm at the dripline at the seaward 

end. 

 



239 
 

 

Figure 38. Trackway map of GP1302, reproduced from Helm et al. (2020a). 

 

 

With one exception the identifiable hominin tracks have a unimodal orientation of ~222o. The main 

trackway appears very straight, with a narrow straddle. The three best-preserved tracks are 26 cm, 

24 cm and 24 cm long. Pace length of 82 cm and stride length of 165 cm are recorded; these 

relatively large numbers suggest rapid downslope travel. One track, orientated perpendicularly to 

the others, appears to show a medial longitudinal arch and evidence of a hallux orientated in the 

longitudinal axis (photogrammetry GP1302PG1). Smaller probable tracks are noted, with length of as 

little as 13 cm, suggesting a group (photo GP1302F, photogrammetry GP1302PG2). 

 

A stature estimate for the large trackmaker, using the formula of Mietto et al. (2003) and a track 

length of 24 cm, was ~160 cm. If using the formula of Romano et al. (2019), this estimate needs to 

be reduced by 2–3%.  

 

A sample for OSL dating (Leic20007) was obtained from the track-bearing layer. It yielded a standard 

age estimate of 153 ± 10 ka, and a modeled age (gradual cementation) of 143 ± 9 ka. 
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Two further track-bearing surfaces are preserved in epirelief below the main layer (photo GP1302 

H). One contains ~24 small, unidentifiable tracks on a rippled surface. The second contains 16 small- 

and medium bovid tracks. 

 

 

Interpretation and discussion  

 

BS1505 contains the largest, best-preserved archive of Late Pleistocene hominin tracks thus far 

described from southern Africa, and adds to a sparse global record of early hominin tracks. In all six 

aforementioned cases, four of which are from the Cape south coast, Homo sapiens was the probable 

trackmaker, although other hominins, such as H. naledi or H. helmei, cannot be excluded (Helm et 

al., 2018c, 2020a). 

 

Three of the sites contained tracks of multiple individuals, with evidence of movement in each case 

in a single general direction. At a global level, hominin tracks preserved in hyporelief are a rarity, and 

the presence of tracks preserved in both hyporelief and epirelief at GC1201 is globally unique. 

Hominin ichnosites are clearly more common in southern Africa than had previously been supposed. 

 

At sites GC1201 and GP1302, in a further refinement of the guidelines for the identification of 

hominin tracks developed by Helm et al. (2019d), a combination of the following features was used 

(Helm et al., 2020a):  

- trackway is straight 

- straddle is narrow 

- pace length is long 

- tracks are much longer than they are wide 

- tracks are broader anteriorly than posteriorly 

- coronal section profile is steeper laterally than medially. 

While any of these in isolation is non-diagnostic, in combination they point towards a hominin origin, 

even if the tracks had been made in soft, sub-optimal substrates. 

 

The published global record of fossilised hominin tracks includes a list of 63 sites (Lockley et al., 

2008), and a list of 44 sites (Bennett and Morse, 2014). Subsequent reports have added to this 
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inventory (e.g., Duveau et al., 2019; Stewart et al., 2020; Bennett et al., 2021; Kyparissi-Apostolika 

and Manolis, 2021; Ledoux et al., 2021). 

 

In light of the Cape south coast discoveries and the newly obtained OSL ages, it is instructive to 

review the global hominin track record. Table 12 summarizes ichnosites dated to older than 30 ka 

that have been attributed to hominins (Helm et al., under review b). It includes several equivocal 

sites. For example, Gierliński et al. (2017) acknowledged the controversial nature of the Miocene 

tracks reported from Crete. The Terra Amata site is vulnerable to critique (Bennett and Morse, 

2014). The dating and purported human origin of the Valsequillo tracks has also been severely 

questioned (Lockley et al., 2008). Including these sites permits acknowledgement that not all sites 

provide conclusive evidence, and that controversies and debate are likely to continue. Table 12 also 

includes the dated ammoglyph sites (see below). 

 

The ‘probable species’ column likewise acknowledges a degree of uncertainty. For example, the 

tracks in Theopetra Cave are attributed to Homo neanderthalensis, but a H. sapiens origin cannot be 

excluded (Kyparissi-Apostolika and Manolis, 2021), and for the Cape south coast sites, while a H. 

sapiens origin seems overwhelmingly likely, other hominin species such as H. helmei and H. naledi 

are not completely implausible (Helm et al., 2018, 2020). Assignment to species level is based more 

on the associated archaeological and body fossil evidence than on morphological differences 

between track types. This is of relevance to the Cape south coast sites, where the quality of 

preservation generally does not match that of tracks encountered in finer-grained substrates such as 

cave floor deposits or volcanic ash (Helm et al., 2020); as a result, the degree of morphological 

resolution that would be required to distinguish between hominin ichnospecies (if this is 

established) may not be present. 

 

As evident in Table 12, GP1302 is the oldest hominin ichnosite that has been attributed to H. 

sapiens, followed by two ammoglyph sites (LL1907 and GP1812). The South African sites clearly form 

an important cluster, forming nine out of a total of 20 sites (including the equivocal Trachilos and 

Terra Amata sites) that have been dated to more than 70 ka. Furthermore, there are only five 

generally accepted tracksites that are older than the oldest South African sites, and none of these 

are attributed to H. sapiens. The South African sites and Saudi Arabian site (Stewart et al., 2020) 

represent the only hominin tracksites older than 40 ka attributed to H. sapiens. South Africa is thus a 

prime area in which to search for MSA tracks and traces of our species.  
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Table 12: List of hominin ichnosites dated to >30 ka (modified from Helm et al., under review b), in order of 

decreasing age, using and adding to data from Lockley et al. (2008) and Bennett and Morse (2014). 

Site Country Age (ka) Probable species 

Trachilos Greece (Crete) ~5700 Basal hominin? 

Laetoli Tanzania 3660 Australopithecus afarensis 

Koobi Fora Kenya 1500 Homo erectus 

Ileret Kenya 1400 Homo erectus 

Happisburgh United Kingdom 1000 – 780 H. antecessor 

Roccamonfina Italy 385 H. heidelbergensis 

Terra Amata France 400–300 Homo erectus 

GP1302 South Africa 153 ± 10 H. sapiens 

LL1907 ammoglyph South Africa 139 ± 10 H. sapiens 

GP1812 ammoglyph South Africa 136 ± 8 H. sapiens 

Theopetra Cave Greece 130 H. neanderthalensis 

Nahoon South Africa 124 ± 4 H. sapiens 

Langebaan South Africa 117 H. sapiens 

Nefud Desert Saudi Arabia 121 ± 11 – 112 ± 10  H. sapiens 

Doñana shoreline Spain 106 ± 19 H. neanderthalensis 

BS1505 South Africa 90 ± 6 – 76 ± 5  H. sapiens 

Le Rozel France ~80 H. neanderthalensis 

GC1201 South Africa 75 ± 5 H. sapiens 

GC1806 ammoglyph South Africa 73 ± 5 H. sapiens 

GC1801 South Africa 71 ± 5 H. sapiens 

Vârtop Cave Romania 67.8 H. neanderthalensis 

Valsequillo Mexico 40? H. sapiens 

Ciur Izbuc Cave Romania ~36.5 H. sapiens 

Cussac Cave France 31 – 28 Not attributed 

 

 

4.6.2 Possible hominin tracksites  

 

Hominin tracksites may be a ‘holy grail’ for citizen scientists, given our curious nature as a species 

about our origins. This can be a field in which everyone considers themselves experts, as most 

people are familiar with what human tracks look like in sand and other soft substrates. Given the 

many features and patterns on aeolianite surfaces, going out in search of hominin tracks, and then 

finding patterns which suggest them, is quite possible. There is the potential of finding genuine 

tracks, but if a rigorous, cautious approach is not followed, there is a greater likelihood of finding 

‘pseudotracks’. The possibility of confirmation bias and the potential for pareidolia (the human 

tendency to perceive a meaningful pattern in a random visual stimulus) are high.  

 

Furthermore, young-earth creationists, in alleging the co-existence of human and dinosaur tracks on 

the same surface, can advance their agenda that attempts to overturn the Theory of Evolution 

(Weber, 1981). Creating further confusion are traditions of carving petroglyphs of hominin 

footprints, e.g., ‘Queen Nzinga’s footprints’ in Angola (Rudner and Rudner, 1970; Helm et al., 2019d). 
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Two southern African examples illustrate these points: 

 

- An alleged human footprint from Mpumalanga appears fairly convincing when considered 

sans scale bar. Without knowledge of the geological context; it appears to contain what 

could be construed as a displacement rim ahead of a putative hallux impression (Helm et al., 

2019d). Addition of a scale bar, however, reveals that the alleged footprint is ~1.2 m long 

(leading to a stature estimate of ~8 m), and it occurs in granite, aged 3,100 Ma. Stories of 

prehistoric giants find credulous adherents. Fortunately, a concise rebuttal has been 

published (Mitchell, 2013). 

- Human footprint petroglyphs have appeared beside a hiking trail above Kalk Bay on the Cape 

Peninsula. These were etched in Palaeozoic rocks of the Table Mountain Group. If such 

footprints were carved on aeolianite surfaces, confusion could arise.  

 

Partly due to such considerations, Helm et al. (2019d) established guidelines for the identification of 

Pleistocene (or older) hominin tracks in southern Africa, which were subsequently refined (Helm et 

al., 2020a). Two main sources were used to develop these guidelines: a detailed study of hominin 

tracks by Tuttle (2008), and the ‘ten paleoichnological commandments’ of Sarjeant (1989). Inherent 

in these are the principles that a trackway is superior to a single track, and that correctly aligned 

digit impressions ar of diagnostic importance.  

 

This leaves a number of tracksites or features on the Cape south coast where evidence suggests a 

possible hominin trackmaker, but is not adequate to reach a confident verdict. These are described 

here from west to east.  

 

GE1901 (also lithic site GEL1901 and bone site GEPB1901) 

Five large loose aeolianite blocks (probable MIS 5) lie at the upper end of the beach. Embedded in a 

truncation surface is an assemblage of tracks, tiny bone fragments, fragments of ostrich eggshell, a 

narrow quartzite flake blade (truncated or snapped), and smaller flakes, marine shells, land snails 

and rhizoliths. Grafitti is present. One surface has prominent ripple marks (photos GE1901A-J). 

 

The findings suggest that GE1901 is an open-air archaeological site from a Pleistocene dune surface. 

It prompts questions as to whether some of the tracks might be hominin. On the large, graffiti-

covered surface there are a number of poorly preserved tracks. Two probable sets of two tracks 

have a similar probable trackway direction (photo GR1901A). They are notably wider than they are 
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long. Width = ~10–12 cm and length = ~8–10 cm. The track-bearing truncation surface lies at a 35o 

angle to underlying layers (photos GE1901B,J, Figure 4). 

 

Two tracks (photos GE1901 H-J) are partially infilled and have probable displacement rims. 

Dimensions are consistent with forefoot impressions. In one case, a series of four forward-pointing, 

parallel depressions, with the medial depression slightly wider than the other three, suggests that 

the track was registered by a right hominin forefoot and exhibits a hallux trace and traces of digits II-

IV. 

 

LL1908: 

A large loose block located 120 m east of purported ammoglyph site LL1907 presents at least eight 

eroded tracks in hyporelief. There appear to be two linear trackways that cross the surface, one with 

larger tracks and one with smaller tracks. In places the trackways are superimposed. Tracks in the 

larger trackway measure approximately 25 x 15 cm, 22 x 14 cm, and 20 x 10 cm, with pace lengths of 

66 and 73 cm. Tracks in the smaller trackway measure 12 cm x 6 cm, 16 cm x 11 cm, 14 cm x 7 cm 

and 13 cm x 17 cm, with pace lengths of 46 cm, 36 cm and 48 cm. While these measurements are 

consistent with a hominin origin, enough detail is not present to make a confident interpretation. 

Photo LL1908A. 

 

DB2001: 

Aleck and Ilona Birch have identified and reported numerous ichnosites as well as lithic sites in MIS 

11 deposits at Dana Bay. One surface contains depressions, a number of which show outlines 

consistent with possible hominin tracks. Trackways have not been identified, nor have unequivocal 

digit impressions. Maximum reported length is 28 cm. If these claims are substantiated, then these 

would be the oldest reported hominin tracks from southern Africa, and the 5th-oldest reported 

hominin tracks in the world (Bennett and Morse, 2014). Given the potential importance of MIS 11 

hominin tracks in southern Africa, a high level of evidence is desirable in order to substantiate such 

claims. Photogrammetry DB2001PG1, 2, 3 illustrates the three most suggestive putative tracks. If 

hominin tracks are indeed identified in these deposits, they may have been registered by H. 

heidelbergensis (Timmermann et al., 2022). 

 

Goukamma coast: 

Helm et al. (2019d) described single track-like features from three sites on the Goukamma coastline. 

In each case the feature exhibits dimensions consistent with a hominin track, and was found in rocks 
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of appropriate age and context. However, due to their isolated nature, and in the absence of 

compelling features like obvious digit impressions, they might simply be erosional features that 

happened to exhibit hominin track characteristics. At best these could therefore be listed as 

‘possible hominin tracks’, and they are not assigned site numbers here. 

 

BS1801:  

In a small cave at Jaap se Baai, accessed via a steep path immediately below the community of 

Brenton-on-Sea, the sloping floor is adorned with modern graffiti. Unfortunately, this has defaced 

the underlying trackways, which are deformed beyond recognition (Helm et al., 2021d). There are 

possible indications of two parallel, straight trackways, with tracks that may have dimensions 

consistent with a hominin trackmaker. Coastal erosion may expose adjacent surfaces in future. This 

site lies ~600 m west of BS1505, the established Brenton-on-Sea hominin tracksite. Photo BS1801A. 

 

BS1902: 

A possible hominin tracksite (Helm et al., 2020a – ‘Site 4’) lies 330 m east of BS1505, the established 

Brenton-on-Sea hominin tracksite. Seven tracks occur in profile in a cliff-parallel orientation. 

Complete tracks cannot be assessed in plan view. The tracks occur on a gently-dipping truncation 

surface, and appear deeper in their downslope (western) portions. Deformation of underlying layers 

is evident in cross-section. Straddle appears narrow. The length of the longest measurable track is 23 

cm; width can only be determined in the case of one track, which is 21 cm long and 11–12 cm wide. 

Possible pace length of 63–73 cm is noted. Exposure of tracks, either through excavation or through 

forces of erosion, may help to confirm their probable hominin origin. They resemble the hominin 

tracks seen in profile at BS1505. Photo BS1902A. 

 

BS1509: 

Possible hominin tracks on the ceiling of a small cave were described by Helm et al. (2019d). The 

cave is ~5 metres above high tide level, and contains artiodactyl and avian tracks in epirelief (on the 

upper surfaces of slabs that have fallen down from the ceiling) and hyporelief. The four possible 

hominin tracks, which would have been registered on a dune slope, form a trackway, with a 

maximum track length of 15 cm, a maximum track width of 7.5 cm, and mean pace length of 37 cm. 

Displacement rims are present, and are most pronounced at the downslope end of the tracks. No 

evidence of digit impressions is evident. There may be evidence of a medial longitudinal arch in two 

tracks. While the reported dimensions, pace length and shape are compatible with a juvenile 

hominin trackmaker, the quality of track preservation is not conducive to a meaningful conclusion. 
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Alternative explanations include baboon tracks (Papio ursinus) and an overstepping equid. Photo 

BS1509A, F-G. 

 

 

4.6.3 Possible shod-hominin tracksites 

 

Four sites, considered here from west to east, suggest that humans may possibly have used 

footwear in the MSA. 

 

LE0901: 

A trackway of four tracks was identified on a loose slab and counterslab in 2009 (Helm et al., 2012), 

following a rockfall in an unstable area. Only two tracks displayed crisp outlines, with a track length 

of 18 cm and a pace length of 31 cm (Helm et al., 2019d). One track exhibited subtly concave medial 

and lateral margins, a putative forefoot width of 9 cm, and a putative hindfoot width of 7 cm. A 

direction change was apparent within the trackway. No digit impressions were apparent. Photos 

LE0901A-D. The slab and counterslab slumped inexorably downslope in ensuing years; by 2017 the 

slab was just visible at ocean level (photo LE0901E), and the counterslab was no longer evident. 

 

While track size, pace length and stride length are consistent with a possible juvenile human track-

maker, and digit impressions are absent, only one track has an outline that seems consistent with 

footwear. An alternative explanation, such as an equid trackmaker with an overstepping gait, 

appears possible. LE0901 can at best be described as a possible shod-hominin tracksite. 

 

KK1905: 

In 2019 unusual features were noted in epirelief on a loose slab (Figure 39). It lies on a modern 

coastal dune surface, near other loose slabs, below steeper vegetated slopes. The surface measures 

55 cm x 55 cm, and is 20 cm thick. It contains five impressions (Helm et al., under review a).  

 

Two similar depressions, one behind the other, display crisp margins. The proximal depression is 

surrounded in places by a faint rim, and is ~16 cm long, and 7 cm wide. A distance of ~4 cm is 

measured between the anterior end of the proximal depression and the posterior end of the distal 

impression, which is ~13 cm long and 8 cm wide, and is also surrounded in places by a faint rim. The 

lateral margins of the depressions are fairly straight, but are curved inwards towards their anterior 

ends. The anterior margins of both depressions are crisply outlined and curved, with a semi-circular 
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appearance in plan-view. The posterior margins are not as well outlined, but there is a suggestion of 

curvature in both cases (Helm et al., under review a). 

 

 

Figure 39. 3D photogrammetry image of possible shod-hominin tracks at KK1905; horizontal and vertical 

scales are in metres. 

 

To the right are two further depressions: one is wedge-shaped, with maximum dimensions of 15 cm 

x 5 cm. Its posterior and right borders are fairly straight, and its anterior border has an outward 

convexity. The other is more circular in outline, with maximum dimensions of 14 cm x 6 cm, and an 

uneven surface. Ahead of these depressions is a deep, diagonally-oriented linear groove with a slight 

rim, 11 cm long and maximum 3 cm in width. 

 

Something unusual must have transpired to yield two similar track-like impressions, two wedge-

shaped depressions, and one deep groove with a rim. No similar surface has been identified on the 

Cape south coast. A plausible explanation is that a shod hominin created the putative tracks, as the 

impressions are crisply outlined, are of appropriate dimensions, and the curved outlines are 

consistent with such a hypothesis. In such a scenario, the two wedge-shaped depressions, one of 

which has a remarkably smooth base at a slight angle to the main surface, could have been created 

through use of a stone tool, and the deep groove could have been created by turning such a tool on 

its side and then scraping it in the sand. The distance between the tracks and other depressions is 
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consistent with a squatting human trackmaker, with one shod foot placed slightly ahead of the 

other, possibly involved in foraging. The fact that the deep groove contains a still deeper portion 

could be interpreted as representing a repeated movement (Helm et al., under review a).  

 

The potential for confirmation bias and pareidolia means that other potential explanations need to 

be considered. The evidence is inconsistent with other vertebrate trackmakers, or with non-biogenic 

agents such as wind and water. Helm et al. (under review a) considered an invertebrate trace fossil 

origin such as sand dollars (order Clypeasteroida), or heart urchins (order Spatangoida) to explain 

the two ‘tracks’. However, traces of both these echinoids are not readily preserved, expected 

distinctive features such as longitudinal grooves (Solovjev and Markov, 2013; Smith and Crimes, 

1983) are absent, and there is no explanation for the other features on the surface. Furthermore, 

other examples of echinoid traces have not been reported from these deposits.  

 

A larger surface exposure exhibiting more traces, or extensions of the observed features, might have 

provided crucial supporting information. Nonetheless, although a definitive conclusion cannot be 

reached, KK1905 provides the most compelling evidence for shod MSA human tracks thus far 

identified. Photos KK1905A-B. Photogrammetry KK1905PG. 

 

SE1801: 

Following a rockfall a large amount of rocks and sand formed a fan above the high water mark, at 

the base of cliffs. A track-bearing surface was identified on one of these loose slabs in late 2018. 

After its discovery the preservation of the tracks and associated features steadily deteriorated, as 

the friable surface veneer was eroded. Loss of crispness of track margins occurred (Helm et al., 

2019a).  

 

The slab contained two parallel trackways in epirelief, ~50 cm apart, each containing two complete 

tracks and two truncated tracks. The trackways exhibited a narrow straddle, with track impressions 

that were substantially longer than they were wide. Both trackways showed a left-right-left pattern. 

Digit impressions were not evident. One track in the left trackway and two tracks in the right 

trackway exhibited an anterior and posterior component separated by a transverse ridge. In the 

right trackway, track lengths of 20 cm and 21 cm were recorded, along with track width of 9 cm. 

Pace length of 38 cm was recorded for the left trackway, and 44 cm for the right trackway. Small 

displacement rims were present. 
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Two deep grooves, orientated diagonally to the axis of the trackways, and parallel to each other, 

were evident on this surface. In each case the groove lay ahead of and to the right of the second 

track. The minimum distance between the left groove and the track in the left trackway was 9 cm; 

this groove measured 10 cm in length, 2 cm in width, 1.5 cm in depth, and lay at an angle of 55o to 

the axis of the trackway. The minimum distance between the right groove and the track in the right 

trackway was 10 cm; this groove measured 15 cm in length, 2.5 cm in width, 1.5 cm in depth, and 

also lay at an angle of 55o to the axis of the trackway.  

 

Pace length, track dimensions and narrow straddle were consistent with bipedal hominin trackways, 

although equid origins could not be excluded. The small displacement rims suggested gentle upslope 

travel. However, by the time the surface was identified, critical track detail had already been lost. 

Had this site been identified immediately after exposure, a definitive answer might have been 

forthcoming.  

 

The most unusual features at this site were the parallel grooves, with similar diagonal alignment and 

similar position relative to the best-preserved track in each trackway. Helm et al. (2019a) considered 

this a possible ammoglyph site, with the grooves possibly having been made by humans using sticks. 

Even a slightly larger track-bearing surface, preserving a longer segment of trackway, may have 

provided crucial information, such as a repetitive pattern of similar grooves. However, in the 

absence of such evidence, SE1801 can be viewed as another possible shod-hominin tracksite. Photos 

SE1801A-C. 

 

GC1202: 

A trackway containing four tracks was identified on a loose slab below coastal cliffs in a track-rich 

area. The sides of the slab exhibit parallel laminated bedding. Helm et al. (2019d) referred to the 

tracks from west to east as A (9 cm long, 6 cm wide), B (12 cm long, 6 cm wide), C (13 cm long, ~7 cm 

wide) and D (15 cm long, width could not be determined), and interpreted the trackmaker moving in 

this direction. Tracks are preserved in epirelief, with crisp margins. Alternating short and long pace 

lengths are apparent: pace length is measured at 18 cm between A and B, 30 cm between B and C, 

and 18 cm between C and D. Displacement rims and digit impressions are not evident. The three 

eastern tracks appear well preserved. The easternmost track, with potentially the best preservation, 

is truncated by the edge of the surface.  
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GC1202 is interpreted as a possible shod juvenile hominin site. A problem is that the quality of track 

preservation appears to increase from A to D, but D is only a partial track. If more of this trackway 

were preserved in an easterly direction, a definitive answer might have been forthcoming, and may 

have provided further evidence of an alternating (short-long) gait pattern that is characteristic of 

humans travelling down dune slopes. While an understepping bovid trackmaker or an equid 

trackmaker cannot be excluded, the crisp track margins suggest that other details of such 

trackmakers should be evident. The suggestion of an alternating gait pattern is also not typical of 

such trackmakers. The evidence is insufficient to label GC1202 as more than a possible shod hominin 

site. Photos GC1202A-B, F. Photogrammetry GC1202PG. 

 

 

Interpretation and discussion  

 

In summary, the four sites hint at shod-hominin tracks, but in each case there are interpretation 

challenges and alternative (although sometimes improbable) explanations. Consequently, firm 

conclusions cannot be drawn. Neo-ichnological experimental studies will hopefully allow for more 

formal criteria to be developed for the identification of shod-hominin tracks. 

 

Helm et al. (under review a), in considering the plausibility of Pleistocene shod-hominin tracks on the 

Cape south coast, used a criminological analogy, asking if MSA humans would have had the means, 

the motive and the opportunity to fashion footwear. In each case the conclusion was affirmative. 

The opportunity was there, and the motive may have included avoidance of injury due to sharp rocks 

or sea-urchin spines while foraging, as a significant foot laceration might have been fatal. Avoidance 

of temperature extremes by feet might have formed a second impetus. The question of ‘means’ has 

to be addressed through proxies, as there is a minimal chance of survival of the perishable materials 

that would have been used for footwear (or other clothing). The oldest reported surviving footwear 

is from Oregon, U.S.A. (Cressman, 1951), radiocarbon-dated to 10.5–9.2 ka. Ichnology thus provides 

a logical, and possibly optimal, avenue to investigate this question. 

 

The presence in the archaeological record of stone and bone tools with the capacity to clean, cut, 

trim and sew animal hides can be regarded as such a proxy. In considering this clothing analogy, 

footwear is regarded as a category of clothing. The advent of clothing appears to have been a 

response to the challenges of cold, rather than for purposes of decoration or modesty: early proxies 

for clothing coincide with colder periods or environments during the Pleistocene (Gilligan, 2019). A 
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progression has been documented by Gilligan (2019), from stone flakes to scrapers to blades, 

followed by the appearance of bone awls, needles and eyed needles, reflecting progression from 

simple clothing (e.g. capes and other partial covers) to complex clothing (e.g. fitted garments, often 

with multiple layers).  

 

Southern Africa boasts some of the earliest records of the appearance of blades and bone awls in 

the archaeological record, and Gilligan (2019) equates these with the production of complex 

clothing, although earlier tools with sharp corners could also have been used to pierce hides. On the 

Cape south coast, with its abundance of seafood, shells could have been used in addition to scrapers 

for cleaning animal hides. The first bone tools from the MSA were reported from Klasies River Cave 

(Singer and Wymer, 1982; Wurz, 2008). At Blombos Cave 28 bone tools (awls and projectile points) 

were identified, with dates reported of 84–72 ka (e.g. Henshilwood and Sealy, 1997; Henshilwood et 

al., 2001a). d’Errico and Henshilwood (2007) reported on a further nine examples from Blombos 

Cave. These findings do not preclude the possibility that complex clothing (including footwear) was 

developed earlier, perhaps with less sophisticated implements. Gilligan (2019) suggested that simple 

clothing was probably used as long ago as 800 ka, and by a variety of hominin species, as a pragmatic 

response to cold conditions.  

 

A date estimate for the regular use of clothing, employing a different angle of evidence, is provided 

by genetic research on when the divergence occurred between body lice (which require regular use 

of clothing or blankets in order to survive) and head lice. Results obtained by Reed et al. (2015) 

indicate a date range of 170–80 ka. Some human populations must have regularly been wearing 

clothing prior to this time (Gilligan, 2019).  

 

Tuttle (2008) identified criteria for the identification of hominin tracks, which involved the alignment 

and shape of the hallux, the relative lengths of the digits, and the presence of a prominent medial 

longitudinal arch. It is unlikely that shod tracks would be able to fulfil these criteria (Milàn and 

Bromley, 2009), which are therefore not prerequisites for the identification of shod-hominin tracks.  

 

The great majority of hominin tracks that have been reported (e.g., Lockley et al., 2008; Bennett and 

Morse, 2014) were clearly made by, or have been attributed to, unshod trackmakers. Examples 

where tracks were attributed to a shod trackmaker, or where this was postulated, are sparse, and 

include, in order of increasing age: 
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1) First World War soldiers left hobnail boot prints in cement in Italy (Avanzini et al., 2011). 

 

2) Investigation by Pales et al. (1976) of the Upper Paleolithic hominin footprints of Niaux Cave 

in France, discovered in 1906, led to the recognition of ~28 partial footprints of shod local 

inhabitants who had entered the cave wearing wooden clogs. At least six clog footprints 

were illustrated (op. cit. figures 32–35 and 48–49), as well as three examples from locally-

made footwear (figure 5), demonstrating that the wooden soles were reinforced with metal 

studs, sometimes in series resembling hobnails. These were evidently registered between 

~1906 and 1949, when the tracks were first seriously studied.  

 

3) Holocene Roman-era lithified beachrock on the island of Rhodes, Greece (Bromley et al., 

2009). In addition, popular websites describe Roman-era hobnail boot impressions from 

Israel (e.g., https://www.upi.com/Science_News/2007/08/27/Roman-footprint-found-in-

ancient-city/81981188237901/ and https://popular-archaeology.com/article/i-stood-here-

for-rome/ 

 

4) Jaguar Cave in Tennessee, dated to ~5 ka (Robbins et al., 1981; Bennett and Morse, 2014). 

 

5) Clottes (1975) suggested that Magdalenian hominin tracks in Fontanet Cave, France, may 

have been made by an individual wearing a soft shoe or sock. This is the first published 

reference to possible ancient shod-hominin tracks. 

 

6) Ledoux et al. (2021) reported 28 hominin tracks of Gravettian age (~31–28 ka), registered in 

clay substrates in Cussac Cave, France. Seven tracks were complete, but digit impressions 

were shallow or absent. This contrasted with well-registered finger impressions, and areas 

where bear and human tracks were superimposed and the digit impressions of the bear 

tracks were clearly preserved.  

 

7) Duveau et al. (2021 – p. 194) in describing 257 hominin tracks from Le Rozel in France, dated 

to ~80 ka and attributed to Homo neanderthalensis, suggested that some of these were 

made by shod feet. This was based on “the lack of clear toe impressions on relatively 

complete footprints”. It was noted that footprint morphology was “variable which is 

common for footprints made in soft substrate”. 

 

https://www.upi.com/Science_News/2007/08/27/Roman-footprint-found-in-ancient-city/81981188237901/
https://www.upi.com/Science_News/2007/08/27/Roman-footprint-found-in-ancient-city/81981188237901/
https://popular-archaeology.com/article/i-stood-here-for-rome/
https://popular-archaeology.com/article/i-stood-here-for-rome/
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8) Four hominin tracks were described from Theopetra Cave, Greece, in clay sediments dated 

to 130 ka (Kyparissi-Apostolika and Manolis, 2021 – p. 174). All four were reported as left 

tracks made by young children (probably Homo neanderthalensis). The first two tracks were 

considered to have been made by shod individuals, and it was noted that “the arch region 

and the support lines at the external region of the foot” could be observed, in contrast to the 

third track, which exhibited a hallux impression and other detail. It was concluded that “this 

phenomenon of footwear use must have been widespread although the archaeological 

findings are very rare”. 

 

Well over half (~40) of the hominin tracksites on the global list of 63 sites compiled by Lockley et al. 

(2008) were made after hominins, at least in some areas, had developed the ability to make 

footwear. This number is even higher if the 31–28 ka date of Ledoux et al. (2021) is used. 

 

Tracks have been erroneously attributed to shod hominins in the past. An alleged shod-hominin 

track in Cambrian strata in Utah, U.S.A., was shown to be a non-biogenic sedimentary structure 

(Stokes, 1986). A giant human trackmaker wearing sandals was postulated for a trackway in Nevada, 

U.S.A. However, the tracks were subsequently shown to be consistent with those of a ground sloth 

(Lockley and Hunt, 1995 and refs. therein). Such errors emphasize the need for caution. 

 

Another method of investigating the possibility of hominins being shod is through the morphology of 

foot bones, although this requires habitual (not occasional) use of footwear. Changes involving the 

proximal middle phalanx and lateral phalanges have been described (Trinkaus, 2005; Trinkaus and 

Shang, 2008; Trinkaus et al., 2021). The earliest evidence of this nature is from the Tianyuan site in 

China, dated to ~40 ka (Trinkaus and Shang, 2008). Suitable skeletal material is scarce, and this does 

not exclude the possibility of earlier dates. Trinkuas et al. (2021) also noted that at the Upper 

Palaeolithic site of Sunghir, in northern Russia, there is indirect evidence for leggings or boots, as 

well as gracile lateral phalanges, which can be regarded as a proxy for the regular use of footwear. 

 

 Art depicting footwear would provide another line of evidence. One example from southern Africa is 

~2000 years old (Deacon and Deacon, 1999): a San pictograph from Baviaanskloof, ~100 km 

northeast of the study area, depicts a male figure with footwear, including shoelaces (Rust, 2008: fig. 

3.54).  
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Questions can be asked about shod-hominin tracks, following the line of reasoning of Gilligan (2019): 

- Were people in Eurasia at this time unshod more often than is suggested by their foot anatomy? 

- Given that many hominin tracksites from this time are found in caves in Europe, could there be a 

selection bias if footwear was removed in order to enter cave systems?  

- On the Cape south coast: if footwear was intermittently used, e.g., for protection during coastal 

foraging on sharp rocks, and then removed for travel over beaches and dunes, would shod-hominin 

tracks not be under-represented in the ichnology record?  

- Is there a distinction to be made between habitually shod feet, typically found in contemporary 

'western' societies, and the occasional use of footwear? From a skeletal perspective, there may be 

minimal difference between being habitually barefoot and occasionally using footwear. 

- Could the entire hominin track record be biased in favour of easily recognizable tracks made by 

unshod individuals, compared with morphologically less distinct (and hence unidentified and 

unreported) tracks made by shod trackmakers?  

 

Detailed analysis of the morphology of tracks of habitually-shod hominins, contrasted with tracks of 

habitually-unshod hominins, has not previously been undertaken. Duveau et al. (2021 – p. 195) 

noted that it would be useful to investigate morphometric differences between unshod tracks and 

shod tracks using footwear that included including shoes of varied rigidity.  

 

Ledoux et al. (2021) have performed the most detailed neo-ichnology experiments on shod-human 

tracks thus far, using soft leather footwear in clay substrates with two varieties of moisture content. 

Such substrates are likely to yield tracks of high morphological and preservational quality. It was 

reported that soft footwear had notable effects on the resulting tracks: shod tracks had a greater 

length-to-width ratio (i.e, they were relatively longer and narrower) than barefoot tracks. Shod 

tracks were shallower than barefoot tracks, with an absence of digit impressions, other than 

occasional faint hallux impressions. The distal portion of the tracks thus became less complex. Soft 

footwear also reduced the influence of the medial longitudinal arch, rendering the ‘middle’ portion 

of the tracks wider. Overall, there was thus a tendency for the shod tracks to exhibit simplified 

morphology. These findings are of potential relevance to southern African hominin tracksites. For 

example, Helm et al., (2022a) reported that two probable hominin tracks from the west coast were 

unusually long (compared with their width), and that one exhibited a possible faint hallux trace. 

These noted features might be consistent with the use of soft footwear and could lead to a 

productive reappraisal of the described southern African sites. 
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While criteria are required for the identification of shod-hominin tracks, more information is needed 

before this can be confidently attempted. Neo-ichnological studies are therefore being conducted on 

the Cape south coast, comparing barefoot tracks with shod tracks (using soles of varying rigidity) on 

a variety of substrates. Whereas Ledoux et al. (2021) performed their experiments on clay, 

simulating the substrate in which the Cussac Cave tracks were made, the Cape south coast studies 

are on modern sandy beaches and dune in the vicinity of the aeolianite outcrops. Comparison of 

results from such different substrates and environments should be informative. The possible shod-

hominin tracks of Neanderthal origin (Duveau et al., 2021; Kyparissi-Apostolika and Manolis, 2021), 

and the reported site on South Africa’s west coast (Helm et al., 2022a) could be re-evaluated using 

such criteria. Not only should such criteria aid in identification, but they may help to reduce the 

biases in the global hominin track record that may exclude tracks made by shod individuals from 

being identified and reported. 

 

In summary, until more formal criteria for the identification of shod-hominin tracks are developed, 

as many of the following features as possible should be considered: 

- a sufficiently long trackway with a narrow straddle, made by a bipedal trackmaker, allowing 

for the detection of successive and similar track morphologies; 

- a general hominin track outline, substantially longer than wide, with rounded anterior and 

posterior ends; 

- evidence of high quality of preservation of tracks registered in a suitable substrate, e.g., crisp 

track margins; 

- absence of diagnostic features of barefoot hominin tracks such as clear digit impressions; 

- diagnostic features such as traces of strap attachment points. 

 

In non-ideal substrates, tracks made by shod individuals may not be distinguishable from those 

made by unshod trackmakers. If the absence of digit traces were to be used as a major criterion for 

the identification of shod-hominin tracks, then some Cape south coast hominin tracksites (e.g., 

GC1201) would qualify, whereas the lack of morphological detail is more plausibly attributed to the 

soft sandy substrate. Likewise, the Happisburgh tracksite in the U.K. (Ashton et al., 2014) is 

instructive: of 50 tracks attributed to Homo antecessor, only two exhibited digit traces.  

 

A pair of sandals on exhibit in the Blombos Museum of Archaeology in Still Bay, used by a San 

hunter-gatherer in the dune sands of the Kalahari Desert, suggests that impressions from strap 

attachment-points, or their equivalents, could also be sought, and that such evidence would be of 
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diagnostic value. Perhaps surprisingly, each of these sandal outlines appears remarkably 

symmetrical, and the anterior portions and posterior portions are of almost identical width. Such 

features suggest that assumptions may be erroneous and unanticipated features may be present. 

The rock art example from Baviaanskloof suggests another potential footwear design, using laces 

that would presumably not exhibit strap-attachment points. These two ‘designs’ by no means 

exhaust the possibilities.  

 

What other agents may cause features that resemble the outlines of shod-hominin tracks? Bovids 

and (more frequently) equid trackmakers may understep or overstep (Van den Heever et al., 2017). 

In such cases a track shape is created that may suggest a hominin track outline. Diagnostic features 

such as an interdigital sulcus in bovid tracks, or the ‘frog’ in equid tracks, are not always present. 

Furthermore, in the case of the Cape buffalo (Syncerus caffer) the dimensions of front foot and hind 

foot are not identical, with the hindfoot being slightly longer and narrower (Van den Heever et al., 

2017). When gait is slower than usual (understep), a track impression may thus be created in which 

the anterior portion is slightly wider than the posterior portion, resembling to a shod-hominin track. 

Such confusion is more likely to occur with tracks registered in less optimal substrates, and highlights 

the need for ideal or near-ideal substrate conditions when assessing for shod-hominin tracks.  

 

 

4.6.4 Possible hand impression 

 

LL1925: 

It was noted that a right human hand could neatly fit into an impression on a large loose slab. The 

site proved difficult to photograph. Photo LL1925A). However, a baboon track appeared more likely. 

There are two tracks present, with an apparent pace length of ~65 cm. A similar pattern which may 

represent baboon digits can probably be seen in the second track. There is more detail in the first 

track, with maximum length of 18 cm and maximum width of ~16 cm, three or four parallel probable 

digit impressions, and a possible opposed digit I impression. Adjacent circular features could be knee 

impressions, but in the absence of firm evidence this interpretation remains hypothetical. 

 

Hominin handprints are limited to just a few cases in the global ichnology record. Panarello et al. 

(2018) reported a hand print beside hominin trackways at the Tora e Piccilli site in Italy, claiming that 

at 350 ka it was the oldest of its kind to be identified. At the Roccamonfina site in Italy (dated to 

~345 ka), three hominins (possibly Homo heidelbergensis) descended a steep slope of volcanic ash, 
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and one of them used a hand to aid with balance on the rough terrain (Mietto et al., 2003; Avanzini 

et al., 2008). Duveau et al. (2021) reported Neandertal handprints at a large footprint site at Le 

Rozel, France. Ledoux et al. (2017, 2021) reported hand prints from Cussac Cave in France. Avanzini 

et al. (2021) reported hand prints along with crawling traces, knee impressions and finger traces in 

14 ka deposits at the Bàsura Cave in Italy. 

 

A confident conclusion cannot be reached at LL1925. A baboon origin may be the most plausible 

explanation. 

 

 

4.6.5 Possible knee impressions 

 

Two sites with putative knee impressions were reported in Helm et al. (2019a). They were labelled 

Site A1 (GP1812) and Site F (GC1807). Both were reported in association with ammoglyphs. 

 

GP1812 

The main feature is a circular groove with a central depression, discussed in the ammoglyphs 

section. Just outside the circular feature are two oval, slightly depressed areas, measuring 10 x 5 cm 

and 8 x 5 cm, with their centres 23 cm apart (photo GP1812C). Subtle deformation of the bedding 

plane can be seen in these areas, which lie close to the possible initiation and completion portion of 

the circle. It was suggested that the act of kneeling could have made it easier to create such a 

circular feature. 

 

GC1807 

Parallel or sub-parallel grooves on the surface of a fallen block form a pattern of two long parallel 

outer grooves, and two inner grooves that are approximately parallel to each other but at a slight 

angle to the two outer grooves. A single circular in-filled depression, 11 cm in diameter, is present 

close to the end of the parallel grooves (photo GC1807A). Again, kneeling could have allowed more 

control or force to be applied in making lines in the sand. 

 

At the time these were the only reported possible examples of kneeling humans in the global 

ichnological record (Helm et al., 2019a), and they remain the oldest reported possible knee 

impressions. Romano et al. (2019) and Avanzini et al. (2021) reported well-preserved knee 

impressions and traces of crawling in the Bàsura Cave in Italy, dated to ~14 ka. 
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A caveat is that knee impressions do not have diagnostic characteristics other than a circular or oval 

shape, with the possibility of appearing in pairs an appropriate distance apart from each other. The 

juxtaposition of possible ammoglyphs and putative knee impressions increases the likelihood of 

these features being of anthropic origin. 

 

 

4.6.6 Possible fingertip impressions 

 

GC2001 

A site identified by Mark Dixon illustrates the variety of possible explanations for an observed 

pattern. A collection of eleven round depression in close association with each other raises the 

possibility not only of fingertip impressions, but also entrances to an insect nest or avian feeding 

traces. Displacement rims and ridges indicate that these features were created when the surface 

consisted of unconsolidated sand. Furthermore, the relationship of the rims with the depressions is 

not constant; they are consistently most prominent peripherally. Only the identihfication of other 

similar features will help determine whether or not a hominin origin for these features is likely. 

Photo GC2001A. 

 

In the global ichnological literature, a possible similar phenomenon of finger traces was reported by 

Avanzini et al. (2021) from the Bàsura Cave in Italy. However, attribution of these was 

straightforward, as a result of nearby human footprints, handprints, knee impressions and crawling 

traces. 

 

 

4.6.7 Ammoglyphs 

 

 ‘Ammoglyph’ is a term coined by Helm et al. (2019a) to describe an anthropic pattern, made in 

unconsolidated sand, which is preserved and subsequently becomes evident in rock. The term 

needed to be coined because nothing of this nature had previously been described. ‘Ammos’ is 

Greek for sand, and ‘glyph’ indicates an image. Ammoglyphs can thus be compared with terms like 

geoglyph, petroglyph and dendroglyph. 
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The rationale for their existence is as follows:  

- humans travelled on Cape south coast dunes and beaches and left their tracks; 

- these palaeosurfaces have the capacity to provide a record of events that transpired on 

them; 

- humans created palaeoart here in the Late Pleistocene (e.g., Blombos Cave, Pinnacle Point);  

- humans probably left evidence of their activities other than just tracks; 

- there may thus be a hominin Pleistocene ‘signature’ that can be identified in these rocks. 

The question becomes not whether ammoglyphs are plausible, but rather, whether the evidence 

provided is sufficiently compelling.  

 

The notion of early modern humans creating patterns in sand is not new. Hodgson and Helvenston 

(2007) speculated that early art would have likely originally been in sand. Given the unprecedented 

nature of such features, methods had to be developed to identify and interpret them. Identified sites 

are described here from west to east. For each site, interpretation and discussion immediately 

follow the site description, rather than being assigned separate sections.  

 

W51807: 

A repeating pattern of grooves is present on two sloping surfaces, ~10 cm long and as much as 2 cm 

in width, with a distinctive slightly wider, circular appearance at their upper ends (photos W51808A-

B). Six grooves are present on one surface and four on the other. In one case a rim is present. While 

no tracks occur in association with these grooves, they resemble the features at GC1801 and 

GC1904.  

 

W41809: 

Five parallel grooves are present along the strike of an in situ, shore-parallel surface (photos 

W41809A-C). Some of these exhibit distinctive larger circular depressions at their western ends. The 

best-preserved groove exhibits a well-defined rim. They too resemble the features at GC1801 and 

GC1904. 

 

BO2102  

A large loose slab (190 cm x 180 cm, ~50 cm thick) displays a truncation surface containing tracks, 

grooves and small round depressions. The tracks were probably made by a medium-sized bovid. The 

most parsimonious explanation for the five groove features, which vary in length from 14–60 cm, is 

that they represent casts of sticks and twigs. However, each groove appears to terminate at one end 
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 with a distinctive, curved, ‘hockey-stick’ feature. Combined with the adjacent small, round, 

depressed areas, which might represent prod marks from a stick, they suggest a possible ‘hominin 

signature’. However, the absence of hominin tracks on a surface of this size counts against such an 

interpretation. Photos BO2102A-D. Photogrammetry BO2102PG1, 2. 

 

LL1907 

Large, geometric features on the surfaces of two adjacent loose slabs were described by Helm et al. 

(2021b). The rocks lay just two metres apart at the foot of 30 metre high coastal cliffs. The larger 

rock appeared stable despite storm surges, but the smaller rock was not initially noted, and it 

fragmented after storm surges. As in Helm et al. (2021b), the larger (eastern) surface is referred to 

here as ‘Surface 1’ and is described facing east, and the smaller western surface is referred to as 

‘Surface 2’ and is described facing south. The slabs are presumed to have tumbled down from a 

competent layer within a concave erosion bowl in the line of cliffs above, which was not directly 

accessible. However, use of a drone does not reveal any further similar patterns on rock surfaces in 

this area. 

  

The maximum length of Surface 1 is 131 cm, maximum width is 110 cm, and maximum thickness is 

16 cm (Figure 40). Parallel bedding is evident. The layer containing the geometric feature is 2–3 cm 

thick. Low-relief surface ripple marks are present. Three straight lines in the form of grooves appear 

to form a triangle, although the grooves are truncated by the edges of the slab near their points of 

probable intersection. Displacement rims are not evident. A surface length of 99 cm is measured for 

the left groove, 85 cm for the right groove, and 76 cm for the top groove. When the groove axes are 

projected beyond the ends of the surface to where they would form angles of a triangle, the lengths 

of the triangle sides would be ~107 cm (incorporating the left groove), ~98 cm (incorporating the 

right groove), and 85 cm (incorporating the top groove). The three angles of the triangle would be 

63o (top left), 70o (top right), and 47o (bottom). 

 

A groove that almost bisects the bottom angle runs from close to this angle towards the midpoint of 

the top groove. Its proximal portion, 45 cm in length, is up to 2 cm wide and 0.5 cm deep. Distally 

this groove disappears abruptly, then reappears faintly near where it meets the top groove, and 

extends marginally beyond the top groove. This groove is truncated by the edge of the surface near 

the bottom angle. Whereas it cuts the top groove into almost equal halves (42 cm on the left, 43 cm 

on the right), it does not perfectly bisect the bottom angle. The angles where the bisecting groove 

meets the top groove are 100o on the left and 80o on the right. Although the most proximal portion 
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of the bisecting groove is truncated, the underlying bedding plane is preserved in this area, and on it 

the axis of the groove can be followed as a raised feature for a further 7 cm. Its length from near the 

bottom angle to its intersection with the top groove is ~103 cm. A fourth groove is aligned to the 

right of the right groove, extending intermittently for 32 cm. The left groove is more deeply inscribed 

distally. The portion of the surface to the right of the right groove is up to 1 cm higher than the 

remainder of the surface. Portions of the right groove arre narrower, having been almost occluded 

by this higher surface (Helm et al., 2021b). Photos LL1907A-C. Photogrammetry LL1907PG1. 

 

 

Figure 40.3D photogrammetry image of geometric patterns at LL1907; horizontal and vertical scales are in 

metres. 

  

Surface 2 exhibits maximum dimensions of 80 cm x 50 cm; slab thickness was 16 cm. The layer on 

which the geometric feature occurs is 2–3 cm thick. Sedimentary structures seen in section appear 

similar to those on the slab containing Surface 1. Three straight grooves are evident, without 

evidence of displacement rims. Maximum groove width is 2 cm; maximum depth ~1.5 cm. The top 

(seaward) groove is 50 cm long, deep in places, and occluded in places. It is truncated at its right 

(western) end by the edge of the rock (Helm et al., 2021b).  
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A second groove extends landward (northwards), almost perpendicular to the top groove, from near 

a point 26 cm from its eastern end. The angles of intersection are 86o on the left and 94o on the 

right. The deep portion of this perpendicular groove is 11 cm long. While it appears to terminate at 

the proximal (northern) end of this deep section, its axis forms the right margin of a raised wedge 

feature on the bedding plane 3 cm below, where this is exposed at the landward end. Furthermore, 

if the line of this groove is extended further, the edge of the underlying layer exhibits an identical 

orientation for another 10 cm. It is possible that an extension of this groove formed the weakest 

line, and that the rock therefore broke along this groove section. (This is precisely what happened 

during the subsequent fragmentation of the rock, as it broke along the line of the ‘top groove’.) 

 

The third groove (left, eastern) is shallower, and extends landwards from the left end of the top 

groove, making an angle of 70o with it. This groove is truncated by the edge of the surface at its 

landward end, hence the third angle of the triangle made by the three grooves is not visible on the 

surface. However, the axis of the left groove is also evident as the left margin of the raised wedge 

feature 3 cm below. The margins of this feature are thus formed in the axes of the perpendicular 

groove and the left groove, meeting at an angle of 24o to form the third angle of the triangle (Helm 

et al., 2021b). Photo LL1907D. Photogrammetry LL1907PG2. 

 

As Surface 1 and Surface 2 (and Surface 3, as described below) exhibit similar stratigraphy, and were 

found beside each other; they may form part of the same palaeosurface. Helm et al. (2021b) 

determined that the deep, long grooves were made when the surface was composed of 

unconsolidated sand, and that portions of these grooves filled with sand before the surface was 

covered by another sand layer; furthermore, the grooves were deeply enough inscribed to cause 

disturbances in the underlying sand, currently discernible where an underlying layer was exposed. 

Similarities were therefore noted with the ichnological phenomenon of transmitted tracks.  

 

Helm et al. (2021b) considered the challenges inherent in determining the origin of such 

unanticipated features and patterns (and excluding modern graffiti), and in potentially identifying a 

‘hominin signature’ within a multitude of lines and groove patterns on rock surfaces. The rationale 

addressing this issue in Helm et al. (2019a) was cited, and the principles restated. For example, 

modern graffiti was excluded due to its being incompatible with a) the partial or complete occlusion 

of the grooves in places, and b) the disturbances in the underlying layer below both surfaces, which 



263 
 

indicate the presence of a compressive force from above when the groove was formed and the 

surface sand was unconsolidated. 

 

Any plausible non-anthropic origin must have been capable of forming extremely straight lines in a 

variety of orientations, sometimes terminating at meeting points. Root casts were foremost among 

such possibilities, as roots in sand are often straighter than their counterparts in rocky terrain, and 

can follow bedding plane surfaces. However, roots tend to taper, often alter the appearance of the 

surrounding rock in all directions, are not compatible with areas of occlusion or near-occlusion seen 

in the grooves, and do not appear consistent with the evidence in the underlying layers of a 

substantial compressive force. It was also possible to exclude diagenetic forces as a cause of the 

observed patterns. A random agglomeration of unexplained groove features can never be 

completely excluded, but the chances of this being an explanation of the features noted was 

considered remote. The features were therefore interpreted as probable ammoglyphs (Helm et al., 

2021b). 

 

It was noted that the famous Blombos Cave engraved cross-hatched or ‘chevron’ pattern on ochre, 

less than 30 km to the west and dated to ~77 ka (Henshilwood et al., 2002), can be viewed as a 

series of adjoining triangles. It was also noted that an assumption that Surface 1 represented just a 

single triangle was not justified, as it may have been part of a larger motif, e.g., the Blombos Cave 

engraving writ large. The size of the triangles, particularly on Surface 1, served to distinguish them 

from known MSA engravings (Henshilwood et al., 2002, 2009, 2011; Watts 2010) and a drawing 

(Henshilwood et al., 2018) from the region, a reminder that a canvas of sand is potentially 

enormous.  

 

A sample for OSL dating (Leic20031) was obtained from the edge of the larger track-bearing slab. It 

yielded a standard age estimate of 138 ± 9 ka, and a modeled age (gradual cementation) of 131 ± 10 

ka. 

 

The history of geometric patterns in palaeoart has been documented by Bednarik (2003, 2013). 

Obtaining consensus as to their meaning has proven elusive. Anderson (2012) considered possible 

patterns that would have been evident to MSA hominins and that might have led to the creation of 

the prevalent cross-hatched pattern images. It was noted that natural weathering processes could 

create apparent cross-hatched patterns in rocks. A photograph of Table Mountain Group quartzite 

rocks on the approach to Blombos Cave, containing cracks in a pattern that included triangles 
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(Anderson 2012, p. 201), was used to substantiate the assertion that awareness of such patterns 

may have been a precursor to the making of images that incorporated them. In contrast, aeolianites 

and cemented foreshore deposits do not form joints or fracture lines in these patterns.  

 

Helm et al. (2021b) chose not to ascribe meaning to the geometric patterns. However, it was noted 

that the triangle on Surface 1, with its abruptly terminating ‘bisector’, resembled a purported female 

fertility symbol, the ‘female pubic triangle’, that became manifest in palaeoart in the Aurignacian in 

southern France (Leroi-Gourhan, 1982; Gimbutas, 1989; Von Petzinger and Nowell, 2014). 

Discoveries at Chauvet Cave and Abri Castanet of art likewise interpreted as vulvas have pushed the 

dates of these motifs back to 37—36 ka (White et al., 2012). Von Petzinger (2009) described an array 

of Upper Paleolithic geometric signs in parietal art in France, noting that triangular shapes were 

present at numerous sites and occurred in all periods. 

 

In September 2022 Surface 1 was recovered by helicopter and transported to the Blombos Museum 

of Archaeology in Still Bay. During this process, the fragmented remains of Surface 2 were noted, 

and a third surface (Surface 3) containing two grooves meeting at an angle of 69° was identified. 

Only ~20 cm of each groove was evident, as the edge of this large loose rock lay close to their 

meeting point. Photo LL1907E. 

 

LL1926 

The ‘stingray rock’ provides the sole exception to the trend of putative ammoglyphs occurring in two 

dimensions, as it is interpreted as having been a three-dimensional sand sculpture. It was described 

by Helm et al. (2019a, in preparation). It is interpreted as the oldest example of representational art 

of another creature.  

 

The rock was found by Emily Brink in 2018 at the base of coastal cliffs, just below the high-tide mark. 

It was recovered, and is reposited in the Blombos Museum of Archaeology in Still Bay (accession 

number ICH003H). The site is situated ~30 km east of Blombos Cave, and 1 km east of LL1907. 

 

The rock approximates the shape of a kite, a geometric term defined as a quadrilateral with two 

pairs of equal adjacent sides (Page, 2019). Kites contain two diagonals: one forms the axis of 

symmetry, and perpendicularly bisects the other; it also bisects the angles that it meets at the 

corners (Page, 2019). The rock is described here with the more acutely angled corner met by the 

long diagonal at the proximal (posterior) end. Photo LL1926A. 
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The long and short diagonals (i.e., the length and width of the surface) are respectively 35 cm and 30 

cm long. Rock thickness varies from 5 cm to 6 cm. The sides are straight or curvilinear, except for 

two slight protuberances (one on each side), that are evident 3.5 cm from the posterior corner, and 

a 2 cm, rounded, bite-shaped defect which is evident in plan view immediately left of the posterior 

corner. When the posterior corner is examined in profile, it is evident that it too exhibits symmetry, 

and that there are actually two such ‘bites’, one on either side of a short, stubby posterior midline 

protrusion which is not obvious in plan view. All the edges of the rock are rounded. The distance 

between the anterior corner and each lateral corner is 21 cm. The distance from the left lateral 

corner to the posterior corner is 27 cm, and from the right lateral corner to the posterior corner is 30 

cm. 

 

The only feature of note on the undersurface of the rock is a 3 x 1.5 cm cavity, which forms the end 

of a 3 cm tunnel that emerges on one of the sides of the rock. However, the upper surface exhibits 

further features of note (Figure 41A). Perpendicular to the long diagonal, and along the axis of the 

short diagonal between the lateral corners, lies a row of groove features. In the centre of this row 

are two intersecting grooves, forming the appearance of a cross. The ‘arms’ of the cross measure 

~10 cm, and intersect at an angle of ~300. They intersect close to (less than 1 cm from) the point of 

intersection of the two diagonals. On each side of the cross feature two further grooves are evident, 

referred to here as the inner and outer grooves . The (faint) left inner groove lies parallel to one of 

the arms of the cross feature, and the right inner groove lies sub-parallel to the other arm of the 

cross feature. Each of these grooves lies ~5 cm from the respective arms of the cross feature. The 

outer grooves are each positioned ~7 cm from the inner grooves. They lie parallel or sub-parallel to 

the inner grooves, and parallel to the respective arms of the cross feature (the left example is more 

of a step-feature than a groove). The distances from the outer grooves to the lateral edges of the 

rock are ~4 cm on the right and ~2.5 cm on the left, i.e., the pattern of grooves lies fairly 

symmetrically within the rock, and the cross feature appears in a central position. A posterior 

extension of one of the grooves that forms the cross feature is apparent on the right, 13 cm long and 

ending just 2 cm from the posterior edge – in places this extension exhibits partial occlusion. 

Vestiges of a probable similar groove feature on the left are present, almost fully occluded, thus 

forming a further possible example of symmetry. 
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Figure 41. The ‘stingray rock’: (A) sketch of features on the upper surface; (B) an image of a blue stingray 

(Dasyatis chrysonota chrysonota) overlain on the ‘stingray rock’, illustrating the close match in shape. 

 

The symmetry of the portion of the rock at the posterior angle is not fully apparent in plan view. 

However, this is readily apparent in profile, and confirmed by examining this area both from directly 

behind, and from postero-superior (photo LL1926B) and postero-inferior (photo LL1926C) 

perspectives. The stubby midline protrusion is ~2 cm long, with a width of ~3 cm, and the ‘bites’ on 

either side of it are ~1.5 cm in width and ~2 cm deep. All edges in this region are rounded. 

 

In addition to these symmetrical features, the following asymmetrical features are apparent. At least 

four round or oval indentations are present, two on the left portion of the surface and two on the 

right. Two of these (far left and upper right) on closer inspection each consist of two adjacent, 

similar-sized round indentations, hence they present an oval appearance from a distance. These are 

~1.2 cm long, 1.0 cm wide, and 0.5 – 1.0 cm deep. The right postero-lateral portion of the surface is 

generally more eroded than the rest of the surface, but a deep, wide, flat-bottomed groove (7 cm 

long, ~2.5 cm wide, and >1 cm deep) is evident in this area, extending in a postero-medial direction 

almost to the posterior corner. 

 

In summary, the elements of symmetry include: 

(a) the rock outline is left-right symmetrical, with the longer diagonal forming the axis of 

symmetry;. 



267 
 

(b) the cross feature occurs in the centre of the row (along the short diagonal) of groove 

features, and its long axis is the same as the long diagonal of the rock. 

(c) the point of intersection of the arms of the cross feature lies very close to the point of 

intersection of the long and short diagonals; 

(d) the groove features lying on either side of the cross feature exhibit symmetrical spacing and 

alignment (including parallelism); 

(e) the lateral corners of the rock are approximately equidistant from the cross feature, so that 

the cross lies in the centre of the widest portion of the rock, and the anterior row of grooves lies 

perpendicular to the long axis of the rock; 

(f) the slight protuberances on either side, close to the posterior corner, are equidistant from it, 

and the ‘tail stub’ lies in the midline at the posterior corner; 

(g) the two anterior (shorter) equal sides both have a slightly concave shape, whereas the two 

posterior sides (one is slightly longer than the other) are both relatively straight. 

 

The shape of the rock resembles that of a stingray (Smith and Smith, 1966, Heemstra and Heemstra, 

2004). The arms of the cross feature intersect very close to the position of the eyes, and the row of 

grooves may be associated with patterns evident on the dorsal surface of a species such as the blue 

stingray (see below). The lateral corners correspond to the position of the pectoral fins, and the 

protuberances on either side of the posterior corner of the rock correspond to the position of the 

pelvic fins. Slight concavities on either side of the vestigial tail accentuate it. 

 

A sand sculpture may have been created either by removing surrounding sand to an equal depth, or 

by packing new sand onto an existing surface. Either way a pedestaled feature would result, capable 

of being preserved and re-exposed.  

 

Humans of all ages appear to enjoy creating designs and sculptures in sand. This might be an 

atavistic activity that extends deep into hominin antiquity. Stingrays would have been known to 

hominins who hunted or foraged along this coastline and harvested its marine resources. It is 

conceivable that they were regarded as creatures of importance or rightly regarded as dangerous or 

lethal, which might justify their reproduction through creating image in the sand. 

 

Symmetry is not the exclusive domain of anthropogenic features, but is intriguing, especially in light 

of comments by Henshilwood et al. (2009 – p. 39) about the engravings in ochre from Blombos Cave: 

“the regularity in the profile and outline of incisions indicates precise neuro-motor control … the 
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engraver filled in a blank space by incising two lines to complete the symmetry of the pattern.” Feliks 

(1998, 2008) and Hodgson (2011) discussed the role of symmetry in hominin creations, going back as 

far as the Acheulean, and Bednarik (2003) discussed hominin appreciation of symmetry in fossils and 

crystals. Oakley (19??), for example, in describing an Acheulean hand-axe, inferred that the tool-

maker avoided flaking the area containing a well preserved bivalve fossil and allowed it to occupy a 

central position. 

 

Speculation on the importance of the asymmetrical features relates to the context of ‘symbolic 

wounding’ described in the palaeoart record (Thackeray, 2005a), and the associated principle of so-

called ‘sympathetic magic’ (Frazer, 1890) or empathy (Thackeray, 2019a). In recent decades these 

concepts have been discredited within the discipline of rock art. For example, Lewis Williams and 

Dowson (1989) referred to a combination of mistaken ideas on the mental capacities of early people 

and lack of attention to the art itself, that created a misunderstanding that led to interpretations of 

sympathetic magic. Furthermore, they claimed a European origin for such a notion, and claimed that 

there was no evidence that the San believed in sympathetic magic. However, while such comments 

may be relevant to southern African rock art of the past few centuries or even millennia, they cannot 

be assumed to apply to all rock art, or to more ancient examples and of MSA sand art.  

 

First, three ethnographic examples that do support the concept of ‘sympathetic magic’ are 

considered. The first was reported by Lebzelter (1934) and translated by Thackeray (2005b – p. 14): 

“Before they go out to hunt, the Bushmen draw the animals in the sand and in a range of ceremonies 

they shoot their arrows. The place where the figure of the animal is hit is where they believe the wild 

animal will also be hit”. 

 

The second is an account by an anthropologist, Louis Botha, who in 1964 observed the following 

before a hunt (Thackeray, 1986 – p. 6): “/auni and !gomani Bushmen in the southern Kalahari [shot] 

miniature arrows at an effigy of a small animal modelled in sand”.  

 

The third is an account of hunting rituals described by Lichtenstein (1812), summarised by Thackeray 

(2013 – p. 2): “A person took on the form of a herbivorous animal, and was symbolically wounded 

and killed in a ritual in the belief that this was absolutely essential for success in a forthcoming hunt”. 
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Examples in the rock art record suggest that such ‘symbolic wounding’ may indeed extend deep into 

antiquity. These can be divided into three categories: linear incisions, deliberate breaking of images 

or lines which transect the entire image, and puncture marks. 

 

- A therianthrope image at the Apollo 11 Cave, Namibia, dated to 30 ka (Beaumont and 

Bednarik, 2012; Rifkin 2015), is broken through the middle, and has been ‘pecked’, resulting in 

cupules/puncture marks (Wendt, 1976; Thackeray, 2005b, 2013, 2019a; Rifkin, 2015). This was 

hitherto the oldest reported representational art from Africa (Bednarik, 2016). 

- An engraved ungulate image from Wonderwerk Cave (Northern Cape Province, South 

Africa), dated to 10.2 +/- 0.09 ka (Thackeray, 1981), contains incisions that transect the legs, possible 

cupules and possible symbolic wounds in the rump (pers. comm., Francis Thackeray, May 2022). 

- A zebra image engraved on a slab of dolomite (Beaumont and Vogel, 1989) from 

Wonderwerk Cave, dated to 4 ka, contains linear incisions in the rump, ochre traces (potentially 

symbolic blood), and possible puncture marks (Thackeray et al., 1981; Thackeray, 2005b, 2013, 

2019a). The image is broken down the middle, through the thorax, an action which would have 

required substantial force and may have been deliberate (Bradfield et al., 2014).  

- An image of a ‘wounded eland’ from Krugersdorp (Gauteng Province, South Africa) contains 

incisions in the rump (Thackeray, 2019b).  

- An eland image at Daureb (Brandberg, Namibia) contains peck marks on the rump (Lenssen-

Erz and Gwasira, 2010; Thackeray, 2019a).  

- A therianthrope in the ‘White Lady’ panel of the Brandberg (Namibia), copied in 1947 (Breuil 

et al., 1955), contains two sets of parallel red stripes painted on the posterior region of the belly 

(Thackeray, 2019a). 

- A therianthrope image at Snowhill Cave, Drakensberg, South Africa occurs adjacent to an 

image of a dying eland (Vinnicombe, 1976). A vertical line transects the middle of the body of the 

therianthrope (Thackeray, 2005a, 2020).  

- One of three therianthropes in a frieze at Melikane, Lesotho, contains three vertical stripes 

which transect the middle of the body (Thackeray and Le Quellec, 2007), similar to the line in the 

Snowhill Cave example described above. In the nineteenth century the figures were interpreted by 

San informants as 'sorcerers' “who had died at the same time as the antelope” (Bleek 1874; Orpen 

1874). These three vertical lines bear a remarkable resemblance to a 1934 photograph from 

Logageng (Northern Cape Province, north of Wonderwerk Cave) of a “symbolically wounded 

buckjumper” under the skin of a roan antelope (Hippotragus equinus), in which three vertical stripes 

appear painted laterally on the skin, interpreted as representing symbolic wounds (Thackeray, 
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2005a). Furthermore, the transecting vertical line in the Snowhill Cave example and the transecting 

vertical lines in the Melikane therianthrope occur in approximately the same region and orientation 

as the vertical breaks that occur in the rock plaques from Apollo 11 Cave and Wonderwerk Cave.  

 

The stingray rock possibly contains all three of these categories: 

- linear incisions may represented by the deep, wide groove, or ‘gouge’; 

- puncture marks may be represented by four small round or oval indented areas, including 

the two double-indentations; 

- deliberate breaking of images may be represented by the amputation of the tail 

(‘decaudation’), as discussed further below. 

 

The absence of a tail in the sand-sculpture requires explanation. Symbolic wounding is germane here 

too, and involves the possibility of symbolic ‘decaudation’. A number of explanations of variable 

plausibility can be envisaged. These can be categorised based on when the ‘amputation’ might have 

happened. 

 

a) Blue stingrays (see below) with missing tails are sometimes encountered. Stingrays are 

important prey for sharks, and stingray spines have been found in the jaws of several predator shark 

species. The sand-sculpture could have been modelled on a stingray that was already missing a tail. 

b) A stingray might have been caught (perhaps speared) or washed up on the beach; its 

tailmight have been cut off to prevent injury, whereupon it was carried to a dune setting, where it 

served as a model for the sand-sculpture. 

c) As for b), but its outline was traced rather than copied. 

d) The sand-sculpture might have initially contained a tail, but this was ‘amputated’ in an act of 

symbolic wounding. 

e) The tail was buried and eventually cemented along with the body of the sand-sculpture, but 

did not separate with it upon re-exposure, or did not survive the fall or slide to the bottom of the 

cliffs (the absence of sharp edges to the tail stub counts against this explanation). 

f) The tail survived the fall or slide but was subsequently removed in an act of vandalism or by 

wave action. The absence of sharp edges to the tail stub makes this unlikely.  

 

Combinations of the above are possible, e.g., b) and c), or c) and d), are not mutually exclusive. In 

relation to b), it can be noted that while there may have been clear safety advantages to removing 

the tail of a stingray, this is not an easy procedure as the cartilage casing surrounding the spine is 



271 
 

strong; a sharp implement would have been required. Furthermore, the remarkably accurate outline 

of the sculpture (see below) suggests that the stingray represented a live or fresh specimen, as the 

wings and disc of desiccated specimens curl up, creating a markedly different appearance. 

 

The southern African seas contain at least ten species of whiptailed stingrays (Dasyatidae), of which 

the blue stingray (Dasyatis chrysonota chrysonota) is the commonest and most wide-ranging, from 

the subtropical waters of St Lucia on the east coast to the cooler waters of Angola on the west coast 

(Cowley and Compagno, 1993). It is readily identifiable, with a golden-brown disc with irregular pale 

blue blotches and lines (Cowley, 1990, 1997). It attains a disc width of as much as 75 cm. 

 

From September to February (spring and summer) these stingrays of the inner continental shelf are 

encountered on sandy beaches and mudflats, shallow sheltered bays, estuary mouths and coastal 

lagoons (Cowley 1990). This is when large pregnant females come inshore to pup, whereas in winter 

they move to deeper offshore waters. Mating in the inshore zone with the smaller males is thought 

to occur fairly soon after pupping. The estimated age at first maturity is five years for males and 

seven years for females (Cowley, 1997). Today, the blue stingray is a popular sport-fish among 

anglers. Its tolerance of a wide range of sea temperatures suggests that there is no reason to think it 

would not have occurred in Cape south coast waters during the MSA. 

 

Stingrays are notable for barbed caudal spines, which can inflict extremely painful and sometimes 

fatal injuries. These might result from attempting to handle a ray, but more commonly occur from 

inadvertently treading on one in shallow water, in which case the sting typically penetrates the 

lower leg or ankle area. The spines, composed of vascodentin, form the hardest part of a stingray. 

The oldest reports of stingray fossils are from the Early Cretaceous. The oldest fossilized caudal 

spines are from Late Cretaceous deposits in the Iberian Peninsula (Marmi et al., 2010). 

 

If this species was hunted in the MSA for food, this would probably have taken place during summer. 

It can be speculated that this would have been by means of spearing them or pegging them to the 

sand in shallow, sheltered bays or estuaries. Evidence for MSA fish-spearing has been reported from 

archaeological sites at Katanda in the Western Rift Valley (Yellen et al., 1995), where a well-

developed bone industry, dated to at least 90 ka, including both barbed and unbarbed points, was 

found in close association with abundant catfish remains. 
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Despite an extensive archaeological record from the Cape south coast, including bone tool 

technology demonstrated to date to 80 ka (Henshilwood et al., 2001; Jacobs et al., 2013), it appears 

that stingray spines have not been reported. A single spine, 7.5 cm in length, postulated to have 

been from an elephantfish (family Chimaeridae or Callorhynchidae) and used as an awl, was 

reported from a ~3.2 ka midden at Gordon’s Bay (Van Noten, 1974). However, this absence of 

evidence might represent a bias in the archaeological record. Just as it might have been impractical 

to transport large bones to home base, the spine (the part likely to be preserved) might have been 

removed prior to transportation. In addition to avoid being stabbed, a pragmatic reason for 

removing a stingray tail might have been to use the spine as a spear, as has been demonstrated in 

Aboriginal societies (Davidson 1934; Nugent 2015) or for blood-letting rituals in Mayan societies 

(Haines et al. 2008). However, the absence of such evidence in the Cape south coast archaeological 

record makes this unlikely. 

 

The concept, introduced above, that the initial stage in creating the sand-sculpture involved tracing 

the outline of a fresh stingray is unprovable. However, it is suggested by the near-perfect outline and 

proportions, as shown by overlaying a modern blue stingray image (Figure 41B) on the 

photogrammetry model of the sand-sculpture. Either the artist was phenomenally gifted in 

recording such detail, or the image was traced. If it was traced, the disc width of ~30 cm implies that 

it was a male or small immature female. 

 

An attraction of the tracing-in-sand speculation is that it may help to explain the otherwise rather 

sudden emergence of superb Aurignacian representational palaeoart in western European caves at 

sites like La Ferrassie, Chauvet and Lascaux at ~40 ka. Tracing can be viewed as a possible ‘stepping 

stone’ between abstract images (circles, triangles, hashtags, fans and radial patterns) and fully-

fledged images of creatures created de novo. A flattish animal such as a stingray would have 

provided an ideal model for tracing, compared with more three-dimensional varieties. It is 

conceivable that palaeoart evolved from initial tracing in sand, to the creation of images in sand de 

novo (through copying or from memory), and then to representational rock art. The interval of tens 

of millennia between the registration of the stingray sand-sculpture and the magnificnt western 

European rock art (beginning at ~40 ka) provides ample time for these skills to have been honed. It is 

a reminder of the rarity of ancient palaeoart and the reality of taphonomic bias (Bednarik, 1994).  

 

The OSL dates obtained from nearby by Roberts et al. (2008) led to the inference that the cliffs dated 

to MIS 6 through MIS 5b, and bracketed the MIS 5e sea-level high-stand. The seven further standard 
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OSL age estimates (Leic 21008, Leic21005, Leic21006, Leic20033, Leic20031, Leic20024, Leic20030) 

from the area obtained by Dr. Carr (from 6 km to the west of the stingray site to 2 km to the east), 

are in accordance with this, ranging from 161 ± 12 ka to 109 ± 9 ka . The relatively small size of the 

stingray rock, and the sample size required to perform reliable OSL dating, imply that direct dating is 

not feasible. As the precise layer of origin of the stingray rock cannot be determined, and direct 

sampling is not feasible, an inferred age within this range must suffice. 

 

How does this age estimate compare with other examples of palaeoart from around the world? It 

appears to be the oldest example thus far attributed to representational palaeoart of another 

creature. It also appears to be the oldest example of a representational palaeoart sculpture that is 

not a modification of a naturally occurring rock with pareidolic features. The following summary of 

early representational palaeoart at a global level, based on extensive work by Bednarik (2016, 2017), 

highlights the potential importance of the stingray sand-sculpture. 

 

- Earlier Acheulean proto-sculptures, like the examples from Tan-Tan in Morocco and 

Berekhat Ram in Israel, comprise grooves that accentuate properties on naturally occurring 

geological objects that happen to resemble humans. 

- An engraving from the Micoquian on a scapula fragment from Oldisleben 1, Thuringia, 

Germany, may depict a human stick-figure. 

- Aurignacian (Upper Palaeolithic) representational palaeoart from western Europe, may be as 

old as 40 ka. This occurs on the walls of caves such as La Ferrassie and Chauvet (both in France), and 

as mobiliary art, exemplified by an ivory sculpture of a therianthrope from Hohlenstein-Stadel, 

Germany. 

- A sculpted animal (probably bear) head from Tolbaga, Siberia, carved on a projection of a 

 woolly rhinoceros vertebra, has been dated to ~35 ka. 

- Within Africa, the previously oldest reported representational art of any kind is from Apollo 

11 Cave, southern Namibia, dated to ~30 ka (Beaumont and Bednarik, 2012). That the therianthope 

example from this site (discussed above) contains possible evidence of symbolic wounding suggests 

that such practices extend deep into antiquity. 

 

The possibility of the multiple symmetrical features being due to chance alone seems remote, and 

can be excluded beyond reasonable doubt. Other possibilities to account for the noted features do 

not present themselves. The findings therefore strongly suggest a stingray sand-sculpture from the 

MSA, dated to ~MIS 5e, which may have been traced from a fresh blue stingray specimen. The 
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symmetrical pattern of surface grooves may be related to the features on the dorsal surface of the 

blue stingray. The posterior stub is what remains of the tail portion, which may have been removed 

prior to burial in an act of symbolic wounding. The asymmetrical features may be incidental, and an 

anthropogenic origin cannot be confidently asserted, although the ‘gouge’, directed towards the tail, 

may also represent symbolic wounding.  

 

For MSA inhabitants on the Cape south coast, while large animals such as lions, rhinoceros, 

hippopotamus and crocodiles might have posed a danger, stingrays might have presented an even 

greater danger, one that could strike without warning. No matter how different the thought 

processes might have been for Homo sapiens in the MSA (Bednarik, 2017), the trauma of seeing a 

family member or group member stung and maimed by a blue stingray, and possibly succumbing, 

must have been significant. Fear, grief and anger might have been legitimate responses, then as 

now. Creating a sand-sculpture of a stingray, possibly beginning with tracing the outline of a fresh 

specimen, and then symbolically wounding it, gouging it and amputating its lethal end, might 

conceivably follow. Regardless of whether the outline of the sculpture was initially traced, copied, or 

drawn from memory, and whether it was or was not symbolically wounded and decaudated, its 

near-miraculous preservation and survival are worthy of celebration.  

 

Bednarik (2017) has argued that illiterates and infants are best positioned to interpret palaeoart, as 

their brains are not conditioned to see and interpret things in the way scientists do. In this context, 

although in 2019 fourteen-year-old Tom De Vynck was no longer an infant and was indeed literate, 

he certainly knew his fish and had won fishing competitions on the Cape south coast. Unprompted, 

when he noticed the rock after it had been recovered, he exclaimed “That’s a blue ray”. This 

suggests that the Palaeolithic artist was successful in capturing and portraying the essential 

character of the animal. 

 

GP1810; GP1812; GP1813; GP1814 - the ‘Gericke’s Point cluster’ 

The Gericke’s Point cluster was described by Helm et al. (2019a), in which the sites were labelled 

(from west to east) A4, A1-A2, A3 and A5. The four sites are concentrated within a stretch of 

coastline of less than 200 m. The circle ammoglyph (A1) was found just one metre from A2, hence 

they are grouped here as GP1812. All four sites occur on loose slabs. If the some of the patterns 

represent evidence of foraging for seafood on Pleistocene beaches, this would provide the first 

ichnological evidence of this kind.  
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Helm et al. (2019a) interpreted the sediments in which this cluster was found to be foreshore or 

lagoonal deposits of the Klein Brak Formation. This was based on the presence of in situ herring-

bone cross-bedded deposits and horizontally laminated deposits, capped by extensive aeolianite 

layers. This succession was noted to be similar to that described by Roberts et al. (2012) at Great 

Brak River (~50 km to the west), and by Malan (1991a) at the mouth of the Swartvlei estuary, 3 km 

to the east. OSL dates of 143 ka ± 8 ka and 148 ka ± 10 ka were obtained close to this cluster of sites 

by Bateman et al. (2011). A sample for OSL dating (Leic20027) was obtained from a loose block lying 

adjacent to the GP1812 ‘circle rock’, with similar lihology. It yielded a standard age estimate of 138 ± 

8 ka, and a modeled age (gradual cementation) of 125 ± 7 ka. 

 

GP1810 

GP1810 lies ~150 m southwest of GP1812and GP1813. It comprises an approximately cylindrical 

cavity, 8 cm long, which connects two surfaces of a large, loose rock slab with dimensions of 150 cm 

x 110 cm. This cavity is 4 cm wide at the upper surface, reaches its narrowest diameter of 2.3 cm at a 

point 3 cm below the upper surface, and widens to 6 cm in diameter where it intersects the lower 

surface. Stratification (bedding) can be seen in its walls, which appear as regular rings. This cavity 

could be described as two truncated conical shapes that meet centrally. Photos GP1810A-C.  

 

The cavity that connects the two bedding surfaces may provide further evidence of the foraging 

phenomenon postulated below at GP1812 and GP1813. If an anthropic cause is envisioned, then the 

area with the least movement (the fulcrum) is situated a few cm below the upper surface. The more 

resistant layers that form rings that protrude slightly into the cavity indicate the considerable age of 

this feature, and how it has endured subsequent erosion. 

 

GP1812 

The surface contains almost 60% of a near-perfect circle with a diameter of 60 cm, and a rounded, 

central depression (Figure 42). The circular feature is truncated by the edge of the rock and 40% of it 

has therefore been lost. It takes the form of a groove, 8–10 mm wide and less than 1 cm deep, on a 

loose sandstone slab with a maximum length of 83 cm, maximum width of 60 cm, and thickness of 

~15 cm. The rounded central depression, 3.2 cm wide and 1.2 cm deep, is partly encircled by a faint 

rim. The maximum distance from the centre of the depression to the middle of the circular groove is 

30.5 cm; the minimum distance is 29.5 cm (Helm et al., 2019a). Photos GP1812A-C. Photogrammetry 

GP1812PG1, 2, 3. 
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Figure 42. 3D photogrammetry image of circular ammoglyph at GP1812; horizontal and vertical scales are in 

metres. 

 

At one position within the circular groove there appears to be a slight loss of continuity in the circle. 

Near this point, and just outside the circle, are two oval, slightly depressed areas that are described 

above as possible knee impressions. In one area the inside aspect of the circular groove forms the 

edge of the rock surface, and in one portion of this area the groove can be seen in profile, with a 

maximum depth of 3 cm. The circular groove passes through rougher and smoother portions of the 

rock surface. The smoother portions exhibit better preservation, including low-relief rims. All groove 

edges appear rounded, with an absence of jagged or sharp features (Helm et al., 2019a).  

 

The main non-anthropic origin to explain the circular feature and central depression is that a frond, 

anchored to a central stalk, may have scraped the sand surface during windy conditions. Arcs of this 

nature are sometimes evident on dune surfaces but are typically smaller in diameter, and more 

superficial. These are termed ‘scratch circles’, and although relatively rare in the fossil record, have 

been described and reviewed in detail (Jensen et al., 2018 and references therein).  
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The ability to view the circular groove in profile, where it is as much as 3 cm deep, implies a 

significant compressive force, and makes such an origin less likely. Furthermore, the central 

depression in such a scenario would be expected to show some evidence of a root cast or rhizolith. 

Instead, a symmetrical conical depression with a slight rim is present. Helm et al. (2019a) were able 

to determine that the circle and central depression were made in unconsolidated sand and 

represent trace fossils, thereby excluding abstract modern graffiti (made in rock) as an origin. This 

was based, inter alia, on the presence of faint rims, the depth of the groove feature when viewed in 

profile, the rounded nature of all edges, the presence of the rimmed central depression, and the 

presence of putative knee impressions. 

 

A mechanism for the creation of the noted features was postulated, whereby one end of a forked 

stick was placed in the sand and rotated, and the other end traced a near-perfect circle in the sand. 

Reproducing this action with a forked stick in sand is straightforward, and readily creates a circle and 

central feature (Figure 43). A typical result in the ‘start-finish area’ is that the lines meet almost 

perfectly, but are often slightly out of alignment. This is consistent with what was observed at one 

spot on the arc close to the putative knee impressions, and could represent the spot where the 

circular feature was initiated and completed. The act of kneeling could plausibly make it easier to 

create such a circular feature. The very slight variation in the radius of the circle (as measured from 

the middle of the central depression) is explained through slight movement of the end of the stick at 

the centre, and is readily reproducible by attempting to create a circle in sand. 

 

 

Figure 43. Drawing a circle in the sand: (A) author demonstrates a simple method using a forked stick (photo 

credit Linda Helm); (B) the result of (A) – note knee impressions. 
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A loose rock slab, with dimensions of 70 cm x 60 cm, and a thickness of 8–10 cm, is located one 

metre northwest of the circle feature. On one of the surfaces is a 3.5 cm wide circular depression, 

partially filled by sediment derived from the layer immediately overlying it. Across from this 

depression, on the opposite surface of the rock slab, is a large rounded protuberance, 18 cm x 18 cm 

in length and width, and 9 cm thick. Photos GP1812D-F. 

 

GP1813 

A loose rock slab that lies 7 m northeast of GP1812 shows a similar pattern. This slab is larger, 

measuring 104 cm x 50 cm, and 22–40 cm in thickness. One of the surfaces contains two circular 

depressions, respectively measuring 5 x 5 cm and 7 x 7 cm. On the other surface, diagonally opposite 

one of the depressions is a protuberance measuring 10 x 9 cm and 3 cm deep. Diagonally opposite 

the second circular depression is a larger protuberance (32 x 22 cm), but this is composed of a 

number of underlying sediments and the main surface is not visible. Photos GP1813A-C.  

 

The proximity of these features to the circle ammoglyph, combined with the fact that the patterns 

they exhibit have not been encountered elsewhere in the study area, increase the likelihood that 

they may be associated with the anthropic activity inferred from the ammoglyph. The ‘way-up’ of 

GP1812 can be determined by the presence of infill of the depression on the one surface: this is the 

upper surface, and the protrusion extends from on the lower surface.  

 

Helm et al. (2019a) considered the repeating pattern of a symmetrical depression on the upper 

surface, and a corresponding larger protrusion from the opposite (lower surface), and suggested 

that it may have involved the placement of a stick near-vertically into a sand surface, and then 

wiggling or rotating it to advance it deeper and deeper into the sand. It was noted that this was 

consistent with a known foraging technique for the sand mussel (Donax serra), whereby coastal 

foragers search for it by using devices that penetrate the sand in order to detect hard objects in it. 

Marean et al. (2010a, b) reported that D. serra is first encountered during MIS 5d and MIS 5c (~110 

ka) in archaeological deposits at Pinnacle Point Cave 13B. 

 

The three rocks at GP1812 and GP1813 were recovered with the assistance of SANParks, and 

transported to the Blombos Museum of Archaeology in Still Bay, where they are reposited. Further 

work on the two specimens that suggest foraging activity may help to elucidate their nature. For 

example, examining a section of the rock, which passes through both the depression and the 

protrusion, should help distinguish between the pattern crated by a human wiggling a stick and 
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other potential causes, such as vertebrate or invertebrate burrows. CT scanning would represent a 

non-invasive means of obtaining such information, rather than splitting the rock.  

 

Along similar lines, the portion of the undersurface of GP1813 that lies opposite one of the 

depressions comprises a number of older, lower sediment layers. A protrusion on the undersurface 

of GP1813 could be anchoring these underlying sediments, thus preventing their erosion. Removing 

the lower layers in a controlled fashion could confirm or refute this.  

 

GP1814 

The upper surface of a large, loose rock slab, situated ~30 m northeast of GP1812, contains at least 

13 grooves arranged in a complex pattern. The slab measures 170 cm x 90 cm, with a thickness of 15 

cm. Towards one end some of the grooves are parallel to each other, while others form a vaguely 

radial pattern. Substantial rims (6 mm in height) are evident in places, but for the most part they are 

absent. In the central portion a cavity, 11 x 8 cm in size, connects with the lower surface and has a 

crisp, curved margin. Towards the other end is a complex area of more substantial relief and possible 

tracks with possible digit impressions. Photo GP1814A. Photogrammery GP1814PG. 

 

This site is unique in that it contains a cavity that connects two surfaces, in association with multiple 

grooves in a complex pattern, and other high-relief features that may include tracks and digit 

impressions. The presence of substantial rims beside some of the grooves is notable. This indicates, 

firstly, that the grooves were formed when the surface consisted of unconsolidated sand, and 

secondly that considerable force must have been required to create them. This also indicates how 

easily such rims may be eroded.  

 

SE1801; SE1803 

The features situated ~300 m west of the Platbank parking lot, in the Garden Route National Park, 

were labelled B1 and B2 by Helm et al. (2019a), and are referred to here respectively as SE1801 and 

SE1803. They are described above with respect to the two parallel trackways that may have been 

made by shod humans. Possible evidence for foraging lies in the two deep grooves on S1801 (photo 

SE1801A), and one groove on SE1803 (photo SE1803A). In SE1801 the grooves are orientated 

diagonally to the axis of the trackways, and are parallel to one another other. In each case the 

groove lies ahead and to the right of the second track in the trackways in a strikingly similar pattern. 

Both grooves lie at an angle of 55° to the axis of the trackway.  
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The groove associated with the possible oval track on SE1803 measures 23 cm long, 1 cm wide and 

0.5 cm deep. It is orientated at an angle of 60° to the longitudinal axis of the putative track. In 

interpreting the sites, Helm et al. (2019a) suggested a scenario of two humans using sticks while 

walking, creating deep linear depressions in the sand. The presence at SE1803 of a probable poorly 

preserved track, also spatially associated with a groove with diagonal orientation, strengthens the 

likelihood of a causal relationship between trackmaker and groove. 

 

GC1801; GC1802; GC1904; GC1806; GC1502; GC1504 - the Goukamma cluster 

 

GC1801 

This site, reported in Helm et al. (2019a) as ‘Site C’, has been described above as a tracksite 

associated with multiple subparallel grooves which may be ammoglyphs, with the interpretation 

that a stick or a finger may have been used to create them on a dune surface. They are interpreted 

as possibly representing foraging behaviour or messaging. The presence of probable tracks on 

multiple layers associated with groove features indicates repeated use of the area and suggests 

creation of the groove features over a period of time. The grooves at their upper ends exhibit round, 

bulbous widenings, from which they extend downslope and sometimes slowly taper. Once this 

pattern is recognized, other sites with this distinctive feature are apparent (such as W51807and 

W41809), although none of them boast the ‘smoking gun’ of human tracks, as occurs here. Photos 

GC1801A-D. Photogrammetry GC1801PG. 

 

GC1802  

Approximately 40 m east of GC1801, and probably on the same in situ surface, groove features are 

also preserved in epirelief on more than one surface. The main groove feature has been termed the 

‘hockey stick’ due to its shape. It is 72 cm long, very straight (3 cm wide), with a rim. At the upper 

end is a short, deeper (4 cm), curved area. A possible large triangular shape lies to the right of this 

long groove, but if so it is equivocal and vestigial, providing an example of how erosion of aeolianite 

surfaces obliterates features. 

 

A smaller surface exposure occurs 2-4 cm in geological section above this surface, and contains an 

intriguing V-shaped groove pattern. The left arm, 13 cm long, has a distinctive round area at its top 

end. The right arm, 16 cm long, passes over the left arm and then disappears below the next layer, 

on the surface of which there are possible tracks, showing a putative ball of foot (10 cm wide, 10 cm 

long) and digit impressions. Photos GC1802A-C. Photogrammetry GC1802PG. 
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GC1904 

This is the closest site to GC1801 to exhibit the pattern of a bulbous widening at one end of a 

groove, and is the largest surface thus far identified with this pattern. Photos GC1904B-C. This in 

situ, gently southward sloping surface contains six sub-parallel groove features, most of which have 

a larger, circular depression at their southern (downslope) ends, and most of which taper slightly 

towards their northern (upslope) ends (photos GC1904D-E). The length of the longest groove is 60 

cm, with a width of 3 cm. Fainter groove features with similar orientation are also present, as are at 

least eight round depressions without associated groove features. These depressions are typically 4–

5 cm in diameter. Three of them appear evenly spaced (13 cm apart from each other) in a row 

(photo GC1904D).  

 

West of the grooves are two ill-defined depressions (9 x 7 cm and 16 x 11 cm) which may represent 

tracks, and two larger oval, featureless depressions (30 x 22 cm and 24 x 14 cm) which may 

represent eroded tracks. North of this area, and on the same surface and on overlying surfaces are 

larger rounded depressions, 7–10 cm in diameter, seemingly in pairs, 25–28 cm apart (photo 

GC1904F). 

 

Whereas wind or water erosion provides a possible partial explanation for the sub-parallel 

orientation of the grooves, one groove provides contrary evidence. It, too, has a round depression at 

the downslope end, but is initially orientated in a northwest direction for 15 cm from this 

depression, before its orientation abruptly changes by 50° to a northerly direction for a further 20 

cm (photo GC1904E). 

 

GC1806  

Described by Helm et al. (2019a) as ‘Site E’, GC1806 is situated on the surface (maximum length 7 m; 

maximum width 3 m) of a north-facing in situ exposure with a dip of 30o. Shore-parallel bedding 

planes are sometimes exposed here for a distance of 20 m, and contrast with the typical orientation 

in the area of aeolianite foresets. These facies are described by Martin and Flemming (1987 – p. 507) 

as: “overwash bar facies are suggested by… fine-grained landward dipping planar bedding”. This is 

supported by thin section microscopy, which confirms a beach facies (Helm et al., 2022c). During the 

occasional intervals in which the site is exposed, it lies well below the high tide level and is 

susceptible to erosion through wave action. 
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An area measuring ~90 cm x 90 cm contains a radial pattern of thirteen grooves, from 11 cm to 27 

cm in length, and of variable width and depth. The surface has been eroded away in part of the 

bottom portion. Narrow cracks in the rock cross its surface, which also contains three cavities. Some 

of the grooves are truncated where the surface has been lost to erosion. Three of the grooves are 

branched. In two cases, just below centre left and just below centre right, two grooves diverge from 

common points of origin, creating a symmetrical appearance. At the top end, three grooves lie in 

close proximity to each other.  

 

Just left of the centre of the radial pattern is a 16 cm-long, 3 cm-wide curvilinear double groove, with 

a median ridge. A rim is clearly evident on each lateral margin. The bottom end of the double groove 

is truncated where the surface has been lost to erosion. Photo GC1806A. Photogrammetry 

GC1806PG. 

 

Six metres to the south (seaward) of this surface lies another north-facing, in situ, ripple-marked 

aeolianite exposure, containing furrows and patterns of parallel lines and nested curved lines 

(GC1805) – these were interpreted as a seal ichnosite (Helm et al., 2022c). A sample for OSL dating 

(Leic20026) was obtained from the layer containing the radial pattern. It yielded a standard age 

estimate of 73 ± 5 ka. 

 

Radial patterns in palaeosurfaces are uncommon. Typically they emanate from a central point and 

are easily attributable to root structures that follow a bedding plane. The suggestion of left-right 

symmetry in a radial pattern is unusual. The curvilinear double-groove just left of centre, flanked on 

either side by a rim, and exhibiting a narrow median ridge, is most unusual. The most plausible non-

anthropic cause for the radial pattern is of roots of a tree or bush, radiating out along a bedding 

plane. The straightness of the grooves and their variable size possibly argue against a root cause, but 

do not exclude it. However, two of the above-mentioned ‘branches’ depart from their ‘parent’ at 

greater than a right angle (to as much as 140°); this is not consistent with a typical root-branching 

pattern. Furthermore, such rhizolith or root cast patterns do not seem compatible with a beach 

facies or overwash bar, as suggested by thin section microscopy.  

 

As regards the curvilinear double-groove with lateral rims and a median ridge, the possibility that 

this represents casts of a paired root system cannot be excluded, but this is not apparent in any of 

the other grooves, and does not account for the prominent rims, the composition of which appears 

similar to that of the surrounding surface; this is not usually the case with rhizoliths. Carnivorans 
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running on cohesive sand can also create a double-groove pattern with a median ridge, but this 

typically occurs in association with tracks and not in association with a radial pattern; such an origin 

seems implausible. Another possible cause of the double groove pattern with lateral rims and a 

median ridge is an invertebrate trackway made in a moderately soft substrate, but the crispness of 

the features suggests a more cohesive substrate.  

 

A plausible interpretation of the double groove, that can be replicated in cohesive sand, is that it was 

drawn by a human forefinger and middle finger held together, and that the median ridge represents 

the narrow gap between these digits. This interpretation explains the rim created on either side of 

the double-groove, where sand was displaced.  

 

San rock engravings on surface exposures in the Northern Cape Province of South Africa exhibit a 

similar pattern of peripheral radial lines and a vertical portion extending from the centre to the 

bottom. These have been likened to sun images (Sullivan, 2001). Unfortunately, the loss of the lower 

portion of the surface means that the double-groove portion is truncated, and it is not known how 

far down it once extended. San paintings in Free State Province feature very long linear features 

ending in an area with a radial pattern. Such images have been interpreted as representing celestial 

phenomena, including comets and meteorites (Ouzman, 2010). The presence of cracks and cavities 

on the surface, and the fact that the important centre-bottom part of the surface is missing, 

complicate interpretation. 

 

GC1502  

This and GC1504, separated by a few metres, were described as Site G1 and G2 by Helm et al. 

(2019a). They occur in an area with a high concentration of fossil tracks. A pattern was noted and 

photographed on a loose rock at the bottom of cliffs in 2015. It has not been relocated since then, 

and has probably been moved or overturned through tidal action.  

 

The pattern comprises an area of cross-hatching in the form of narrow grooves, ~25 cm long. Four 

such parallel grooves are aligned from top left to bottom right as viewed in photos GC1502A-B, and 

three such parallel grooves are aligned from top right to bottom left. They intersect at an angle of 

~20°. In places they are partially obscured by infill. A deeper impression, 8 cm long and orientated 

from top right to bottom left, is evident above the cross-hatched area. Beneath the cross-hatched 

area is a ~15 cm-long horizontal groove.  
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This pattern can only be examined through 2015 photographs. The cross-hatched pattern of 

intersecting lines resembles the 77 ka motif in the specimen of engraved ochre from Blombos Cave 

(Henshilwood et al., 2009), although the angle of intersection of the lines is less than the angle at 

Blombos Cave. Supporting this inference is the horizontal line at the lower end of the cross-hatched 

area; at Blombos Cave horizontal lines were present both above and below the cross-hatched area. 

The repeated parallel nature of the cross-hatched lines and the similarity to an established ancient 

anthropic motif suggest an anthropic origin. 

 

GC1504  

A few metres east of GC1502 lies a large fallen block (Helm et al., 2019a - Site G2).Three surfaces are 

evident on its upper portion, each containing grooves. The middle surface has the deepest grooves, 

with keight grooves in three clusters. The southern cluster has the deepest and longest grooves, of 

which the middle groove is the longest. These three grooves converge in a fan shape but do not 

quite meet; the angles between them are 15° and 15°. The grooves are 19 cm, 27 cm and 17 cm 

long; each is 3 cm wide. The other two clusters are situated closer to each other on this surface, and 

respectively contain three grooves in a fan shape (length 12 cm, 17 cm, 16 cm) and two parallel 

grooves (length 15 cm and 17 cm). Photos GC1504A-C. Photogrammetry GC1504PG. 

 

Two of the sets of grooves thus display a fan pattern, in which the middle groove is the longest. In 

one case the grooves, if extended, would meet at a common point. An anthropic origin is possible, 

but cannot be conclusively determined. 

 

 

4.6.8 Lithic sites  

 

Thirteen sites containing lithics have been identified, and are presented here from west to east. 

Descriptions of the majority of these lithics are based on analysis of photographs by Dr. Renee Rust, 

and are therefore tentative as they have not been directly examined. The exceptions are GBL170), 

which was discovered by Dr. Hayley Cawthra, and GP1803, which was analysed in the field By Dr. 

Rust and Dr. Liezl Van Pletzen, and was described in Helm et al. (2020b). 

 

GEL1901 (also ichnosite GE1901 and bone site GEPB1901). Five large loose aeolianite blocks 

(probable MIS 5) lie at the upper end of the beach. Embedded in a prominent aeolianite truncation 

surface are tiny bone fragments, ostrich eggshell fragments, a narrow quartzite flake blade 
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(truncated or snapped) blade, possibly reworked along the outer edge, and other smaller flakes, as 

well as tracks, marine shells, land snails and rhizoliths (photos GE1901A-G). A block a few metres to 

the east contains a single lithic (without evidence of retouch) and tracks (photos GE1901H-J). This 

site holds potential as an open-air archaeological site. 

 

LE?? 

Roberts et al. (2008 – p. 277) reported “six non-diagnostic stone artefacts” from a palaeosol 

between aeolianite layers east of Still Bay. No further details were provided, but the area was in the 

vicinity of LE0701. 

 

DBL2101; DBL2102; DBL2103; DBL2104; DBL2105; DBL2106; DBL2107 

These seven sites are situated in close proximity to each other, DBL2101 and DBL2107 being 

separated by a distance of ~1800 m. 

 

DBL2101 comprises a 7 cm x 7 cm in situ lithic, probably close to the rip-up clast bed identified by 

Roberts et al. (2012), hence in the Klein Brak Formation and probably dating to MIS 11. It is situated 

less than a metre from bone site DBPB2101. 

 

DBL2102 comprises a single lithic on a large loose block, identified by Hayley Cawthra. According to 

Dr. Rust, it is a “quartzite flake possibly overlying another flake; it may be a burin lithic tool with 

retouch and chisel-like edge – a graver for use in wood working”. The block rests on the MIS 11 rip-

up clast layer, probably from MIS 11 deposits. Photo DBL2102A. 

 

DB2103 comprises three in situ lithics (Photos DBL2103A-C), situated within a few metres of each 

other within the MIS 11 rip-up clast layer in Facie A of the Klein Brak Formation as described by 

Roberts et al. (2012). The westernmost was identified by Jan De Vynck, and appears to be a flake of 

silicified sandstone, possibly Acheulian due to the polyhedral spheroid shape; the other two, 

respectively 1.5 and 3 m east of it, were identified by Ilona Birch. One may be a crypto-silica 

crystalline (chalcedony) blade flake, retouched; the other is similar, a crystalline, limestone scraper 

flake. A short distance away lies a large probable Acheulean lithic (Photo DBL2103D). 

 

DBL2104 comprises a single, large, in situ lithic, possibly Acheulean, identified by Ilona Birch, just 

above the MIS 11 rip-up clast layer in Facie A of the Klein Brak Formation as described by Roberts et 

al. (2012). Photo DBL2104A. 
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DBL2105 comprises two in situ quartzite flakes identified by Aleck Birch, a metre apart, at the base 

of the MIS 11 rip-up clast layer in Facie A of the Klein Brak Formation as described by Roberts et al. 

(2012). One has an ovoid shape with retouch, the other may be a bifaced scraper. Photos 

DBL2105A,B) 

 

DBL2106 is located on the base of the rip-up clast marker bed. Accordingly it is in the Klein Brak 

Formation (Late MIS 11). It is an in situ fragment of a quartzite lithic, measuring 7 cm x 4 cm. 

 

DBL2107 is located within the rip-up clast marker bed. Accordingly it is in the Klein Brak Formation 

(Late MIS 11). A quartzite lithic occurs alongside a possible 30 cm-long bone fragment. 

 

GBL1701: 

A corestone was found associated with Klein Brak Formation foreshore deposits at Great Brak River. 

The level foreshore deposits which form a characteristic feature beside the river mouth can be 

followed upstream for 500 m, although they are mostly covered by sand and dense vegetation. The 

corestone was found in 2017 by Hayley Cawthra in deposits ~6 m above sea level, on the east bank 

of the river across from The Island. It is on exhibit in the Great Brak River Museum, along with an 

interpretive story of its history. Stratigraphic correlation to Unit 10 in Cawthra et al. (2018) indicates 

an age of 121.3 ± 6.8 ka. 

 

GPL1801, also GP1803 

 

One unique attribute of the suite of reptile track-bearing surfaces at Gericke’s Point is the presence 

of lithics embedded in the rock surface at GPL1801/GP1803 (Helm et al., 2020b). The significance of 

such an occurrence is greater if it is found on the same surface as fossil tracks. The site, situated 

west of Gericke’s Point, is unique in southern Africa, in that the two stone artifacts (photo GP1803E) 

are embedded in a large track-bearing palaeosurface (Figure 44). Crocodylian, varanid, mammal and 

avian trackways are present on the surface (Helm et al., 2020b). 

  

The two lithics were examined by Dr. Rust and Dr. Van Pletzen, who determined that one of the 

flakes, measuring 5.5 cm x 3.5 cm, might be heat-treated silcrete, and that its right edge appeared to 

have some retouch. The second flake was of milky quartz material with a distal end embedded in the 
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matrix. It appeared that the dorsal surface, measuring 5.0 cm x 3.0 cm, was exposed. It was 

concluded that the flakes were probably struck off prepared cores. 

 

 

Figure 44. MSA lithics at GPL1801 (GP1803); scale bars = 10 cm. 

 

The characteristics of these artifacts suggested that they were from the MSA, independently 

corroborating the age of the palaeosurface. No evidence of hominin tracks was found, and the lithics 

were embedded in the layer of sediment that appeared to have washed over the track-bearing 

surface. Nonetheless, a conclusion could be drawn that humans and large reptiles, including 

crocodiles, shared a habitat at approximately the same time, something which had not previously 

been documented or suspected. 

 

BBL1801, also BBPB1801 

The site, just inside the Goukamma Nature Reserve, was initially reported by Eugene Van Reenen, 

one of the Goukamma Rangers. The site is situated between the Buffels Bay caravan park and the 

ocean, and is submerged at high tide. Here Cape Supergroup rocks form a promontory and reef 

(which forms the ‘point’ at Buffels Bay). The site, within the lee on the northern side of the 

promontory, is well protected from waves and westerly winds. Sediments of unknown age and origin 

drape the Cape Supergroup rocks over an area of ~10 m x 8 m. Bone fragments occur in 

juxtaposition with large stone tools, which are bifacially flaked, and numerous alikreukel shells. The 

tools are mostly embedded in the matrix, but some lie loose on the surface in rock pools. The site 

was visited by Hayley Cawthra in 2019, and thought probably to be a beach deposit, with possible 
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evidence (circular structures) that it may have been a stromatolite site. Samples were taken for thin 

section analysis and OSL dating (Leic21020), and are being processed. 

 

Dr. Rust’s opinion was that the MSA tools included a silcrete blade, a retouched quartzite point, a 

retouched quartzite side scraper, a variety of other quartzite flakes, a convex scraper, and a long 

blade flake. The co-occurrence of lithics, bone material and alikreukels suggested a human 

occupation site, possibly related to stromatolites. A beach site with clear fresh water, well protected 

from west winds, with good quality rock for the production of the tools, can be postulated. Photos 

BBL1801A-D. 

 

Although hand axes are often associated with the Early Stone Age, and were manufactured for more 

than 1 Ma in southern Africa, they may be as young as 130 ka, and such tools may be encountered in 

MSA deposits. OSL dating will be of importance, as the site may provide evidence of early harvesting 

of seafood.  

 

BSL2101, also BSPB2101: 

A number of large lithics associated with a multiple smaller fragments were identified by Guy Thesen 

in a slightly raised area, measuring 8 x 6 m, on a large aeolianite surface. Bone and shell (limpet, 

mussel, alikreukel) fragments are also present, as well as rhizoliths. The site lies ~500 m east of the 

main Brenton-on-Sea hominin tracksite BS1506, is only exposed at low tide, and is often covered by 

sand. Dr. Rust’s opinion was that one of the large specimens comprised the dorsal surface of a 

silcrete core from the MSA, with post-heating scars. Photos BSL2101A-C. 

 

In addition, Jan De Vynck (pers. comm., 2022) has reported a site west of Robberg where aeolianite 

deposits drape Cape Supergroup rocks. A number of MSA lithics and shells are apparently embedded 

in these deposits.  

 

West coast and southeast coast lithics: 

 

In addition to these thirteen sites, artfacts in association with aeolianites have been identified both 

west and east of the study area. To the west, Graham Avery (pers. comm., 2019) reported artifacts in 

association with aeolianite outcrops at False Bay, from a Holocene / Late Pleistocene erosional 

surface. There are two records from the West Coast: Cruz-Uribe et al. (2003) reported Late 

Acheulean artifacts in palaeosols between calcareous deposits dating to 160 ka at Duinefontain, and 
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Avery et al. (2007) reported artifacts and shell middens in an eroded overhang dated to MIS 5 at 

Ysterfontein.  

 

Three occurrences from the east coast are known. Kevin Cole (pers., comm. 2019) reported blades 

and scrapers, embedded in an aeolianite surface, near the Nahoon Point hominin tracks. Graham 

Avery (pers. comm., 2019) reported a MSA convergent flake in this same area. Pargeter et al. (2019) 

described lithics in Middle Pleistocene dune surfaces from the Pondoland coast. 

 

 

4.6.9 Fish traps 

 

SB2101 

Fish traps (‘visvywers’ in Afrikaans) are anthropogenic rock pools in the intertidal zone, with 

rock/stone walls built from locally available material. The walls are built to a height that allows 

spring high tides to fill the pools with fish, whereupon they are trapped as the tide ebbs, making 

them easy prey for humans.  

 

No new fish traps were identified in this study, but they are briefly reviewed here as they can be 

viewed as a Cape south coast ichnological phenomenon. For optimum results, fish traps require 

frequent, often daily maintenance, and considerable social cohesion. They occur with the greatest 

frequency along the Cape south coast between Hermanus and Mossel Bay. Outstanding examples 

are present at Arniston and Still Bay. Operational fish traps near Still Bay were declared a National 

Cultural Heritage site in 1997 (Anon., 1997).  

 

Goodwin (1946) first described precolonial fishing methods and fish traps, suggesting that 

excavation of adjacent middens (which date back into the MSA) might shed light on the age of the 

traps. Avery (1975) provided a detailed report on fish traps and speculated on their age, suggesting 

that they might be 1.7–3.5 ka or older. 

 

Gribble (2005) noted the potential archaeological significance of fish traps, as they might represent 

the oldest extant working technology in South Africa. The inability to accurately date the structures 

was lamented. However, the possibility was broached that earlier evidence of fish traps might have 

been inundated by rising sea levels following sea level regressions during the Pleistocene. Again, an 

association between fish trap locations and nearby shell middens was postulated. 
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Kemp (2006) provided an inventory of 43 ‘vywers’ (some of which comprised sets of many adjacent 

traps) between Hermanus and Mossel Bay, using photogrammetry based on aerial reconnaissance. 

However, some examples reported by Goodwin (1946) and Avery (1975) could not be identified. In 

this context, how could much more ancient examples possibly be preserved and recognized? Avery 

(1975) provided one possible mechanism, noting that unmaintained traps, in which the tops of the 

walls have collapsed, nonetheless reach a stable position in which low mounds of stones still 

preserve the original pattern. Furthermore, stones have sometimes been cemented together by 

coralliform masses of Pomatoleios kraussii, a marine worm. Goodwin (1946) noted that the use of 

limestone blocks resulted in wall cementation – it is unclear if aeolianite slabs were referred to. 

 

Hine et al. (2010) attempted to resolve the issue of the age of the fish traps by looking for datable 

fish bone material in excavated middens near Cape Agulhas and Still Bay, adjacent to fish traps. 

Minimal fish bone material was encountered, and this was contrasted with the abundance of 

evidence of fish trap use and maintenance in post-colonial times. Hine et al. (2010) concluded that a 

pre-colonial age for the fish traps could not be entertained. 

 

However, there are new reports that suggest that the age of the fish traps might need to be 

revisited. Dr. Jan De Vynck has taken the lead in advancing this investigation. Firstly, it appears that 

the outlines of submerged fish traps further out to sea may be visible on aerial photographs on calm 

days with clear water. Secondly, divers may have confirmed the presence of this phenomenon, and 

that these structures show cementation. A draping of cemented deposits has also been detected on 

an array of fish traps in the intertidal zone, and appears mostly to be very coarse-grained, thus 

resembling typical Klein Brak Formation deposits. Finally, there are reports of lithics that are present 

within the traps or the walls of the traps. 

 

These findings, if confirmed, would allow for three complementary lines of research to be pursued, 

each of which would independently lead to a date estimate: 

- the age of the lithics could be estimated; 

- OSL dating could be performed on the cemented deposits adhering to the wall structures, 

providing a minimum date; 

- the relative height of the submerged walls, compared with current intertidal walls, could be 

determined; this might allow use of the ‘paleoscape model’ developed by Fisher et al. (2010) 

to estimate the most recent date when the use of the traps might have been feasible. 
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A caveat is that ‘beachrock’ may form remarkably rapidly (on a geological time scale) on the South 

African coast. Cawthra and Uken (2012) reported how this rock form became consolidated in as little 

as seventy years. Therefore, the cemented sediments cannot be assumed to be of Pleistocene age 

without OSL dating.  

 

If these lines of speculation are shown to be valid, then the rock walls, if they are draped in 

Pleistocene cemented deposits, would legitimately fall within the province of ichnology. The 

potential implications are profound, as these could conceivably represent some of the oldest known 

constructed walls, and could provide another indication of the emergence of cognitive complexity on 

the Cape south coast. 
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1) SYNTHESIS 

 

Abstract:  

This chapter integrates and summarizes the content of the preceding four chapters. First, what makes 

Cape south coast Pleistocene ichnology unusual is considered. The trace fossil record and body fossil 

record in Pleistocene aeolianites and cemented foreshore deposits on the Cape south coast are then 

compared. Next, the potential of the Cape south coast deposits to be regarded as a new 

ichnocoenosis or even a new ichnofacies is considered. A ranking system of Cape south coast 

ichnosites is proposed, to facilitate discussion on which sites might be suitable for physical recovery 

and accessioning into reliable repositories. A summary of the most important findings is presented in 

point form, first those that corroborate the body fossil record, followed by those that augment it. 

Finally, future directions are considered prior to concluding remarks, which include revisiting the 

initially defined objectives. 

 

5.1 Pleistocene vertebrate ichnology and the Cape south coast 

 

The earliest known tetrapod tracks have been reported from Upper Devonian rocks dated to ~400 

million years, including sites from Ireland, Scotland, and Australia (e.g., Warren and Wakefield, 1972; 

Rogers, 1990; Stossel, 1995; Clack, 1997; Lockley, 2000). From that time period, through the rest of 

the Palaeozoic, the Mesozoic, and the Cenozoic until the present, tetrapod tracks have been found 

in rocks of all ages. 

 

Lockley and Harris (2010 - p. 36–37) discussed a fundamental ichnological principle:  

 

“The similarity between extant and extinct species decreases as temporal distance from the 

present increases – older organisms are generally less like extant ones than are younger 

ones. Therefore, the problems of determining trackmaker affinity increase with the 

increasing age of the fossil footprints.” 

 

The Pleistocene is very close to the geologically most recent end of the time range for fossil tetrapod 

traces, and this has implications for choosing a rational ichnological approach. Neoichnology, the 

study of freshly-made tracks today (on modern beaches and dunes in the case of the Cape south 

coast) involves, ideally, watching a trackmaker creating tracks, and then examining the tracks. 
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Alternatively, tracking manuals can be consulted, and a trackmaker assigned to a species, genus or 

family with varying degrees of confidence.  

 

In contrast, there is no such capacity in palaeoichnology. Not only can the trackmaker not be 

observed making the tracks, but it might in fact not be known from the body fossil record, and tracks 

might be the only indication of its existence. 

 

The Pleistocene, and especially the Late Pleistocene, can be viewed as a ‘grey area’ in this regard. 

Many of the trackmaker taxa are extant, in forms which do not differ greatly from their Pleistocene 

ancestors. Modern tracking manuals are therefore valuable in identifying Pleistocene tracks and 

traces, something which cannot be said even for Pliocene or Miocene tracks. The suite of remarkable 

Miocene-Pliocene vertebrate body fossils that have been identified at Langebaanweg (e.g., Hendey, 

1982), popularized through the West Coast Fossil Park (https://fossilpark.org.za/ ), affirms this 

concept. Excavations at this site, in sedimentary deposits dated to ~5,2 Ma, have revealed what is 

probably the greatest diversity of tetrapod body fossils of this age in the world (Haarhoff, 2007), but 

it is clear from their skeletal morphology that present-day tracking manuals will be of little help in 

analyzing the tracks of these creatures. 

 

This tendency may even be apparent in Middle Pleistocene deposits, such as those identified at Dana 

Bay from MIS 11 (~400 ka). The body fossil record (mostly from sites on the west coast) indicates 

that the last known occurrence of the dirk-toothed cat was at ~600 ka (Klein et al., 2007), the last 

known occurrence of the African sabretooth was at ~700–500 ka (Hendey, 1974), and the last known 

occurrence of the Atlantic elephant (Loxodonta atlantica, reputedly larger than L. africana) was at 

~400 ka (Klein et al., 2007, Carruthers et al., 2008). The extinction date for Sivatherium maurusium, 

the youngest African representative of the giant short-necked giraffe, cannot be determined with 

precision (Harris, 1991), but the most recent documented date of its occurrence in the western Cape 

is ~400 ka (Klein et al., 2007; Kingdon et al., 2013). Possible Late Pleistocene sivathere teeth were 

recovered north of Bloemfontein in 1926, but have been lost (Singer and Boné, 1960). All these 

dates do not define when the extinction happened, but simply provide the last documented 

occurrences. Tracks of these species, therefore, could be sought in MIS 11 deposits. 

 

Such considerations highlight the role of the outstanding Pleistocene body fossil record that has 

been documented in the southern Cape region, and indicate that almost without exception this 

record has not been derived from aeolianites or cemented foreshore deposits, but from 

https://fossilpark.org.za/
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archaeological sites and animal dens. Furthermore, the richness of the mammalian body fossil 

assemblage in southern Africa from the Eocene through to the Holocene has been documented 

(Avery, 2019). Of note is that within this comprehensive list, Pleistocene examples predominate. 

Analysis of Pleistocene tracks elsewhere in the world might not have the luxury of such a resource to 

draw upon. 

 

These factors can lead to Pleistocene ichnology on the Cape south coast being regarded as ‘easy’, 

compared to the analysis of tracks and traces from older epochs and periods. Indeed, the rich body 

fossil record and the general similarity of tracks to those of extant species are useful. However, they 

should not be regarded as short-cuts to trackmaker identification. A cautious, disciplined approach is 

required, whereby tracks and traces are first considered on their own merits, and described 

according to their morphology, without jumping to conclusions about trackmaker identity. The 

possibility, albeit remote, should be borne in mind that the tracks were made by a species that is 

hitherto unknown in both the trace fossil record and the body fossil record. 

 

In the knowledge that the consequences of errors are serious, such a cautious approach, whereby 

tracks are analyzed first on their merits, followed by attempts to assign them to a trackmaker if 

feasible, is evidenced in the suite of peer-reviewed papers that have been published through the 

Cape south coast ichnology project. It is epitomized by the unexpected domain that Cape south 

coast ichnology entered with regard to the discovery of putative ammoglyphs. The profound 

implications of the features that were identified and described led to extraordinary measures being 

taken to consider (and exclude where possible) all other possible agents, both biogenic and non-

biogenic, including other anthropic causes (Helm et al., 2019a; 2021b). It was necessary to guard 

against confirmation bias and pareidolia. 

 

A further example (LE1605) is provided in the consideration of large artiodactyl tracks east of Still 

Bay (Helm et al., 2018a). Although the better-preserved tracks appeared morphologically identical to 

those of the extant giraffe, a thorough review of alternative trackmakers was undertaken, including 

sivatheres (short-necked giraffe), and the giant hartebeest (Megalotragus priscus) based on body 

fossils that had been identified (Klein, 1983). In both cases, arguments were provided to exclude 

these potential trackmakers. 

 

An extreme case involves W51808, where the pattern of concentric rings might represent either 

seismic activity in an elephant track or scratch circles made by flimsy fronds blowing in the wind. It 
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would be difficult to imagine two more polar opposites in terms of origin, but they are both 

ichnological phenomena and each would be of considerable interest. Pattern recognition in this case 

needs to be complemented by further studies and cautious interpretation. 

 

With regard to the MIS 5 deposits that contain the majority of Cape south coast Pleistocene 

palaeosurfaces, the knowledge that there are four megafauna species from this time period that are 

known through the body fossil record to have become extinct made it possible to consider their 

possible track morphology. The four species are the giant hartebeest (Megalotragus priscus), the 

blue antelope (Hippotragus leucophaeus), the giant Cape horse (Equus capensis), and the long-

horned buffalo or giant buffalo (Syncerus antiquus, formerly known as Pelorovis antiquus).  

 

In the case of the blue antelope, its tracks would have been so similar to those of other artiodactyls 

that they would probably not be unambiguously identifiable. For the giant hartebeest, tracks likely 

resembled those of other alcelaphines, except for size. The most tantalizing example thus far 

identified is from Robberg (RO1703), where well preserved bovid tracks, 7 cm in depth, occur in 

hyporelief. Track length excludes all but the largest bovid trackmaker candidates. The relatively 

narrow width excludes the long-horned buffalo as a trackmaker, and makes a Cape buffalo or eland 

origin less likely. Gemsbok, roan, giant hartebeest and blue antelope can all be considered plausible 

trackmakers. 

 

Large tracks with typical equid morphology, much larger than those of the extant plains zebra (Equus 

quagga) or mountain zebra (Equus zebra), presented convincing ichnological evidence of the giant 

Cape horse (Helm et al., 2018b, 2019b, under review c). In contrast, smaller equid tracks might have 

been made by juveniles of the giant Cape horse or by the quagga, the extinct southern subspecies of 

the plains zebra (Helm et al., 2019c). An example of tracks of an extinct subspecies occurred at 

Goukamma (Helm et al., 2018b) with the identification of trackways tentatively attributed to the 

Cape subspecies of the African lion (Panthera leo melanochaitus). 

 

With respect to tracks of the long-horned buffalo, in comparison to those of the extant Cape buffalo 

(Syncerus caffer), another ichnological principle was applied. This is the ‘hooves follow horns’ 

concept (Lockley, 1999), whereby mammals with a wide lateral spread of horns tend to produce 

wider tracks, whereas those with a narrow horn spread produce narrower tracks. In this case, the 

horn spread of the long-horned buffalo was considerably greater than that of the Cape buffalo, and 

it was hypothesized that the tracks of the former might therefore be wider than those of the latter.  
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One way to investigate this was though neoichnology, whereby southern African cattle tracks were 

compared with those of (long-horned) Ankole cattle in Tanzania. Indeed, tracks of the latter were 

noted to be proportionately wider. This provided a good fit for the observation of tracks on the 

Goukamma coast (Helm et al., 2018b) and subsequently at a number of other localities, of large 

artiodactyl tracks that were wider than they were long, unlike the track morphology of any existing 

species. It was possible then to tentatively attribute these relatively wider tracks to the long-horned 

buffalo. The ‘hooves follow horns’ argument was also used, in the case of giraffe tracks, to consider 

the possibility of sivathere (short-necked giraffe) tracks (Helm et al., 2018a), in spite of the fact that 

no sivathere tracks have ever been reported. 

 

A further principle is that the Cape south coast is so rich in ichnological treasures that it is wise to be 

open to new possibilities and to ‘expect the unexpected’. For example, such thinking allowed a 

compelling case to be made for the first known elephant trunk impressions (Helm et al., 2021c). 

Likewise, although pinniped traces had never before been described in the global ichnology record 

(representing the absence of a major mammal clade), evidence of probable seal traces was found on 

the Goukamma coastline (Helm et al., 2022c). 

 

In this category are the possible bathyergid (molerat) burrow complexes that are occasionally 

exposed east of Buffels Bay. Molerats and their burrows are currently commonly encountered in 

suitable areas along the Cape south coast, but gaining an appreciation of their burrow complexes in 

three dimensions is extremely challenging. The ichnological findings could be studied further by 

bathyergid experts, while bearing in mind the alternative explanation of rhizolith complexes. 

 

All the ichnosites described would have been situated at the margin of the PAP, which was exposed 

to varying degrees during much of the Pleistocene. A review of the importance of Pleistocene Cape 

south coast ichnosites is intimately tied to this plain, as recognized through a chapter on ichnology 

(Helm et al., 2020d) in the Special Edition of Quaternary Science Reviews.  

 

The quality of preservation of tracks on the Cape south coast is regrettably not optimal, compared 

with tracks preserved in finer-grained substrates; nonetheless, welcome exceptions exist. Tracks 

preserved in hyporelief tend to be of higher quality than those preserved in epirelief. This is 

especially true of in situ, downward-facing hyporelief surfaces that are protected from the full 

impact of the downward forces of wave erosion that often pummel the upward-facing epirelief 
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surfaces. Examples where epirelief surfaces and their counterpart hyporelief surfaces occur in 

proximity to each other are found at RI1901 (Eremitalpa traces) and GC1201 (hominin tracks). In 

both cases the hyporlief surfaces exhibit superior morphological detail. 

 

Larger surface exposures might make up to some degree for the poor preservational quality of 

tracks, as well as provide more opportunity for the interpretation of trackmaker behaviour. 

Regrettably, such large exposures are rare on the Cape south coast, although sea cave ceilings (e.g., 

RO1704) and palaeobeaches (e.g., HA1906) provide welcome exceptions. 

 

Some of the Cape south coast ichnosites are significant because they illustrate important 

ichnological principles. For example, variations in track morphology resulting from a combination of 

variables at the time of track registration (see Razzolini et al., 2014), are well illustrated at GC 1203 

(long-horned buffalo trackway), BS1505 (hominin tracks), DR1907 (avian tracks), and in particular 

the sand-swimming Eremitalpa ichnosites, as a result of which Lockley et al. (2021a) erected two 

new ichnospecies that differed mainly in relation to varying properties of sand cohesion. 

 

GC1901, on the Goukamma coastline, may exhibit a hitherto undescribed, substrate-related 

ichnological phenomenon, in which oval depressions (rather than rims) surround tracks. This 

phenomenon can be observed in snow, which illustrates how neoichnological experience in snow 

can inform palaeoichnological inerpretations. 

 

SE1902 with its flamingo tracks and traces illustrates how a wet, cohesive, substrate first allowed 

deep penetration of the trackmaker foot, and then permitted track narrowing and slight 

convergence of the digit trace walls before infilling (Helm et al. 2020c). In addition, web traces 

indicated that significant bulging of the interdigital webs had occurred during track registration. 

Track burial probably occurred within a relatively short period of time, to allow preservation of this 

rare ichnological phenomenon, aided by the presence of a fine-grained substrate. 

 

A good example of degradation during the biostratinomy phase lies in the crocodylian tracks and 

traces at GP1803 and GP1807 (Helm et al., 2020b). A zone of parting lineation of flute casts led to 

portions of trackways being obliterated, and contributed to the interpretation that the tracks had 

been made on a subaqueous surface. 
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Similarly, the long groove features at LL1907 (Helm et al., 2021b) exhibited variable amounts of 

filling in along their length, attributed wind-blown sand or wall collapse. This phenomenon can be 

reproduced through neoichnological study, and helps to exclude a modern origin for the grooves.  

In contrast, some groove features at GP1814 were associated with prominent, elevated rims, 

whereas others did not. It can be concluded that rim features are often delicate, and may be 

susceptible to easy deflation through wind action (Helm et al., 2019a). 

 

Truncation surfaces present an interesting phenomenon, as they appear to contain a 

disproportionate number of ichnosites (Figure 4). This is attributed to their relatively level nature, 

and the predilection of trackmakers for avoiding steeper dune surfaces. Giraffe tracks at LE1605 

(Helm et al., 2018a) and the main Robberg palaeosurface at RO1703 and RO1704 (Helm et al., 

2019c) also illustrate this phenomenon. 

 

The veneer which is sometimes evident on freshly exposed surfaces may help seal a surface and may 

contribute to a natural separation layer. Its presence is short-lived, but it may permit an exquisite 

level of track detail to be appreciated. For example, the identification of the first large tortoise tracks 

in the global ichnology record at LL1924 was secured through the presence of fine striations 

registered by the plastron, but within weeks the striations were no longer evident (Helm et al., 

2022b). The resulting need for regular searches for newly exposed sites is made even more obvious 

by considering the fate of SE1902 (the fine flamingo ichnosite), where a single storm surge 

obliterated all the tracks and traces.  

 

Well cemented sites tend to endure for longer and to become degraded more slowly. Some 

ichnosites, once re-exposed, become reburied under layers of sand, in accordance with seasonal 

changes in coastal sand accretion and erosion. Reburial under as much as six metres of sand may 

occur, and some such sites may only occasionally and briefly be exposed. Awareness of substantial 

changes in sand distribution therefore can lead to a timely search for newly exposed sites. 

 

A positive example of post-exposure changes is provided at LL0906, where, in what may be a globally 

unique example, a biofilm layer enabled identification of long avian trackways from a distance (Helm 

et al. (2017). Avian trackways of this length are globally rare, and they might not have been 

identified were it not for the adherence of the biofilm layer during the post-exposure phase. Another 

dramatic evidence of post-exposure changes in tracks involves the realization that elephant tracks 

serve as precursors to potholes on palaeobeach exposures (Helm et al., 2021a). 
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LL1926, the ‘stingray rock’, provides an example that may be unprecedented in the Quaternary 

(Helm et al., 2019, in preparation a). It appears that in a case of ‘anthropogenic pedestalling’, a 3D 

MSA sand sculpture survived burial, diagenesis, re-exposure and a fall to the bottom of coastal cliffs.  

 

Finally, the presence of tracks with similar cross-sectional morphology in multiple layers indicates 

repeated use over time, leading to notions of well-worn trails or proximity to a water source. At 

GC1305 this phenomenon occurs over a stratigraphic sectional height of 26 m (Helm et al., 2018b). 

At the Brenton-on-Sea hominin tracksite (BS1505) 40 tracks were recorded: thirty-five in one layer, 

five in a layer 31 cm lower in the section (Helm et al., 2018c), and the collapse of a portion of the 

ceiling subsequently exposed further possible hominin tracks, 11 cm higher in the section (Helm et 

al., under review b). At GC1911 probable coprolites were noted in eight layers over a stratigraphic 

height of 2.5 m, contributing to the inference of a latrine site. 

 

In summary, Quaernary ichnology on the Cape south coast presents challenges, but has proven to 

deliver many unanticipated benefits and surprises. The above-mentioned cases may be viewed as 

inspiring examples of their kind that may prove useful to the global ichnological community. 

 

 

5.2 Comparing the body fossil and trace fossil records 

 

Established classification systems for comparing the vertebrate trace fossil record and body fossil 

record provide an overall perspective of a unit’s fossil-bearing potential (Lockley, 1991; Lockley and 

Hunt, 1994). In this case of the Cape south coast the classification system outlined below would be 

applied to a combination of the Waenhuiskrans Formation and the Klein Brak Formation: 

- Type 1 - ichnosites only;  

- Type 2 - ichnosites are more common than skeletal sites; 

- Type 3 - ichnosites and skeletal sites are equally common; 

- Type 4 - ichnosites are less common than skeletal sites; 

- Type 5 - skeletal sites only. 

Types 2, 3 and 4 can be further distinguished between ‘a’ deposits where trace fossils and body 

fossils indicate similar faunas, and ‘b’ deposits where different faunas are indicated. The wealth of 

the body fossil record, exemplified in archaeological sites and scavenger dens, does not form part of 

this classification system, which is limited to the aforementioned formations. 
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The ichnosites described herein can be compared with the body fossil sites presented in Appendix A. 

If the entire Cape south coast track record is considered, the result falls into the Type 2 category, 

and possibly either Type 2a or Type 2b, pending identification (if possible) of material from the 

sparse skeletal record. However, sub-categories within classification system can be created, e.g., the 

reptile track record, the avian track record, and the hominin track record. In each case, the 

conclusion might be Type 1, pending the results of analysis of skeletal specimens. Alternatively, 

subdivisions based on units rather than formations could be employed, for MIS 11, MIS 5 and MIS 3 

deposits, as MIS 11 deposits appear to contain a higher proportion of skeletal material. 

 

Such considerations pertain to analysis of the ‘unit’ of Pleistocene Waenhuikrans Formation and 

Klein Brak Formation deposits. Not considered are the regional body fossil records from the MSA 

from archaeological sites, or predator or scavenger dens. These body fossil records are far more 

numerous and substantial than the rather paltry record from the Pleistocene deposits. The trace 

fossil record could more productively be compared with this latter body fossil record, and be seen to 

significantly complement it, as described herein. This system therefore highlights the importance of 

searching outside the fossil record of given track-bearing formations in order to find coeval body 

fossil records from quite different facies, such as the wealth of data accumulated on the Cape south 

coast. 

 

 

5.3 A new ichnocoenosis and a new ichnofacies? 

 

The ichnofacies approach is an internationally recognized tool to help understand 

palaeoenvironments. Given that ichnofacies definitions involve large-scale concepts, they involve 

rather ‘broad brush stroke’ definitions. The question that arises out of the Cape south coast 

ichnology project is whether the archetypal, globally distributed aeolian Chelichnus ichnofacies (Hunt 

and Lucas, 2007, 2016) is applicable to this coastline. This is pertinent because the Chelichnus 

ichnofacies (and Brasilichnium ichnofacies) relate to desert dune facies, mostly in the Palaeozoic and 

Mesozoic. They are characterized by tracks of arthropods, small mammals and reptiles. Apart from 

the problem of whether desert dunes and coastal dunes represent different physical environments, 

the limited understanding of invertebrate traces in Cape south coast Pleistocene deposits is, pending 

more detailed study, problematical, as the invertebrate ichnofauna plays a key role in the 

determination of ichnofacies. As detailed in Chapter 3, a number of Pleistocene ichnosites from 
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coastal or near-coastal aeolianites have been described from Australia and Europe, allowing for 

comparison and the recognition of commonalities.  

 

A ‘shorebird ichnofacies’ has been described, associated with fine-grained lake margin sediments of 

Cretaceous through Recent age. Whereas a few of the avian sites on the Cape south coast may be 

from lagoonal or estuarine palaeosettings, many if not most are from dune and beach environments. 

This is clearly unusual in the global context, an inference underscored by the recognition of some 

avian tracks and tracksites as atypical of the high-density avian track assemblages found in most 

hitherto described shorebird ichnocoenoses / ichnofacies. 

 

The term ‘ichnofacies’ occupies a tier above ‘ichnocoenosis’: different ichnocoenoses from different 

ages but formed under similar environmental conditions may constitute an ichnofacies (Buatois and 

Mángano, 2020). An example with implications for Pleistocene Cape south coast sediments is from 

the Bahamas and southern Florida (Curran, 2007), where five ichnocoenoses within two ichnofacies 

are described from modern, Holocene and Pleistocene coastal environments, from subtidal through 

intertidal to dune environments. However, invertebrate traces were the dominant feature in these 

descriptions and definitions, and the absence of a focus up to this point on invertebrate traces on 

the Cape south coast limits such an initiative. 

 

In fact, care often needs to be taken in assigning an ichnofacies based on vertebrate tracks and 

traces, as vertebrates may potentially be more environmentally cosmopolitan, and hence more 

prone to crossing facies boundaries. However, there is a precedent for combining aspects of 

invertebrate and vertebrate traces and creating a compound ichnofacies, as discussed in the 

combined ‘Chelichnus-Octopodichnus ichnofacies’ (Lockley et al., 2022). 

 

In conclusion, coastal dunes and beaches seem to represent facies-fauna relationships (ichnofacies) 

that are distinctly different from those of desert erg systems and fine-grained lake margin 

sediments. The naming of a new ‘coastal dune and beach ichnocoenosis’ to characterise the Cape 

south coast findings appears justified, and possibly a new ichnofacies, or a new and different 

ichnocoenosis under the broader ichnofacies umbrella. Such an endeavour would have to account 

for the presence of many large tetrapod (notably ungulate) trackway components, and it must be 

borne in mind that ungulates were not extant when Permian through Jurassic dune ichnofacies were 

being registered. In this regard the presence of ungulate tracks in dune facies in the Cenozoic of 

North America (Lockley et al., 2007; Lockley and Milner, 2014) helps distinguish that ichnocoenosis 
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from others making up the Chelichnus ichnofacies (Lockley et al., 2022). However, the absence of a 

detailed understanding of the invertebrate ichnofauna of the Cape south coast precludes further 

current progress in this field. 

 

 

5.4 Developing a ranking system 

  

Attempts have been made to rank vertebrate ichnosites in terms of their international, national or 

regional importance. Ideally such a process uses objective criteria and minimizes subjective 

elements. Lockley and Schumacher (2021) developed a ranking system for dinosaur tracksites in the 

USA, following earlier work on sites in Iberia by Alcalá et al. (2016). 

 

These initiatives had a broad range, with criteria that included educational, scientific and cultural 

value (hence they were relevant to UNESCO criteria that ultimately allow for inscription of sites of 

‘Outstanding Universal Value’). Other criteria included site size, accessibility, potential visitor traffic, 

and ichnological factors such as the number of trackways, number of holotypes, preservation 

quality, and the number of published works. It was recognized that the process was dynamic, with 

new sites being discovered and others becoming eroded or degraded. Decisions based on isolated 

criteria, e.g., the ‘longest, oldest or largest’, were not viewed favourably in isolation. As many as 24 

criteria were employed, each with a point score of 1–5. 

 

Applying such considerations to the Cape south coast ichnosites leads to more practical questions: 

which sites may require active management, replication (e.g., through photogrammetry and 3D 

printing), or excavation and recovery? Some of the above criteria may not be applicable to the 

region and its requirements. For example, site size was regarded as an important factor in the USA, 

which is known for its ‘megatracksites’, but large track-bearing surfaces are rare on the Cape south 

coast. And while educational initiatives are laudable, the increased awareness that would be 

generated through site visits runs the risk of vandalism unless adequate protection can be ensured. 

This is a challenging, almost insurmountable task, aggravated by the effects of unstable slopes and 

storm surges on any attempts to install gates or other protective devices.  

 

In previous times, replication involved making latex or silicone casts of track-bearing surfaces, with 

the attendant risk of damaging the tracks. This has become substantially simpler with the advent of 

photogrammetry, which is non-invasive and can allow the generation of 1:1 replicas using evolving 
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3D printer technology. Although for practical purposes this is currently somewhat size-limited, it has 

already been applied with a replica of a fossil hatchling turtle trackway. There is consequently less of 

an incentive to physically obtain casts of as many specimens as possible. 

 

The remaining issue is that of physical recovery of specimens, which is where the greatest argument 

can be made for a ranking system. Regulatory bodies such as Heritage Western Cape and 

management bodies such as SANParks, CapeNature, municipalities, or the owners of private nature 

reserves, may want to know the ‘value’ of the ichnosites in the areas under their jurisdiction. This 

may allow informed decision-making on the desirability and feasibility of specimen recovery. Such a 

process and the necessary permitting would also be informed by whether or not suitable museums 

or accredited collection repositories are available, the ease of removal, the scientific value and 

uniqueness of the specimen, whether further research might become feasible on accessioned 

specimens, and whether recovery might enhance educational potential.  

 

With such considerations in mind, the following criteria are presented as a checklist of 17 questions 

in assessing the desirability and feasibility of specimen recovery: 

 

Uniqueness/scientific value 

- Are globally unique track types present?  

- Is there palaeoanthropological heritage value?  

- Are nationally or regionally unique track types present?  

- Is the quality of preservation of a high standard? 

- Are holotypes present?  

 

Threats in current location 

- Is there a high likelihood of vandalism if not recovered? 

- Is there a high threat of erosion if not recovered? 

- Is there a threat of slumping into the sea if not recovered? 

 

Accessibility/feasibility 

- Is there ready accessibility?  

- Are means of recovery available and feasible (4WD vehicle, ATV, helicopter)? 

- Is the specimen in situ or ex situ? 

- Is it readily portable?  
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Research and education value 

- Are peer-reviewed articles published or planned? 

- Will further research be enabled if it is recovered? 

- Is there high education value if exhibited? 

 

Post-removal care 

- Is there a management body interested in protection and recovery? 

- Is there a suitable repository? 

 

The following potential categories were considered but not included: 

- Site size 

- Number of tracks and trackways 

- Number of track levels 

- Historic value 

- Visitation potential if not recovered 

- Presence of other nearby sites 

 

The resulting list of questions is thus different from the criteria of Lockley and Schumacher (2021) 

and Alcalá et al. (2016). However, it is geared towards the practical issues of protection from 

vandalism, heritage value and recovery, and tailored to the specific characteristics of the Cape south 

coast, which include the vulnerability of ichnosites due to continued erosion of friable sediments. 

 

Criteria could be weighted, which would influence the decision-making process, and a decision could 

be taken on what total score would be required to initiate action. Furthermore, certain criteria could 

be assigned ‘deal-breaker’ status. While such details need to be worked out in collaboration with 

regulatory bodies, the important initial step is to begin discussion. An article on this topic has been 

provisionally approved for inclusion in a special edition of Koedoe (Helm et al., in preparation b). 

 

 

5.5 Summary of the most important findings 

 

A synopsis is provided here of the most important findings that have resulted from the Cape south 

coast ichnology project. An overview of the findings can be obtained through pie charts (Figure 15). 
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Figure 45. Pie charts: (A) divides all sites into those created by reptiles, avians and mammals; (B) provides a 

breakdown of reptile trackmakers; (C) provides a breakdown of mammal trackmakers (‘possible sites’ are 

included). 

 

Presented first is a summary of findings that corroborate the body fossil record and archaeological 

record. This is followed by those that were unanticipated, and hence complement and augment the 

understanding gained from the body fossil record and archaeological record. 

 

 

5.5.1 Findings that corroborate the body fossil record 

 

- The more than 30 avian ichnosites suggest a substantial avian presence, not dissimilar to 

that of today (Helm et al., 2020c). 

 

- The non-Eremitalpa golden mole burrow sites confirm a widespread presence of this order, 

in accordance with the body fossil record (Helm et al., 2019c; Lockley et al., 2021a). 

 

- Probable aardvark burrows and hare tracksites suggest a presence of these orders that is 

similar to their present distribution.  

 

- Gerbil tracks, burrows traces and a debris mound confirm the body fossil record. The gerbil 

tracks add to and temporally extend a sparse global record of small-mammal tracksites 

(Lockley et al., 2022). 

 

- A variety of carnivoran tracksites confirm the Pleistocene presence of this order, although in 

most cases (15 sites) identification to family level is not possible. An exception is the lion, 

where track size allows an inference that the tracks were made by the extinct Cape lion 

subspecies (Helm et al., 2018b, 2020d). 
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- The seal ichnosites that have been identified are perhaps not unexpected in the southern 

African coastal context, but they represent the first global evidence of ichnosites of this 

distinctive carnivoran clade (Helm et al., 2022c).  

 

- Rhinoceros tracksites confirm the presence of this family on the Cape south coast (Helm et 

al., 2019c, 2020d); the single case that was identifiable to species level comprised tracks of a 

black rhinoceros (Diceros bicornis), supporting the evidence from the body fossil record and 

historical evidence that this species was the commoner in the region.  

 

- The 65 confirmed or possible bovid tracksites indicate a substantial presence of this family 

on the landscape (Helm et al., 2020d). In most cases identification to species level is not 

feasible. An exception involves buffalo tracks, and tracks of both Cape buffalo (Syncerus 

caffer) and the extinct long-horned buffalo (Syncerus antiquus) are present, a corroboration 

of the body fossil record. Identification of the tracks of the latter use the ‘hooves follow 

horns’ concept. Although there are tantalising findings to suggest a tracksite of the extinct 

giant hartebeest (Megalotragus priscus) or blue antelope (Hippotragus leucophaeus), this is 

not certain. 

 

- The three probable hippopotamus (Hippopotamus amphibius) sites corroborate the body 

fossil record regarding the regional presence of this species (Helm et al., 2020d). 

 

 

5.5.2 Findings that augment the body fossil record 

 

- Reptile tracks and traces assume disproportionate importance when compared with the 

body fossil record, in particular with respect to palaeoenvironmental inferences.  

 

- There is ichnological evidence for very large tortoises, 50% larger than the largest extant 

leopard tortoises (Helm et al., 2022b). Their absence in the body fossil record may be related 

to the ‘schlepp effect’ - the reluctance of hominins to carry large carcasses back to their cave 

shelters. Tracks attributed to probable terrapin trackmakers are larger than extant 

equivalents. 
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- Several ichnosites with hatchling trackways provide evidence of successful breeding of 

loggerhead and leatherback turtles. The palaeoenvironmental implications are significant, of 

sufficiently warm sand temperatures to permit egg survival. These globally unique findings 

led to two new ichnogenera being described, each containing a new ichnospecies: 

Australochelichnus agulhasii and Marinerichnus latus (Lockley et al., 2019). 

 

- Tracks and a trackway attributed to varanids, including tail drag impressions, provide 

evidence of these large lizards inhabiting the Cape south coast, from which they are 

currently absent (Helm et al., 2020a). 

 

- Crocodylian tracks and swim traces (the only examples in Africa) have palaeoenvironmental 

implications of warmer climatic conditions that permitted an expanded crocodile range 

compared to the current range of the Nile crocodile (Helm et al., 2020a, Helm and Lockley, 

2021). MSA stone tools found on the same palaeosurfacesurface as crocodylian tracks 

provide a hitherto undocumented spatio-temporal association between crocodiles and 

humans. 

 

- Avian ichnosites (the oldest in southern Africa) include the tracks of larger-than-expected 

birds, such as flamingos (Helm et al., 2020c). Some of these appear to represent large 

chronosubspecies. One hints at the possibility of extinctions, which are not suggested by the 

body fossil record.  

 

- Biofilm attaching preferentially to avian tracks preserved in hyporelief, rendering them 

visible from a distance, represents a previously unreported ichnological phenomenon (Helm 

et al., 2017). 

 

- Sand-swimming traces that resemble those of Eremitalpa (the ‘Namib mole’) are globally 

unique. The holotypes have been the focus of a new ichnogenus (Natatorichnus) containing 

two ichnospecies, N. subarenosa and N. sulcatus (Lockley et al., 2021a). Pleistocene 

dunefields can be inferred on the Cape south coast, along with an expanded range for sand-

swimming golden moles.  

 

- While a Pleistocene elephant presence on the Cape south coast has been documented 

previously, the number of ichnosites (52 unequivocal and possible sites), from three distinct 
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MIS stages, was unexpected (Helm et al., 2021c). These include some of the largest post-

Mesozoic tracks to be described. Elephant trunk-drag impressions are the first of their kind 

to be reported. Repeated use of areas over time can be inferred.  

 

- The role of elephant tracks as precursors to coastal potholes was previously unsuspected 

(Helm et al., 2021a). 

 

- Bathyergid burrows are not unanticipated, given their prevalence in Cape south coast dune 

sediments today. However, not only are they (and an example of a track) the first to be 

reported, but details can potentially be determined of their 3D architecture.  

 

- The numerous equid tracksites confirm a widespread Pleistocene presence of this family 

(Helm et al., under review c). The large size of more than half of the tracks confirms evidence 

from the body fossil record of the extinct giant Cape horse (Equus capensis) – this species 

has very rarely been documented in the body fossil record from the Cape south coast, but 

the volume of tracksites indicates a more widespread presence. The smaller equid tracks are 

most consistent with E. quagga quagga as a trackmaker (the southern subspecies of the 

plains zebra that became extinct in the 19th century). The large-equid and small-equid 

trackways that have been identified contribute to a sparse global record of fossil horse 

trackways 

 

- The identification of a giraffe tracksite not only represented a major range extension for this 

distinctive family, but had substantial palaeoenvironmntal implications, given the need for 

treed environments (Helm et al., 2018a). The absence of giraffe remains in the body fossil 

record may be another manifestation of the ‘schlepp effect’. 

 

- The four identified Cape south coast hominin tracksites, added to the previously identified 

Nahoon and Langebaan sites, form a significant and unique cluster in the hominin ichnology 

record (Helm et al., 2018c, 2020a, under review b). At a global level, hominin tracks 

preserved in aeolianites and in hyporelief are rare, and the southern African examples are 

therefore unusual. Collectively they are among the oldest tracks attributed to Homo sapiens. 

One of them contains the oldest recorded tracks of our species, and the dated South African 

hominin sites form 9 out of 20 possible hominin ichnosites that have been dated to more 

than 70 ka. Evidence of jogging and of probable knee impressions provide further clues as to 
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human activity, and the lithics that have been found embedded in aeolianites provide 

independent confirmation of MSA ancestral human industry. Description of the features of 

hominin tracks in profile (Helm et al., 2019d) had not previously been attempted. 

 

- It is with regard to ammoglyphs that the most provocative evidence of hominin activity is 

encountered, whether they may represent utilitarian activity or what can be considered 

palaeoart (e.g., circle, triangles, radial pattern, cross-hatched pattern). The notion of sand as 

an ancient canvas is not new, but the possibility that patterns made in sand in the MSA could 

be preserved in rock and could be amenable to identification and interpretation is indeed 

new (Helm et al., 2019a, 2019e, 2021c). The preservation of a 3D sand-sculpture, which 

appears to represent the oldest example of humans creating an image of another creature, 

can be regarded as near-miraculous, but is quite consistent with known geological processes 

that lead to the preservation of ichnological findings. It also provides clues as to the possible 

development of proto-art (Helm et al., in preparation a). 

 

- Given the prevalence of Pleistocene ichnosites on the Cape south coast, the presence of 

coprolites could have been hypothesized. What was not known was their potential for 

preservation. The suite of identified sites lays that question to rest, with probable coprolites 

of crocodiles, elephants, medium-sized bovids, hyenas and small carnivorans, including 

evidence of a probable latrine (Helm et al., in press b). Coprolites provide avenues of 

investigation that may lead to significant palaeoenvironmental conclusions. 

 

 

5.6 Future directions 

 

The study of vertebrate ichnology as discussed in this thesis is not the final word, but hopefully a 

catalyst for something more substantial. Potential initiatives which might expand the scope of what 

has been achieved thus far include:  

 

- being vigilant in returning to prime track-bearing areas, especially after very high tides, 

storm surges, and cliff-collapse events; 

 

- searching for sites exhibiting track morphologies that have not yet been convincingly 

identified, e.g., snake traces, baboon tracks, monkey tracks;  
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- pursuing the study of invertebrate traces with a view to describing new ichnocoenoses and 

perhaps ichnofacies; 

 

- extending the geographic scope of the project to include all southern African aeolianite 

exposures; a start has already been made at Woody Cape in the east and Walker Bay and 

Langebaan in the west; 

 

- extending the temporal scope of the project to the Pliocene by searching for tracks in the 

Wankoe Formation; 

 

- developing a rapid-response team and training more local residents, e.g., through the 

Tracker Academy; 

 

- further investigating the possibility that Pleistocene elephant seismic communication left 

discernible evidence; 

 

- searching for more examples of ammoglyphs and coprolites;  

 

- searching for further evidence of shod-hominin tracks, while avoiding the potential perils of 

pareidolia and confirmation bias. Ichnology in southern Africa is uniquely placed to 

contribute to the topic of when and where humans first fashioned footwear, and neo-

ichnological studies should form an important component of this work;  

 

- pursuing a dedicated search in MIS 11 deposits for hominin tracks, in particular at Dana Bay. 

If tracks in the 400 ka range are identified, they would be of immense importance. If they 

can be attributed to a Homo sapiens precursor like H. heidelbergensis, they would provide a 

southern African equivalent to the slightly younger Roccamonfina site in Italy, which is 

currently the 5th oldest hominin tracksite; 

 

- using ropes and other technical gear to access surfaces which are otherwise inaccessible. 

Potential areas include the De Hoop coastal cliffs and cliffs on The Island at Robberg. The 

surface containing multiple tracks on the ceiling of a sea cave at Robberg is one of the 

largest that have thus far been identified, and merits direct examination;  



311 
 

 

- analysing the skeletal elements and lithics that have been found embedded in aeolianites, 

and expanding the search. The proximity of many such examples to inhabited areas suggests 

that dedicated searching in more remote areas will lead to the identification of more sites; 

 

- fully exploring coastal stretches of Cape Supergroup rocks in case further examples of a 

remnant aeolianite ‘drape’ are apparent, as has been identified at Buffels Bay and west of 

Robberg; 

 

- expanding OSL dating to as many sites as possible and developing an enhanced 

geochronological understanding of the Cape south coast and its ichnosites; 

 

- expanding efforts to recover and safely accession as many specimens of scientific and 

heritage importance; 

 

- working with bodies such as Heritage Western Cape, SANParks, CapeNature, municipalities 

and private landowners to protect and preserve sites and to address the scourge of graffiti 

(Helm et al., 2021d). 

 

 

5.7 Conclusions 

 

The overarching objective of this thesis has been to do justice to the application of ichnology on the 

Cape south coast of South Africa. This would be achieved through answering the question: how can 

ichnology inform the understanding of the Cape south coast during the Pleistocene? The question is 

predicated on the knowledge that ichnology can potentially and independently provide a data-set 

which is unavailable from other fields of research. It acknowledges that although ichnology has 

inherent biases, they are different from the biases of other disciplines.  

 

Readily measurable outcomes include the creation of a database of sites, an inventory of vertebrate 

trackmakers, a photographic record and a photogrammetry record. Although these outcomes have 

been achieved, it is the less easily quantifiable measures that are perhaps of greater relevance. The 

following four questions were presented in Chapter 1, and endeavouring to answer them formed a 

broad objective of the thesis: 
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1) What is the global relevance of the Cape south coast ichnosites? 

2) How can ichnological studies on the Cape south coast of South Africa complement 

the traditional vertebrate body fossil record? 

3) How can ichnological studies contribute to the understanding of Pleistocene 

palaeoenvironments and palaeocology? 

4) How can ichnological studies contribute to palaeoanthropology, through the study 

of hominin tracks and traces? 

 

The preceding chapters, and the preceding portions of this chapter, hopefully confirm that these 

questions have been answered. However, a simpler question may provide further perspective: back 

in 2008, in the earliest days of the project, what might its expectation have been? At that stage it 

was known that the Cape south coast contained an elephant tracksite, at which bovid tracks had also 

been identified. It was assumed that being relatively recent and only going back as far as the 

Pleistocene, further tracksites would be of little interest in comparison with, for example, Permian or 

Mesozoic sites. Further Pleistocene sites, it was suspected, would probably have been made by 

bovids, carnivorans and perhaps equids, but differentiation to trackmaker species level would be 

unlikely. It was also thought that if there were many more sites, they would have already been 

identified and described. The contents of this thesis demonstrate how wrong such assumptions 

were. 

 

As the project evolved, a choice was faced: either ‘go big’ and evaluate as many areas of aeolianites 

as possible in southern Africa, or ‘stay small’ by limiting the study area to a more manageable size, 

which permitted a narrower focus. The latter option was appealing, and logistically simpler. It is 

contended here that the focus generated through working in a limited, defined area has justified the 

decision to ‘stay small’. The limited forays of members of the research team to the east coast and 

west coast demonstrate that many more sites will be found elsewhere in southern Africa.  

 

Arguably the most profound implications of the Cape south coast ichnology project relate to 

palaeoanthropology. Working in this field provides a perspective on problems which beset our 

species and planet today, such as climate change and rising sea levels. Being familiar with the ‘raised 

beaches’ from MIS 5e and MIS 11, and comparing their uppermost levels to the current coastline, 

allows thoughts to be focused. Aligned with this is the appreciation that when sea levels rose during 
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these interglacials, they rose rapidly, so fast that within a lifetime Pleistocene residents on the PAP 

would have noticed a coastline that was shifting landwards.  

 

There is comfort in knowing that such events have happened in the past, and will probably happen 

in the future regardless of anthopogenic influences. However, coastal Pleistocene hunter-gatherers 

were relatively few in number, and had minimal infrastructure. They would have been adaptable and 

able to move in concert with a moving coastline.  

 

There is no evidence that humans today are more fulfilled and contented than their Pleistocene 

ancestors were, and it is presumptuous to claim to understand their patterns of thinking and ways of 

knowing. However, one thing can be asserted: they were probably accomplished and gifted 

ichnologists. It is a privilege to be following in their tracks. 
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APPENDICES 

 

Appendix A: Cape south coast vertebrate body fossil sites 

 

During the search for ichnosites incidental note was made of skeletal sites. These are included here because 

they allow for comparison of the trace fossil record and body fossil record (sensu Lockley, 1991; Lockley and 

Hunt, 1994). It appears that this data has not been collected and reposited elsewhere.  

 

From west to east, 33 Pleistocene localities have been identified within the study area, where skeletal material 

is embedded in (or is derived from) aeolianites or cemented foreshore deposits. In addition, two sites much 

further east have been reported. Also of interest are 12 more recent (probably Holocene) sites where bones 

have been encountered eroding out of unconsolidated sand or other sediments.  

 

The proximity of some of these sites to coastal communities (e.g., Arniston, Dana Bay, Wilderness, Sedgefield) 

suggests that familiarity with local rocks and dunes by local residents has led to sites being identified and 

reported. Body fossil sites are therefore perhaps commoner than is apparent, and a dedicated search along 

more remote stretches of coastline may be productive. To date little research has been performed on these 

skeletal elements. This creates challenges in the proposed classification (sensu Lockley, 1991; Lockley and 

Hunt, 1994), whereby deposits are assessed according to whether or not trace fossils and body fossils indicate 

similar faunas.  

 

 

Pleistocene sites 

 

Details of Pleistocene body fossil sites are provided as Table A1, followed by more comprehensive 

descriptions. Photos referred to can be found in the BONES PLEISTOCENE photo folder. 

 

With regard to the Dana Bay sites, Aleck Birch has examined the deposits in detail, following Roberts et al. 

(2008). Various transgressive lag layers, and a distinctive layer of rip-up clasts, allow a distinction between MIS 

11 and MIS 5 deposits. The rip-up clasts are laterally persistent and serve as a marked horizon. As a result, all 

the putative bone sites can be located within MIS 11 deposits.  

 

Arniston, ARPB1901 

Rob Dickie’s family reported finding scattered small bone fragments near an arch at Arniston in 2019. 
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Table A1: Pleistocene body fossil sites in aeolianite deposits or cemented foreshore deposits. 

Locality Site # Description/taxon Latitude Longitude Photo #s 

Arniston ARPB1901 unidentifiable 34° 40’ 48” 20° 14’ 00”  

Arniston ARPB9801 hippopotamus 

teeth, partial jaw 

34° 40’ 23.7” 20° 13’ 58.3” ARPB9801A-B 

Arniston ARPB1601 fragment of large 

long-bone 

34° 40’ 14.6” 20° 14’ 02.3” ARPB1601A-B 

Arniston ARPB1301 artiodactyl 

metapodial 

34° 39’ 46.9” 20° 14’ 00.8” ARPB1301A-B 

Arniston ARPBxx02 buck horn cores 34° 39’ 45.3” 20° 14’ 00.0” ARPBxx02A-C 

Blombos BLPB1801 uncertain 34° 24’ 07” 21° 11’ 46” BLPB1801A-B 

Blombos BLPB1901 longbone 

fragment 

34° 24’ 47.6” 21° 13’ 01.4” BLPB1901A 

Blombos BLPBxx01 hyena skull    

Jongensfontein JOPB2201 large ex situ block 34° 25’ 08” 21° 21’ 36” JOPB2201A-B 

Still Bay SBPB2101 pelvis ~34° 23’ 31.2” ~21° 25’ 43.8” SBPB2101A-B 

Geelkrans GEPB1901 Small fragments 34° 21’ 57.2” 21° 29’ 12.0” GEPB1901A-G 

Rietvlei RIPB1601 partial skeleton; 

?giraffe 

34° 21’ 24.05” 21° 32’ 13.8” RIPB1601A-G 

Ladder West to 

Ladder East 

LLPB2101 two rocks, five 

bone fragments 

34° 21’ 40.7” 21° 33’ 18.5” LLPB2101A-B 

Ladder East LEPB1201 vertebra    

Ladder East LEPB1701 single bone with 

fossae? 

  LEPB1701A 

Cape Vacca CVPB8501 elephant jaw, 

other bones 

34° 18’ 38.0” 21° 54’ 51.1 “ CVPB8501A-D 

Cape Vacca CVPB1501 elephant tusk? 34° 18’ 38.0” 21° 54’ 51.1”  

Dana Bay DBPB2101 two exposures 34° 12’ 25.2” 22° 01’ 57.2” DBPB2101A–C 

Dana Bay DBPB1901 bone contains a 

fossa. 

34° 12’ 22.1” 22° 02’ 35.3” DBPB1901A 

Dana Bay DBPB1902 probable bone 

fragments 

34° 12’ 21.4” 22° 02’ 39.6” DBPB1902A 

Dana Bay DBPB1903 uncertain, 

trabecular pattern 

34° 12’ 21.5” 22° 02’ 40.1” DBPB1903A-E 

Dana Bay DBPB1904 probable bone 

fragment 

34° 12’ 21.4” 22° 02’ 40.6” DBPB1904A 

Dana Bay DBPB1905 possible tooth 34° 12' 21.4" 22° 02’' 40.7" DBPB1905A 

Dana Bay DBPB2102 long bone 34° 12’ 18.6” 22° 03’ 08.7” DBPB2102A 

Leith’s Cave LCPB1701 ribs or teeth and 

other bones 

~34° 12’ 00” ~22° 07’ 22” LCPB1701A- 

Hartenbos HAPB1901 uncertain, single 

bone 

34° 06’ 03.3” 22° 08’ 22.5” HAPB1901A 

Wilderness WIPB1801 

 

possible elephant 

humeri and other 

bones? 

33° 59’ 56.1” 22° 36’ 10.5” WIPB1801A-E 

Kleinkrantz KKPB1901 probable bone 34° 01’ 17.2” 22° 43’ 22.7” KKPB1901A-B 

Kleinkrantz east KKPB2001 possible ostrich 

tibiotarsus 

34° 01’ 52.6” 22° 45’ 07.4” KKPB2001A-B 

Gericke’s Point GPPB2001 uncertain, 

possible cast 

34° 01’ 54.2” 22° 45’ 16.0” GPPB2001A-B 

Goukamma coast GCPB0501 uncertain, 

multiple bones 

34° 02’ 56.0” 

 

22° 51’ 00.0” GCPB0501A-D 

Buffels Bay BBPB1801 

 

uncertain; bone 

fragments 

34° 05’ 24.5” 22° 58’ 39.3” BBPB1801A-J 

Brenton-on-Sea BSPB2101 bone and shell 

fragments, lithics 

34° 04’ 41.6” 23° 02’ 05.0” BSPB2101A-B 

Nahoon NAPB1101 cast of human 

femur 

  NAPB1101A-D 
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Arniston, ARPB9801 

Embedded in Waenhuiskrans Formation aeolianite north of Spuitgat Rock, found by Rob Dickie in 1998 who 

indicates (pers. comm., October 2018) these were identified as hippopotamus jawbone containing two conical 

tooth sockets by Dr. Dennis Toews, and tentatively by Iziko Museum (pers. comm., Martinus Prinsloo, April 

2020).  

 

Arniston, ARPB1601 

Found by Rob Dickie in 2016, and reported in 2017. This is the only bone specimen from the Arniston-

Kassiesbaai area that is cemented in Klein Brak Formation deposits. It appears to be part of a large long bone, 

with dimensions 25 cm x 10 cm. 

 

Arniston, ARPB1301 

Pers. comm. (April 2020) from Martinus Prinsloo, Arniston geologist, quoting Prof L Berger (2013-03-17):  

“A fossilised metapodial, one of the long bones of the lower limb of a bovid. It is easily identified as it has a 

septum down the middle and thus the almost ‘double pulley’ appearance of the distal end (left on photo). The 

proximal, or upper end is on the right. It is actually a fused bone, equivalent to your metacarpals or metatarsals 

in an artiodactyl (an even-toed ungulate).” 

 

Further details from Martinus Prinsloo: “Total length: 268mm, width left: 45mm, width right 60mm. The bone 

is exposed in a pot-hole in the intertidal zone at Kassiesbaai in the lowest terrace in consolidated calcareous 

dune sandstone of the Waenhuiskrans Formation which has been dated to the last interglacial period about 

120 000 years ago.” 

 

Arniston, ARPBxx02 

Initial report by Dr. Frikkie Taute. Reported by Rob Dickie, 2017. 

 

Pers. comm. (April 2020) from Martinus Prinsloo: “Fossilised remains of an antelope head comprising the bony 

core or two horns attached to a section of the cranium. The fossil crops out in the inter-tidal zone at 

Kassiesbaai, Arniston in the sandstone of the Waenhuiskrans Formation that was deposited 120 000 years ago. 

Site reported by the late Dr. Frikkie Taute. The fossil-head thought to be Hippotragus leucophaeus (the extinct 

Bloubok) is exposed in the intertidal zone in the lowest terrace in consolidated calcareous dune sandstone of 

the Waenhuiskrans Formation.” 

 

The rationale for the attribution of the horns to the Blue Antelope is unknown. Curtis Marean and Kaye Reed 

(pers. comm., February 2021) do not discount Blue Antelope, but note the straight character of the horn cores 

and posit a juvenile gemsbok (Oryx gazella). 
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Blombos, BLPB1801 

An unidentifiable 3 cm bone fragment was found in 2018 by Jan George Steytler, in a loose slab in a coastal 

dune. 

 

Blombos, BLPB1901 

An embedded fragment of a large long-bone was found by Derek Odendaal near Blombos Cave in 2019.  

 

Blombos, BLPB??01 

A hyena skull was apparently found in a palaeosol layer in the Blombos area and was removed. It is on exhibit 

in the Blombos Museum of Archaeology in Still Bay. 

 

Jongensfontein, JOPB2201 

Loose blocks beside a parking area east of Jongensfontein contain rhizoliths. Probable areas of bone exposure 

are suggested by blueish colouration, although a trabecular pattern is not obvious. The blocks must have been 

transported some distance and may be from the Wankoe Formation (in which case they may be of Pliocene 

age). Their point of origin is uncertain.  

 

Still Bay, SBPB2101 

A complex bone, part of a pelvis, with a clear axis of symmetry, was reported to Jan De Vynck in 2021. It is 

embedded in situ in Pleistocene deposits that drape Cape Supergroup rocks beside a rock pool, and is only 

accessible at low tide. In the photo (SBPB2101), the foot is ladies’ size 6. Radiologist opinion (pers. comm., 

Charles Larsen, 2021) is that it is unlikely to be a hominin pelvis, as the acetabulum is unusually wide and large. 

 

Geelkrans, GEPB1901 (also tracksite GE1901 and lithic site GEL1901). Five large loose aeolianite blocks 

(probable MIS 5) were noted in 2019, at the upper end of the beach in Geelkrans Nature Reserve. Embedded 

in a prominent truncation surface were tiny bone fragments, ostrich eggshell fragments, a sharp-edged 

quartzite flake and smaller flakes, large tracks, marine shells, land snails and rhizoliths. 

 

Rietvlei, RIPB1601 

A partial skeleton was found by Boy Van Rensburg in 2016, eroding out of poorly consolidated Pleistocene 

cliffs in the Rietvlei area. Total length was ~1.2 m. Heroic attempts were made to document this and obtain a 

collection permit, but a cliff collapse event occurred and the majority of bone material landed in a heap at the 

bottom of the cliffs. Attempts were made to recover fragmentary material before high tides removed it.  

 

The skeletal material had been perched ~6 m above the high tide level. It appeared to be from a large 

mammal; opinions were sought (e.g., Curtis Marean, Kaye Reed, Lisa Buckley) based on the limited 

information, and although no conclusion emerged, the giraffe bones were postulated. Some of the bones 
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appeared to be of pelvis, skull, vertebrae and hind limb, and might have provided diagnostic material. Good 

photos were obtained before the cliff collapse, including six minutes of GoPro video. 

 

A tube sample for OSL dating (Leic21006) was obtained from the poorly consolidated stratigraphic layer that 

had contained the skeletal material. It yielded a result of 123 ± 8 ka. 

 

Ladder West to Ladder East, LLPB2101 

Ten metres west of ammoglyph site LL1907, adjacent loose rocks exhibit two and three bone fragments. They 

were found by Given Banda. 

 

Ladder East, LEPB1201 

A single unidentifiable probable vertebra was identified by Curtis Marean 2012, eroding out of aeolianite cliffs 

just east of the eastern Todd ladder. 

 

Ladder East, LEPB1701 

A single possible bone was identified on a loose slab east of the eastern Todd ladder by Hayley Cawthra in 

2017. Length = ~15 cm; fossae appear to be present. 

 

Cape Vacca, CVPB8501 

Elephant bones, including a mandible, were found embedded in rock or palaeosol beneath dune fields 

between Vleesbaai and Cape Vacca in the 1980s (Helm et al., 2021c).  

Pers. comm. Fred Orban, 2020: “we discovered certain bones in the dunes at Kanon (Cape Vacca). Somebody 

alerted me because they thought it was whale bones. Out of pure curiosity I sent some of them to UNISA in 

Pretoria and if I recall also to University of Port Elizabeth (now Nelson Mandela University). I did get 

correspondence back that indicated that it was part of the jaw bone of an elephant, approximately 120,000 

years old.” 

 

Cape Vacca, CVPBB1501 

Possible fragments of an elephant tusk were found eroding out of a ‘clay bank’ in the dune field between 

Vleesbaai and Cape Vacca in 2015 (pers. comm., Frikkie Orban, 2020). This appears to be a Pleistocene 

palaeosol layer (Helm et al., 2021c). Reports from the farmer who owns the land indicate that further bones 

are exposed. 

 

Dana Bay, DBPB2101 

Two in situ exposures in section, found by Ilona Birch, of what may be the same bone; the rock faces are at 

right angles to each other in probable MIS 11 deposits. One measures 11 cm, the other 14 cm x 8 cm; in both 

cases a central trabecular pattern is evident. 
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Dana Bay, DBPB1901 

Discovered in 2019 by Aleck Birch in what he interprets from Roberts et al. (2008) as MIS 11 aeolianites, this 

bone has a well-defined trabecular pattern, and contains a fossa. Maximum dimensions are 9 cm x 7.5 cm. 

 

Dana Bay, DBPB1902 

An example of probable small bone fragments in MIS 11 sediments, identified in 2019 by Ilona Birch. 

Maximum dimensions are 6 cm x 2cm. 

 

Dana Bay, DBPB1903 

This site comprises three areas of possible bone concentration, described here from northwest to southeast. 

They were all identified in 2019 by Ilona Birch, and are all embedded in the same aeolianite layer, ~1.5 m 

below the transgressive lag deposits. 

 

The first measures 17 cm x 10 cm, is slightly concave, is set at an odd angle to the surrounding layers, and has 

smooth white portions. Bone identification is possible, but not certain. 2 m to the southeast are angular 

probable bone fragments (2.5 cm x 5 cm; 4 cm x 1.8 cm; 3 cm x 2 cm). A further 2 m to the southeast are a 

number of larger bone fragments with a trabecular pattern. The largest has measurements of 13 cm x 10 cm. 

 

Dana Bay, DBPB1904 

Another example of probable bone fragments found in MIS 11 deposits by Ilona Birch in 2019. 

 

Dana Bay, DBPB1905 

Possible tooth or shell, 10 cm x 6 cm, found by Ilona Birch in 2019. 

 

Dana Bay, DBPB2012 

A 30 cm-long probable bone alongside lithics in MIS 11 deposits. 

 

Leith’s Cave, LCPB1701 

In 1899 an article by ‘George Leith, Esq., of Pretoria’ appeared in a British scientific journal (Leith and Jones, 

1899). Within it, Section II dealt with ‘Caves at Mossel Bay’. Leith was a Scottish teacher and legal agent with 

an interest in archaeology, who resided in Mossel Bay and performed excavations at Cape St. Blaize Cave in 

1888. He heard stories of ‘Guano Cave’ west of town, from which loads of guano had been extracted for the 

preceding 20–30 years and carted away by local farmers, and exported. Investigating, he found a fifteen-foot-

high opening at the bottom of a 200-foot-high cliff, accessed via a steep path and descent of a high ladder. He 

described a cave that was 100 foot deep, 40 foot wide, and over 20 foot high, with extensive guano workings 

and many stone tools and bones. The cave was then ‘forgotten’ for more than a century. Local cavers Sinèad 

and Rudolf Hattingh determined to find the cave that had been so well known in the nineteenth century, but 

had vanished from public awareness. As no entrance could be identified from land, a helicopter was chartered, 
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and a potential cave entrance was identified. In 2017 an expedition team entered the cave and found 

substantial evidence that it was the cave Leith had explored. Because of the ubiquity of the name ‘Guano 

Cave’, they named it ‘Leith’s Cave’. 

 

One of the most intriguing features was what appeared to be the remnants of the ancient floor level, 

containing an assemblage of fossil bones, some of which were covered with flowstone, hinting that they were 

of considerable age. The height of the cave floor above sea level would have been sufficient to avoid 

inundation during the sea-level high-stands of MIS 5 and MIS 11. Pickering et al. (2013) reported aeolianite 

layers dated to ~ 1 ma nearby in caves at Pinnacle Point, and it is conceivable that these bone-containing 

sediments date from the Early Pleistocene. 

 

Also of note are small, fragile bones in the spall that has accumulated outside and below the entrance. There is 

a bird nesting site in the overlying cliffs, and these could represent avian bone material from this source. 

 

Hartenbos, HAPB1901 

A single unidentified bone was found in 2019 by Willo Stear and Charles Helm. The bone, measuring 9 cm x 6 

cm, was embedded in a loose slab above the high water mark, between Hartenbos and Little Brak River.  

 

Wilderness, WIPB1801 

Following a PowerPoint presentation in Wilderness in 2018, a report was received of fossil bones in the 

seldom-exposed rocks east of the Touw River mouth at Wilderness. A few weeks later a report was received 

from Gwenith Perry, with contact details for Mandie Van Rensburg, who had found possible bones in the same 

area. Visits to the site ensued. Substantial rhizoliths potentially caused confusion with bones. Furthermore, 

infill of large probable bathyergid burrows was also evident, creating further potential confusion with bone 

casts. Six sites wre examined, extending over a distance of 1400 m between Wilderness and Flat Rock. In some 

cases the structures were embedded in the rocks, or could be seen to pass through multiple bedding planes. 

One pattern that suggested a rib-cage was noted. In other cases, they had become detached from the rocks, 

and had washed up on the beach in between rocks, where they could be dug up with ease. The specimens 

were taken to Munro House at the Diaz Museum and entrusted to the staff of the Mossel Bay Archaeology 

project. No unequivocal bone features, such as a trabecular pattern, were noted, and the presence of bones 

cannot be inferred with any confidence.  

 

Kleinkrantz, KKPB1901 

This probable bone, with surrounding fragments, was identified in 2019 on a loose slab at Kleinkrantz by Mark 

Dixon. Maximum dimensions are ~17 cm x 2 cm. A smaller possible bone was evident beside it. 
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Kleinkrantz east, KKPB2001 

A partial long bone and a smaller fragment were identified in situ in 2020 by Mark Dixon, between Kleinkrantz 

and Gericke’s Point. Reported length was >30 cm. One articular surface was present. It might be the proximal 

end of an ostrich tibiotarsus with an eroded cnemial crest (pers. comm., Fred Grine via Curtis Marean, 2021). 

 

Gericke’s Point, GPPB2001 

Identified by Mark Dixon in 2020 at Gericke’s Point in an in situ layer that is usually deeply covered by sand, 

this enigmatic, ‘beak-like’ feature with an axis of symmetry does not appear to have a bony consistency. If it  

represents bone, it is probably a cast. 

 

Goukamma coast, GCPB0501 

An in situ site on the Goukamma coastline was identified in 2005 by Johan Huisamen, and is known to 

CapeNature staff. It comprises a number of bones, including multiple vertebrae. The site is almost always 

covered by sand, and only very occasionally exposed, and then only accessible at low tide 

 

Buffels Bay, BBPB1801 

The site was reported by Eugene Van Reenen, one of the Goukamma Rangers as described in Section 4.6.8. 

The co-occurrence of hand axes, bone material and alikreukels suggested a human occupation site, possibly 

related to stromatolites.  

 

BSPB2101 

Bone fragments associated with shell fragments and multiple MSA lithics were identified by Guy Thesen in an 

area measuring 8 x 6 m. The site lies ~500 m east of the main Brenton-on-Sea hominin tracksite BS1506, is only 

exposed at low tide, and is often covered by sand. 

 

Nahoon, NAPB1101 

According to Kevin Cole, Principal Natural Scientist at the East London Museum (pers. comm.), a cast of a 

human femur was found at Nahoon in 2011, embedded in coastal aeolianite deposits. The rock containing the 

cast was recovered and transported to the Council for Geoscience in Bellville. 

 

Note is made here of Pleistocene elephant and other bones found on the KwaZulu-Natal coastline. An elephant 

tusk, embedded in aeolianite at Reunion Rocks, south of Durban, was reported (Ramsay et al., 1993). Ionium 

dating provided a date of >112ka. Stratigraphic control suggested a date of ~130 ka. The elephant was shown 

to be a grass-grazer through carbon stable-isotopic analyses, and a marine signature was present on strontium 

isotopic analyses, either through marine diagenesis or through living along the coast. Anderson (1907) and 

Scott (1907) identified an assemblage of fossil bones in the Port Durnford Formation of the Maputaland Group, 

including those of elephant, rhincoceros, hippopotamus, and buffalo. A late Middle Pleistocene age was 

assigned by McCarthy and Orr (1978), who reidentified the site and reported a rhinoceros tooth. 
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Holocene sites 

 

Details of Holocene sites are provided as Table A2, followed by more comprehensive descriptions. Photos 

referred to can be found in the BONES HOLOCENE photo folder.The westernmost site lies ~11 west of the 

western end of the study area at Arniston; the easternmost site lies just east of the eastern end of the study 

area at Robberg. The remainder lie within the study area. 

 

Table A2: Holocene skeletal sites found in dunes or associated sediments. 

Locality Site # Description/taxon Latitude Longitude Photo #s 

De Mond DMB8901 elephant ~34° 42’ 38” ~20° 06’ 21”  

Arniston ARHB1301 uncertain, maybe hippopotamus 34° 38’ 42” 20° 14’ 48” ARHB1301A-C 

Still Bay SBHBxx01 elephant    

Still Bay SBHB9901 probable elephant 34° 22’ 06.9” 21° 24’ 13.5”  

Rietvlei RIHB2101 femur/humerus fragment 34° 21’39.0” 21° 30’ 59.4” RIHB2101A-C 

Nautilus Bay NBHB0901 elephant ~34° 12’ 57” ~21° 59’ 12” NBHB0901A-C 

Wilderness WIHB8001 hippopotamus skull, teeth, bones ~33° 59’ 44” ~22° 33’ 50” WIHB8001A-B 

Sedgefield SEHBxx01 hippopotamus    

Sedgefield SEHBxx02 hippopotamus    

Sedgefield SEHB1901 hippopotamus tusk 34° 02’ 03.5” 22° 48’ 05.6” SEHB1901A-C 

Brenton-on-Sea BSHB0101 elephant skull, pelvis, rib    

Robberg Beach RBHB1701 elephant jaw   RBHB1701A-B 

 

De Mond, DMHB8901 

In the late 1980s elephant bones, including a skull, were found in De Mond Nature Reserve in coastal dunes 

west of Arniston (pers. comm., Adrian Fortuin, 2017). They are on exhibit in the reserve. 

 

Arniston, ARHB1301 

An assemblage of bones, including teeth, was found by Robert Haarburger eroding out of a dune field north of 

Arniston. They are most likely hippopotamus bones. 

 

Still Bay, SBHB??01 

Elephant bones are on exhibit in the Blombos Museum of Archaeology in Still Bay. 

 

Still Bay, SBHB9901 

Jan De Vynck and Reon Meij examined probable elephant bones exposed during house construction in dunes 

near Still Bay. 

 

Rietvlei, RIHB2101 
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A large LSA midden contains a number of bones and fragments. These include a portion of a femur or humerus 

(including either the proximal knee or elbow joint surface), a vertebra with a long dorsal spine, and a smaller 

long-bone. 

 

Nautilus Bay, NBHB0901 

In late 2009 or early 2010 elephant skeletal remains, including humeri, were found eroding out of Holocene 

dunes (pers. comm., Fred Orban, 2020). While being investigated and described, they ‘disappeared’, but were 

returned 15 months later. They are reposited at Munro House, in the Diaz Museum in Mossel Bay. The find 

was reported in Cape newspapers as being between 500 and 700 years old, and in Skead et al. (2011, p. 98). 

 

Wilderness, WIHB8001 

Bones were found at Leentjiesklip in 1980 during renovations on the Raubenheimer property. According to 

Marjorie Raubenmeiher (current owner of the property) the bones were sent to the South African Museum in 

Cape Town, where they were identified as hippopotamus bones, “skull, bones and teeth, carbon dated to ± 

1040 AD". The bones were briefly placed on exhibit at the George Museum, and are currently in Marjorie 

Raubenheimer’s possession. 

 

Sedgefield, SEHBxx01 and SEHBxx02 

Rod Randall has reported that two hippopotamus partial specimens were identified beside the Swartvlei 

estuary, west of the residential development of ‘The Island’.  

 

Sedgefield, SEHB1901 

A probable hippopotamus tusk was found by a teenager in 2019 between PiliPili Beach Restaurant and the 

beach, reported by Mark Dixon. 

 

Brenton-on-Sea, BSHB0101 

Elephant bones were were dug up in the early 2000s in unconsolidated dune sand while building a bush camp 

in dunes ~100 m from the high water mark (pers.comm., Chris Gow, July 2021). Reportedly the bones included 

cranial material, pelvis and rib. They are reposited at the SANParks Diepwalle Museum.  

 

Robberg Beach 

An elephant mandible in good condition was identified in dunes along Robberg Beach in 2017 during road 

construction for a property development (pers. comm., David Scott, 2020; pers. comm., Peet Joubert, 2021). 

The mandible is apparently in the possession of the property developer in Plettenberg Bay. 

 

In addition to the above sites, human skeletal remains have been found at many sites within and beyond the 

study area. Sealy (2010) provided a table of 160 such sites from the Cape south coast with associated radio-

carbon dates ranging from ~380 years to ~9,380 years. The sites extended from Cape Agulhas to east of 
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Keurboomstrand. Many sites were from coastal dune fields, and were encountered during house or road 

construction (and were therefore commoner in developed areas). Site localities are not presented here. The 

amount of human skeletal material suggests that many skeletal elements from other animals have been found 

but not reported, with large bones such as those of elephant forming an exception because of their interest.  
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Appendix B: Unanticipated benefits 

 

The Cape south coast ichnology project exceeded all initial expectations, and led in a number of unexpected 

directions. Five vignettes are presented here to illustrate this. 

 

 

Learning from tracking in snow 

 

One of the great privileges that I have encountered as an ichnologist has been the ability to go cross-country 

skiing in the northern Canadian wilderness on almost a daily basis for five months per year. It is an experience 

to be recommended to any aspiring ichnologist.  

 

The capacity for morphological detail to be registered, such as pad impressions or digit impressions, is related 

to the grain size of the substrate. The finer the grain size, the more likely it is that such detail may be 

preserved. Snow, being one of the finest-grained substrates, has the capacity to preserve remarkably detailed 

track morphology (Figure A1). Understanding this principle, and being familiar with the medium of snow, allow 

for recognition of more subtle morphological signs in sand and aeolianite surfaces. 

 

 

Figure A1. The fine morphological detail evident in tracks in snow in British Columbia, Canada, reproduced 

from Lockley et al. (2022): (A) small-mammal tracks in a bounding gait pattern with pace length of ~20 cm; 

(B) red squirrel (Tamiasciurus hudsonicus) tracks, scale bar = 10 cm. 

 

In addition, the underlying principles of track registration and preservation are more immediately evident in 

snow than in sand (or rock); fundamentals of ichnology which might be learned slowly, intermittently and 

partially over years of tracking in sand or rock are readily recognizable in snow, and serve as a template for 
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understanding what happened on ancient dune and beach surfaces. A mantra is that ‘snow is the key to 

understanding sand, as evidenced by the following three examples. 

 

One example is the phenomenon of pedestalling. In snow, as a result of substrate compaction beneath tracks 

and subsequent preferential melting and wind scouring of the surrounding area, long trackways of pedestalled 

tracks, as much as 10 cm above the surface, may be evident. Effects in sand and in aeolianites are more subtle, 

but are clearly evident to a trained eye.  

 

Another example relates to the ‘crusted-surface phenomenon’ (Figure A2). Snow is particularly liable to form a 

crust, due to thawing and refreezing effects. On firm, crusted surfaces, no readily discernible track may be 

registered. However, where the crust is not as thick or firm, the trackmaker may puncture and penetrate the 

crust and register a track of varying depth in the softer underlying substrate. Tracks are therefore either 

absent/faint or deep, and the result is a trackway that seems to contain many ‘missing tracks’. Occasionally an 

‘overhang’ of the crust may be visible at the track margin. Remarkably, these features may all be identified in 

sand and in aeolianites, although the precise aetiology of crusts on sandy substrates is a subject worthy of 

further research. 

 

 

Figure A2. The ‘crusted-surface phenomenon’ in snow in British Columbia, Canada, reproduced from Helm et 

al. (2022b): (A) bounding gait pattern (direction towards the viewer) of a hare in snow – manus tracks did 

not penetrate the crust, whereas the pes tracks created deep cavities which have coalesced. (B) galloping 

gait pattern of a medium-sized canid – the first two sets of four tracks were made on a firm, crusted surface, 

in the third set manus tracks did not penetrate the crust but pes tracks did, and in the following sets all 

tracks penetrated the crust.  

 

A final example involves the observation of round or oval-shaped depressed areas (rather than raised 

displacement rims) occasionally surrounding tracks on the Cape south coast. To anyone not versed in tracking 

in snow, this might be an enigmatic or inexplicable phenomenon. However, it is not infrequently encountered 

in snow, and is related to less dense sub-surface areas (possibly as a result of the loss of moisture without 
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collapse of the substrate). Deeply impressed tracks (e.g., made by snowshoes) are surrounded by shallower 

oval areas where the surface has sunk slightly.  

 

In combination, these and other features that are observable in snow allow for an informed interpretation of 

tracks in sand and rock. Photographs of these phenomena in snow substrates formed figures in some of the 

published articles on Cape south coast ichnology. 

 

 

The oldest recorded reptile swim traces in Africa 

 

The advantage of a broad-based ichnology experience proved useful in regard to reptile swim traces. My 

familiarity with this form of trace fossil in northeastern British Columbia (Lockley et al., 2021d), led to the 

identification in that region of the largest reported trace fossils of crocodylians (as much as 12 m in length) in 

the global record (Plint et al., 2022). It also led to the identification of crocodylian swim traces in Africa at 

Gericke’s Point, first tentatively at GP1808 (Helm et al., 2020b) and then with confidence at GP1905 (Helm and 

Lockley, 2021), with a subsequent discovery at GP2201. It was claimed in these papers that these were the first 

reports of unequivocal reptile swim traces from Africa, given the lack of certainty regarding the Jurassic 

features described from a dinosaur site in Niger (Mudroch et al., 2011; Milner and Lockley, 2016).  

 

An unexpected turn of events ensued, prompted by an interest in rock art depicting tortoises as a result of the 

identification of tracks of a very large tortoise at LL1924. While rock art of chelonians did not prove to be of 

any use in determining the size or species of Pleistocene tortoises, an engraving at the Nooitgedacht glacial 

pavement site in the Northern Cape Province provided a surprise finding. At this site 2.7 billion-year-old 

volcanic andesite rock was scoured and polished by Palaeozoic (~300 Ma) glaciers, resulting in a hummocky, 

striated surface, with substantial bedrock exposures that became the canvas for thousands of rock engravings 

(McCarthy and Rubidge, 2005 – p. 196). One of these appeared to depict a chelonian, and beside it were four 

engraved, sub-parallel, slightly sinuous grooves, resembling a reptile swim trace (Figure A3).  

 

The inference is that an astute indigenous inhabitant of the region, probably within the last two millennia, 

recognized that terrapins (freshwater turtles) produce swim traces, and proceeded to engrave trace and 

tracemaker in close juxtaposition. For anyone not schooled in ichnology, this feature might be dismissed as an 

abstract geometric figure. The discovery and resulting discussions spawned a paper on the role of ichnology in 

rock art science, and the potential for collaboration between the two disciplines (Helm et al., in press a). 

Furthermore, the artist predated and nullified the claims that the Cape south coast swim traces were the first 

to be described from Africa. Reptile swim traces appear to have been recognized and engraved a long time 

ago, in an example of indigenous ichnological perspicacity. 
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Figure A3. The purported chelonian engraving (left) beside the engraving that resembles a reptile swim trace 

(right); Nooitgedacht, Northern Cape Province. 

 

 

Defending the ‘coastal model’ 

 

Based on archaeological evidence from the Ga-Mohana Hill site, in the Kalahari, a published paper in Nature 

claimed that “the emergence of human behaviours that are regarded as uniquely modern” was not limited to 

coastal Africa as previously postulated (Wilkins et al., 2021 – p. 252). The claim was founded on the presence 

at the site of ostrich eggshell fragments and allegedly manuported calcite crystals, dated to ~105 ka. It was 

therefore concluded that “behavioural innovations among humans in the interior of southern Africa did not lag 

behind those of populations near the coast”, and that “models that tie the emergence of behavioural 

innovations to the exploitation of coastal resources by our species may therefore require revision”  (Wilkins et 

al., 2021 – p. 248). 

 

These claims were not consistent with an understanding of the coastal model as exemplified by the corpus of 

research from the Cape south coast. With two colleagues (Julien Benoit and Robert Bednarik) this was 

addressed in the interest of scientific accuracy, firstly through indicating that manuporting behaviour is not 

confined to Homo sapiens (even being found in some avian families) and secondly through pointing out that 

the ‘coastal model’ involves a composite of multiple adaptations to a coastal existence that together form 

evidence for cultural complexity (Marean, 2010a). Our response was submitted to Nature but was not 

accepted, and was then published in the South African Archaeological Bulletin (Benoit et al., 2022). 
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Drawing attention to the scourge of graffiti 

 

A threat is posed to aeolianite surfaces by the increasing presence of graffiti. Not only does this deface visually 

attractive rocks and scar the landscape, but fossil tracksites may be affected or destroyed. The most egregious 

example occurs at Brenton-on-Sea at Jaap se Baai, where a probable hominin tracksite was rendered 

uninterpretable by graffiti artists before it was viewed by ichnologists. While the situation on the Cape south 

coast has not yet reached epidemic proporions, as has happened to the west and the east, the prevalence is 

increasing in a clearly worrisome trend. 

 

It was my privilege to author an article in Koedoe with ten co-authors from our research team (Helm et al., 

2021d). Attention was drawn to the importance of aeolianites as a heritage resource, and considered 

strategies that may help to address the scourge of graffiti. As a result, a start has been made in tackling this 

problem, and collaboration has begun with SANParks and CapeNature. 

 

 

Aesthetic dimensions 

 

In addition to these ‘scientific’ findings, there is an aesthetic dimension to many ichnosites. Many of the sites 

(e.g., at Robberg, De Hoop and at Gericke’s Point) occur in areas of dramatic coastal scenery – these are 

among the most spectacular ichnosite settings in the world. Some sites stand as examples of their kind, like the 

massive split block east of Still Bay that yielded a sand-swimming holotype (Figure A4), the manner in which 

Roberts Rock split before it slumped into the sea (Figure 6), or the track-bearing surface on the inaccessible 

ceiling of a sea-cave at Robberg (Figure A4). An aesthetic component can also be sought on a smaller scale: 

elephant tracks in hyporelief eroded into intricate forms, or bovid tracks that hang from a cave ceiling like 

stalactites (Figure A5). 

 

In addition, there are the aesthetic attributes of ammoglyphs, at least of those for which palaeoart seems to 

be a more probable explanation than utilitarian behaviour. The circle ammoglyph at Gericke’s Point and the 

triangular features and ‘stingray’ east of Still Bay bear testimony to a hitherto unimagined creative capability 

of ancestral hominins on the Cape south coast. 

 

In summary, the Cape south coast aeolianites possess a global significance. A succinct synopsis could include 

not only ichnological highlights and palaeoenvironmental inferences, but aesthetic attributes and associated 

intriguing geological phenomena. I confess a possible bias, as these are the rocks that I grew up among, and 

my tortuous journey of trying to understand them has been one of wonder. An image that epitomizes Cape 

south coast aeolianites and ichnosites is from Robberg, where a rock in a pile of loose slabs and blocks juts into 

the sky and contains an elephant trackway (Figure A6). 
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Figure A4. Rocks with aesthetic attributes: (A) the huge split block at Rietvlei; (B) a ‘wafer-thin’ rock 

between the western and eastern ladders that contained avian tracks on its lower surface; (C) the simplest 

way to photograph tracks on a ceiling at Robberg is to quickly enter the underlying sea cave at spring low 

tide on a calm day and watch for waves; (D) tracks occur on the ceiling of this sea cave at Robberg. 

 

 

Figure A5: Tracks with aesthetic attributes: (A) elephant (Loxodonta africana) tracks eroded into unusual 

shapes on the Goukamma coastline; (B) large bovid tracks on the roof of a tunnel at Robberg resemble 

stalactite pairs. 
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Figure A6. An image that captures the essence of Cape south coast aeolianites and ichnology: an elephant 

trackway graces the surface of a loose slab at Robberg. 
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Appendix C: Autobiographical sketch 

 

An unexpected event in 2000 provided me with an introduction to ichnology (the study of tracks and traces) 

and set in motion a course of events which led ultimately to this thesis. In that year my then eight-year old 

son, Daniel, and his friend (aged 11) correctly identified a dinosaur trackway a few kilometres from our home 

community of Tumbler Ridge, in northern British Columbia, Canada. I tried to help Daniel do justice to his 

discovery, which led in time to the establishment of a regional museum and research centre with a focus on 

palaeontology, and the formation of the second UNESCO Global Geopark in North America. It also contributed 

to the survival of the coal-mining community of Tumbler Ridge through economic diversification and tourism. 

Simply stated, ichnology helped to save a town. 

 

My work in ichnology began in 2001, under the mentorship of Dr. Richard McCrea, and later Dr. Lisa Buckley, 

focusing on Cretaceous dinosaur tracks. In exploring the Tumbler Ridge area in search of ichnofossils over the 

ensuing decades, I was involved in the identification of numerous dinosaur, avian and reptile ichnosites. I have 

been fortunate to be a co-author on a number of resulting ichnological publications. One highlight was the 

excavation of the only known tyrannosaurid trackways in the world. In the past year I have focused on the 

identification of Cretaceous giant crocodylian tracks and traces, which has brought me close to my African 

roots. Being involved in ichnological research on two continents has provided some benefits: because I am 

familiar with crocodylian swim traces in Canada, I was able to recognize and describe the first fossil crocodile 

swim traces in Africa, on the Cape south coast. 

 

I grew up in Cape Town and attended Medical School at the University of Cape Town, graduating there in 1981. 

However, all vacations and long weekends during my youth were spent at Great Brak River, between Mossel 

Bay and George, where my father had grown up. As a result, I became well acquainted with the Cape south 

coast, although at that time its global palaeoanthropological importance was not fully understood. I left South 

Africa for Canada in 1986, married a Canadian, and raised my family in Tumbler Ridge, while returning to South 

Africa when possible to familiarize my two children with my African origins.  

 

During these visits I met Dr. Curtis Marean, learned of the archaeological work being done at Pinnacle Point, 

and was able to show him caves of interest that I had explored in my youth. Because of my knowledge of 

dinosaur tracks, I was put in touch with Dr. David Roberts of the Council for Geoscience in 2007, who was one 

of the few scientists doing ichnological work in the region at the time. Dr. Roberts became my South African 

mentor in Pleistocene ichnology until his death in 2015, and I soon began to realize that there was a wealth of 

Pleistocene ichnofossil sites on the Cape south coast, where I had spent my youth. 

 

From these beginnings, what has become known as the ‘Cape south coast ichnology project’ was born. This 

has involved wide-ranging reconnaissance and subsequent scientific documentation of the footprints and 
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other traces found in the Pleistocene coastal deposits that are geologically dated to a range of ~400–35 ka. 

Annual field seasons allowed for the exploration of the coastline, the discovery of hundreds of sites, the 

development of a dedicated team of colleagues and scientists, and collaboration with organizations such as 

South African National Parks and Cape Nature. In 2016 I became affiliated with the African Centre for Coastal 

Palaeoscience at Nelson Mandela University, and was appointed a Research Associate in 2019. I have been 

privileged to publish or co-author a number of peer-reviewed publications through this institution since 2018. I 

retired from my medical practice in 2018 to devote myself to ichnology and my Ph.D. through the Department 

of Geosciences at Nelson Mandela University.  

 

I continue to spend the long northern hemisphere winters cross-country skiing daily with my wife Linda in the 

Canadian wilderness. This provides an unequalled opportunity to maintain my tracking skills. The underlying 

principles of track registration and preservation are much more evident in snow, and fortunately are 

transferable to varying degrees to what is seen in sand and rock. 

 

An unexpected privilege that has come my way as a result of the Cape south coast ichnology project has been 

the opportunity to contribute to the scientific understanding of the rocks of my childhood, at the mouth of the 

Great Brak River, where we still own a home. Two of the four ichnosites in those rocks provide unequivocal 

evidence of vertebrates travelling on Pleistocene beaches, and I can see some of these tracks from my front 

porch overlooking the river while enjoying a traditional South African ‘braai’. I doubt that there is any other 

ichnologist in the world with such good fortune. 

 

The Cape south coast ichnology project has delivered much more than was ever initially anticipated. The area 

proved to be a hithero little-recognized palaeontological treasure trove, almost entirely represented by an 

extraordinary fossil track record. There have been many unanticipated surprises, with implications for the 

scientific understanding of the region’s history. It has been a privilege for me to be able to synthesise this work 

into the format of this thesis. 

 

 

 

 

 

 

 

 

 

 




