
PALYNOLOGICAL INSIGHTS INTO 

AN 11,700-YEAR SEQUENCE OF 

VEGETATION CHANGE IN 

MASHISHING, MPUMALANGA, 

NORTHEASTERN SOUTH AFRICA 

Jerry O. Olatoyan 

A thesis submitted to the Faculty of Science, University of the Witwatersrand,                                               Johannesburg, in 
fulfilment of the requirements for the degree of Doctor of Philosophy 

2023 



i 

DECLARATION 

I, Jerry O. Olatoyan, declare that this work is my own original work. It is submitted for the 

degree of Doctor of Philosophy in the School of Geography, Archaeology and Environmental 

Studies at the University of the Witwatersrand, Johannesburg. This work has not been previously 

submitted for another degree or examination at any other university. 

Signed by: Jerry O. Olatoyan on this the 8th day of November 2023  



ii 

ABSTRACT 

In this thesis, the issue of distinguishing anthropogenic and climatic drivers of vegetation 

change was explored through the analysis of pollen, phytoliths and microcharcoal in core 

sediment records from Mashishing Fen in the Thaba Chweu Municipality, Mpumalanga 

province, northeastern South Africa, that date from ca. 11.2 – 11.7 ka BP to the present. In 

southern Africa, generally, the distinction between the contributions of anthropogenic and 

climatic factors to vegetation changes poses a complex challenge in palaeoenvironmental 

research. This difficulty often arises due to limited, well-dated palaeoenvironmental 

sequences suitable for correlations between archaeological and palaeoecological records. For 

the last 2000 years, there has been a scarcity of direct evidence for farming, such as grains and 

other domesticated plants, and pastoralism. A further difficulty is that some plant taxa may be 

indicators for intense droughts but also signify anthropogenic disturbances. 

At the centre of the thesis are three papers. The first comprises a synthesis of existing 

literature of archaeobotanical evidence that was done to evaluate the relationship between 

climate, anthropogenic activities, and vegetation change during the first millennium CE in 

southern Africa. I focussed on this context in the paper because it is a time in which the arrival 

of pastoralism and farming in the region makes it the most likely period during which distinct 

anthropogenic vegetation change occurred. The published data demonstrates that microfossil 

assemblages are potential indicators of anthropogenic activities of pre-European pastoralists 

and farmers of the region, with patterns including a decline in tree pollen and increases in 

microcharcoal,     spores of coprophilous fungi, open land/disturbance indicators, and ruderal 

species.  
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The second paper addresses some of the limitations of palynology as a method. A modern 

pollen- and phytolith-vegetation study was conducted on surface sediment samples linked to 

the botanical survey of five vegetation survey plots at and around Mashishing Fen to 

investigate the relationships between the modern pollen and phytoliths in the surface samples 

and the contemporary vegetation within the area. The results support the accepted view that 

pollen and phytoliths often do not track similar vegetation signals. The modern pollen 

assemblages clearly track forest and wetland vegetation, and the modern phytolith 

assemblages reflect grassland vegetation in the area. The study confirmed that differential 

phytolith and pollen production, dispersal and preservation substantially influence the proxy 

records and that combining phytolith and pollen data provides a more accurate basis for plant 

fossil interpretations in palaeoenvironmental studies. The results of this paper constrained my 

interpretation of the pollen data used in the third paper.  

Finally, pollen, spores and microcharcoal data from the core sediment records from 

Mashishing Fen (formerly the Lydenburg Fen) provide palaeoenvironmental records for 

approximately the last 11,2 to 11,7 ka years–most of the Holocene. The data is interpreted 

through the patterns identified in the first paper, including potential indicators of 

anthropogenic activities. The data of the earlier period provide a backdrop to possible 

anthropogenic change in the first millennium CE; the extended data illustrate 

paleoenvironmental changes that took place in a region occupied by hunter-gatherers but 

predate any possible anthropogenic influences by pastoralists or farmers. The core data 

suggests that the early Holocene began with moist and warm conditions that were followed by 

fluctuations between wet and dry conditions during the mid- Holocene and the decline of trees 

with the dominance of open-land indicators during the later Holocene, thereby providing the 
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basis for correlating the palaeoecological records with the archaeological records in the 

region. 
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CHAPTER 1: INTRODUCTION 

1.1. GENERAL INTRODUCTION 

In South Africa, the Holocene sequence, which spans ca. 11,700 BP to the present (Walker et 

al. 2012), is marked by a complex interplay of climate fluctuations, anthropogenic activities, 

and resultant environmental transformations. It is imperative to analyse this intricate 

relationship meticulously because it underpins our comprehension of the dynamic forces that 

have moulded and left indelible imprints on the region's vegetation landscapes. Often, these 

imprints are preserved in sedimentary records, offering remarkable potential for 

reconstructing long-term palaeoenvironmental changes at local and regional scales. This 

endeavour is facilitated by the application of diverse proxies, including pollen, spores, charred 

particles, phytoliths, and isotopes (e.g., Scott et al. 2012, 2022, 2023; Fitchett et al. 2017a; 

Sjöström et al. 2017; Esteban et al. 2018; Breman et al. 2019; Hahn et al. 2021; Mohale et al. 

2022). 

A meticulous examination of this intricate interplay reveals the multifaceted impact of 

anthropogenic activities, ranging from shifts in land use practices to industrialisation, on local 

and regional vegetation patterns over time (Baxter & Davies 1994; Neumann et al. 2011; 

Hahn et al. 2021; Olatoyan et al. 2022). Similarly, it reveals the region's climatic fluctuations, 

encompassing variations in precipitation, temperature, and sea levels, as well as its significant 

impact on both human communities and the broader environment (Neumann et al. 2010, 

2011, 2014; Scott et al. 2012; Metwally et al. 2014; Brook et al. 2015; Sjöström et al. 2017). 

The complex relationship between vegetation, climate, and fire activity forms a crucial nexus, 
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underscoring the critical role of pollen, spores, phytoliths and charcoal in reconstructing past 

environmental conditions. Fossil pollen, spores, and phytoliths offer insights into the past 

distribution of plant communities, enabling the reconstruction of past vegetation dynamics, 

climate fluctuations, and the extent of human influence on decadal and millennial timescales 

(Scott et al. 2012; Bamford et al. 2016; Ekblom et al. 2017; Sjöström et al. 2017; Breman et 

al. 2019; Morales-Molino et al. 2020). These proxies are invaluable when preserved in natural 

archives, such as lakes, wetlands, springs, swamps, marine environments, speleothems, and 

dung/hyrax deposits (Scott et al. 2004; Neumann et al. 2010; Festi et al. 2016; Breman et al. 

2019; Hahn et al. 2021). Additionally, the frequencies of charred particles, when recovered 

from soils, peat deposits, and lake sediments, provide crucial insights into past fire 

occurrences and the prevailing environmental contexts (Komarek et al. 1973; Umbanhowar & 

McGrath 1998; Nichols et al. 2000; Rose 2004; Bamford et al. 2016). This integrated 

approach, incorporating multiple proxies and natural archives, helps to unravel the intricate 

tapestry of past environmental changes during the Holocene in South Africa, thereby shedding 

light on the interplay of natural and anthropogenic factors that have sculpted the region's 

vegetation landscapes during the Holocene. 

This thesis focuses on the palaeoenvironmental reconstruction of the region around 

Mashishing, Mpumalanga, northeastern South Africa that was occupied by both hunter-

gatherers and farmers. The study provides insights from pollen, spores, and microcharcoal 

records from the Mashishing Fen in the Gustav Klingbiel Nature Reserve on the outskirts of 

Mashishing. The core spans from 9900±95BP (IT-C-3107), which using OxCal v4.4 (Bronk 

Ramsey 2023) calibrates to a range of 11,706 – 11,205 cal BP (92.2% probability) to the very 

recent past -90±134BP (IT-C-3108).  
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The broader research project unfolds as a cohesive narrative, encompassing several pivotal 

phases. It commences with Olatoyan et al. (2022), a review of archaeobotanical evidence in 

southern Africa, thereby establishing a foundational context essential for assessing 

anthropogenic and climatic indicators. This review paper focuses on the first millennium CE, 

because it is a period most likely to have experienced significant anthropogenic vegetation 

change due to the introduction of pastoralism and farming into the region at this time (e.g., 

Evers 1974a, 1974b, 1975, 1977a, 1977b, 1980, 1982; Klapwijk 1974; Marker & Evers 1976; 

Klapwijk & Huffman 1996; Whitelaw 1996; Antonites et al. 2014; Lander & Russell 2018; 

Schoeman 2020).  

The literature review is followed by a study aimed at reflecting on the limitations of 

palynology and phytoliths as methods. This delves into contemporary ecological dynamics, 

utilising the relationships between modern pollen, phytoliths, and vegetation as an approach to 

achieve more accurate palaeoenvironmental reconstruction. The final paper in this thesis 

extends its purview to encompass an exploration of the Holocene vegetation fluctuations. This 

paper details the vegetation change identified in the core from the Mashishing Fen. This does 

not predate human impact since hunter-gatherers lived in the region even before the Holocene 

(see e.g., Porraz & Val 2019; Backwell et al. 2022; Porraz et al. 2015 and Bader et al. 2020), 

but it does provide insights into the environmental conditions long before substantial 

anthropogenic change might have occurred. Subsequently, it explores the vegetation 

represented in the pollen record during and after the emergence of pastoralism and farming in 

South Africa, marking a critical juncture in the region's palaeoenvironmental history. Thus, 

this thesis uses a systematic structure to offer insights into the interplay of climate and 

anthropogenic influences on Mashishing’s vegetation landscape.  
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The Mashishing Fen, ca. 2500 m2 in size (Sjöström et al. 2017), was chosen as the focal point 

of this research for several reasons, each underlining the significance of wetlands in 

palaeoenvironmental reconstruction. Wetlands, as natural archives, are sensitive to 

anthropogenic and environmental changes (McCarthy & Hancox 2000; Ellery et al. 2016). 

This sensitivity makes them indispensable repositories for reconstructing short and long-term 

historical shifts and dynamic natural processes (e.g., Scott & Nyakale 2002; Scott et al. 2003; 

Kristen et al. 2007; Norström et al. 2009; Finné et al. 2010; Neumann et al. 2014).  

An essential attribute of wetlands is their preservation potential for organic remains. Over 

time, they accumulate sediments in a stratified manner, fostering the chronological layering of 

organic (e.g., micro- and macrofossils) and mineral components (McCarthy et al. 2010; Ellery 

et al. 2016). This stratigraphic deposition of materials within wetlands is pivotal for 

reconstructing past environmental conditions and the interplay of ecological elements. 

Also, the fen was known to have accumulated during at least the last 1700 years (see Sjöström 

2015:52; Sjöström et al. 2017). The archaeological sequence of this period includes 

occupation of the area by Later Stone Age hunter-gatherers, initial settlement by Early 

Farmers and the development of a terrace-based agricultural system by Bokoni Farmers. This 

accumulation period and the strategic proximity of the Mashishing Fen to known 

archaeological sites amplifies its significance. The sites are the Lydenburg Heads Site and 

Klingbiel (Evers 1980, 1982), and Bokoni stonewalled and terraced sites (see Delius & 

Schoeman 2008; Delius et al. 2012; Widgren et al. 2016 for more on Bokoni) (Fig. 1), 

including sites, immediately upslope from the fen.  

The data from the fen enhance the capacity to contextualise palaeoecological records within 
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the broader framework of archaeological records. This is particularly important because 

although the archaeological sequence for the area has been clarified, there is a relative dearth 

of knowledge about concurrent shifts in vegetation composition and prevailing environmental 

conditions (notable exceptions in my study region include Sjöström 2013; Hattingh 2014; 

Sjöström et al. 2017; Schoeman et al. 2019).  

Figure 1. Mashishing Fen (yellow dot) in local archaeological context. 

1.1.1. Palaeoenvironmental context 

Mashishing, where my study site is located, is in the summer rainfall region (SRR) of South 

Africa. Generally, the Holocene palaeoenvironmental record of the SRR of South Africa has 
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received significant attention (Breman et al. 2011; Scott et al. 2012; Fitchett et al. 2017b). 

Regional studies consistently reflect the dynamic fluctuations of past environmental 

conditions, with a particular focus on the late Holocene. Various records across the region 

(e.g., Tyson & Lindesay 1992; Holmgren et al. 1999; Tyson et al. 2000; Holmgren et al. 

2003; Scott et al. 2012; Breman et al. 2011; 2019; Stager et al. 2013; Chevalier & Chase 

2015) demonstrate the irregular alternation of warm and cold/cool periods with wet and dry 

cycles spanning the last 11,700 years.  

While limited palaeoenvironmental data are available for Mpumalanga, the bordering regions 

have witnessed a plethora of research into past environments, with several proxy records 

indicating the occurrence of a widespread dry episode ca. 2000 years ago (Scott et al. 2012). 

The palaeoenvironmental records from the north, south and west of Mpumalanga (Fig. 2; 

Table 1), nevertheless demonstrated sufficient variability to indicate that a general climatic 

and environmental model would fail to recognise local variations (Holmgren et al. 2003; 

Smith et al. 2007; Scott et al. 2008; Neumann et al. 2008, 2010; Norström et al. 2009; Stager 

et al. 2013; Truc et al. 2013; Metwally et al. 2014; Woodborne et al. 2015, 2016). Phytolith 

studies at Verloren Valei, Versailles and Graskop in Mpumalanga (Fig. 2, ca. 42 km, 46 km, 

40 km from the Mashishing Fen respectively) indicated cool and dry conditions during ca. 

10,000-8000 BP followed by warmer and wetter conditions between ca. 8000 and 4000 BP, 

cooler and drier conditions between ca. 4000 and 2000 BP, and a return to general warm and 

wet conditions at ca. 2000 BP–present with alternating warm/wet and cool/dry episodes 

(Breman et al. 2019).



7 

Figure 2: Map of South African Biomes (adapted after Mucina and Rutherford, 2006) showing the approximate location of the study area and 
sites discussed in the text, BC-Border Cave, BH- Braamhoek, BR- Bushman Rock Shelter, CL-Clarens area, ES-Eiland Salt works, ESI- 
Esikhunjini, FL-Florisbad, GK- Graskop, H-Harmony, HE- Heuningneskrans, HK- Honingklip, HM- Ha Makotoko, IP- Iron Pig Shelter, KG-
Komati Gorge, KL-Klingbiel, KM-KwaMaza, KN- KoNomtjarhelo (Erloweni), KW-Khutwaneng (Badfontein), Lake Eteza- Lake Eteza, LS-
Lake Sibaya, LH-Lydenburg Heads Site, Mfabeni peatland, MK-Makapansgat Cave, MQ- Mahwaqa mountain, MR-Moreletta Stream, NT- 
Ntloana Tsoana, PF-Pafuri, RD-Rietvlei Dam, SE- Sehonghong, SF- Scot’s Farm, SK- SK17, SL-Silver Leaves, TC-Tswaing Crater, TL- 
Tloutle, TS-Tshisiku shelter, TV-Tate Vondo, VS-Versailles, VV-Verloren Valei, WE- Welgelegen; WK-Wonderkrater. 
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Hattingh’s (2014) phytolith analysis at a Komati Gorge Homestead and Buffelskloof (Fig. 1) 

proposed generally cool and semi-arid climatic conditions indicative of lower rainfall than at 

present during Bokoni site occupation (16th–19th century). Vegetation changes were inferred, 

but with no clear record and chronological evidence. The lack of a clear record and the 

apparent absence of certain plants is not surprising because only certain taxa produce 

phytoliths; grasses are an exception and regularly produce phytoliths (Piperno 2006).  

Grass phytolith studies at Mashishing (formerly Lydenburg) Fen (Fig. 2), ca. 98 km from 

Komati Gorge, indicated a different record to the inferred Komati Gorge and Buffelskloof 

interpretations and suggested that drier conditions around AD 1300 were followed by wetter 

and warm conditions that continued till present (Sjöström 2013). The early phase (ca. AD 

300–AD 1350) experienced moderate to semi-arid conditions, while the latter phase (ca. AD 

1350–present) witnessed increasingly mesic conditions (Sjöström et al. 2017). The data 

indicated higher moisture levels during the Bokoni occupation than at present. Schoeman et 

al. 2019 corroborated Hattingh’s (2014) inferred cooler and drier climate conditions through 

carbon isotope analysis of tree rings from Buffelskloof. Clearly, the Lydenburg Fen and 

Komati Gorge data suggest the prevalence of differing and varying climatic and 

environmental conditions in Mpumalanga in the past. 

Further south, within the Grassland Biome, recent palaeoclimatic records, including pollen, 

charcoal, and mineral magnetics from Braamhoek wetland (Fig. 2), shed light on the nuanced 

climatic dynamics in the eastern Free State. These records suggest increased moisture ca. 

12,000 and 10,000-8500 BP, drier conditions ca. 7000-2000 BP, followed by a resurgence of 

regional wetness ca. 2000 BP-present (Norström et al. 2014). These data are in accord with 

previous phytolith and diatom studies at Braamhoek wetland, indicating a wet phase ca. 
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10,500-9500 BP, characterised by relatively moist conditions.  

Finné et al. (2010) also suggested that the mid-Holocene, which they identify as ca. 8000 BP, 

was marked by somewhat drier conditions, with a transition to slightly more humid conditions 

ca. 2000 BP. The interpretation of regional dryness during the mid-Holocene is supported by 

Florisbad pollen data from the central Free State (Fig. 2), where warm, relatively dry 

conditions and high local evaporation were recorded at ca. 6500 BP. In contrast, the period 

from ca. 4200-2500 BP commenced with subhumid conditions but later became semi-arid 

after ca. 2500-1700 BP (Scott & Nyakale 2002). The pollen data from Mahwaqa Mountain in 

KwaZulu-Natal (Fig. 2) follow a similar climatic trend from the early to late Holocene 

(Neumann et al. 2014). However, these studies contrast with the pollen records from sites in 

the Clarens area, east of Florisbad (Fig. 2). Although the Holocene record at the Clarens area 

is incomplete, the early Holocene was dominated by grassland and fynbos vegetation, 

suggesting relatively warm and dry conditions during this period. In contrast, the late 

Holocene pollen records were dominated by grassland, indicative of subhumid conditions 

with summer rains (Scott 1989). These data further emphasise the variability and complexity 

of climatic patterns during the Holocene and their potential impacts on the local 

environments. 

Further north of Florisbad, the Rietvlei Dam pollen record (Fig. 2) indicates contrasting 

Holocene climatic dynamics. This record reflects slightly drier conditions, ca. 8500 BP, and 

this represents the driest phase within the sequence. The mid-Holocene witnessed moist sub-

humid conditions ca. 7000 BP, and after ca. 3000 BP moist conditions with a predominance of 

open grassland (Scott & Vogel 1983). Palynological investigations from the Moreletta Stream, 

near Pretoria (Fig. 2), align with the pollen data derived from Rietvlei Dam. These 
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investigations corroborate an early Holocene dominated by open, drier vegetation. 

Subsequently, the mid-Holocene record showed warm and wetter conditions and ca. 1000 BP 

conditions appear moist (Scott 1984). However, the absence of a well-detailed pollen 

sequence and radiocarbon data from the two sites between 5000 and 1000 BP limits a 

comprehensive comparison with other regional sites, and robust palaeoenvironmental 

reconstruction for the area during this period. 

In the Savanna Biome, a detailed understanding of Holocene vegetation and 

palaeoenvironmental changes has been facilitated by recent interpretations of pollen 

sequences from Tswaing Crater and Wonderkrater (Scott et al. 2003; Kristen et al. 2010; 

Metwally et al. 2014; Scott 2016). The pollen and charcoal data obtained from Tswaing 

Crater (Fig. 2) suggest drier conditions ca. 9400-7200 BP, warm and humid conditions ca. 

7200-3750 BP and warm subhumid woodland conditions during the late Holocene (ca. 3750-

1800 BP) (Metwally et al. 2014). These data align with biomarker and stable carbon isotope 

analyses at Tswaing Crater, where the conditions ca. 10,000-7500 BP became predominantly 

arid, followed by a period of increased humidity ca. 7500-5500 BP (Kristen et al. 2010; 

Schmidt et al. 2014).  

For the Wonderkrater sequence (Fig. 2), pollen data by Scott et al. (2003, 2008) show 

correlations with the interpreted relatively dry savanna conditions for the region during the 

early Holocene (Kristen et al. 2010; Metwally et al. 2014). However, this contrasts with the 

suggested relatively moist conditions by Chase et al. (2010), Truc et al. (2013) and Chevalier 

and Chase (2015) for the same period. While a relatively wetter condition was suggested 

during the late Holocene (4000 BP–present) (Scott & Thackeray 1987; Scott et al. 2008), a 

recent study proposed relatively dry conditions based on probability density functions (pdf) 
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derived from the analysis of fossil pollen data (Truc et al. 2013). The apparent disparities in 

moisture indications generated by different methodological approaches emphasise the need 

for additional independent records to facilitate more consistent and reliable interpretations in 

palaeoenvironmental reconstruction. The integration of multiple interpretive methods, 

enhanced by a broader and more diverse dataset, can aid accurate palaeoclimatic 

reconstruction and its impact on the vegetation dynamics during the Holocene.  

The stalagmites data at Cold Air Cave in the Makapansgat valley (Fig. 2) accord with the 

Tswaing and Wonderkrater pollen records, indicating generally warm and dry conditions ca. 

10,000-6000 BP, but cool and dry conditions ca. 6000-3000 BP and warm and wet conditions 

ca. 3000 BP-present (Tyson et al. 2000; Holmgren et al. 2003). This is also evidenced at 

nearby sites such as Scot’s Farm and Tate Vondo (Fig. 2), showing similar conditions though 

with subtle temporal variations (Scott 1982a, 1987).  

Further to the east, records from the coastal region of KwaZulu-Natal reflect slightly varying 

palaeoenvironmental conditions during the Holocene. Palynological and geochemical analyses 

suggested relatively cool/warm and moist conditions at Mfabeni peatland (Fig. 2) ca. 10,000-

7000 BP and cool and dry conditions during ca. 7000-3000 BP and ca. 3000 BP-present 

(Finch & Hill 2008; Baker et al. 2014, 2017; Miller et al. 2019, Fietz et al. 2023). However, 

Baker et al. 2014 suggested warm conditions at Mfabeni for the late Holocene due to the 

continuous decrease of δ15N and the positive δ13C, which are interpreted to indicate 

waterlogged conditions. These data contrast with the pollen records from Lake Eteza and 

Lake Sibaya (Fig. 2), where a shift from humid to drier grassy environments was recorded at 

Lake Eteza ca. 10,200-6800 BP. Meanwhile, both sites indicate warm and humid conditions 

ca. 7100-3600 BP. From ca. 3600 BP to the present, drier conditions were recorded at Lake 
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Eteza, while cool and moist conditions were recorded at Lake Sibaya (Neumann et al. 2008, 

2010). The palaeoenvironmental data from these sites corroborate the extreme climatic 

fluctuations present during the Holocene at both local and regional scales. 

Generally, Chevalier & Chase (2015) proposed a dynamic and variable climate for the late 

Holocene in South Africa. They suggested that the central-eastern region experienced 

relatively drier conditions, while the northern areas exhibited relatively moist and cool 

conditions during the late Holocene. For instance, carbon isotope studies at Pafuri (Fig. 2) 

recorded the driest period in the northeastern region during the Little Ice Age (AD 1635, AD 

1695 and AD 1805) and the wettest period during the Medieval Warm Period (AD 1075) 

(Woodborne et al. 2015). A similar record at Mapungubwe (Fig. 2) accounted for the same 

climatic variations, though with localised effects (Woodborne et al. 2016). Conversely, 

phytolith studies at Mashishing (formerly Lydenburg), Mpumalanga, indicated a moderate to 

dry environment ca. AD 300–1350 and increasingly mesic conditions ca. AD 1350–present 

(Sjöström et al. 2017). Further studies in the Shashe-Limpopo River Basin using stable 

nitrogen isotopes identified wetter conditions until AD 1450, contradicting the drier 

conditions earlier suggested by Huffman (1996) based on external palaeoenvironmental data 

(Smith et al. 2007). Ekblom et al. (2011) indicated that expanding agricultural activities ca. 

AD 800–950 probably occurred because of moderate to high rainfall conditions in the 

Limpopo Valley. In contrast, the speleothem record from Makapansgat cave (Fig. 2) indicated 

cool and dry conditions ca. AD 1300 (Holmgren et al. 2003). 

The more distant pollen record from Lake Eteza reflected vegetation changes probably due to 

farming ca. AD 1250 and/or generally cool and dry conditions during the late Holocene 

(Neumann et al. 2010). The pollen record from Lake Sibaya indicated more humid conditions, 
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ca. AD 450–650, and cool and dry conditions ca. AD 1500–1700 (Neumann et al. 2008). The 

Lake Sibaya diatom record suggested that the Medieval Warm Period had above average 

moisture levels, whereas the Little Ice Age was generally drier. Nevertheless, the diatom data 

indicated that there was no uniform wetness or dryness during the Medieval Warm Period 

(MWP) or Little Ice Age (LIA), respectively. For instance, several episodes of increased 

moisture were identified at AD 220–290, AD 790–830, AD 1470–1540 and AD 1760–1860 

(Stager et al. 2013).  

These data reflect the intricacies of precipitation and temperature distribution and underscore 

their irregular patterns at intra- and inter-site levels. Hence, the idea that the Medieval Warm 

Period or Little Ice Age was uniformly wet or dry should be treated with caution. It is, 

therefore, imperative to rely on more extensive and well-dated sequences of high-resolution 

proxies (e.g., pollen, phytoliths, isotopes, charcoal) comprising the MWP and LIA for better 

and accurate interpretations to refine our understanding of these climatic events (Scott et al. 

2012). This underscores the complexity of past climatic changes and further emphasises the 

need for a nuanced approach in palaeoenvironmental studies.  

1.1.2. Archaeological Context 

The Later Stone Age and Farming Communities sequences represent a significant period in 

the history of human occupation during the Holocene (Stynder et al. 2007; Stynder 2009; 

Villa et al. 2012; Lombard et al. 2012, 2022; Antonites & Antonites 2014; Bader et al. 2020; 

Olatoyan et al. 2022). In South Africa, defining and setting the Later Stone Age (LSA) time 

boundaries has been a somewhat problematic and challenging task, mostly due to 

controversial dates and variations in characteristic assemblages.  
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The Later Stone Age in South Africa is characterised by various lithic and other artefact 

assemblages that span approximately the last 40,000 years. The presence of hafted microlithic 

tools, bows and arrows, bored stones, fishing tools, shell beads, and engraved decorations on 

bones and wood marks these technocomplexes. Polished stone tools, such as awls and 

arrowheads, are also characteristic (Wadley 1993; Deacon & Deacon 1999; Lombard et al. 

2012; Villa et al. 2012). While providing a comprehensive discussion of the classification 

criteria and characteristic assemblages of the LSA is beyond the scope of this thesis, Lombard 

et al. (2012) have offered a summary of the distinct LSA technocomplexes and their 

chronologies. These complexes include the early LSA (40-18ka), Robberg (18-12ka), 

Oakhurst (12-7ka), Wilton (8-4ka), final LSA (4-0.1ka), and ceramic final LSA (<2ka). 

Notably, this classification demonstrates that only the Oakhurst to ceramic final LSA 

complexes span the Holocene sequence (Lombard et al. 2012, 2022). 

The Oakhurst complex, dated to approximately 12,000 to 7,000 years ago, is distinguished by 

the presence of scrapers, adzes, and polished bone tools with few or no microliths. Notable 

Oakhurst sites include the Bushman Rock Shelter in Mpumalanga (Fig. 2), dated to 9940±80 

BP (Sampson 1974), Ha Makotoko, and Ntloana Tsoana in Lesotho (Fig. 2), dated to 9970±90 

and 9690±120 respectively (Mitchell 1993; Mitchell & Arthur 2010), as well as Sehonghong 

in Lesotho (Fig. 2), dated to 9740±140 (Mitchell 1996). The Wilton complex, dating from 

approximately 8000 to 4000 years ago, is characterised by backed microliths, scrapers, ochre, 

beads, bone, shell, and wooden items.
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Table 1: Summary of selected palaeoenvironmental studies in the summer rainfall region with inferred palaeoclimatic conditions. 

Proxy(ies) Locations (s) Biome Ca. 11,700-8000 BP 
(early Holocene) 

8000-4000 BP 
(middle Holocene) 

4000 BP- present 
(late Holocene) 

Reference(s) 

Phytolith Verloren Valei, 
Versailles and Graskop 

Grassland Cool and dry Warm and wet Cool and dry/warm 
and wet 

Breman et al. 2019 

Phytolith Mashishing Fen Grassland - - Dry/warm and wet Sjöström et al. 2017 
Pollen, charcoal, mineral 
magnetics 

Braamhoek wetland Grassland Wet Dry Wet Norström et al. 2014 

Phytoliths, diatom Braamhoek wetland Grassland Wet Dry Wet Finné et al. 2010 
Pollen Florisbad Grassland - Warm and dry Wet/dry Scott & Nyakale 2002 
Pollen Mahwaqa Grassland Wet Dry Wet Neumann et al. 2014 
Pollen Clarens Grassland Warm and dry - Wet Scott 1989 
Pollen Rietvlei Dam Grassland Dry Wet Wet Scott & Vogel 1983 
Pollen Moreletta Stream Grassland Dry Warm and wet Wet Scott 1984 
Pollen, charcoal Tswaing crater Savanna Dry Warm and wet Warm and Wet Metwally et al. 2014 
Biomarkers, stable carbon isotope Tswaing crater Savanna Dry Warm and wet - Kristen et al. 2010; Schmidt 

et al. 2014 
Pollen Wonderkrater Savanna Dry Wet Wet Scott & Thackeray 1987; 

Scott et al. 2003, 2008 
Probability density function of 
fossil pollen 

Wonderkrater Savanna Wet Dry Dry Chase et al. 2010; Truc et al. 
2013; Chevalier & Chase 
2015 

Stalagmites Cold Air Cave ( 
Makapansgat valley) 

Savanna Warm and dry Cool and dry Warm and wet Tyson et al. 2000; Holmgren 
et al. 2003 

Pollen, geochemical Mfabeni peatland Indian Ocean 
Coastal Belt 

Cool/warm and wet Cool and dry Cool and dry Finch & Hill 2008; Miller et 
al. 2019; Fietz et al. 2023 

Pollen, geochemical Mfabeni peatland Indian Ocean 
Coastal Belt 

Cool/warm and wet Cool and dry Warm and wet Baker et al. 2014 

Pollen Lake Eteza Indian Ocean 
Coastal Belt 

Dry Warm and wet Dry Neumann et al. 2010 

Pollen Lake Sibaya Indian Ocean 
Coastal Belt 

- Warm and wet Cool and wet Neumann et al. 2008 
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Notable Wilton sites include Sehonghong in Lesotho, dated to ca. 5950±70 BP (Mitchell 1996), 

Tloutle (Fig. 2), dated to ca. 7230±80 BP (Mitchell 1993), and Tshisiku Shelter in Limpopo (Fig. 

2), dated to ca. 5440±60 BP (van Doornum 2007). The final LSA, encompassing the period from 

around 4000 to 100 years ago, is marked by large flakes, scrapers, blades, bladelets, worked 

bones, beads, ochre, backed tools, and adzes. The final LSA at Tshisiku Shelter in the Limpopo 

savanna (Fig. 2) dates to 2960±60 BP (van Doornum 2007). In summary, the LSA in South 

Africa presents a diverse and intricate picture of cultural and technological development, 

comprising various technocomplexes across different chronological periods. Understanding these 

complexities and their environmental contexts is essential for gaining deeper insights into the 

dynamic societies that occupied the region. 

The archaeological sequence for the last 2000 years has been clarified in previous studies 

suggesting that the first farmers arrived in southern Africa ca. 2000 years ago. In South Africa, 

the early farming sites are relatively small sites (e.g., ca. 6–8 ha) with no stone walls (Maggs & 

Ward 1984; Maggs & Whitelaw 1991; Smith 1992; Huffman 1996; Mitchell 1996; Mitchell & 

Whitelaw 2005;                       Lander & Russell 2018). Crops associated with the early farming communities 

include pearl millet (Cenchrus americanus, syn. Pennisetum glaucum), sorghum (Sorghum 

bicolor), and cowpea (Vigna unguiculata) were introduced into South Africa from other regions 

of Africa, whereas maize (Zea mays) is a recent introduction from the North American coast 

(Marshall & Hildebrand 2002; Mitchell 2002; Antonites & Antonites 2014; Crowther et al. 

2018). Remains associated with these farmers, such as metal objects, slag, ceramics, and animal 

bones (cattle, sheep/goat) have been recovered from several sites in my study area (e.g., Evers 

1974a, 1974b, 1977a, 1977b, 1980, 1982; Whitelaw 1996).  
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The earliest archaeological sites providing evidence of early farming in South Africa contain Silver 

Leaves/Matola pottery (fluted bowls and bevelled jar rims) belonging to the Kwale Branch of the 

Urewe tradition (Huffman 1989; Maggs & Whitelaw 1991; Huffman 1996; Klapwijk & Huffman 

1996). The earliest records of Silver Leaves pottery identified at Silver Leaves near Tzaneen 

northwest of Mashishing (formerly Lydenburg) (Fig. 2) dated between AD 250 and 420 

(Klapwijk & Huffman 1996). The dates from Silver Leaves are slightly later than the earliest 

dates from Mozambique, which are AD 140 ± 50 (R-1327) for Matola and A.D. 175 ±85 (St-

9836) for the University Campus (Maggs & Whitelaw 1991). The earliest dates obtained from 

the Lydenburg Heads Site (Fig. 2), probably associated with Mzonjani pottery that belong to the 

second facies of the Urewe tradition, range between the 6th and 8th century AD (Inskeep & 

Maggs 1975; Evers 1982; Whitelaw 1996).  

Often, the early farming sites are situated in areas with viable agricultural soils and favourable 

climate. Huffman (1996) proposed that the site locations provide direct evidence of past climates. 

He further argued that farmers chose specific habitats with favourable local climate that 

facilitated successful subsistence activities and settlement. These, often untested, correlations 

between climate change and failure or success of subsistence farming are assumed to be 

associated with large-scale climatic phases, namely the Medieval Warm Period (AD 900–1300) 

and the Little Ice Age cold period (AD 1300–1850) (Tyson & Lindesay 1992; Brook et al. 1997; 

Tyson et al. 2000; Holmgren et al. 2003; Stager et al. 2013; Weldeab et al. 2013; Zinke et al. 

2014; Hopper et al. 2018). The assumptions are a result of limited-local palaeoenvironmental 

records largely due to scarcity of suitable archives, poor dating, low temporal resolutions and 

differential proxy preservation (Smith 2005; Scott et al. 2012; Fitchett et al. 2017b). 
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The Early and Middle Farming Communities occupations (ca. AD 900–1300) overlap in 

northeastern Africa, with few exclusively Middle Farming Community sites; exceptions include 

the Eiland Salt Works (Fig. 2) (Evers 1975) and Klingbiel (Evers & Hammond-Tooke 1986). 

These sites are contemporaneous with the Shashe-Limpopo Confluence Area sites.  

Early Later Farming Community sites are similar in size to Early Farming Community sites. The 

Later Farming Community sites dating from the 15th to the mid-19th century are much larger 

(ca. 22–67 ha) with stonewalling components. These sites include the Ndebele capitals 

KwaMaza, Esikhunjini and Erloweni (Figs 1&2) (Schoeman 1997, 1998a, 1998b) and the 

extensive stonewalling sites of Bokoni located between Ohrigstad in the North, via Lydenburg 

and Machadodorp, to Carolina in the South (Collett 1979, 1982; Delius et al. 2012; Birin et al. 

2021). It is likely that there was interaction between these farming communities and the hunter-

gatherers already living in the region. This is evidenced by Farmer Community material culture 

(e.g., pottery) present in LSA contexts shelters and caves such as Heuningneskrans (Fig. 2) 

(Porraz & Val 2019), Border Cave (Fig. 2) (Backwell et al. 2022), Welgelegen (Fig. 2) 

(Schoonraad & Beaumont 1971), Bushman Rock Shelter (Figs 1&2) (Porraz et al. 2015), 

Honingklip (Figs 1&2) (Korsman & Plug 1994) and Iron Pig Shelter (Figs 1&2) (Bader et al. 

2020). 

1.2. OVERVIEW OF THESIS 

In this thesis, I explore the use of microfossils (pollen, spores, microcharcoal) recovered from 

sediments at Mashishing Fen, Mpumalanga, northeastern South Africa (Figs 1& 2), for the 

palaeoenvironmental reconstruction of vegetation landscapes in the region, over the last 11,700 

years. Additionally, I use a synthesis of existing archaeobotanical data to assess the pattern of 
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vegetation changes during the first millennium CE, and modern pollen and phytolith samples to 

understand the relationships between their modern assemblages in surface soils and 

contemporary source vegetation.  

1.3. RATIONALE AND RESEARCH PROBLEM 

Some researchers have posited a connection between widespread flake production ca. 12,000 -

7000 BP and the expansion of hunter-gatherer societies associated with the Oakhurst 

technocomplex ca. 11,900-10,000 BP. This linkage has been attributed to environmental 

influences (Wadley 1993; Chase et al. 2018). Furthermore, Deacon (1984) and Mitchell (2005) 

have proposed that the transition from the Robberg to Albany technocomplexes occurred during 

the early stages of the Late Glacial Climate amelioration. This transition is marked by shifts in 

artefact assemblages, reflecting the possible ecological challenges the LSA communities faced 

and their corresponding adaptations. However, it is important to note that the timing and extent 

of moisture conditions during this period can vary significantly across different geographical 

regions (Smith 2005). Additionally, it is often argued that the observed patterns in 

palaeoenvironmental records, such as a decline in forest areas coupled with an increase in open-

land indicators, can be attributed to climate change and/or anthropogenic activities (Li et al. 

2008; Scott et al. 2003; Finch & Hill 2008; Breman et al. 2011; Hahn et al. 2021). It is, 

therefore, imperative to undertake further research to provide additional high-resolution data 

with well-established chronologies to obtain independent records essential for reconstructing the 

long-term dynamics of human-environment relationships. Also, these independent records will 

provide specific insights across various spatial and temporal contexts to account for the inherent 

variability at different periods and regions.  
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Since the early 20th century, extensive research has focused on the archaeology of the   Early to 

Later Farming Communities (AD 250-1900) in South Africa. (e.g., Evers 1974a, 1974b, 1977a, 

1977b, 1980; Klapwijk 1974; Whitelaw 1991; Klapwijk & Huffman 1996; Mitchell & Whitelaw 

2005; Delius et al. 2012; Antonites & Antonites 2014; Antonites et al. 2014; Jordaan 2017; 

Schoeman 2020). The few archaeological sites studied in northeastern South Africa have yielded 

key information on human settlement and architectural patterns (e.g., van Hoepen 1939; Marker & 

Evers 1976; Maggs 1995; Coetzee 2005), the identity of the people (Schoeman 1998a; Huffman 

2004; Delius & Schoeman 2008), site distribution patterns and preferred settlement locations 

(Maggs 2008; Delius et al. 2012), and trade (Evers 1974a). 

In addition, previous studies from northeastern South Africa recorded the presence of farmers in 

the region and significant, albeit not abundant, evidence of cultivation. These studies include the 

recovery of potsherds with seed impressions of domesticated Cenchrus americanus (pearl millet) 

from the Silver Leaves site (Klapwijk 1974; Klapwijk & Huffman 1996), carbonised seeds of 

Sorghum sp. (sorghum) and Vigna sp. (cowpea) at Badfontein/Khutwaneng (Bokoni capital) (Figs 

1&2) (Collett 1982), carbonised maize (Zea mays)       stalks at Esikhunjini (Figs 1&2), (Ndebele 

capital) Mpumalanga (Schoeman 1998b), and domestic faunal remains (e.g., Bos taurus [cattle]) 

at Kruger National Park (Meyer 1986; Plug 1988; Maggs & Whitelaw 1991). 

The archaeological sequence in the northeastern South Africa has been clarified, but relatively few 

are well dated, specifically palaeoenvironmental studies using pollen,  spores, phytoliths and 

microcharcoal, are available for this region.   Such studies could indicate the changes and/or shifts 

in vegetation composition, as well as the environmental conditions that prevailed during the 

periods of initial settlement by Early Farmers, and the development of a terrace-based 
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agricultural system by Later      Farming Communities (Breman et al. 2011, 2019; Sjöström et al. 

2017). Hence,  untested correlations between subsistence patterns and environmental changes are 

assumed, citing the large-scale climatic processes/events (e.g., Medieval Warm Period, Little Ice 

Age) to explain the subsistence changes on a broader scale in the region (see Tyson et al. 2000; 

Scott et al. 2012; Fitchett et al. 2017b). 

Also, previous research reconstructing vegetation changes, particularly during the late Holocene 

in southern Africa, often argues that these changes are primarily due to climate change (Scott 

1999; Scott et al. 2003, 2012; Ekblom 2008; Chevalier & Chase 2016; compare Dubois et al. 

2018). This argument usually precludes the possible impact of the beginning and expansion of 

specialist hunting/gathering, pastoralism, and farming. More often, palaeoenvironmental 

research tends to be biased towards reconstructing climatic fluctuations in correlation with 

vegetation changes while giving less attention to potential  anthropogenic impact. Meanwhile, 

some of the pollen taxa utilised as indicators of climatic changes could also indicate 

anthropogenic disturbances, particularly in known archaeological contexts (see Olatoyan et al. 

2022 for discussion). 

Furthermore, differential pollen preservation, production, dispersal, and depositional 

environments hinder or facilitate their recovery and interpretation in palaeoenvironmental studies 

(Bryant & Holloway 1983; Bell & Fletcher 2016; Morales-Molino et al. 2020). Hence, a better 

understanding of the relationship between fossil pollen in soils and vegetation landscapes and 

their ecological implications in the region is needed. Consequently, to improve the interpretation 

of fossil pollen spectra and the reconstruction of past vegetation changes, there is a need to study 

modern pollen assemblages from surface sediments to determine how accurately they reflect the 
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contemporary source vegetation (see Chen et al. 2017; Huang et al. 2018; Julier et al. 2018; Hill 

& Finch 2021). 

1.4. RESEARCH QUESTION AND AIMS 

The research question is whether pollen, spores and microcharcoal can be used to reconstruct and 

distinguish between anthropogenic and climatic impacts on the vegetation landscapes of 

Mpumalanga, northeastern South Africa, during the Holocene. The aims of the thesis are to: 

● Assess the relationship between climate, human activities, and vegetation in southern Africa

within the first millennium AD, using published archaeobotanical and archaeological

evidence,

● Examine the correlation between modern pollen and phytoliths and the contemporary source

vegetation around Mashishing Fen in the Gustav Klingbiel Nature Reserve, Mpumalanga,

northeastern South Africa,

● Document the pollen microphotographs for Gustav Klingbiel Nature Reserve to extend

reference collections in northeastern South Africa,

● Reconstruct the vegetation history and chronology of the Mashishing Fen region, using

pollen, spores and microcharcoal records from core sediment records.

1.5. THESIS OUTLINE 

This thesis comprises three papers, two published, one in preparation, an introduction, a chapter 

on materials and methods, and a chapter that synthesises and further expands on the publications. 

The published and in preparation papers are reproduced in their original form as chapters, and 
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each paper is introduced by a contents list. My PhD research and the papers incorporated a 

multidisciplinary approach: botanists helped with the identification of plant samples collected 

during the botanical survey, a phytolith analyst contributed valuable phytolith data, and my 

supervisors, with experience in archaeological, palynological and archaeobotanical research, 

supervised the project. 

A summary of the thesis and the chapters is set out below: 

Chapter One – Introduction 

This chapter comprises an overview of the thesis, rationale, research problem, research question, 

and aims. Then follows the chapter summaries, including brief synopses of my papers and my 

respective contribution in each. 

Chapter Two – Materials and Methods 

This chapter describes the materials and methods used to investigate the anthropogenic and 

climatic impacts on the vegetation landscapes of Mpumalanga province, northeastern South 

Africa. References are made to the papers for the in-depth details of the processes. 

Chapter Three – PAPER 1: Review of Archaeological and Archaeobotanical Research in 

Southern Africa. 

This chapter synthesises published archaeological data and archaeobotanical evidence (e.g., 

pollen, spores, phytoliths, microcharcoal) from southern Africa to generate new insights into 

identifying anthropogenic impacts in palaeoenvironmental records. A co-authored paper 

summarises this: 
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Olatoyan, J.O., Neumann, F.H., Orijemie, E.A., Sievers, C., Evans, M., Mvelase, S., Hattingh, T. 

& Schoeman, M.H. 2022. Archaeobotanical evidence for the emergence of pastoralism and 

farming in southern Africa. Acta Palaeobotanica 62: 50–75. 

The paper provides a background to archaeological and archaeobotanical research for the late 

Holocene in southern Africa. It presents the existing macro- and micro-archaeobotanical remains 

in the context of the archaeological evidence from the nine biomes of southern Africa. It then 

draws insights into possible anthropogenic indicators and patterns of vegetation changes. The 

archaeobotanical data is skewed towards the areas where research has been carried out, and the 

conclusions drawn are therefore tentative. More study in these areas and other underrepresented 

regions will contribute to a better understanding of the trends that led to the emergence and 

spread of pastoralism and farming in southern Africa. 

My contribution: I provided the archaeological and archaeobotanical data from the review of 

published papers and thus, my contribution formed an essential basis for the writing of the paper. 

I began with reviewing and categorising the data according to biomes and chronology. All the 

figures and tables are my work. I participated in the writing of the paper alongside other authors. 

Chapter Four – PAPER 2: Modern Pollen-Phytolith-Vegetation Relationships 

This chapter explores the modern pollen-vegetation, phytolith-vegetation and pollen-phytolith 

relationships at Mashishing Fen to improve palaeoenvironmental reconstructions. Multivariate 

Correspondence Analysis (CA) was used to illustrate modern pollen-phytolith assemblages can 

be used to identify the sampling sites' contemporary source vegetation and track the relationship 

between the pollen and phytolith assemblages. The results are presented in a published co-

authored paper:  



25 

Olatoyan, J.O., Neumann, F.H., Orijemie, E.A., Sievers, C., Evans, M., Hattingh, T. & 

Schoeman, M.H. 2023. Modern pollen- and phytolith-vegetation relationships at a wetland in 

northeastern South Africa. South African Journal     of Botany 161:780-796.  

The paper presents a novel approach combining modern pollen and phytolith assemblages from 

surface sediments at Mashishing Fen, Mpumalanga, northeastern South Africa, to explore the 

relationships between modern pollen assemblages and contemporary source vegetation, phytolith 

assemblages and the contemporary source vegetation and to investigate whether the phytolith 

and pollen assemblages were tracking each other. 

Correspondence Analysis (CA) was used to illustrate that the pollen and phytolith proxies are not 

tracking the same primary vegetation signals at the Mashishing Fen. The modern pollen 

assemblages clearly track forests and wetland vegetation components, while modern phytolith 

assemblages clearly track grassland vegetation. Our sample size was small, but the study 

nevertheless illustrated the potential of the method. Further research is called for to support the 

interpretations, which indicate that the differential phytolith and pollen production, preservation, 

and dispersal influence sediment records more than anticipated, thus supporting that exploring 

multi-proxies (e.g., pollen, phytoliths) provide a more accurate vegetation reconstruction. 

However, to fully understand the pollen-phytolith-vegetation relationships within the nine 

climatically and floristically different biomes of southern Africa, additional research focused on 

modern pollen-phytolith-vegetation is required.  

My contribution: I participated in the herbarium specimen collection, botanical survey, and 

collection of surface sediments for analyses. I prepared and analysed the pollen samples and 

produced the pollen diagrams and pollen microphotographs. I conducted the numerical analysis 
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(Correspondence Analysis) on the samples and data interpretations. I participated in the writing of 

the paper alongside other authors. 

Chapter Five – PAPER 3: Palaeoenvironmental Reconstruction of Vegetation in Mashshing, 

Mpumalanga 

This chapter presents a background to palaeoenvironmental and archaeological studies during the 

Holocene (11,700 BP to present) in South Africa. It explores the palaeoenvironmental 

reconstruction of Holocene vegetation in the following paper: 

Olatoyan, J.O., Neumann, F.H., Orijemie, E.A., Sievers, C., Evans, M., Woodborne, S., Celliers, 

J.P., Knight, J. & Schoeman, M.H. in prep. Holocene palaeoenvironmental reconstruction from 

Mashishing Fen, Mpumalanga, northeastern South Africa. Review of Palaeobotany and 

Palynology. 

In this paper, we document the chronology and vegetation history of the region during the last 

11,700 years from core sediment samples retrieved from the Mashishing Fen. The reconstruction 

of the vegetation landscapes using pollen, spores and microcharcoal records from the core 

sequences clarifies some possible differences between anthropogenic and climatic impacts on the 

vegetation. The proximity of the Mashishing Fen to previously dated archaeological sites (e.g., 

Lydenburg Heads Site, ca. 1.7 km southwest of the Mashishing Fen and Klingbeil, ca. 600 m 

north of the Mashishing Fen) contributes to the understanding of the palaeoecological records 

within archaeological context across changing environmental conditions. The pollen, spores and 

microcharcoal records from the Mashishing Fen provide significant insights into understanding 

the region's local and regional environmental changes from the Early to Late Holocene period, 

including the fire history. However, there is a need for further multiproxy studies (e.g., diatoms, 
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isotopes, phytoliths) covering the Holocene sequence to establish a more reliable and robust 

palaeoenvironmental history for the region. 

My contribution: I helped Prof. Neumann and Dr Sievers to conduct the botanical survey around 

the site where Prof. Schoeman and Mr Ramaoka took the core. I participated in the subsampling 

of the 5.5 m sediments core in the GAES soils laboratory. Proxies, e.g., pollen, spores, and 

microcharcoal (total of 56 samples), were then extracted from sediments and analysed. I 

prepared, extracted and analysed the pollen samples at the Evolutionary Studies Institute (ESI) 

Laboratory,  University of the Witwatersrand (Wits), Johannesburg. I prepared the subsamples for 

AMS radiocarbon dating at the iThemba Laboratory for Accelerator-Based Sciences (iThemba 

LABS). I produced the pollen diagrams and age-depth model. I participated in writing the paper 

for publication alongside my co-authors. 

Chapter Six – Synthesis 

This chapter discusses the research presented in the previous chapters and looks at the overall 

significance of the three publications. I conclude that the thesis aims have been achieved; I     have 

demonstrated that pollen, spores and microcharcoal records are invaluable in reconstructing 

anthropogenic and climatic impacts on vegetation. 

Chapter Seven – Conclusions and Future Research 

I summarise the key findings and achievements of the research, discuss relevant questions raised 

during the research and provide recommendations for future research. 
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CHAPTER 2: MATERIALS AND METHODS 

2.1. INTRODUCTION 

In this research, I employed multiple approaches comprising literature review and synthesis of 

archaeobotanical sources, botanical survey, herbarium specimen collection, surface sediment 

collection, numerical analysis of pollen and phytoliths data from surface sediment samples, 

extraction of a core from Mashishing Fen, Mpumalanga for pollen analysis and AMS 

radiocarbon dating.  

2.2. LITERATURE REVIEW AND SYNTHESIS 

The review of literature and synthesis of archaeobotanical data (Olatoyan et al. 2022, Paper 1 

of this thesis) laid the foundation for this research. It comprised the critical evaluation of 

palynological and archaeobotanical data from existing literature (e.g., Denbow & Wilmsen 

1986; Maggs & Whitelaw 1991; Smith 1992; Mitchell 1996; Barham & Jarman 2005; 

Mitchell & Whitelaw 2005; Neumann et al. 2008, 2010; Hahn et al. 2021; see Olatoyan et al. 

2022 [Paper 1 of this thesis] for discussion). This was aimed at exploring the potential 

evidence suggesting human impacts on the vegetation of southern Africa, particularly during 

the first millennium CE; these may be due to pastoralism and/or farming activities. In Paper 1, 

Olatoyan et al. 2022, the authors examined published evidence and grouped sites 

chronologically and according to their location within the different biomes of southern Africa 

after Rutherford & Westfall (1994) and Mucina & Rutherford (2006). Sites comprising marine 

sediments (e.g., Hahn et al. 2021) were considered separately rather than within specific 

biomes, due to the diverse sources of the pollen assemblages because of river systems and 
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ocean currents (Scott et al. 2012). The authors further synthesised the reviewed 

archaeobotanical proxies (e.g., charred seeds, pollen, spores, microcharcoal, phytoliths) within 

the context of macrobotanical and archaeological data to identify possible anthropogenic 

indicators and similar patterns of changes in vegetation in southern Africa during the first 

millennium AD (see Olatoyan et al. 2022/Paper 1). 

2.3. BOTANICAL SURVEY 

In January 2020, a botanical survey was conducted to document the plant taxa in survey plots 

within the Gustav Klingbiel Nature Reserve, Mpumalanga. We designed a method that 

incorporated a circular survey plot with a diameter of ten metres (10 m) to document the 

pollen and phytolith sources surrounding the surface sample collection area at the plot's 

centre. A circular survey plot method allowed us to establish five-metre transects northwards, 

eastwards, southwards and westwards from a central point within each survey location. To 

ensure accuracy, an iron dropper was hammered into the ground to remain fixed at the centre, 

and a second dropper was connected by a five-metre measuring string to the first dropper. We 

then moved the second dropper to establish the five-metre transects in the north, east, south, 

and west directions. To determine the directions of the transects, we used a Brunton pocket 

transit compass while we verified the transect distances (5 m) using a meter tape. The plant 

taxa along each transect were recorded. Additional plant taxa growing between the transects 

(and not already recorded along the transects) and plants growing close to the survey plot, 

which appeared very common and /or of ecological significance, were recorded and/or 

collected and assigned taxa numbers. The vouchers were taken to the CE Moss Herbarium, 

Wits, to verify identified plants. 
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Five survey plots were designated sampling locations within the Gustav Klingbiel Nature 

Reserve (Fig. 3). The same survey protocol (i.e., circular survey plot method to establish five-

metre transects northwards, eastwards, southwards and westwards) was used at each plot. The 

survey plots were selected according to their location within areas of specific and 

characteristic vegetation structure, with GK 1 representing Mashishing Fen vegetation, GK 2 

representing grass patches within thickets, GK 3 and GK 4 representing fen and forest 

margins along the northeastern and eastern extents of the fen, and GK 5 representing riparian 

vegetation. The geographical locations and altitudes of the survey plots were also documented 

(Olatoyan et al. 2023/Paper 2 for results). 

2.4. HERBARIUM SPECIMEN COLLECTION 

Plant specimens were collected during the fieldwork to verify the identification of the plant 

taxa encountered in the survey plots at the Gustav Klingbiel Nature Reserve. The reserve 

authorities' authorisation was obtained before collecting the specimens of those plant taxa that 

Figure 3. A Map and Google Earth satelite image of the Lydenburg Fen, showing the locations 
where the core and the soil samples were taken.  
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are not protected by law. The rare plant taxa protected by law were recorded but not collected. 

To adhere to standard botanical methodology (Fish 1999), we collected plant parts from trees, 

tall shrubs, low shrubs, climbers, scramblers, herbs, graminoids and horsetails that contained 

diagnostic features. The base, centre, and tip of fertile and sterile fern fronds were also 

collected. The plant taxa identified and documented in the collected vouchers were 

authenticated at the CE Moss Herbarium, Wits (refer to Table 1; Olatoyan et al. 2023/Paper 

2). 

2.5. SURFACE SEDIMENT COLLECTION 

To obtain comprehensive modern pollen and phytolith spectra for each of the designated five 

survey plots, surface sediment samples from a 1 m2 area located at the centre of each plot 

were collected. The surface samples comprised the top 20 mm of sediment, approximately 50 

g. A 175 mm hand trowel was used to collect each sample, which was placed in a Ziploc bag 

(65 mm × 85 mm) and appropriately labelled. The trowel was cleaned with ethanol before 

each sample was collected. One surface sediment sample was collected for pollen and 

phytolith analyses respectively, from each plot, except for GK 3, located on the northeastern 

margin of the fen. Here, two surface sediment samples for pollen and two surface sediment 

samples for phytoliths were taken for pollen and phytolith analyses: GK 3.1, collected in the 

forest on the margin, and GK 3.2, collected from the fen vegetation located near a Gunnera 

plant (Fig. 3; Paper 2, Olatoyan et al. 2023). The geographic coordinates and elevations of the 

six sampling locations were recorded to accurately document their exact locations on the map 

(Olatoyan et al. 2023). 
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2.6. SEDIMENT CORING 

Sediment cores were obtained from the Mashishing Fen to provide a reliable basis for 

reconstructing vegetation changes and a chronological sequence for the area. Exploratory 

coring was done at various locations to determine the deepest section of the fen (previously 

reported by Sjöström et al. 2017) before a 5.5 m long sediment core was taken using a hand-

operated Watermark® Russian peat borer with a 500 mm x 50 mm chamber. 

It is crucial to handle and store sediment cores carefully, to obtain accurate and reliable results 

from the subsequent analyses of the samples, as well as to prevent water loss, oxidation, 

compaction, and contamination during transport. To ensure this, each sediment sample was 

carefully transferred from the corner into a rigid half of a cylindrical PVC tube and wrapped 

with cling film (clear plastic wrap). The sediment core samples were transported to the 

Origins Centre at Wits and stored at a constant temperature of 16˚C. These precautions 

enabled the preservation of valuable information about the fen’s ecological history and how it 

may have changed over time. 

Subsampling was performed at 100 mm sampling intervals, with 10 mm slices taken for 

pollen and phytolith analysis, 20 mm slices for AMS radiocarbon dating, 20 mm for LOI, and 

40 mm for soil analyses, resulting in a total of 56 samples. Only the pollen, charcoal and AMS 

data are reported in this thesis. Subsampling at regular intervals allowed the thorough 

examination of the sedimentary record of the cores and provided a basis for establishing 

chronologies using AMS radiocarbon dating. After subsampling, the samples were again 

stored in double Ziploc bags under refrigeration to maintain appropriate temperature and 

humidity conditions. 
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2.7. AMS RADIOCARBON DATING 

AMS radiocarbon dating was conducted at iThemba LABS, Johannesburg, to establish an 

independent chronology for the palaeoecological data. Vials containing 1–3 g of subsampled 

sediments from selected depths in the core between 10–5500 mm were processed under the 

supervision of Dr Stephan Woodborne (iThemba LABS, Johannesburg) for the dating of bulk 

organic matter rather than macroplant remains (Fig. 4). This was to ensure a degree of 

consistency between sites with varying plant remains and to prevent the possibility of dating 

materials that were from a different stratum. 

As a result of past (and present) fluctuations in the production of atmospheric carbon, 

radiocarbon dates cannot be directly equated with calendar years. This necessitates 

calibration, which is normally undertaken by reference to the dendrochronological sequence. 

To calibrate the radiocarbon dates, the OxCal 4.4 web interface and Southern Hemisphere 

SHCal 20 calibration curves with a 95.4% probability were used (Hogg et al. 2020; Bronk 

Ramsey 2023). With the awareness that calibration can increase or decrease the likely date of 

an event, there was a need to exercise caution while correlating radiocarbon dates with the 

palaeoenvironmental sequence. Hence, the ages of each sample depth were calculated after 

plotting the age-depth model plotted using Bayesian modelling with the Bacon software 

(Olatoyan et al. in prep./ Paper 3; Blaauw & Christen 2011). 
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Figure 4. AMS radiocarbon dating preparation process. 
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2.8. PALYNOLOGICAL PREPARATION AND EXTRACTION 

Palynological preparation and extraction were performed at the ESI Laboratory, Wits University, 

Johannesburg. The standard method for palynological analysis was used and adapted after 

Berglund & Ralska-Jasiewiczowa (1986), Faegri & Iversen (1989) and Nakagawa et al. (1998), 

which is best suited for South African sediments. About 10–30 g of the sample was treated using 

10% HCl, 40% HF, 10% KOH, and then acetolyzed. This was followed by separating the residue 

by heavy liquid mineral separation using ZnCl2/HCl with specific gravity 2.0. To remove 

particles greater than 250 µm and particles less than 10 µm, the 250 µm and 10 µm mesh screens 

were used respectively to sieve the processed samples and final residues to facilitate pollen 

concentration prior to mounting. Initially, pollen residues were mounted in glycerine jelly on two 

microscopy glass slides and, heated to dry (40-50oC) and evenly spread on the heating plate to 

ensure that the standard minimum number of pollen grains from terrestrial plants (250–300) was 

counted even for low pollen-producing levels.  However, more than two and up to ten pollen 

slides were prepared for some sample depths with extremely low pollen counts (Fig. 5). 

After the slides were prepared, pollen taxa were identified according to their exine sculpturing 

and morphology (Faegri & Iversen 1989; Bradley 1999). The slides were traversed horizontally 

and vertically using an Olympus BX51 light microscope at a magnification of 400x and 1000x in 

oil immersion (Fig. 5). A minimum of 150 terrestrial pollen grains were counted for each 

subsample. The  identification of palynomorphs was based on published references (e.g., Coetzee 

& van Zinderen           Bakker 1952; Van Geel 1978; Scott 1982b; Cugny et al. 2010; Gelorini et al. 

2011; Gosling et al. 2013), modern pollen reference collections and photographs at the ESI 

and the current pollen sample we collected from the study site to extend the existing pollen 
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reference collections at ESI). The pollen diagrams and zonation were created using the CONISS 

(Constrained Incremental Sum- of-Squares) program for stratigraphically constrained cluster 

analysis within the TILIA software TILIA 2.1.1 (Grimm 2011). 

Figure 5: Palynological preparation and extraction process.
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2.9. NUMERICAL ANALYSIS 

Numerical analysis is an essential tool used in environmental research to explore the 

underlying patterns and relationships within collected data (Birks & Gordon 1984). It 

facilitates an objective analysis and interpretation of data, which then allows the investigation 

of the relationships between variables such as proxies, precipitation, temperature and 

vegetation cover. Correspondence analysis was used because it is appropriate to quantitatively 

evaluate and visualise the relationship between proxies (e.g., pollen grains and phytoliths), 

vegetation and environmental variables. Correspondence Analysis is invaluable for 

identifying and graphically representing key trends within modern assemblages and 

vegetation data through a low-dimensional representation of complex multivariate data 

(Court-Picon et al. 2005, 2006). 

Correspondence Analysis (CA) was conducted on the proxy dataset using the R software to 

explore  the general pattern between modern assemblages and the vegetation data and the 

interrelationships between the two proxy data sets (pollen, phytoliths). Also, the CA was used 

to evaluate the significance of the variations observed in both proxy datasets and to determine 

whether it is possible to distinguish the designated vegetation structure (survey plots) based on 

the modern pollen and phytolith assemblages. Lastly, the CA was useful to identify the 

influence of the different environmental variables on the representation of vegetation and 

modern assemblages. 
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ABSTRACT. Several models which remain equivocal and controversial cite migration and/or diffusion for the 
emergence and spread of pastoralism and farming in southern Africa during the first millennium AD. A synthe-
sis of archaeobotanical proxies (e.g., palynology, phytoliths, anthracology) consistent with existing archaeobotan-
ical and archaeological data leads to new insights into anthropogenic impacts in palaeorecords. Harnessing such 
archaeobotanical evidence is viable for tracing the spread of pastoralism and farming in the first millennium 
AD because the impact of anthropogenic practices is likely to result in distinct patterns of vegetation change. 

We assess this impact through the synthesis of published archaeobotanical evidence of pastoralism and 
farming, as well as vegetation changes in southern Africa during the first millennium AD. It has been argued 
that the decline of forests during the first millennium AD in southern Africa predominantly relates to climate 
change. This argument often precludes anthropogenic effects on vegetation. Our reassessment of the relationship 
between vegetation, climate, and human activities in southern Africa reveals evidence of human impact during 
the same period. We also highlight gaps in the current knowledge of early pastoralism and farming and potential 
future research directions. We hypothesize that the pattern exhibited by the decline of forest tree pollen, coupled 
with the increase of open-land indicators, the occurrence of pioneer trees, as well as the spores of coprophilous 
fungi, and possible changes in the fire regime are reflective of, and consistent with, anthropogenic activities of 
pre-European pastoralists and farmers.

KEYWORDS: pastoralism, farming, southern Africa, anthropogenic impact, archaeobotany, Tribulus spp.

INTRODUCTION

e-ISSN 2082-0259
ISSN 0001-6594

What impact did the introduction and spread 
of pastoralism and farming have on vegetation 
in southern Africa? Is it possible to distinguish 
such impact from the effect of climate change, 
through palynological research, complementary 
evidence and proxies such as archaeological, 

© 2022 W. Szafer Institute of Botany, Polish Academy of Sciences
This is an Open Access article, distributed under the terms of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/4.0/), 

which permits unrestricted re-use, distribution, and reproduction in any medium, provided the original work is properly cited.

anthracological and/or phytolith data? Farming 
encompasses crop cultivation and the associ-
ated practices (e.g., slash-and-burn) while pas-
toralism comprises livestock herding/grazing.

In southern Africa, there are both contrast-
ing and complementary models for the begin-
ning and expansion of pastoralism (e.g., Elphick, 
1977, 1985; Smith, 2008, 2017; Sadr, 2008, 2015, *	 Corresponding author
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2019; Jerardino et al., 2014; Orton, 2015) and 
for the emergence and spread of farming (e.g., 
Huffman, 1982, 2007; Maggs, 1994; Phillipson, 
2005; Lander and Russell, 2018). Proponents of 
the migration model argue that the Khoi pasto-
ralists moved from northern Botswana/western 
coast of Namibia/eastern Africa into southern 
Africa with sheep and pottery ~2000 years ago 
based on archaeological (Elphick, 1985; Smith, 
2008; Muigai and Hanotte, 2013; Orton et al., 
2013; Pluerdeau et al., 2012), linguistic (Gul-
demann, 2008; Ehret, 2020) and genetic data 
(Henn et al., 2008; Ranciaro et al., 2014). The 
diffusion model proposes that pottery was inde-
pendently invented by hunter-gatherers (Sadr 
and Sampson, 2006), and that livestock dif-
fused among indigenous populations (Baden-
horst, 2006; Prendergast, 2011; Sadr, 2014), 
although recent studies supporting this model 
suggest the interplay of a rapid cultural diffu-
sion and population movements (Orton, 2013, 
2015; Sadr, 2015, 2019). 

In comparison with other parts of Africa, the 
relatively late emergence of farming in southern 
Africa during the second and third centuries AD 
has previously been attributed to migrations 
from western and eastern Africa penetrating 
a landscape that was previously populated by 
hunter-gatherers (Huffman, 1970, 1979, 1982; 
Phillipson, 1976; Maggs, 1980a). Recent spa-
tial distribution studies (e.g., Sadr and Samp-
son, 2006; Sadr, 2008, 2015, 2019; Russell 
et al., 2014; Lander and Russell, 2018, 2020) 
have shown that pottery, cattle and sheep were 
present in southern Africa independent of the 
arrival of the so-called ‘Iron Age package’ and 
the population movements from western and 
eastern Africa. Furthermore, geneticists, while 
supporting some form of population movement 
(e.g., Li et al., 2014), have suggested that the 
demic diffusion was sex-biased (see Wood et al., 
2005; Marks et al., 2015) and that the local pat-
tern of population movement, interaction and 
replacement varied (Wang et al., 2020).

Direct evidence for the spread of pastoral-
ism and farming is scarce, and proxy evidence 
has been used extensively. Pottery was used as 
a proxy for pastoralism (i.e., livestock herding) 
(Smith, 2008; Sadr and Sampson, 2006; Sadr, 
2008), while pottery, pits, grain bins, grind-
stones, iron slag and iron objects were proxies 
for farming (i.e., crop cultivation) (Huffman, 
1998). Using these proxies as evidence of pas-
toralism and farming remains controversial. 

Archaeologists such as Andah (1979, 1995), Gar-
lake (1982) and Hall (1983, 1984) have expressed 
concerns about the methodological and theo-
retical approaches underpinning the migration 
model for the emergence and spread of farming 
in southern Africa. The linking of ceramic style 
to linguistic and cultural identities (Hall, 1983; 
Lane, 2004) and the conflation of physical attrib-
utes (‘race’) and culture have been of particular 
concern (Hall and Morris, 1983).

While the spread of people, livestock and 
pottery has been revisited and disentangled 
from the ‘Iron Age package’, the emergence 
and expansion of pastoralism and crop farm-
ing in southern Africa remain under-theorised 
and under-investigated. We suggest a synergy 
between archaeological and archaeobotanical 
research that integrates both types of data to 
provide new insights regarding pastoralism 
and farming practices in southern Africa. 

To reassess the relationship between veg-
etation, climate and human activities in south-
ern Africa, we revisit published archaeologi-
cal records that give clear evidence of human 
occupation within the first millennium AD 
(e.g., Maggs, 1984; Maggs and Whitelaw, 1991; 
Smith, 1992; Mitchell, 1996; Mitchell and 
Whitelaw, 2005) and published archaeobotani-
cal evidence (e.g., Denbow and Wilmsen, 1986; 
Barham and Jarman, 2005; Neumann et al., 
2008, 2010; Hahn et al., 2021). 

Harnessing archaeobotanical evidence is 
potentially viable for tracing the spread of farm-
ing and livestock herding in the first millennium 
AD because of the nature of first millennium 
AD settlements and associated practices. More 
often, farmers used slash-and-burn techniques 
to prepare fields for farming, e.g., in the coastal 
belt on dunes along the Indian Ocean, ~950 
cal BP (~1000 AD) (Hall, 1980, 1984; MacDe-
vette et al., 1989). Wood was also harvested 
and used for building, metalworking (charcoal 
production) (Maggs and Ward, 1984; Whitelaw, 
1991) and other domestic purposes. The combi-
nation of these factors and actions is likely to 
have resulted in distinct patterns of vegetation 
change, such as forest decline and dominance of 
open-land indicators (e.g., Carrión et al., 2000; 
Breman et al., 2011; Hahn et al., 2021).

Herein, we review the archaeobotanical 
evidence of pastoralism and farming, as well 
as changes in vegetation from sites in south-
ern Africa dating to the first millennium AD 
to highlight patterns, possible anthropogenic 
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indicators, gaps in knowledge and potential 
areas for further research. We hypothesize that 
the decline of forests (tree pollen) coupled with 
the increase of open-land indicators (e.g., Ama-
ranthaceae, Asteraceae; Baxter and Davies, 
1994) or pioneer trees (e.g., Trema; Goodale 
et al., 2012), within an archaeological context, 
can be attributed to anthropogenic activities 
rather than climate drivers. In addition, an 
increase in the spores of coprophilous fungi 
(e.g., Sporormiella, Sordaria; Cordova et al., 
2017) during the first millennium AD could be 
indicative of domestic animal herds (Carrion 
et al., 2000). 

MATERIALS AND METHODS

SITE SELECTION AND DATING

We consider archaeobotanical and palynological 
data from previously published sites (Fig. 1, Table 1) 
indicating the direct presence of farming and/or possi-
ble anthropogenic impacts on the vegetation in south-
ern Africa due to pastoralism and/or farming within 

the first millennium AD. The second millennium AD 
is excluded because it is not relevant to the beginnings 
of pastoralism and farming in the region. 

Evidence from individual sites is chronologically 
examined and grouped according to the classification 
of biomes of southern Africa (Rutherford and Westfall, 
1994; Mucina and Rutherford, 2006). Although the phy-
togeographical map provided by Mucina and Ruther-
ford (2006) does not include Mozambique, coastal sites 
from southern Mozambique (e.g., Ekblom, 2008; Ekb-
lom et al., 2014a) are grouped under the Indian Ocean 
Coastal Belt Biome since the vegetation in the region 
is similar to the vegetation in adjacent eastern South 
Africa. Marine sediment cores (e.g., Shi et al., 1998; 
Hahn et al., 2021) are excluded from the biome clas-
sifications and grouped separately due to the possibil-
ity of mixing of pollen assemblages from diverse biome 
sources via the input of extensive river systems like the 
Limpopo or Orange River and sea currents (Agulhas 
current, Benguela current) (Scott et al., 2012). This 
grouping helps to present a refined view of the prox-
ies and direct evidence in each biome and prevents the 
conflation of patterns in the data considering the great 
ecological diversity of the region. Radiocarbon dates for 
key records (see Table 1) are based on the calibrated 
date range using the OxCal 4.4 web interface and the 
SHCal 20 calibration curve with a probability of 95.4 % 
(Hogg et al., 2013; Bronk Ramsey, 2017).

Figure 1. Map of southern Africa showing sites discussed in text and current biomes (adapted after Mucina and Rutherford 
2006). The earliest evidence of human impact in the Western Cape and summer rainfall region north and south of Limpopo are 
marked with hatching lines. AC – Arnhem Cave, BD – Broederstroom, BL – Blydefontein, CH – Chowo River, DP – Deelpan, 
DR-1 – De Rif, DR-2 – De Rif, DV – Dartmoor Vlei, EV – Eilandvlei, FC – Ficus Cave, FL – Florisbad, GB – GeoB 1023, GK – 
Graskop, KB – Katbakkies, KD – Kadzi, KF – Klaarfontein, KR – Kuiseb River, LH – Lake Nhaucati, LK – Leopard’s Kopje, 
LN – Lake Ngami, LNH – Lake Nhauhache, LO – Lake Otjikoto, LS-1 – Lake Sibaya composite core, LS-2 – Lake Sibaya, LX 
– Lake Xiroche, MA – Magagarape, MB – Mfabeni peatland, MD – Mdlanzi swamp, MF – Mashishing Fen (Thaba Chweu Fen), 
MG – Magogo, MK – Mondake, ML – Maunatlala, MM – Mahwaqa Mountain, MP – Mpondoland, MS – Morelleta Stream, MTG 
– Mount Gorongosa, OK – Okandjombo, OP – Okavango Panhandle, PE – Pella, PK – Pakhuis Pass, PV-1 – Princessvlei (vZB), 
PV-2 – Princessvlei (PV11.3), RD – Rietvlei Dam, RV – Rietvlei Still Bay, SC – Spring Cave, SE – Sekhokong, SF – Scot’s Farm, 
SK – SK 17, SL – Silver Leaves, SN – Sneeuberg, TF – Tiffindell, TV – Tate Vondo, UZ – Upper Zambezi valley, VM – Vrede 
hyrax midden, VS – Versailles, WK – Wonderkrater, WW – Wonderwerk Cave
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Table 1. Evidence of micro-botanical (A) and macro-botanical (B) remains for pastoralism and farming in southern Africa 
during the first millennium AD 

A. Micro-botanical remains

B
io

m
e

Site Abbr. Pollen, spores and charcoal evidence Date (cal.) References

S
ou

th
 A

fr
ic

a

S
av

an
na

Versailles VS Decline of Podocarpus, increased charred fragments ~1800 BP Breman et al., 2011
Wonderkrater WK Decline of Podocarpus, increased open vegetation (e.g., 

Amaranthaceae), increased charred fragments, Poaceae, 
Cyperaceae

~1500 BP Scott, 1982a, 2002; 
Scott and Thackeray, 
1987; Scott et al., 2003

Tate Vondo TV Decline of Podocarpus, increased open vegetation (e.g., 
Asteraceae)

~1500 BP Scott, 1987

Scot’s Farm 
(Soutpansberg)

SF Decline of Podocarpus, increased open vegetation (e.g., 
Amaranthaceae)

~1500 BP Scott, 1982c

Morelleta 
Stream

MS Decline of Podocarpus, increased open vegetation (e.g., 
Amaranthaceae)

~1500 BP Scott, 1984

Broederstroom BD Decline of trees (e.g., Olea), increased open-land indica-
tors (e.g., Caryophyllaceae, and Amaranthaceae), increased 
coprophilous fungal spores (e.g., Sordariaceae)

~1500 BP Carrión et al., 2000

Wonderwerk 
Cave

WW Decline of Podocarpus, Olea, increased Asteraceae, 
Poaceae, Cyperaceae

~1250 BP Brook et al., 2010

G
ra

ss
la

nd

Mahwaqa  
Mountain

MM Increased coprophilous fungal spores (e.g., Sordariaceae, 
Coniochaeta lignaria, Gelasinospora) and charred fragments

~2000 BP Neumann et al., 2014

Florisbad FL Decline of trees, increased Amaranthaceae, Asteraceae and 
Poaceae

~1950 BP Nyakale, 1999; Scott 
and Nyakale, 2002

Dartmoor Vlei DV Decline of Podocarpus, Olea, Celtis), dominance of Poaceae 
>40 µm, increased charred fragments

~1600 BP Geer, 2013

Rietvlei Dam RD Decline of Podocarpus, increased open vegetation (e.g., 
Amaranthaceae)

~1500 BP Scott and Vogel, 1983

Tiffindell TF Decline of trees, increased Poaceae, Asteraceae, Cyperaceae ~1500 BP Rosen et al., 1999
Graskop GK Decline of Podocarpus, increased charred fragments ~1000 BP Breman et al., 2011
Mashishing  
(Thaba Chweu) 
Fen

MF Shift from the dominance of C4 to C3 vegetation ~1600 BP–
pres. (AD 
400–pres.)

Sjöström et al., 2017

In
di

an
 O

ce
an

 
C

oa
st

al
 B

el
t 

(I
O

C
B

) Lake Sibaya LS-2 Decline of Podocarpus, increased charred fragments, 
Poaceae and Cyperaceae

~1895 BP Walther and  
Neumann, 2011

Mdlanzi 
swamp

MD Few trees, increased Asteraceae, larger Poaceae >40 µm, 
Anthoceros-type, Typha and charred fragments

~1450 BP Turner and Plater, 
2004

Mfabeni  
peatland

MB Decline of Podocarpus, increased Morella serrata and  
Senegalia/Vachellia

~1425 BP Finch and Hill, 2008

Lake Sibaya 
composite core

LS-1 Decline of Podocarpus, appearance of Cerealia-type pollen ~1400 BP Neumann et al., 2008

N
am

a 
K

ar
oo Deelpan DP Decline of trees, increased Amaranthaceae, Poaceae and 

Cyperaceae
~1250 BP Scott, 1988; Scott and 

Nyakale, 2002
Blydefontein BL Decline of trees, increased Asteraceae, Poaceae ~1200 BP Scott et al., 2005

M
ar

in
e

S
it

es

Mpondoland MP Increased Asteraceae, Amaranthaceae, appearance of 
Poaceae >40 µm, increased coprophilous fungal spores (e.g., 
Sordariaceae, Gelasinospora)

~1500 BP Hahn et al., 2021

F
yn

bo
s

Sneeuberg 
(Cederberg)

SN Decline of trees, increased disturbance indicators (Oxali-
daceae, Montiniaceae, Plantaginaceae), increased Poaceae, 
Asteraceae and Cyperaceae

~1800 BP Meadows and Sugden, 
1991

Klaarfontein 
(KFN-B2)

KF Decline of trees, increased charred fragments, increased 
Amaranthaceae, Poaceae >40 µm, and Asteraceae, sharp 
increase in Juncus

~1600 BP Baxter, 1996; Mead-
ows and Baxter, 2001

Rietvlei Still 
Bay

RV Decline of trees, increased charred fragments, increased 
Amaranthaceae, Asteraceae and Poaceae

~1650 BP* Quick et al. 2015

Spring Cave SC Decline of trees, increased Amaranthaceae, Poaceae 
>40 µm, Asteraceae, Juncus and Typha

~1500 BP Baxter, 1996

Princessvlei 
(vZB)

PV-1 Increased charred fragments, decline of Restionaceae and 
Crassula, increased Cyperaceae, Carpacoce, Botryococcus 
and Nymphaea

~1450 Neumann et al., 2011

Princessvlei 
(PV11.3)

PV-2 Increased Asteraceae, increased charred fragments, decline 
of Restionaceae

~1300 BP Cordova et al., 2019

Eilandvlei EV Decline of trees (e.g., Podocarpus), increased charred frag-
ments, increased Amaranthaceae, Poaceae and Cyperaceae

~1300 BP Du Plessis, 2015

Pakhuis Pass PK Decline of trees, increased Asteraceae, Amaranthaceae, 
Poaceae

~1200 BP Scott and Woodborne, 
2007

Katbakkies KB Decline of trees, increased Cyperaceae ~1100 BP Meadows et al., 2010
De Rif  
(Cederberg)

DR-1 Decline of trees, increased charred fragments, Asteraceae, 
Poaceae and Cyperaceae

~1900 BP Valsecchi et al., 2013

De Rif  
(Cederberg)

DR-2 Decline of trees, increased Asteraceae, Poaceae and Cyper-
aceae

~1000 BP Quick, 2009; Quick 
et al. 2011
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Micro-botanical Remains

B
io

m
e

Site Abbr. Pollen, spores and charcoal evidence Date (cal.) References

S
 A

fr
.

D
es

er
t Pella PE Decline of trees, increased Forsskaolea, Poaceae ~1150 BP Lim et al., 2016

L
es

ot
ho

G
ra

ss
-

la
nd

Sekhokong SE Decline of Podocarpus, increased Crassula, and Asteraceae ~1100 BP Fitchett et al., 2016

B
ot

sw
an

a

S
av

an
na

 Lake Ngami LN Decline of trees, increased charred fragments, increased 
Amaranthaceae, increased coprophilous fungal spores (e.g., 
Sporormiella)

~1100 BP Cordova et al., 2017

Okavango  
Panhandle

OP Increased Asteraceae and Cyperaceae ~1000 BP Nash et al., 2006

N
am

ib
ia

S
av

an
na Arnhem Cave AC Decline of trees, increased Amaranthaceae ~1540 BP Marais et al., 2015

Lake Otjikoto LO Decline of trees, increased Tribulus ~1300 BP Scott et al., 1991

N
am

a 
K

ar
oo Okandjombo OK Decline of trees, increased Tribulus and Poaceae ~1300 BP Gil-Romera et al., 2007

Vrede hyrax 
midden

VM Increased Amaranthaceae, Asteraceae and Tribulus ~1200 BP Gil-Romera et al., 2006

M
ar

in
e 

S
it

e

GeoB 1023 GB Decline of Podocarpus forests and woodlands, increased 
Tribulus, fern spores and charred fragments

~1800 BP Shi et al., 1998

D
es

er
t Kuiseb River KR Decline of trees, increased Amaranthaceae, Asteraceae and 

Poaceae
~1450 BP Scott, 1996

Za
m

bi
a

S
av

an
na Upper Zambezi 

valley
UZ Decline of trees (e.g., Podocarpus), increased charred frag-

ments
~1800 BP Burrough and Willis, 

2015

M
oz

am
bi

qu
e S

av
an

na Mount  
Gorongosa

MTG Decline of Afromontane Podocarpus forests and Ericaceae, 
expansion of pioneer trees (e.g., Macaranga, Trema), and 
grasses, pronounced increase of charred fragments and 
Pediastrum

~1700 BP McWethy et al., 2016

In
di

an
 O

ce
an

 
C

oa
st

al
 B

el
t 

(I
O

C
B

) Lake Nhaucati LH Increased Asteraceae, Trema, Alchornea, and Poaceae ~1500 BP Ekblom, 2008
Lake  
Nhauhache

LNH Decline of trees, increased Poaceae, increased charred frag-
ments, presence of coprophilous fungal spores (e.g., Coni-
ochaeta lignaria)

~1300 BP Ekblom et al., 2014a

Lake Xiroche LX Few trees, increased Amaranthaceae, Asteraceae, 
Alchornea, Trema, and Poaceae

~1300 BP Ekblom, 2008

* Single radiocarbon date in the Late Holocene (upper section)

B. Macrobotanical Remains

Biome Site Abbr. Fruits and seeds Date (cal.) References
South 
Africa

Savanna Silver 
Leaves

SL Cenchrus americanus (pearl millet) seed 
impressions on pottery

1760 ± 40 BP  
(AD 242–415)

Klapwijk, 1974; Klap-
wijk and Huffman, 1996

Ficus Cave FC Carbonized seeds (unidentified) 1400 ± 40 BP  
(AD 605–774)

Partridge, 1966; Moore, 
1981

SK 17 SK Carbonized Sorghum seeds 1335 ± 25 BP  
(AD 666–775)

Meyer, 1986; Jordaan, 
2017

Grassland Magogo MG Cenchrus americanus, Eleusine coracana 
(finger millet) and Citrullus (melon) seeds

1360 ± 50 BP  
(AD 640–860)

Maggs and Ward, 1984; 
Voigt, 1984

Botswana Savanna Maunatlala ML Carbonized Cucurbita seeds 1570 ± 140 BP  
(AD 168–834)

Denbow, 1986; Denbow 
and Wilmsen, 1986

Magagarape MA Carbonized Sorghum seeds 1350 ± 80 BP  
(AD 594–953)

Campbell et al., 1996

Zimbabwe Savanna Kadzi KD Eleusine coracana (finger millet) 1475 ± 70 BP  
(AD 435–772)

Pwiti, 1996; Katsamu-
danga and Pwiti, 2017

Leopard’s 
Kopje

LK Vigna unguiculata (cowpea) 1280 ± 90 BP  
(AD 654–988)

Robinson, 1966; Huff-
man, 1971; Voigt, 1980

Zambia/
Malawi 
Border

Savanna Chowo  
River

CH Sorghum bicolor (sorghum) seeds 1670 ± 40 BP  
(AD 339–541)

Barham and Jarman, 
2005

Zambia Savanna Mondake MK Sorghum, Vigna unguiculata (cowpea) 
seeds

1510 ± 60 BP  
(AD 435–668)

Robertson, 2000

Table 1. Continued
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ARCHAEOBOTANICAL SOURCES

Here, we examine macro- and micro-botanical 
remains from southern Africa (Table 2). A significant 
factor explaining the relative scarcity of plant remains 
in comparison to temperate regions in the Northern 
Hemisphere is non-preservation in subtropical envi-
ronments, mechanical disintegration from repeated 
wet and dry cycles, infrequent charring, and limited 
studies focused on botanical remains from botani-
cally diverse regions (see Young and Thompson, 1999; 
Mitchell, 2005; Fuller and Hildebrand, 2013). Also, 
there is a difficulty in differentiating the pollen of 
African domesticates such as Cenchrus americanus 
from wild grasses, because of overlaps in sizes and an 
overall similar pollen morphology (Tomlinson, 1973; 
Andersen, 1979; Bonnefile and Riollet, 1980).

We also note that research investigating plant 
diversity in transformed versus untransformed areas 
in current grass-dominated ecosystems in southern 
Africa cannot be regarded as an analogue for the first 
millennium AD context because current transformed 
grassy landscapes are affected by the more recent 
invasion of neophytes such as Campuloclinium mac-
rocephalum (Pompom Weed) and Opuntia engelman-
nii (Small Round-leaved Prickly Pear) (O’Connor 
and van Wilgen, 2020) and by different land-use 
patterns and fire management regimes (compare 
Muller et al., 2021). The differentiation of anthro-
pogenic pollen indicators is complicated by the fact 
that taxa such as Asteraceae and Amaranthaceae, 
which might indicate human disturbances, are com-
monly interpreted also as signals for dry periods (see 
discussion in Hahn et al., 2021, compare Fitchett and 
Bamford, 2017).

In addition to the general challenge to differenti-
ate vegetation changes resulting from climate change 
from fluctuations caused by anthropogenic impact, 
low sampling resolution and dating problems provide 
an obstacle to a detailed comparison between envi-
ronmental records and archaeological sites (see Scott 
et al., 2012). 

RESULTS AND DISCUSSION

Our evaluation of the data is presented 
according to the biomes of southern Africa 
(Mucina and Rutherford, 2006) and in chrono-
logical order from earlier to more recent evi-
dence (Table 1). 

SAVANNA

Pollen records indicate a possible anthropo-
genic impact since ~1800–1700 BP, represent-
ing important changes in the vegetation cover 
and composition of southern Africa in the 
savanna (Breman et al., 2011; Burrough and 
Willis, 2015; McWethy et al., 2016). The Ver-
sailles (Fig. 1: VS) pollen sequence suggests an 
open savanna extension, possibly due to inten-
sive grazing coupled with vegetation clearance 
for farming and iron smelting (Mitchell, 2002; 
Breman et al., 2011). Also, weak representa-
tion of pollen of forest elements (e.g., Podo-
carpus) continues into the second millennium 
AD despite cool, moist ‘Little Ice Age ’condi-
tions  around ~650–150 cal. BP, suggesting 
the prevalence of anthropogenic influences, 
e.g., wood cutting (Staver et al., 2009; Breman 
et al., 2011). Archaeological research in the 
region attests to the interpretation of a steady 
expansion of human occupation into a wider 
area with sites such as the Eiland Salt Works 
(Evers, 1974) and Riverside near Nelspruit in 
northeastern South Africa (Huffman, 1998) 
dated 1680 ± 30 BP (cal. AD 343–525) and 
1540 ± 50 BP (cal. AD 435–645) respectively.

Around the same time, the pollen sequence 
from Mount Gorongosa (Fig. 1: MTG) in central 

Table 2. List of examined archaeobotanical sources

Classification Evidence References

Charred seeds Cenchrus americanus (pearl millet), Sor-
ghum bicolor (sorghum), Vigna unguicu-
lata (cowpea), Eleusine coracana (finger 
millet) and Citrullus lanatus (melon)

E.g., Antonites and Antonites, 2014; Lander and Rus-
sell, 2018; Crowther et al., 2018

Pollen of forest trees Podocarpus, Olea, Celtis E.g., Neumann et al., 2008; Breman et al., 2011
Pollen of disturbance/
open-land indicators

Asteraceae, Amaranthaceae, Macaranga, 
Trema, Oxalidaceae, Montiniaceae, Plan-
taginaceae

E.g., Meadows and Sugden, 1991; Baxter and Davies, 
1994; Hahn et al., 2021

Pollen of likely  
cultivated cereals

Larger Poaceae >40–50 µm E.g., Turner and Plater, 2004; Hahn et al., 2021

Pollen of ruderal species Tribulus E.g., Gil-Romera et al., 2007
Spores of coprophilous 
fungi

Sporormiella, Gelasinospora, Coniochaeta,  
Sordaria

E.g., Carrion et al., 2000; Neumann et al., 2014

Charred particles Macro- and micro-charcoal particles E.g., Scott, 2002; Li et al., 2008; Lebamba et al., 2016
Phytoliths Shift from C4 to C3 vegetation E.g., Sjöström et al., 2017
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Mozambique suggests the impact of pastoralism 
(e.g., Gelasinospora) ~1700 cal. BP. In addition, 
the evidence of an increase of charred parti-
cles and the algae Pediastrum, which often 
signals eutrophication (which itself primarily 
indicates increased runoff, see Dubois et al., 
2018), synchronous with the pollen records sug-
gests possible human disturbances likely linked 
to the presence of early farmers in the region 
(McWethy et al., 2016). This vegetation change 
coincided with evidence of the spread of pasto-
ralism and farming comprising ceramics and 
faunal remains recovered in central and south-
ern Mozambique ~2000–1400 BP (Sinclair et al., 
1987; Morais, 1988; Madiquida, 2006; Baden-
horst et al., 2011; Mercader and Sillé, 2013). 

Furthermore, macro-remains of domesticated 
Sorghum bicolor dated 1670 ± 40 BP (cal. AD 
339–541) at Chowo River (Fig. 1: CH) on the 
Zambia/Malawi border (Barham and Jarman, 
2005), carbonized Cucurbita seeds dated 1570 
± 140 BP (cal. AD 168–834) at Maunatlala (Fig. 1: 
ML) in eastern Botswana (Denbow, 1986; Den-
bow and Wilmsen, 1986) and Pennisetum glau-
cum (syn. Cenchrus americanus) seed impres-
sions on pottery dated 1760 ± 40 BP (cal. AD 
242–415) at Silver Leaves (Fig. 1: SL) in South 
Africa (Klapwijk, 1974; Klapwijk and Huffman, 
1996) attest to the beginnings of farming and 
other human activities around this period. 

The pollen analysis of dung from the cat-
tle enclosure at Silver Leaves in northeast-
ern South Africa and Broederstroom (Fig. 1: 
BD), shows treeless vegetation (Carrión et al. 
2000:248) and dominance of open-land indi-
cators (e.g., Caryophyllaceae and Amaran-
thaceae) respectively, indicating an opening 
of the landscape by pastoralists and farmers 
~1500 BP (Carrión et al., 2000). Archaeologi-
cal excavations at Broederstroom provide indi-
rect evidence of livestock keeping in the form 
of storage pits lined with cattle dung (Mason, 
1981, 1986; Huffman, 1993). Also, open vegeta-
tion taxa (e.g., Asteraceae) from a mountainous 
area near Tate Vondo (Fig. 1: TV) in northern 
South Africa coincided with the sharp decline 
of Podocarpus forests~1500 BP, probably due to 
wood-burning and forest clearance by farmers 
(Scott, 1987). This is supported by the archaeo-
logical record (e.g., ceramics, Cenchrus ameri-
canus seed impressions on pottery) indicating 
the presence of farmers as early as~1700 BP 
within the region (Klapwijk and Huffman, 
1996; Mitchell and Whitelaw, 2005). 

The surge of charcoal particles and the con-
current increase of Amaranthaceae in Won-
derkrater Spring deposits (Fig. 1: WK) near 
Mookgophong, northeastern South Africa sug-
gests local burning was likely driven by farm-
ers within the area (see Scott, 1982a, 2002; 
Scott et al., 2003; Scott and Thackeray, 1987). 
More recent evidence of Zea mays (maize) pol-
len dated ~440 cal. BP further supports human 
habitation and possible cultivation in the area 
(Scott 1982a, b, 2016; Scott et al., 2003). Also, 
contemporaneous pollen records from sites 
such as Scot’s Farm (Fig. 1: SF) at the foot of 
the Soutpansberg (Scott, 1982c) and Morel-
letta stream (Fig. 1: MS) near Johannesburg 
(Scott, 1984) conform with the Wonderkrater 
vegetation record ~1500 BP, except that the 
forest retreats did not correspond with peaks 
of charred fragments until ~500 cal. BP at 
Morelletta. A similar phenomenon has been 
documented in the region where there was no 
general correlation of increased charcoal par-
ticles with the arrival and settlement of farm-
ing communities (Scott, 2002), despite the con-
ventional knowledge that burning was likely 
a common occurrence during the late Holocene 
in South African savannas (e.g., Turner and 
Plater, 2004; Govender et al., 2006). 

By contrast, drier conditions were inferred 
from similar evidence at Arnhem Cave (Fig. 1: 
AC) in central Namibia ~1540 cal. BP, primar-
ily due to the accompanying increase of Ama-
ranthaceae and decrease of Poaceae in the pol-
len record (Marais et al., 2015). Poaceae are 
often regarded as humidity indicators, espe-
cially in comparison to more drought-adapted 
plants such as Amaranthaceae and Asteraceae 
(Fitchett and Bamford, 2017). 

Meanwhile, Poaceae and Asteraceae, due 
to the diversity of species, are considered not 
useful for quantitative climatic reconstructions 
(Chevalier et al., 2021). However, if the increase 
in Amaranthaceae pollen is considered a poten-
tial indicator of anthropogenic vegetation dis-
turbance (Baxter and Davies, 1994; Hahn et al., 
2021) and is seen in conjunction with evidence 
of human presence indicated by the nearby 
archaeological sites in the area (Lander and 
Russell, 2018), the anthropogenic influence on 
the vegetation may not be completely ruled out. 

Additional micro-botanical evidence of Sor-
ghum sp. grains and Vigna unguiculata recov-
ered at Mondake (Fig. 1: MK), in the Mulun-
gushi drainage basin, Central Zambia dated 
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1510 ± 60 BP (cal. AD 435–668) (Robertson, 
2000) and carbonized grains of Eleusine cora-
cana from different stratified contexts at Kadzi 
(Fig. 1: KD) dated 1475 ± 70 BP (cal. AD 435–
772) in the middle Zambezi Valley in northern 
Zimbabwe (Pwiti, 1996; Katsamudanga and 
Pwiti, 2017) further suggests the presence of 
humans on the landscape ~1500 BP in the 
savanna. By ~1300 cal. BP, minor vegetation 
change in the Wonderwerk Cave (Fig. 1: WW) 
record from northwestern South Africa might 
signal anthropogenic impact despite the low 
sample resolution for this period (Brook et al., 
2010). However, the major driver(s) of the veg-
etation change cannot be determined without 
higher resolution records. 

In northern Namibia, pollen records from 
Lake Otjikoto (Fig. 1: LO) in the Tsumeb Dis-
trict (Scott et al., 1991), can be used as indica-
tors of the extension of anthropogenic activities 
in the region although the authors attributed 
the vegetation change predominantly to climate 
since Tribulus is regarded as an aridity indica-
tor (compare Chevalier et al., 2021). However, 
anthropogenic impact is plausible with the 
increased presence of Tribulus, a plant typi-
cally associated with human disturbances and 
specifically animal husbandry (Scott and Mor-
rison, 1996) coinciding with the decline of the 
forest. While further work and higher resolu-
tion records are needed at Lake Otjikoto, these 
changes coincide with human occupation in this 
region at this time, which is documented in the 
archaeological records from the faunal and pot-
tery remains recovered at Jakkalsberg towards 
the mouth of the Orange River in northwestern 
South Africa (Brink and Webley, 1996).

Macro-botanical remains from various sites, 
for example, Sorghum spp., Vigna unguicu-
lata, Citrullus vulgaris, dating to ~1300–1400 
BP (see Fig. 1: LK, MA, FC, SK) further sug-
gest the established presence of humans in the 
region (Campbell et al., 1996; Partridge, 1966; 
Moore, 1981; Meyer, 1986; Huffman, 1971).

By ~1100 cal. BP, the pollen sequence at 
Lake Ngami (Fig. 1: LN) in northern Botswana 
reflects the emergence of pastoralism in the 
region with significantly increased spores of 
coprophilous fungi (e.g., Sporormiella, Sord-
aria) and charred fragments (Cordova et al., 
2017). This sequence correlates with archaeo-
logical evidence comprising ceramics, iron, 
and faunal remains (e.g., cattle, sheep/goat) 
from sites such as Panga Hill, Bisoli, Chobe, 

Qugana, and Serondola, and further confirms 
the widespread presence of pastoralists and 
farmers in northern Botswana between 1100 
and 1300 BP (see Denbow, 1986; Denbow and 
Wilmsen, 1986; Robbins et al., 2008; Coulson 
et al., 2016). Similarly, the presence of humans 
earlier documented by the remains of ceramics 
and cattle bones dated as early as ~1200–1300 
BP at Divuyu and Nqoma, about 70 km west of 
Okavango (Denbow and Wilmsen, 1986) could 
have been mirrored by the significant shift from 
grass- to sedge (Cyperaceae)-dominated veg-
etation and increased Asteraceae ~1000 BP at 
Okavango Panhandle (Fig. 1: OP), in northwest 
Botswana. Other factors such as climate and 
hydrology are also plausible (Nash et al., 2006). 

Tribulus

Tribulus terrestris is a protein-rich fodder for 
livestock in parts of Zimbabwe and South Africa, 
especially in the Karoo (Sebata et al., 2005; Bro-
milow, 2018). Recent evidence from cattle dung 
from Shashe-Limpopo Confluence Area (SLCA), 
dating between AD 1000 and 1200, points to 
>20% Tribulus pollen in samples (Mvelase, 
2021). A Tribulus mericarp (fruit) has been 
identified in a dung layer, although dating to a 
later date, at Sibudu Cave on the east coast of 
South Africa (Scott, 2005). Analysis of modern 
pollen samples from different landscape types 
in northcentral Namibia also indicated the 
dominance of pollen taxa such as Tribulus at 
grazed sites, suggesting local grazing pressure 
(Tabares et al., 2018). The common occurrence 
of Tribulus was recorded in distant northern 
China too and attributed to heavy trampling by 
livestock, known to increase with grazing pres-
sure; therefore, Tribulus is a potential indicator 
of grazing pressure on local vegetation (Li et al., 
2008; Wei and Zhao, 2016). Similarly, palynolog-
ical analysis of coprolites in the Central Sahara 
points to the significant presence of Tribulus, 
suggested to spread due to selective response 
to animal grazing (Rotunno et al., 2020). These 
records suggest that Tribulus might reflect 
human disturbances since it is most abundant 
in overgrazed veld or along roads (Scott and 
Morrison, 1996; Johannsmeier, 2016)

However, Tribulus is spread through fruits 
with thorns, clinging to the hair and hooves 
of livestock and leaves and flowers are often 
not incorporated into the diet (see Kinahan, 
2005; Sarwat et al., 2008). Also, Tribulus dates 
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further back in the fossil records. For example, 
Tribulus was recorded at Tswaing Crater at 
~200 ky (Scott, 1999) and at least at ~50 ky in 
Namibia (Scott et al., 2018). Tribulus should 
be considered, hovever, as likely evidence for 
herding when significant increases in the fossil 
record are associated with supporting evidence 
such as livestock remains.

GRASSLAND

The increase of spores of coprophilous fungi 
and charred fragments at the Drakensberg 
outlier Mahwaqa Mountain (Fig. 1: MM) after 
~2000 cal. BP indicates a possible anthropo-
genic impact (Neumann et al., 2014) and is 
tentatively linked to livestock keeping by pas-
toralists and/or farmers who entered the region 
~1500 BP (e.g., Mazel, 1989, 1992, 2022). Glo-
mus, a mycorrhizal fungus often linked to an 
increase in erosion, which might be a conse-
quence of human disturbance, also increased 
(Neumann et al., 2014). Significantly, recent 
investigations at Cherangani Hills in eastern 
Kenya correlated the increase of dung fun-
gal spores with notable grazing activity dur-
ing the late Holocene (Cheruiyot et al., 2020). 
Also, studies at historical sites in the western 
United States showed a positive correlation 
between Sporormiella and grazed areas (Davis 
and Shafer, 2006).

Notable vegetation changes coupled with 
the dominance of large Poaceae pollen grains 
(>40 µm) at Dartmoor Vlei (Fig. 1: DV) around 
Mount Gilboa situated on the headwaters 
of the Myamvubu River, to the east of the 
Drakensberg escarpment, might also indicate 
a possible anthropogenic impact ~1600 cal. 
BP (Geer, 2013). While Geer (2013) suggested 
the cultivation of Zea mays due to the large 
Poaceae pollen, this is unlikely because Zea 
mays only reached southern Africa through 
the Indian Ocean exchange in the AD 1600s 
(Miracle, 1965; McCann, 2001). Consequently, 
the large Poaceae pollen may rather be inter-
preted as possible early cultivated cereals such 
as sorghum or millet, although pollen of wild 
grasses cannot be excluded. 

Palynological data from Tiffindell (Fig. 1: 
TF) in the southern Drakensberg Mountains 
(Rosen et al., 1999), and Rietvlei Dam (Fig. 1: 
RD) further north (Scott and Vogel, 1983) might 
also indicate anthropogenic impact in the South 
African Grassland Biome ~1500 BP. How-
ever, accurate palynological interpretation of 

Rietvlei Dam is hampered by the possible con-
tamination of top layers by ploughing (Scott 
and Vogel, 1983). 

Phytolith analysis at Thaba Chweu Fen (for-
merly Lydenburg) (Fig. 1: MF) in northeastern 
South Africa records a shift from the dominance 
of C4 to C3 vegetation (Sjöström et al., 2017). 
However, the local vegetation change recon-
structed at Thaba Chweu Fen was limited to 
the increase in grasses only. Further to the 
southeast, archaeobotanical evidence recovered 
in the Muden area at Magogo (Fig. 1: MG), indi-
cate the likely cultivation of Cenchrus america-
nus and Eleusine coracana dated 1360 ± 50 BP 
(AD 640–860) (Maggs and Ward, 1984).

After~1200 cal. BP, further anthropogenic 
impact was present in eastern Lesotho (Fig. 1: 
SE) (Fitchett et al., 2016). Although the pollen 
and diatom records from Sekhokong suggested 
contrasting climate and environmental condi-
tions which are probably due to the limited 
samples represented by this period, the veg-
etation change might provide likely evidence 
of anthropogenic influence in eastern Lesotho. 

Further north of Sekhokong, the non-recov-
ery of Podocarpus pollen even during climati-
cally favourable conditions at Graskop (Fig. 1: 
GK) indicates that the continuous activities of 
humans within the area possibly hindered the 
regrowth of forests, thus supporting the ear-
lier suggestion of anthropogenic disturbances 
recovered at Versailles (~14 km from Graskop) 
(Breman et al., 2011).

INDIAN OCEAN COASTAL BELT (IOCB)

The Lake Sibaya (Fig. 1: LS-2) pollen 
sequence suggests that anthropogenic distur-
bances after ~1900 cal. BP are more likely 
to be responsible for the Podocarpus forest 
decline (Walther and Neumann, 2011), thereby 
correlating with possible human impact along 
and nearby the east coast of South Africa 
documented by remains of houses, grana-
ries, pits, cattle byres, and pottery mostly 
dated~1600–1300 BP in the archaeological 
records (Whitelaw, 1994; Whitelaw and Moon, 
1996; Mitchell and Whitelaw, 2005). 

In southern Mozambique, the Lake Nhau-
cati (Fig. 1: LH) pollen assemblage compris-
ing Asteraceae, Trema, Alchornea and Poaceae 
(Ekblom, 2008) likely indicates anthropogenic 
impact~1500 cal. BP, although Ekblom (2008) 
attributed the vegetation shift observed in the 
record to climate despite the known arrival of 
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farmers in the region ~1600 years ago. This 
argument was based on the record showing 
that the charcoal peaks did not correlate with 
the forests’ decline despite the archaeologi-
cal evidence of the presence and continuous 
occupation of farming communities and pos-
sibly higher population densities since 1600 
years ago (Sinclair, 1987; Ekblom, 2004, 2008). 
However, the dominance of pollen of Trema 
and Alchornea, which are usually regarded 
as pioneer trees, is frequently associated with 
human disturbances when accompanied by 
increased Poaceae (cf. Van Valkenburg and 
Ketner, 1994; Kjellmark, 1996; Dull, 2004). 

In addition, Ekblom (2008) tentatively 
linked the non-recovery of forests despite the 
prevalence of favourable climatic conditions, 
to soil erosion. Soil erosion is often connected 
to human disturbances close to farming com-
munity settlements in eastern South Africa 
(Marker and Evers, 1976; Breman et al., 
2011). Human impact cannot be ruled out for 
this period considering the non-recovery of 
forests, the possible association of soil erosion 
with human disturbances, and the associated 
regional archaeological evidence of settled 
human occupation during the first millennium 
AD (see Sinclair, 1982, 1987; Ekblom, 2004).

By~1400 cal. BP, the Mdlanzi (Fig. 1: MD) 
pollen sequence indicates the evidence of early 
anthropogenic impact along the northeast-
ern coast of South Africa (Turner and Plater, 
2004; Finch and Hill, 2008). While the change 
in vegetation was likely a result of tree fell-
ing and burning, the accompanying increase of 
large Poaceae pollen grains (>40 µm) suggests 
the possible cultivation of cereals (e.g., sor-
ghum, millet) (Turner and Plater, 2004). These 
human disturbances mirror the archaeological 
records (Maggs, 1984) of farming occupations 
since the mid-third century AD. Further north 
of Mdlanzi, palynological information from the 
Lake Sibaya core (Fig. 1: LS-1) further supports 
anthropogenic disturbances in the region 1400 
BP (Neumann et al., 2008). The interpretation 
is supported by archaeological data (e.g., cat-
tle and sheep bones, pearl millet and sorghum 
grains, and ceramics) that indicate the settle-
ment of farming communities (Maggs, 1980b; 
Maggs and Ward, 1984; Miller and Whitelaw, 
1994). Also, the Mfabeni Peatland record (Fig. 1: 
MB) to the east of Lake St. Lucia supports the 
evidence of forest clearance and wood burning 
by farmers in the IOCB, showing similar forest 

decline and a shift to more open grassland/
savanna, although due to the weak chronology, 
those disturbances cannot be accurately dated 
(see Finch and Hill, 2008). 

Around 1300 BP, the pollen record in the 
coastal lowlands of Mozambique at Lake Nhau-
hache (Fig. 1: LNH) shows possible anthro-
pogenic disturbances. While Ekblom (2008) 
argued that the vegetation change observed in 
the pollen records from the nearby sites e.g., 
Lake Nhaucati are not in harmony with the 
arrival of farmers and settlement changes, the 
pollen assemblages at Lake Nhauhache cou-
pled with the presence of the coprophilous fun-
gal spore (Coniochaeta lignaria) might suggest 
the opening of the landscape by human occu-
pation around this time (Ekblom et al., 2014a). 

Likewise, the possible human impact in 
the pollen record is contemporaneous with 
the archaeological evidence (e.g., cattle, sheep/
goat remains and ceramics) of the expansion 
of humans within the area (Badenhorst et al., 
2011; Ekblom et al., 2014b). Moreover, the pollen 
sequence from Lake Xiroche (Fig. 1: LX) in the 
Chibuene coastal plain of southern Mozambique 
provides evidence of sparse tree pollen accom-
panied by high representations of open-land 
indicators (e.g., Asteraceae, Amaranthaceae) 
and pioneer trees (e.g., Trema)~1300 BP (Ekb-
lom, 2008). While Ekblom (2008) argued for the 
prevalence of climate change, the reassessment 
of the pollen record, particularly the presence 
of pioneer trees and open-land indicators, as 
discussed earlier, suggests otherwise. A similar 
vegetation change pattern recorded from nearby 
coastal pollen sites suggests possible anthropo-
genic impacts around this time (Ekblom et al., 
2014b). Meanwhile, the slight differences in the 
overall pollen sequences between Lake Xiroche 
and Lake Nhaucati where certain variations 
exist in the forest decline are likely a result of 
localized signals. Sparse forest tree pollen was 
recorded at the former site, whereas the pollen 
record at the latter showed no significant forest 
decline (Ekblom, 2008). This further attests to 
the likely impact of the intensification of local 
cultivation and higher population densities 
already extending to other areas in the region. 

NAMA-KAROO

In northwestern Namibia, the pollen record 
from Okandjombo (Fig. 1: OK) in the Nama-
Karoo Biome documents the retreat of forests 
and increased Tribulus ~1300 cal. BP (see 
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Gil-Romera et al., 2007). Also, similar pol-
len assemblages coupled with the increase in 
open-land indicators were recorded from the 
pollen analysis of fossil hyrax dung near Vrede 
(Fig. 1: VM) in the same region ~1200 cal. BP 
(Gil-Romera et al., 2006). The authors argued 
that human activities might not be the likely 
explanation for major vegetation change due 
to archaeological records showing ephemeral 
human presence. However, possible anthropo-
genic impacts cannot be excluded as the pat-
tern of vegetation change is consistent with 
other records showing likely human impact. 
This change also correlates with the evidence 
of human occupation (e.g., sheep bones, ceram-
ics, iron tools) within the different localities of 
northwestern Namibia around this time (see 
Albrecht et al., 2001; Vogelsang et al., 2002; 
Lenssen-Erz and Vogelsang, 2005). 

After ~1300 BP, similar trends in vegetation 
fluctuations were recorded at different locali-
ties in the Nama-Karoo of South Africa (e.g., 
Scott et al., 2005). Notable vegetation changes 
were recorded at Deelpan (Fig. 1: DP) ~1250 
BP (Scott, 1988; Scott and Nyakale, 2002) and 
Blydefontein Rockshelter (Fig. 1: BL) ~1200 
BP (Rosen et al., 1999; Scott et al., 2005). 
These vegetation shifts have been attributed 
to climate change due to the increase in Aster-
aceae which might also point to anthropogenic 
disturbances as earlier suggested (see Baxter 
and Davies, 1994). While early archaeologi-
cal investigations at Blydefontein suggest the 
presence of humans at ~1255 BP (Bousman, 
1991), more recent faunal studies, albeit tenta-
tive, pushed the early presence of pastoralists 
in this area to 2791 ± 25 BP (cal. 967–817BC) 
(Bousman et al., 2016; Scott and Plug, 2016). 
Consequently, the pollen evidence may mirror 
the evidence of anthropogenic impact through 
herding. However, Bousman and Scott (1994) 
argued that similar vegetation changes noticed 
during the historical time in the Blydefontein 
area are likely due to both climate and over-
grazing. 

DESERT

The Kuiseb River (Fig. 1: KR) sequence 
provides a possible anthropogenic impact 
during the first millennium AD. While Scott 
(1996) argued that climate was likely the 
major driver of these vegetation changes, the 
principal components taxa used for the inter-
pretation (e.g., Salvadora, Faidherbia albida, 

Tribulus, Amaranthaceae, Asteraceae) failed 
to show a sound distinction for moisture and 
temperature conditions, which signals that the 
interpretation warrants a reassessment. Mean-
while, favourable conditions reported within 
the region supported the presence of livestock 
farming as early as ~1500 BP (Sandelowsky, 
1977). These, coupled with the increase of 
archaeological sites in western Namibia dur-
ing the first millennium AD (see Lander and 
Russell, 2018) suggest that pastoralism activi-
ties could have been responsible for the veg-
etation changes. Around 1500–800 cal. BP, an 
increase in Forsskaolea and Poaceae pollen at 
Pella, South Africa (Fig. 1: PE) associated with 
increased humidity in the region for this period 
indicating an open landscape (see Castilla-Bel-
trán et al., 2021) is likely due to anthropogenic 
influences (Lim et al., 2016). 

FYNBOS AND SUCCULENT KAROO 

Intensive grazing, occasional burning, and 
settlement would have had a significant impact 
on the vegetation in the Fynbos Biome (Park-
ington, 1977). Notable vegetation changes from 
De Rif at 1900 cal. BP, (Fig. 1: DR-1) in the 
central Cederberg mountains might attest to 
anthropogenic impact (Valsecchi et al., 2013). 
While there is no reference to anthropogenic 
impact by the palynologists, the archaeologi-
cal evidence of the introduction of livestock 
~1800 BP into the area (Parkington, 1977) 
coincides with these vegetation changes and 
with increased charred fragments at De Rif, 
likely indicating the impact of human activi-
ties in the area. Also, the Sneeuberg (Fig. 1: 
SN) pollen sequence showing trends synchro-
nous with increased vegetation disturbances 
taxa (e.g., Oxalidaceae, Plantaginaceae, Mon-
tiniaceae) which are often associated with fire 
suggests evidence of human disturbances after 
~1800 cal. BP (Meadows and Sugden, 1991). 

Sheep bones and pottery along the south-
ern Cape coast at Byneskranskop, Die Kelders, 
Blombos, and Pearly Beach strongly indicate 
the presence of pastoralists in the southwest-
ern parts of South Africa during the first mil-
lennium AD (Avery, 1974; Schweitzer, 1974; 
Schweitzer and Wilson, 1982; Henshilwood, 
1996). In the southern Cape, the presence of 
pastoralism has been documented archaeo-
logically with the help of ceramics and faunal 
remains (e.g., sheep) at Nelson Bay Cave, with 
the additional evidence of domesticated sheep 
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dung at Boomplas Cave in the interior moun-
tains ~2000–1700 BP (Beaumont and Vogel, 
1972; Deacon et al., 1978). 

By ~1600 cal. BP, evidence of likely anthro-
pogenic impact in the western part of the 
Cape was recorded at Klaarfontein (Fig. 1: 
KF; Meadows and Baxter, 2001), reflecting 
the impact of pastoralists, who were present 
on the Vredenburg Peninsula on the west 
coast by ~1860 BP (Smith, 1987). Additional 
evidence of a pronounced increase in charred 
fragments attests to the increase in fire pos-
sibly used to burn reedbeds and promote new 
growth, a practice that is still applied in the 
region today (see Skead, 1980). Rietvlei Still 
Bay (Fig. 1: RV), further south, also documents 
likely human presence ~1650 BP (Quick et al., 
2015). While the possibility of anthropogenic 
impact was not considered, the pollen record 
follows similar trends of vegetation changes 
likely caused by the activities of pastoralists. 

At ~1500 BP, patterns of vegetation change 
similar to those recorded from earlier sites in the 
Fynbos were documented in a pollen sequence at 
Spring Cave (Fig. 1: SC), collected from a dated 
archaeological exposure on the west coast of 
South Africa (Baxter, 1996). This phenomenon 
suggests further anthropogenic impact by pas-
toralists and is supported by the archaeological 
record indicating their presence along the west 
coast since ~1600 BP (Klein, 1986). 

Further south, the Princessvlei (Fig. 1: 
PV-1) record on the Cape Flats close to Cape 
Town shows minor changes after 1800 BP 
which have been tentatively linked to the 
impact of early pastoralists. (Neumann et al., 
2011). More pollen records from Eilandvlei 
(Fig. 1: EV, Du Plessis, 2015) and Princessvlei 
(Fig. 1: PV-2, Cordova et al., 2019) documented 
a similar trend of anthropogenic disturbance 
in the eastern and western parts of the Cape. 
At Princessvlei, the coincidence of vegetation 
changes and increased charred fragments with 
moist periods was likely due to greater bio-
mass fuel loads (Cordova et al., 2019). 

The likelihood of continued exploration of 
the landscapes by pastoralists towards the end 
of the first millennium AD was recorded far-
ther north from pollen records like Pakhuis 
Pass (Fig. 1: PK), Katbakkies (Fig. 1: KB) and 
De Rif (Cederberg Mountains) (Fig. 1: DR-2) 
in the Western Cape (Scott and Woodborne, 
2007; Meadows et al., 2010; Quick, 2009). These 
records agree with archaeological sites such as 

Diepkloof, Elands Bay Cave and Tortoise Cave 
along the Atlantic coast that have livestock 
remains and pottery dated around the mid-first 
millennium AD (Klein, 1986; Parkington and 
Poggenpoel, 1987; Sadr and Sampson, 2006). 

MARINE RECORDS

A marine pollen record (GeoB 1023) (Fig. 1: 
GB) obtained from a core off the southwest 
African coast, with main pollen source areas 
from the northern Namibian desert, Angolan 
highlands and northwestern Kalahari seems 
to suggest vegetation clearance for cultivation 
and increased burning ~1800 cal. BP, (Shi et al., 
1998). The likely activities of pastoralism and 
farming during this period coincided with the 
archaeological evidence (e.g., ceramics, faunal, 
and iron tools) in the region between 1800 and 
1500 cal. BP (Phillipson, 1977). 

The possible cultivation of cereals and the 
practice of livestock keeping is also reflected 
on the east coast of southern Africa in a more 
recent record from offshore the Umzimvubu 
River (GeoB20623), Mpondoland (Fig. 1: MP), 
at ~1500 BP. This provided evidence of an 
increase in open-land indicators coupled with 
the dominance of large Poaceae pollen grains 
(>40 µm) and the increase in spores of copro-
philous fungi (Hahn et al., 2021). The pollen 
record, evidence of increased erosion, and the 
presence of pastoralists and farmers in the 
archaeological record dated ~1400 BP (Feely 
and Bell-Cross, 2011), provides evidence of 
possible human impact in the area. However, 
there is a need for caution in the pollen inter-
pretation considering the possibility of the 
conflation of pollen from differing source areas 
which are often incorporated into the marine 
records (see Scott et al., 2012).

SYNTHESIS

Our review of pollen data from sites across 
the nine biomes of southern Africa explored 
the potential of using micro- and macro-botan-
ical remains to identify the introduction and 
spread of pastoralism and farming in southern 
Africa. In general, the palynological records for 
southern Africa show similar patterns of veg-
etation change across the biomes from 2000 to 
1000 years ago. Previous studies often argue 
that these patterns could be linked to the 
prevalence of generally drier conditions due 
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to climate change during the first millennium 
AD for this region (Scott et al., 2012; Cheva-
lier and Chase, 2016). However, the impact 
of pastoralism and farming can also lead to 
a decline in tree pollen and consequently an 
increase in open-land indicators/pioneer trees, 
coprophilous fungal spores, and large Poaceae 
pollen (>40 µm) (see Li et al., 2008). To evalu-
ate the evidence for the different scenarios we 
examined the patterns in the pollen data from 
the various sites recorded in southern Africa 
(see Table 1). Here we evaluate the indica-
tors of anthropogenic impacts on vegetation 
(see Table 3), suggest patterns observed in the 
data, and identify research gaps. 

POSSIBLE ANTHROPOGENIC INDICATORS

Tree pollen (see Table 3)

A decline in tree (forest) pollen can be 
driven by anthropogenic impact (e.g., Shi et al., 
1998; Li et al., 2008; Neumann et al., 2008), 
climate (e.g., Scott et al., 2003; Chevalier and 
Chase, 2016), or a combination of both (Finch 
and Hill, 2008). A decline of Podocarpus (but 
sometimes Olea) was generally documented 
at different sites in the Savanna, Grassland, 
IOCB, and Fynbos of South Africa, Zambia, 
and Mozambique (See Table 1), suggesting 
possible selective exploitation of trees for wood 
or a combination of the impact of people and 
climate. It is, however, more reliable to asso-
ciate the decline of trees with anthropogenic 
impact when accompanied by the increase of 
other possible anthropogenic indicators such 
as charred fragments, spores of coprophilous 
fungi, large Poaceae (Cerealia-type) pollen 
(>40 µm) and open-land indicators (e.g., Neu-
mann et al., 2008; Breman et al., 2011; Hahn 
et al., 2021).

Increase in open-land/disturbance 
indicators/pioneer trees

The high representation and diverse occur-
rence of open-land indicators (e.g., Amaran-
thaceae, Asteraceae) in the different biomes 
(see Table 1) are commonly interpreted as 
effects of anthropogenic disturbances particu-
larly farming (Baxter and Davies, 1994; Neu-
mann et al., 2011; Hahn et al., 2021) but often 
argued to be indicators of regional aridity (Scott 
et al., 2003; Chevalier and Chase, 2015, 2016). 
Following the associations of these open-land 
indicators with large Poaceae pollen (>40 µm), 
which are tentatively interpreted as cultivated 
cereals and known to have coincided with the 
arrival of farmers in southern Africa from sites 
such as Mdlanzi and Mpondoland (Turner and 
Plater, 2004; Hahn et al., 2021), they more 
likely indicate anthropogenic impact during 
the first millennium AD. 

The increase of light-adapted pioneer trees 
such as Trema and Macaranga, which are 
widespread from the pollen records in Mozam-
bique from ~1700 BP (see Table 1), often indi-
cates anthropogenic disturbances and growth 
of secondary forests (Goodale et al., 2012). 
Their increase which coincides with high fre-
quencies of charred fragments particularly 
at Mount Gorongosa in central Mozambique 
(McWethy et al., 2016) further points to the 
likely removal of canopy forests for farming 
which in turn favoured the expansion of trees 
adapted to light-demanding conditions. These 
changes in the vegetation have also been related 
to anthropogenic activities in other areas such 
as Europe, Asia and America (Dubois et al., 
2018). Ekblom (2008) has, however, argued for 
climate changes suggesting that the increase 
of these pioneer species did not have a close 
relationship with anthropogenic impact owing 

Table 3. Summary of possible anthropogenic indicators

Human activity Likely evidence Associated taxa/remains

Felling of trees for wood,  
clearing of forest for cultivation

Decline in tree pollen Podocarpus, Olea, Celtis

Clearing of forest for cultivation Increase in open-land/distur-
bance indicators/pioneer trees

Asteraceae, Amaranthaceae, Macaranga, Trema, Oxal-
idaceae, Montiniaceae, Plantaginaceae 

Crop cultivation Increase in large Poaceae  
pollen (>40 µm)

Likely Pennisetum (syn. for Cenchrus americanus), 
Sorghum

Crop cultivation Presence of charredgrains and 
seeds

Cenchrus americanus, Sorghum bicolor, Vigna unguicu-
lata, Eleusine coracana, Citrullus lanatus, Zea mays

Clearance of vegetation by fire Increase in charred fragments Micro- and macro-charcoal
Livestock herding Increase in spores of  

coprophilous fungi
Sordaria, Sporormiella, Gelasinospora, Coniochaeta

Livestock herding Increase in ruderal species Tribulus
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to the lack of increased charred fragments in 
the local records from southern Mozambique.

Increase in charred fragments

Charred fragments are one of the most 
important indicators of anthropogenic pres-
ence and activities (e.g., Dubois et al., 2018). 
The clearance of vegetation by fire was com-
monly practised by pastoralists and farmers 
to prepare land for fields and settlements 
(e.g., Nkala et al., 2011). Burning is a common 
practise to stimulate grass growth (Neary and 
Leonard, 2020). Human-induced fires are often 
differentiated from natural fires when accom-
panied by the occurrence of other anthropogenic 
indicators such as weeds, large Poaceae pollen 
(>40 µm) and open-land indicators (Li et al., 
2008), but coincidences cannot be excluded. 

This phenomenon is widespread in southern 
Africa across the Fynbos, Savanna, Grassland, 
and IOCB with the co-occurrence of open-land 
indicators and decline of trees, and more likely 
indicates the impact of anthropogenic burning 
particularly when archaeological data provide 
evidence of human occupation (Scott, 1982c; 
Roos et al., 2016; Scott et al., 2022). Mean-
while, a few sites showing evidence of likely 
anthropogenic impact (e.g., Broederstroom, 
Mdlanzi, Mpondoland) did not show the co-
occurrence of charred fragments peak with 
other anthropogenic indicators. The absence of 
evidence may not necessarily mean evidence 
of absence of anthropogenic impact as the lack 
of peaks of charred fragments might be due 
to effective management of fires (see Scott, 
2002) or a small number of farmers moving 
into a landscape already managed by hunter-
gatherers (Wadley, 1978, 1996).

Large Poaceae pollen (> 40 µm)

The appearance of large Poaceae pollen 
(>40 µm) in the Grassland Biome, marine 
and IOCB sites might indicate the cultivation 
of crops. At many sites in southern Africa, 
these pollen grains co-occurred with increased 
charred fragments and open-land indicators, 
as well as the decline of trees (see Table 1), 
indicating possible farming practices in the 
region. While it is possible to link the large 
Poaceae pollen grains with early cultivated 
cereals (e.g., Pennisetum – syn. for Cenchrus 
americanus, Sorghum), as has been done in 
other contexts (see Hahn et al., 2021), the 

above-mentioned size overlaps with wild grass 
taxa (see Bonnefille and Riollet, 1980) in the 
summer rainfall areas of South Africa where 
the early farmers settled. Also, large Poaceae 
pollen (>40 µm) grains may not reflect culti-
vated grasses in the Fynbos, as they are com-
monly found in pollen records before the first 
millennium AD when farming was known to 
have started in southern Africa (e.g., Baxter, 
1996). So, caution must be taken in interpret-
ing them as cultivated cereals in the Fynbos.

Increase in spores of coprophilous fungi

Abundant fungal spores (e.g., Sordaria, 
Sporormiella, Gelasinospora) commonly asso-
ciated with dung were recovered in sediment 
pollen archives in the Savanna, Grasslands and 
IOCB Biomes, possibly indicating the presence 
of pastoralism across South Africa, Botswana, 
and Mozambique beginning as early as 2000–
1500 BP (Neumann et al., 2014; Ekblom et al., 
2014b; Cordova et al., 2017; Hahn et al., 2021). 
Palaeoecological studies focused on dung fun-
gal spores have shown that their presence is 
often associated with the dung of herbivores 
(Cugny et al., 2010; Baker et al., 2013; Che-
ruiyot et al., 2020; van Asperen et al., 2020), 
though some fungal taxa (e.g., Gelasinospora) 
grow rapidly on other substrates (Cheruiyot 
et al., 2020; van Asperen et al., 2020). Thus, 
a significant increase in dung fungal spores 
is a potential indicator of grazing particularly 
during known periods of pastoralism in the 
archaeological record especially if spores of 
coprophilous fungi co-occur with e.g., pollen of 
crops and weeds. It is worth noting that the 
absence of dung fungal spores in records from 
other biomes of southern Africa (e.g., Fynbos) 
does not preclude pastoralism, as their pres-
ence is more remarkable than their absence 
(see Cheruiyot et al., 2020).

Increase in ruderal species

Ruderal species (e.g., Tribulus) are known to 
spread rapidly in highly disturbed areas, which 
may be due to climate change and/or anthro-
pogenic impact from pastoralism and farming 
(Grime, 1979; Cilliers and Bredenkamp, 1999; 
Verdú and Mas, 2006). The increase of Tribu-
lus, which is often associated with increased 
grazing pressure (Li et al., 2008), coincided with 
the decline of trees across the Savanna, Nama-
Karoo and marine sites in offshore Namibia 
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(Scott et al., 1991; Gil-Romera et al., 2007; Shi 
et al., 1998) possibly suggesting widespread 
anthropogenic activities, particularly pastoral-
ism, in the region. The role of Tribulus as an 
anthropogenic indicator is underlined by the 
palynological results of our preliminary study 
on early second millennium AD cattle dung 
from the SLCA region (Mvelase, 2021).

PATTERNS OF VEGETATION CHANGE

The archaeobotanical data across the 
biomes of southern Africa showed similar 
changes in vegetation during the first mil-
lennium AD (see Table 1). This was marked 
by the decline of forest elements (e.g., Podo-
carpus), the spread of open-land/disturbance 
indicators (e.g., Amaranthaceae, Asteraceae, 
Oxalidaceae, Plantaginaceae, Montiniaceae), 
as well as an extension of savanna and/or 
pioneer trees and coprophilous fungi (e.g., 
Sordaria, Sporormiella). Considering that 
southern African climates are diverse with 
a high degree of temporal and spatial vari-
ability across the region, it is unlikely that the 
climate in different biomes fluctuated in the 
same way during the first millennium AD (see 
Tyson and Preston-Whyte, 2000; Chevalier 
and Chase, 2016). More likely, anthropogenic 

impact is responsible for similar palynological 
fluctuations for this period. 

Increased charred fragments were observed 
at several sites across all the biomes (e.g., Ver-
sailles, Mahwaqa Mountain, Mdlanzi Swamp, 
PrincessVlei, GeoB 1023) except in the Nama-
Karoo and Desert Biomes. This is likely due to 
the lack of combustible mass in the two biomes 
(see Bond, 1997; Allen et al., 2011; Muller 
et al., 2016). 

Also, essential resources probably played 
a role in site selection by pastoralists and 
early farmers, with fertile soils, grazing fields, 
an adequate supply of water and wood, and 
a favourable climate being likely factors. In 
South Africa, the early sites clustered around 
the northeastern region (see Fig. 1), attesting 
to the fact that early pastoralists and farm-
ers likely favoured relatively lower altitudes 
with nutrient-rich colluvial soils and sweet-
veld which allowed grazing (e.g., Maggs and 
Ward, 1984; Parkington and Hall, 2010). This 
is also supported by preserved charred seed 
remains, which are limited to the savanna 
and grasslands (see Table 1). While the soils 
in the grasslands are especially suitable for 
growing cultivated grasses, pastoralists and 
early farmers initially avoided higher altitude 
regions due to highly variable rainfall, severe 

Figure 2. Map of southern Africa showing sites with the first occurrence of potential anthropogenic impacts in each region 
(adapted after Mucina and Rutherford 2006). Site abbreviations are listed in Table 1 according to biome and country
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frost occurrence and low winter temperatures 
unfavourable for crops and livestock (see Huff-
man, 1996; Eeley et al., 1999; Sadr, 2020). 

Furthermore, the likely anthropogenic 
impact observed from the archaeobotanical 
data suggests the continuing presence of pas-
toralism and farming in southern Africa begin-
ning from ~1900–1600 BP across the Savanna, 
Grassland, Fynbos, and IOCB Biomes (see 
Figs 1 and 2). Later sites within these biomes 
indicated a concentration of evidence of 
anthropogenic impact within much of the inte-
rior, suggesting a likely spread. At ~1500 BP, 
a wide expansion of pastoralists/farmers into 
other areas of southern Africa is suggested, 
as revealed by a general and wide increase 
of archaeobotanical data showing vegetation 
changes likely due to anthropogenic impact 
(see Fig. 1). However, the records showed that 
the drier regions e.g., Nama-Karoo and desert 
were likely explored much later ~1450–1300 
BP (Fig. 1). Hence, the anthropogenic distur-
bances might be blurred by vegetation changes 
due to climatic fluctuations, and vice versa.

Currently, there is a strong bias towards 
the understanding of climate fluctuations, 
rather than anthropogenic drivers, during 
the late Holocene in palynological studies in 
southern Africa (see Dubois et al., 2018). On 
the other hand, many indicators for intense 
droughts are also regarded as signals for 
human disturbances. We suggest that the veg-
etation shifts cannot be fully explained solely 
by climate variations particularly the gradual 
replacement of forest tree pollen with open-
land indicators at individual sites. More often, 
regional pollen composition is an indicator of 
climate (Scott et al., 2012), while the pollen 
composition from local sites typically reflects 
the impact of anthropogenic activities and/or 
climate as well as other landform processes 
shaping the landscapes (Li et al., 2008). Thus, 
anthropogenic disturbances (e.g., cultivation, 
fire, grazing) can transform the landscapes 
independently of, or in conjunction with cli-
mate change, and might result in changes in 
the vegetation composition (Li et al., 2008; 
Gillson and Ekblom, 2020).

Furthermore, larger Poaceae (>40µm) pollen 
grains, as well as macro-charcoal, often reflect 
local signals due to short dispersal distances 
(see Edwards and McIntosh, 1988; Whitting-
ton et al. 1991), thus it is important to identify 
likely anthropogenic impact within a localized 

area. Similarly, differentiating between local 
and regional pollen taxa through the analy-
sis of modern pollen-vegetation relationships 
fosters a more accurate interpretation of the 
major driver(s) of vegetation changes (see 
Ekblom et al., 2017; Chen et al., 2017; Geng 
et al., 2019). These coupled with supporting 
archaeological evidence of human habitation 
in the area facilitate the identification of likely 
anthropogenic disturbances as local signals.

Also, palaeoclimate studies have shown that 
climate in the different biomes did not fluctuate 
in the same way throughout the region during 
the late Holocene (Chevalier and Chase, 2015, 
2016). For instance, although much of the 
observed climate variability along the eastern 
African margin has been attributed to changes 
in global conditions, the observed variations 
within the central and eastern South African 
sites, particularly during the Late Holocene, 
remain patchy. This lack of consistent pattern-
ing between these sites may be due to varying 
degrees of anthropogenic disturbances. How-
ever, the pollen data we reviewed showed simi-
lar patterns of vegetation disturbance, particu-
larly with the decline in forests and increased 
open-land indicators across all the biomes for 
the first millennium AD.

While much of our focus in the paper has 
been on the decline of trees, recovery patterns 
are also important. For example, forest trees, 
which are less capable of recovery in a fire-
dominated environment, mostly do not recover 
once they have declined, while savanna trees, 
which are in contrast better adapted to regen-
erate in such environments, prevail (Gillson 
and Ekblom, 2020). 

SUMMARY

A synthesis of archaeobotanical proxies 
within the context of existing macro-botanical 
and archaeological data shows the potential of 
exploring the beginnings and spread of pasto-
ralism and farming in southern Africa during 
the first millennium AD. The pollen records 
indicate a distinct pattern of vegetation 
change evident in the decline of trees (forest), 
an increase of open-land indicators/pioneer 
trees, spores of coprophilous fungi, Tribulus, 
large Poaceae pollen (>40 µm) and charred 
fragments. While the data show a continu-
ing presence of pastoralism and farming from 



66 J.O. Olatoyan et al. / Acta Palaeobotanica 62(1), 50–75, 2022

~2000–1000 BP in southern Africa, convincing 
evidence for the beginnings of likely anthropo-
genic impact are documented between ~1900 
and 1600 BP across the Savanna, Grassland, 
Fynbos and IOCB Biomes, and ~1450–1300 BP 
in the Nama-Karoo and Desert. Also, a wide-
spread increase of archaeobotanical data show-
ing similar vegetation changes possibly from 
anthropogenic impact suggests an expansion 
of pastoralists and/or farmers into other areas 
of southern Africa at ~1500 BP.

However, our conclusions are tentative 
considering the bias in the archaeobotanical 
data towards areas where research has been 
focused. We hope that additional research in 
these countries and other under-represented 
areas will help to improve the overall picture 
and patterns of the emergence and spread of 
pastoralism and farming in southern Africa.
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A B S T R A C T

In palaeoenvironmental reconstructions, few studies have focused on comparing the presence of pollen and
phytoliths in surface sediments to the local vegetation. Notwithstanding inherent differential pollen and
phytolith preservation, production, and dispersal, which affect their recovery and interpretation in sediment
archives, there remains a need to explore modern pollen-vegetation, phytolith-vegetation and pollen-phyto-
lith relationships to improve palaeoenvironmental reconstructions. We carried out palynological and phyto-
lith analysis on six surface sediment samples linked to the botanical survey of five vegetation survey plots at
Gustav Klingbiel Nature Reserve, Mpumalanga province in northeastern South Africa, to understand the rela-
tionships between the modern pollen and phytolith assemblages in the surface sediments and the contem-
porary vegetation of the study area. Correspondence Analysis (CA) was undertaken to examine the
fingerprint of the local vegetation in the modern pollen-phytolith assemblage and evaluate whether the phy-
tolith and pollen assemblages were tracking each other. CA illustrated that pollen and phytolith proxies are
not tracking the same primary vegetation signals; modern pollen assemblages best represent the compo-
nents of forest and wetland vegetation. In contrast, modern phytolith assemblages best represent grassland
vegetation. Our study shows that differential pollen and phytolith preservation, production and dispersal sig-
nificantly affect sediment records more than anticipated, thus combining multi-proxies (e.g., phytoliths, pol-
len) provides a more accurate basis for the interpretation of fossil spectra in palaeoenvironmental
reconstructions.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of SAAB. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

Palynology and phytolith analyses are standard methods used
globally to reconstruct Quaternary vegetation fluctuations, climate
change, and human impact on vegetation. Often, these proxies com-
plement each other to reflect palaeoenvironments more accurately
(e.g., Scott et al., 2012, 2020; Fitchett et al., 2017; Sj€ostr€om et al.,
2017; Esteban et al., 2018; Breman et al., 2019; Hahn et al., 2021). Dif-
ferential pollen and phytolith preservation, production, dispersal, and
depositional environments, however, hinder or facilitate their recov-
ery and interpretation (Bryant and Holloway, 1983; Piperno, 2006;
Bell and Fletcher, 2016; Morales-Molino et al., 2020). A further con-
cern is that analyses of pollen and phytolith assemblages from
archaeological contexts can provide different environmental signals
(Alexandre et al., 2004; Esteban et al., 2020a).

The relationship between modern pollen and phytoliths and con-
temporary vegetation in the northeastern region of South Africa is
under-researched, and only one prior pollen study (see Duffin and
Bunting, 2008) is available, with no studies that we are aware of, for
phytoliths. Addressing this lacuna calls for modern pollen-phytolith-
vegetation studies in the region. This is especially important for
palaeoecological research seeking to understand how pastoralists
and farmers who occupied the area since the first millennium AD
impacted vegetation (see Mitchell and Whitelaw, 2005; Delius et al.,
2012).

This paper contributes to contemporary pollen and phytolith
research, especially in northern South Africa, to strengthen palaeoen-
vironmental reconstructions. Our aim is to gain a better understand-
ing of fossil phytoliths and pollen assemblages in and around the
Mashishing Fen, in the Gustav Klingbiel Nature Reserve in
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northeastern Mpumalanga, South Africa (Fig. 1). Modern pollen and
phytolith data from surface sediment samples were compared with
each other and the contemporary source vegetation (constrained in
10 m diameter survey plots) to evaluate possible correlations. A sec-
ondary aim is to present microphotographs of the regional pollen
flora for an area of South Africa where no pollen atlas exists.

The study site was selected because it is surrounded by rich
archaeological evidence of human occupation and subsistence, par-
ticularly during the last 2000 years BP (see Inskeep and Maggs, 1975;
Evers, 1980, 1982), which provides the basis for tracing the impact of
pre-European farming and the climate on the vegetation composition
during this period. The choice of site was also due to its location in a
nature reserve and the absence of current anthropogenic activities in
its immediate vicinity.

1.2. Pollen and phytolith studies in southern Africa

Pollen and phytolith studies in southern Africa have been con-
ducted on sediments of lakes, wetlands, springs, and swamps, as well
as speleothems, salt pans, and dung deposits (e.g., Pearsall, 2000;
Scott et al., 2004, 2012; Piperno, 2006; Neumann et al., 2010; Festi et
al., 2016; Ekblom et al., 2017; Sj€ostr€om et al., 2017; Breman et al.,
Fig. 1. (A) Map of South African bioregions showing study area (black rectangle) and rivers (
(after Mucina and Rutherford, 2006) at Gustav Klingbiel Nature Reserve (GK), (C) Google Ear
in the study area.
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2019). In central southern Africa, preservation of microfossils is lim-
ited by frequent wet/dry cycles (see Chase and Meadows, 2007;
Fitchett et al., 2016, 2017; Hill and Finch, 2021).

The potential of pollen to provide a broader understanding of veg-
etation dynamics across different vegetation types particularly in rel-
ative tree-grass abundance is well established, while phytoliths are
invaluable in identifying Poaceae subfamilies because palynological
identification beyond family level is challenging (Alexandr�e et al.,
1997; Lejju et al., 2005; Parker et al., 2011; Cordova, 2013, 2023; Bre-
man et al., 2019; Cordova et al., 2019; Esteban et al., 2020b). Conse-
quently, combining pollen and phytoliths helps to reconstruct past
environmental changes more accurately; distinguish between vari-
ous vegetation types (e.g., forest, grassland, wetland), and fill specific
proxy gaps in sequences. Also, the need for multiproxy studies in
southern Africa has been stressed to distinguish climatic and possible
anthropogenic disturbances on vegetation (e.g., Breman et al., 2019;
Cordova et al., 2019).

Unfortunately, pollen and phytoliths may not always occur
together in the same archives or sediment horizons (e.g., Esteban et
al., 2020a). In addition, there is limited research on modern pollen-
phytolith-vegetation studies in southern Africa. Where these do exist,
there is a strong research bias towards regions like the Free State and
after Mucina and Rutherford, 2006), (B) Map showing survey plots and vegetation units
th map showing satellite image of vegetation composition and location of survey plots
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KwaZulu-Natal (see MacPherson, 2009; Sobol et al., 2019; Hill et al.,
2021; Julier et al., 2021). These studies focused on the relationship
between single proxies (pollen or phytoliths) and contemporary veg-
etation (e.g., Scott, 1982, 1984; Hill, 1995; Quick et al., 2011; Esteban
et al., 2017a, 2017b; Hill and Finch, 2021). While phytolith studies on
modern materials have focused on understanding the diagnostic
potential of phytoliths and their use in reconstructing past environ-
ments (e.g., Cordova, 2013, 2023; Esteban et al., 2017a; Mercader et
al., 2009), the pollen studies focused primarily on how representative
the extant vegetation is in the modern pollen spectra, with no
attempt to quantify the relationship between modern pollen and
contemporary vegetation (e.g., Scott, 1984; Scott and Bousman,
1990).

Pollen and phytolith surface samples (usually the top 2 cm of sedi-
ments below vegetation litter, taken from several spots within 1 m2)
are frequently studied as a subset of the fossil spectrum and are often
not the primary focus of the inquiry (e.g., Scott, 1984; Hill, 1995;
compare Hill and Finch, 2021). Notwithstanding recent studies
assessing the quantitative relationship between modern pollen and
phytolith data and vegetation communities from surface samples
(e.g., Barboni et al., 2007; Novello et al., 2012; Cordova, 2013; Esteban
et al., 2017b; Novello et al., 2018; Mercader et al., 2019; Sobol et al.,
2019; Hill et al., 2021; Hill and Finch, 2021), understanding of the
relationship between phytolith production in vegetation and deposi-
tion patterns in modern soils remains a challenge (e.g., Albert et al.,
2006; Mercader et al., 2019). Addressing this challenge has been
complicated by research on pollen in surface samples being ham-
pered by the lack of pollen in modern samples caused by the frequent
wet/dry cycles due to the semi-arid climate over much of southern
Africa (see Hill and Finch, 2021).

2. Materials and methods

2.1. Study area

The Mashishing Fen in the Gustav Klingbiel Nature Reserve (GK),
Mpumalanga province, South Africa (Fig. 1), abuts the town of Mash-
ishing (previously Lydenburg). The fen is situated at an elevation
ranging from 1563 m to 1601 m above sea level in a mountainous
area with deep valleys incised by the Sterkspruit and the Klipgat-
spruit rivers (De Swardt, 1990, 2014). Streams run north and south of
the fen and merge with the Dorps and Spekboom rivers, forming part
of the Olifants River catchment that drains into the Indian Ocean
(Sj€ostr€om et al., 2017).

Precambrian Pretoria Group (2.3-2.1 Ga) shales and quartzites
dominate the regional geology (Lenhardt et al., 2012). Bands of
Fig. 2. (A) Lydenburg Montane Grassland with erosion features near the fen; (B) Lydenburg
background (photo credit: Jerry Olatoyan, 2020).
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dolerite (diabase sills formed during the early Jurassic because of the
break-up of Gondwana, [Neumann et al., 2011]) and quartzite
form ridges and high ground since they are more resistant to ero-
sion (Norman and Whitfield, 2006). The topography and rock out-
crops in the area are responsible for shallow soils on the slopes
and deeper soils in the valley (da Cruz, 2015). The predominant
soil types are apedal, eutrophic, plinthic, and shallow soils
(Mucina et al., 2006).

The study area is located within the Grassland Biome, includes
Lydenburg Thornveld (a Mesic Highveld grassland type) and is
bounded to the east by Long Tom Pass Montane Grassland (Lyden-
burg Montane Grassland) (Mucina et al., 2006) (Fig. 1B). It lies in the
summer rainfall region with >66 % Mean Annual Precipitation (MAP)
in the months from October to March (Mucina et al., 2006). The Dra-
kensberg Escarpment, east of Mashishing, creates a rain shadow, and
low-lying areas further west of the escarpment get substantially less
rainfall than the high-lying areas (Mucina et al., 2006). Consequently,
Lydenburg Thornveld, in the rain shadow, receives 707 mm MAP
(580�810 mm) and, in the eastern part of the Gustav Klingbiel
Nature Reserve, the Long Tom Pass Montane Grassland receives oro-
graphic precipitation and mists most of the year, with 858 mm MAP
(660�1180 mm) (Mucina et al., 2006). The Mean Annual Tempera-
ture in Lydenburg Thornveld is around 16°C, and winters are cold
with infrequent frost (Mucina et al., 2006: 409). Frost is more com-
mon in the high altitude of Long Tom Pass Montane Grasslands of the
reserve (Mucina et al., 2006: 405)

The Lydenburg Thornveld (a transitional zone between the high-
lying grasslands and the warmer and drier bushveld) (Fig. 2) com-
prises woodland which is dense in rocky areas but includes more
grassland in the frost-ridden valleys (Mucina et al., 2006: 409). The
characteristic vegetation includes grasses like Andropogon schirensis,
Themeda triandra and Heteropogon contortus, and small trees, e.g.,
Cussonia transvaalensis, Vachellia karroo and Senegalia caffra. Low
shrubs such as Searsia gerrardii, Senecio microglossus and Anthosper-
mum rigidum, and tall shrubs such as Diospyros lycioides and Vernonia
crataegifolia are present (Siebert et al., 2002; Mucina et al., 2006).
Lydenburg Montane Grassland (Fig. 2) comprises Afromontane flora
and small forests; thickets are common along drainage lines. It is
characterised by herbaceous vegetation, including grasses Eragrostis
racemosa, Melinis repens, Panicum maximum, and herbs such as Aloe
greatheadii, Hypoxis rigidula and Ipomoea spp. The woody vegetation
includes shrubs such as Senegalia ataxacantha, Leucosidea sericea, Dio-
spyros lycioides and Euclea crispa, and trees such as Protea caffra, Sear-
sia pyroides, Cussonia paniculata and Vachellia karroo. Common
invasive species include Ricinus communis (Mucina et al., 2006; Ferrar
and L€otter, 2007; de Swardt, 2014).
Thornveld with Vachellia, Cussonia and other trees and grasses, Long Tom Pass in the
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2.2. Botanical survey

In January 2020, a botanical survey was conducted to document
plant taxa in five survey plots. The five plots were selected according
to location and/or characteristic vegetation structure. GK 1 represents
Mashishing Fen vegetation (Fig. 3A); GK 2 represents grass patches
within thickets (Fig. 3B); GK 3 and GK 4 represent fen and forest mar-
gins along the northeastern and eastern extents of the fen (Fig. 3C, D
and E); and GK 5 represents riparian vegetation (Fig. 3F).

A circular plot with a 10 m diameter was set up to record the pol-
len and phytolith sources immediately surrounding the sample col-
lection points, in the centre of the circle. An iron dropper was
hammered into the ground to remain fixed at the centre. A second
dropper, connected by a five-metre measuring string to the first
(fixed) dropper, was installed and subsequently moved, establishing
four 5 m transects northwards, eastwards, southwards, and west-
wards. A Brunton pocket transit compass was used to determine the
transect directions and the transect distances were verified using a
metre tape. Plant taxa along each transect were recorded. Taxa that
were not present along the transect lines, but occurred within the
sample plot were also recorded, as were dominant plant species
growing beyond the sample areas. Voucher specimens were prepared
and assigned taxa numbers for identification confirmation at the CE
Moss Herbarium, University of the Witwatersrand (Wits). In addition,
the geographical locations and elevation of the sample locations were
recorded (GK- 1 25°05054.90’ S, 30°30036.4" E; GK 2- 25°05057.60’ S,
Fig. 3. (A) GK 1: Mashishing Fen vegetation; (B) GK 2: Grass patches within thickets; (C) and
4: East margin of Mashishing Fen and forest; (F) GK 5: Riparian vegetation.
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30°30021.2" E; GK 3.1 and 3.2 -25°05024.10’ S, 30°30038.2" E; GK 4-
25°05055.70’ S, 30°30039.3" E; GK 5- 25°05057.00’ S, 30°30037.4" E;
Fig. 1B and C).
2.3. Herbarium specimen collection

We obtained permission from the Gustav Klingbiel Nature
Reserve authorities to collect plant specimens. Rare plants protected
by law were documented, but not collected. Following standard
botanical practice, we collected, as far as possible, diagnostic plant
components bearing diagnostic features (Fish, 1999). The base, cen-
tre, and apex of sterile and fertile fern fronds were also collected. The
voucher specimen identifications were verified at the CE Moss Her-
barium, Wits (Table 1).
2.4. Surface sediment collection

Surface sediment samples were collected from an area of 1 m2 in
the centre of the five survey plots to provide representative modern
pollen and phytolith spectra. After leaf litter had been removed, the
top 2 cm of sediment (approx. 50 g) was collected into a Ziploc bag
(65 mm £ 85 mm) using a 175 mm hand trowel. One pollen and one
phytolith sample were collected from each plot except for GK 3, on
the northeastern margin of the fen, where two surface samples were
collected. GK 3.1 was collected in the forest on the margin, whereas
(D): GK 3 Northeast margin of Mashishing Fen and forest with Gunnera perpensa; (E) GK



Table 1
List of plant species identified as the contemporary source vegetation in the five botanical survey plots (GK 1�GK 5) at the Gustav Klingbiel Nature Reserve. Exotic taxa are indi-
cated by *

Family Genus and species GK 1 fen GK 2 grass pockets GK 3 fen/forest GK 4 fen/forest GK 5 riparian

Trees and tall shrubs
Anacardiaceae Searsia dentata (Thunb.) F.A. Barkley x

Searsia discolor (E.Mey. ex Sond.) Moffett x
Searsia transvaalensis (Engl.) Moffett x x x x

Ebenaceae Diospyros lycioides Desf. x x x x
Diospyros whyteana (Hiern) F.White x x
Euclea crispa (Thunb.) Gurke x x x

Fabaceae Vachellia karroo (Hayne) Banfi & Galasso x x x x
Icacinaceae Cassinopsis ilicifolia (Hochst.) Kuntze x x
Lamiaceae Syncolostemon flabellifolius (S.Moore) A.J.Paton x
Myricaeae Morella serrata (Lam.) Killick x
Rhamnaceae Ziziphus mucronataWilld. x x x
Rosaceae Leucosidea sericea Eckl. & Zeyh. x x
Rutaceae Zanthoxylum capense (Thunb.) Harv. x x
Scrophulariaceae Buddleja salviifolia Lam. x
Thymelaeaceae Dais cotinifolia L. x x
Low shrubs
Asparagaceae Asparagus virgatus Baker x x
Asteraceae Athrixia phylicoides DC. x

Senecio microglossus DC. x x
Senecio venosus Harv. x
Stoebe sp. x

Fabaceae Indigofera oxytropis Benth. ex Harv. x
Malvaceae Grewia vernicosa Schinz x
Myrsinaceae Myrsine africana L. x x
Verbenaceae Lantana rugosa Thunb. x

Lippia javanica (Burm.f.) Spreng. x
*Verbena bonariensis L. x

Climbers, scramblers
Fabaceae Senegalia schweinfurthii (Brenan & Exell) Seigler & Ebinger x
Ranunculaceae Clematis brachiata Thunb. x
Rosaceae Rubus rigidus Sm. x x x x
Rubiaceae Rubia petiolaris DC. x
Vitaceae Rhoicissus tridentata (L.f.) Wild & R.B.Drumm. x x
Herbs, including prostrate twining plants
Acanthaceae Dyschoriste setigera (Pers.) J.C.Manning & Goldblatt x
Asteraceae Acalypha peduncularis E.Mey. ex Meisn. x

Haplocarpha scaposa Harv. x
Cucurbitaceae Cucumis zeyheri Sond. x
Fabaceae Rhynchosia caribaea (Jacq.) DC. x

Rhynchosia nervosa Benth. ex Harv. x
Gentianaceae Chironia palustris Burch. x
Gunneraceae Gunnera perpensa L. x
Hypoxidaceae Hypoxis hemerocallidea Fisch., C.A.Mey. & Av�e-Lall. x
Iridaceae Freezia laxa (Thunb.) Goldblatt & J.C.Manning x
Lamiaceae Mentha longifolia (L.) Huds. x x x
Malvaceae Hermannia antonii I.Verd. x
Onagraceae *Oenothera rosea L’Her. ex Aiton x

*Oenothera tetraptera Cav. x
Plantaginaceae *Plantago major L. x
Polygonaceae Persicaria decipiens (R.Br.) K.L.Wilson x
Ranunculaceae Anemone bracteata Harv. ex J.Zahlbr. x
Rosaceae Agrimonia proceraWallr. x
Rubiaceae Oldenlandia affinis (Roem. & Schult.) DC. subsp. fugax (Vatke)

Verdc.
x

Graminoids (including grasses, sedges and rushes)
Cyperaceae Carex sp. x

Carex sparteaWahlenb. x
Carex spicatopaniculata Boeck. ex C.B.Clarke x
Cyperus keniensis Kuk. x
Cyperus obtusiflorus Vahl var. flavissimus (Schrad.) Boeck. x
Cyperus sphaerocephalus Vahl x
Cyperus pseudoleptocladus Kuk. x

Juncaceae Juncus punctorius L.f. x x
Poaceae - Arundinoideae Phragmites australis (Cav.) Steud. x x
Panicoideae Cymbopogon nardus (L.) Rendle x

Melinis nerviglumis (Franch.) Zizka x
Melinis repens (Willd.) Zizka x
Panicum deustum Thunb. x
Setaria sp. x
Setaria sphacelata (Schumach.) Stapf & C.E.Hubb. ex M.B.Moss x
Eragrostis capensis (Thunb.) Trin. x
Eragrostis planiculmis Nees x
Themeda triandra Forssk. x

(continued)
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Table 1 (Continued)

Family Genus and species GK 1 fen GK 2 grass pockets GK 3 fen/forest GK 4 fen/forest GK 5 riparian

Pooideae *Bromus catharticus Vahl x
Ferns, horse tails, fungi and other cryptograms
Dennstaedtiaceae Pteridium aquilinum (L.) Kuhn x x
Equisitaceae Equisetum ramosissimum Desf. x
Pteridaceae Adiantum capillus-veneris L. x

Pteris vittata L. x
Thelypteridaceae Thelypteris dentata (Pers.) J.C.Manning & Goldblatt x
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GK 3.2 was collected in the fen vegetation near a wind-pollinated
wetland plant, Gunnera perpensa L. (Fig. 3D).
2.5. Pollen analysis

Surface sediment samples of approximately 10 g were sieved to
remove plant materials and prepared for pollen analysis following
the standard method using 10% hydrochloric acid (HCl), 40% hydro-
fluoric acid (HF), 10% potassium hydroxide (KOH), and acetolysis
(Berglund and Ralska-Jasiewiczowa, 1986; Faegri and Iversen, 1989)
with the addition of heavy liquid separation (ZnCl2/HCl with specific
gravity 2.0) (Faegri and Iversen, 1989; Nakagawa et al., 1998) at the
palynology laboratory at the Evolutionary Studies Institute (ESI), Uni-
versity of the Witwatersrand. Before mounting in glycerine jelly, the
final residue was sieved through a 10 mm mesh to remove fine par-
ticles. An Olympus BX51 light microscope at 400x and 1000x magni-
fication was used to identify pollen taxa. At least 250 terrestrial
pollen grains per sample were counted and identified using pub-
lished references (e.g., Scott, 1982; Cugny et al., 2010; Gelorini et al.,
2011; Gosling et al., 2013) and the modern pollen reference collec-
tion housed at ESI. The pollen sum was calculated on the total sum of
terrestrial pollen, and pollen diagrams were plotted using TILIA 2.1.1
(Grimm, 2011). Photomicrographs of palynomorphs were taken
using a Color View Soft Imaging System, an AxioCam ICc 1 camera,
and AnalysisTM software.
2.6. Phytolith analysis

After the surface sediment samples were ashed at 500°C in
a muffle furnace for 5-6 hours to remove organic materials, phyto-
liths were extracted using the standard laboratory techniques
described by Albert et al. (1999) at ESI, University of the Witwaters-
rand. Nitric acid (HNO3), hydrochloric acid (HCl), hydrogen peroxide
(H2O2), and sodium polytungstate solution [Na6(H2W12O40).H2O of 2¢
4 g/ml density] were used to isolate phytoliths from soil particles and
minerals. Glycerin jelly was used to mount 1 mg of processed sample
onto microscope slides.

Slides were examined with an Olympus BX51 microscope at 400x
and 1000x magnification under polarised light. Photographs were taken
using ColorView Soft Imaging System, an AxioCam ICc 1 camera, and
AnalysisTM software. Phytoliths were identified using literature, for
example, Twiss (1992), Twiss et al. (1969), Rossouw (2009), Neumann
et al. (2019), Murungi and Bamford (2020), and Piperno and McMichael
(2020). For phytolith analysis, 200 phytoliths were counted.

After analysis of the slides, the climatic index (Ic), aridity index
(Iph), and the tree cover density/broadleafed index (D/P° ratio) were
calculated. These are proxies used to establish past temperatures,
moisture levels and tree coverage (see Twiss, 1992). The following
calculations were used (cf. Bremond et al., 2008, Esteban et al.,
2020b):

Ic % ¼ Pooideae
Pooideae þ Chloroidoideae þ Panicoideaeð Þ x100
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Iph % ¼ saddles
saddlesþ bilobates þ crossesþ polylobatesð Þ x100

D=PB ¼ psilateþ regulate spheroidsð Þ
bilobatesþ crossesþ saddlesþ rondelsþ trapezoidsþ crenatesð Þ

An Ic value of above 60% is indicative of a cool climate, in which
Pooideae are dominant, whereas an Ic value of below 40% suggests a
warm or arid climate, in which plant growth is dominated by Panicoi-
deae and Chloridoideae (Barboni et al., 2007; Bremond et al., 2008). Ic
values between 40 and 60% imply a transition zone between C3 and
C4 grasses (Sj€ostr€om, 2013:37). An Iph value above 60% indicates
xeric grasslands, while values lower than 45% are indicative of a
mesic habitat. Fredlund and Tieszen (1997) consider Iph values
between 45 and 60% indicative of a transition from mesic to xeric cli-
matic conditions. A D/P° ratio larger than 1 is often indicative of a for-
est environment, whereas a ratio below 1 suggests a grassland or
savanna environment (Barboni et al., 1999: 96; Str€omberg, 2004:
241).
2.7. Numerical analysis

Correspondence Analysis (CA) was conducted using R software to
examine the general pattern in the modern pollen and phytolith
assemblages and vegetation data, as well as the significance of the
variations in both datasets, i.e., whether vegetation is distinguished
by the modern pollen and phytolith assemblages (Court-Picon et al.,
2005, 2006). Unconstrained ordination analysis, e.g., correspondence
analysis, is considered appropriate for quantitative evaluation of the
relationship between pollen and phytolith, vegetation and environ-
mental variables (see Court-Picon et al., 2005). CA is often used to
detect the major patterns within modern assemblages and vegetation
data by providing a low-dimensional representation of complex mul-
tivariate data.
3. Results

3.1. Botanical survey and herbarium specimen collection

In total, 77 plant taxa belonging to 36 families and 57 genera were
identified (Table 1). The most abundant tree taxa and tall shrubs
include Vachellia karroo, Euclea crispa, Diospyros lycioides, (character-
istic Lydenberg Thornveld taxa [Mucina et al., 2006]) Searsia trans-
vaalensis and Ziziphus mucronata. Dais cotinifolia, Leucosidea sericea,
Diospyros whyteana, Myrsine africana and Zanthoxylem capense were
common. A scrambling shrub, Rubus rigidus, was present at four of
the five survey plots. The dominant herbaceous taxa include Senecio
microglossus and Mentha longifolia (both are important Lydenberg
Thornveld taxa, Mucina et al., 2006), Asparagus virgatus and Senecio
venosus. The dominant graminoids are the common reed Phragmites
australis, sedges Cyperus spp., and Carex spp. and Poaceae (grasses),
dominated by Panicoideae. Bracken, Pteridium aquilinum, is the most
common fern.
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3.2. Palynomorphs

3.2.1. Pollen assemblages of GK 1 (Mashishing Fen vegetation)
The modern pollen assemblage from the Fen vegetation (Fig. 3A)

was characterised by Phragmites sp. (12.0%), Cyperaceae (4.0%), and
Sparganiaceae (3.3%) pollen. Other aquatic elements and grasses
were represented by Typha sp. (1.4%), and Poaceae (>25 mm pollen
diameter, wild grass-type; 7.0%). Pollen of the exotic Northern
Fig. 4. a. Pollen spectra showing terrestrial pollen taxa recovered in percentages from the Gu
ered in percentages from the Gustav Klingbiel Nature Reserve.
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Hemisphere tree Pinus sp. (28.0%) and the shrublet Anthospermum sp.
(4.0%) were recovered (Plate 1). Other elements like Asteraceae
(Tubuliflorae) (6.3%) and Crassula sp. (1.0%) were moderately present.
Ferns included those producing monolete spores such as Thelypteris
sp.; lycopod spores (Lycopodium sp.) were also detected. Fungal
spores such as Glomus sp. and Neurospora sp. were abundant (Fig. 4).
Plate 1, 1-76 shows the characteristic pollen and spores from the
plots.
stav Klingbiel Nature Reserve. Fig. 4b. Pollen spectra showing aquatic and spores recov-



Plate 1. a. Modern palynomorphs recovered from surface sediment samples at the Gustav Klingbiel Nature Reserve (Arranged by taxa from terrestrial to aquatics to spores). 1. Euclea sp., 2.
Proteaceae, 3. Crassula sp., 4. Canthium sp., 5. Eucalyptus sp., 6,7. Anthospermum sp., 8. Pinus sp., 9. Combretaceae, 10. Diospyros sp., 11,12. Vachellia-type, 13. Senegalia-type, 14. Myrica sp.,
15. Searsia sp., 16. Acanthaceae, 17. Dicliptera-type, 18. Kirkia sp., 19. Spirostachys sp., 20,21. Aloe-type, 22. Alchornea-type, 23. Isoglossa sp., 24. Malvaceae. Plate 1b. Modern palynomorphs
recovered from surface sediment samples at the Gustav Klingbiel Nature Reserve. 25,26. Myrtaceae, 27. Amaranthaceae, 28. Dodonea sp., 29. Dais sp., 30. Myrsine sp., 31. Rubiaceae, 32.
Olea sp., 33. Sclerocarya sp., 34. Acalypha sp., 35. Artemisia sp., 36. Stoebe sp., 37,38. Dicoma-type, 39. Berkheya-type, 40. Pentzia-type, 41. Vernonia-type, 42. Araliaceae, 43. Solanaceae, 44.
Croton sp., 45. Teclea sp. Plate 1c.Modern palynomorphs recovered from surface sediment samples at the Gustav Klingbiel Nature Reserve. 46. Caryophyllaceae, 47. Moraceae, 48.Manilkara
sp. (Sapotaceae), 49. Apiaceae, 50. Heteromorpha-type, 51,52. Gentianaceae, 53. Zanthoxylum sp., 54. Burkea sp., 55. Sebaea sp., 56. Grewia sp., 57. Podocarpus sp., 58,59. Gunnera sp., 60.
Mentha sp., 61. Sparganiaceae, 62,63. Poaceae, 64. Selago sp., 65,66. Cyperaceae. Plate 1d. Modern palynomorphs recovered from surface sediment samples at the Gustav Klingbiel Nature
Reserve. 67. Glomus sp., 68,69. Non-identified fungal spores, 70. Cyathea sp., 71. Pteris sp., 72.Mohria sp., 73. Lycopodium sp., 74. Thelypteris sp., 75. Monolete spore, 76. Pseudoschizoaea sp.
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Plate 1. Continued.
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3.2.2. Pollen assemblages of GK 2 (Grass patches within thickets)
Modern pollen from the grass patches within thickets (Fig. 3B)

was characterised by the abundance of Poaceae (>25 mm diameter)
pollen with a relatively high presence of 16.6%. Trees and shrubs con-
sisting of Pinus sp. (47.9%), Asteraceae (5.4%), Anthospermum sp.
(4.0%), Acanthaceae (1.6%) and Vachellia karroo (0.6%) were recorded.
Aquatic taxa comprising Phragmites sp. (4.0%) and Cyperaceae (4.0%)
were identified (Plate 1). Fungal spores like Glomus sp. were moder-
ately present alongside the high occurrence of Pseudoschizoaea sp.
(algal cysts). Cryptogam spores such as monolete and trilete spores
(e.g., Lycopodium sp., Cyathea sp., Pteris sp.) were rare (Fig. 4).

3.2.3. Pollen assemblages of GK 3.1 (Forest vegetation on the northeast
margin of the fen)

The modern pollen assemblage from the forest area on the north-
east margin of the fen (Fig. 3C) was characterised by dominant Euclea
sp. (61.0%) and Diospyros sp. (16.0%). Other tree taxa such as Searsia
sp. (1.0%), Vachellia karroo (0.4%), Myrtaceae (0.3%), Proteaceae (0.3%)
and Spirostachys sp. (0.2%) made up slightly more than 2.0% of the
assemblage. Elements such as Asteraceae (1.8%) and Anthospermum
sp. (2.0%) were also sparsely represented. Grasses and sedges com-
prising Poaceae (>25 mm diameter; 2.0%) and Cyperaceae (7.0%)
were present. Ferns such as monolete spores were abundant. Fungal
spores such as Glomus sp. were rare (Fig. 4).

3.2.4. Pollen assemblages of GK 3.2 (Fen vegetation on the northeast
margin of the fen)

Modern pollen from the fen vegetation close to a Gunnera plant
(Fig. 3D) was characterised by Cyperaceae (19.0%), Phragmites sp.
(3.0%), and Sparganiaceae (2%) pollen. Pollen of other taxa like Aster-
aceae (23.2%), Anthospermum sp. (16.1%), Poaceae (>25 mm; 11.7%),
and Amaranthaceae (9.1%) was also recorded (Plate 1). Fern spores
comprising monolete (e.g., Thelypteris sp.) and trilete forms were
abundant. Fungal spores, including Glomus sp. and Neurospora sp.,
were moderately represented. However, Typha sp. and Gunnera sp.
were rare, representing 1.0% of the assemblage (Fig. 4).

3.2.5. Pollen assemblages of GK 4 (Fen and forest margin at the east of
the fen)

Modern pollen from the fen and forest margin at the east of the
fen (Fig. 3E) was characterised by the dominance of Searsia sp.
(18.6%), Vachellia sp. (7.2%), and Euclea sp. (2.9%) trees. Asteraceae
(9.0%), Combretaceae (2.0%), Poaceae (>25 mm diameter, wild grass-
type) (3.5%) and Diospyros sp. (2%) were also represented. Character-
istic aquatic elements included Cyperaceae (6.5%), Spargianaceae
(2.6%), and Phragmites sp. (1.0%). Fungal spores like Glomus sp. were
moderately present alongside the occurrence of cryptogam spores
such as monolete (e.g., Thelypteris sp.) and trilete spores (e.g., Lycopo-
dium sp.) (Fig. 4).

3.2.6. Pollen assemblages of GK 5 (Riparian vegetation)
Modern pollen from the riparian vegetation (Fig. 3E) was charac-

terised by Poaceae (>25 mm diameter) (10.5%), Vachellia sp., (6.0%),
Cyperaceae (3.0%), Phragmites sp. (2.6%), and Dais sp. (2.5%). Other
elements like Anthospermum (11.0%), Asteraceae (8.7%) and Euclea sp.
(2.3%) were represented. Fungal spores like Glomus sp. were moder-
ately present and a high occurrence of Pseudoschizoaea sp. was
recorded. Cryptogam spores such as monolete and trilete spores (e.g.,
Lycopodium sp., Pteris sp.) were rare (Fig. 4).

3.3. Phytoliths

3.3.1. Phytolith assemblages of GK 1 (Mashishing Fen vegetation)
The GK 1 sample comprised phytoliths belonging to Poaceae,

Cyperaceae, Cucurbitaceae, and other eudicotyledonous (eudicot)
taxa (Fig. 5). Undiagnostic phytoliths were most frequent (42.5% of
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the sample). Phytoliths of Poaceae, namely grass short cells (25.5%),
bulliforms and long cells (10.5%), and eudicot phytoliths, such as
ornate, psilate and rugose spheroids (19.0%) were common in the
GK1 sample too (Plate 2). Phytoliths linked to Cyperaceae (1.0%) and
Cucurbitaceae (1.5%) were rare.

Most of the Poaceae phytoliths were produced by Pooid grasses
(13.0% of the overall phytolith sample). Phytoliths linked to Panicoi-
deae (6.0%) and Chloridoideae (6.5%) were common.

3.3.2. Phytolith assemblages of GK 2 (Grass patches within thickets)
Short cell phytoliths (47.5%) dominated the GK 2 sample, and

other phytoliths associated with Poaceae (10.5%) were also common.
Cyperaceae (2.0%), Cucurbitaceae (1.0%) and other eudicot (9.0%) phy-
toliths were present in low numbers (Fig. 5). A significant portion of
the phytoliths (21.0%) was undiagnostic.

Panicoideae phytoliths were the most common phytoliths
observed in GK 2 samples, comprising 27.0% of the overall phytolith
assemblage. Chloridoid phytoliths (16.0%) were also frequently
encountered, while Pooideae phytoliths were rare (4.5%). Plate 2, 1-
10 shows the characteristic phytoliths from the plots.

3.3.3. Phytolith assemblages of GK 3.1 (Forest vegetation on the
northeast margin of the fen)

The majority of the phytoliths observed were undiagnostic
(44.0%). Phytoliths associated with Cyperaceae (2.0%) and Cucurbita-
ceae phytoliths (4.0%) were less abundant while other eudicots
(37.5%) were common. Phytoliths belonging to Poaceae were rare.
Three percent (3.0%) of GK 3.1’s phytoliths were short cell phytoliths
and other phytoliths also linked to Poaceae, for example, epidermal
long cells and bulliforms, comprising 9.5% (Fig. 5).

Only Pooideae and Chloridoideae phytoliths were observed. Of the
overall sample, 2.5% comprised phytoliths associated with Pooid
grasses, and 0.5% of the phytoliths belonged to Chloridoideae (Fig. 5).
No index values were calculated for this sample due to the absence of
Panicoideae phytoliths.

3.3.4. Phytolith assemblages of GK 3.2 (Fen vegetation on the northeast
margin of the fen)

The most frequently observed phytoliths in the GK 3.2 sample
were undiagnostic (44.0%). Phytoliths associated with Poaceae were
abundant. Of the phytoliths observed, 29.0% were short cells, and
19.0% were other undiagnostic Poaceae phytoliths. Phytoliths linked
to eudicots (5.0%), Cyperaceae (2.0%) and Cucurbitaceae (1.0%) were
rare (Fig. 5).

Pooideae phytoliths were most abundant and comprised 12.0% of
the GK 3.2 sample. Panicoideae and Chloridoideae phytoliths were
common (8.5% each) (Fig. 5).

3.3.5. Phytolith assemblages of GK 4 (Fen and forest margin)
Poaceae phytoliths dominated this sample. Of sample GK4, 62.5%

were short cell phytoliths, and 4.5% were undiagnostic Poaceae phy-
toliths. Undiagnostic phytoliths (28.5%) were common, while Cypera-
ceae (1.5%), Cucurbitaceae (0.5%) and other eudicot (2.5%) phytoliths
were rare (Fig. 5).

Panicoideae (26.0%) and Chloridoideae (26.0%) phytoliths were
similarly abundant. Pooideae phytoliths were less common (10.5%)
(Fig. 5).

3.3.6. Phytolith assemblages of GK 5 (Riparian vegetation)
Most phytoliths observed were associated with eudicot taxa

(69.0%). Undiagnostic phytoliths (25.0%) were also common, while all
other phytoliths, including those linked to Poaceae (1.0% for short
cells and 4% for other Poaceae phytoliths), Cyperaceae (0.5%) and
Cucurbitaceae (0.5%) were rare (Fig. 5).

Only phytoliths of the Poaceae sub-family Panicoideae were
observed and therefore, no index values could be calculated.



Fig. 5. Phytolith data counts from the Gustav Klingbiel Nature Reserve surface sediment samples (N=200 phytoliths per sample).
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3.4. Numerical Analysis (CA.)

The first two axes together explain 77.31% of the total variance in
pollen data sets (Fig. 6) and 91.09% in the phytolith data set (Fig. 7).
Three major groups may be visually distinct in the overall CA disper-
sion diagram of the pollen samples (Fig. 6).

GK 2, GK 4 and GK 5 are similar to each other along axis 1 (44.05%
of inertia), while GK 3.2 and GK 1 compositions are quite similar
Plate 2. 1-5. Grass short cell phytoliths, 6. Epidermal long cell phytolith from Poaceae, 7. Blo
liths.
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along axis 2 (33.26% of inertia) (Fig. 6). The CA pollen diagram shows
the relationship between pollen and spore taxa and the vegetation.
GK 3.1 (Forest) is associated with forest taxa, e.g., Diospyros sp., Euclea
sp. and Podocarpus sp. showing positive axis 2 scores. Neurospora sp.,
Thelypteris sp., Typha sp., Phragmites australis, monolete fern spores,
Kirkia sp., Amaranthaceae, Crassula sp., Sparganiaceae and fungal
spores are largely associated with GK1 (Fen vegetation). Gunnera sp.,
Gentianaceae, Spirostachys sp. and Cyperaceae are best related to GK
cky phytoliths, 8-9. Spheroid phytoliths from eudicot taxa, 10. Epidermal jigsaw phyto-



Fig. 6. The Correspondence analysis (CA) of the modern pollen samples in relation to different vegetation (survey plots) in Gustav Klingbiel Nature Reserve, Mpumalanga. GK 1- Fen
vegetation, GK 2- Grass patches within thickets, GK 3.1- Forest vegetation on the northeastern margin of the fen, GK 3.2- Fen vegetation on the northeastern margin of the fen, GK 4-
Fen and forest margin on the east side of the fen, GK 5- Riparian vegetation.
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3.2 (Fen vegetation close to the Gunnera). Vachellia karroo, Dais cotini-
folia, and Proteaceae are linked to GK 5 (Riparian vegetation). Searsia
sp., Combretaceae, Myrtaceae, and Euphorbiaceae occur at GK 4 (Fen
and forest margins). Pinus sp., Poaceae (>25 mm diameter), Astera-
ceae and Burkea sp. are best associated with GK 2 (Grass patches
within thickets). Several taxa situated close to the origin in the CA
plot indicate that their abundances do not vary considerably between
assemblages. For instance, looking at the taxa scores along the first
two CA axes, it appears that Rubiaceae and Glomus sp. are recorded
both at GK 4 and 5, Spirostachys sp. is recorded both at GK 2 and GK
3.2 while Myrtaceae is recorded at GK 2, 4 and 5. The position of
Acanthaceae and Pseudoschizoaea sp. is influenced by their high val-
ues in GK 2 and GK 5. Additionally, Anthospermum sp. is found at the
origin, reflecting its common occurrence or importance in all the
studied sites.
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The CA of phytolith data shows distinct composition between GK
5, GK 2 and GK 4 along axis 1 (72.73% of inertia), and distinct compo-
sition between GK 3.2 and GK 1 along axis 2 (18.36% of inertia). The
relationship between phytoliths taxa and the vegetation types is also
depicted in the CA phytolith diagram (Fig. 7). Eudicot taxa are best
associated with GK 5 (Riparian vegetation). Cucurbitaceae are largely
associated with GK 3.1 (Forest vegetation on the fen margin). Undiag-
nostic phytoliths, for example, blocky phytoliths, are linked to GK 1
(Fen vegetation). Cyperaceae, Pooideae and undiagnostic Poaceae, for
example, bulliform and epidermal long-cell phytoliths, occur at GK
3.2 (Fen vegetation close to Gunnera). Panicoideae and Chloridoideae
are common at GK 2 (Grass patches within thickets), and at GK 4
(margins between fen and forest).

Generally, the CA of phytolith data shows that riparian vegetation
(GK5) composition is distinct from the vegetation composition found



Fig. 7. Correspondence analysis (CA) of the phytolith assemblages observed in the GK
surface samples in relation to different vegetation (survey plots).
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at grass patches within thicket (GK 2), as well as from fen and forest
margins on the eastern margin of the fen (GK 4) (along axis 1: 72.7%
of inertia), but the CA pollen data shows the opposite, where GK 5,
GK 2 and GK 4 are similar to each other along axis 1 (44% of inertia)
(Figs. 6 and 7). Also, the ranking along axis 1 for the pollen CA is unre-
lated to the ranking of samples along axis 1 for phytolith CA (Spear-
man’s rho: = 0.31, p = 0.56). The CA of pollen and phytolith, however,
show that only GK 2 and GK 4 compositions are similar along axis 1.

4. Discussion

4.1. Modern pollen-phytolith-vegetation relationships at Gustav
Klingbiel Nature Reserve

Previous studies comprising modern pollen and phytolith
assemblages have shown that these proxies allow the differentiation
of vegetation types, providing essential reference for palaeoenviron-
mental reconstructions (Delhon et al., 2003; Watling et al., 2016;
Huang et al., 2018; Zhang et al., 2018; Guo et al., 2020; de Wolf et al.,
2022). The results from this study, showing distinct assemblages for
the fen, forest, grassland and riparian vegetation encountered in and
around Mashishing Fen, support these observations (Figs. 6 and 7).

The high abundances of the pollen assemblages of Phragmites sp.
and Typha sp. at GK 1 show that pollen better characterised the wet-
land (Fen) vegetation than phytoliths. These taxa often form a signifi-
cant component of wetlands globally and are widely distributed in
South African wetlands (Burgoyne et al., 2000; Myburgh and Breden-
kamp, 2004; Mabhungu et al., 2019). This is consistent with previous
studies showing that pollen spectra reflect the composition of local
wetland communities (see Court-Picon et al., 2005; Amami et al.,
2010). Fern spores (see Fig. 4b) are probably of local origin and reflect
the relatively high rainfall recorded in the highveld area (Burgoyne et
al., 2000). In contrast, phytoliths are not commonly produced by ferns
(Piperno, 2006). Consequently, the fen’s phytolith assemblage shows
no indications of the abundance of this plant group, illustrating the
limited use of phytoliths as a proxy in this case.

The abundance of the pollen of shrublets and herbs (e.g., Crassula
sp. and Amaranthaceae) at GK 1 suggest they are not solely indicators
of drier conditions as commonly suggested by previous studies (Scott
et al., 2003; Chevalier and Chase, 2015, 2016; Fitchett and Bamford,
2017). Sometimes, they might be indicators of wet environments or
like many Amaranthaceae, they might signal local disturbances (Sie-
ben et al., 2017; Van Ginkel and Cilliers, 2020). Thus, they have vari-
able applicability as palaeoenvironmental indicators, which might be
related to the impact of anthropogenic activities (see Baxter and
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Davies, 1994; Neumann et al., 2011; Hahn et al., 2021; Olatoyan et al.,
2022), regional aridity, high salinity, and evaporative conditions (see
O’Connor and Bredenkamp, 1997; Scott et al., 2003; Boon, 2010; Neu-
mann et al., 2010; Scott et al., 2012; Chevalier and Chase, 2015, 2016).

The associated species (e.g., Poaceae and Asteraceae) with sample
GK 2 (Figs. 6 and 7), which are characteristic of the contemporary
source vegetation (Table 1), likely indicate a more open grass-domi-
nated landscape (see Hahn et al., 2021). Also, the significant occur-
rence of open savanna/woodland elements (e.g., Burkea sp. and
Spirostachys sp.), known as regional vegetation components (L€otter
et al., 2014; O’Donoghue et al., 2020), indicating long-distance dis-
persal by the wind, reinforces a regional vegetation signal in pollen
assemblages from open landscapes. This is complemented by the
presence of Cucurbitaceae phytoliths occurring in low numbers and
showing a strongly negative axis 2 score as well as the common
occurrence of Panicoideae and Chloridoideae phytoliths and the rar-
ity of phytoliths associated with Pooideae. This result agrees with
previous studies suggesting that land openness affects local pollen
richness (see Gosling et al., 2009; Meltsov et al., 2013; Tabares et al.,
2018). Also, it confirms the potential of phytoliths contributing to a
more local signal and pollen to a more regional signal in open land-
scapes (Carri�on, 2002; Court-Picon et al., 2005; L�ezine et al., 2009;
Guimar~aes et al., 2017; Hyland et al., 2019; Crif�o and Str€omberg,
2020, 2021). This, however, should be treated with caution as phyto-
liths can be sometimes transported over long distances once they are
released from organic remains, thereby providing both local and
regional signals (Parker et al., 2011; Esteban et al., 2020b). Similarly,
pollen assemblages can also reflect local as well as regional signals
(see Scott and Neumann, 2018; Tabares et al., 2018). Scientific studies
on phytolith and pollen transport pathways in South Africa are lim-
ited, and more research is needed to determine the influence that
wind and other transportation methods have on modern assemb-
lages. It is therefore imperative to combine pollen and phytoliths for
a more precise vegetation reconstruction for open landscapes.

The overrepresentation of the exotic element Pinus sp. (pine tree)
pollen in all the plots except forest, supports the significant influence
of wind in open landscapes. Previous studies attributed this to the
taxon’s high pollen productivity and dispersal efficiency by wind
over long-distance transport between 30-1000 km (see Scott, 1984;
Williams, 2008; Klemm et al., 2016; Quamar, 2019; Chevalier et al.,
2020) and possible facilitation by the upward transport of pine pollen
to higher elevations (Markgraf, 1980). Major pine plantations exist ca.
15 km from the study site, suggesting that the pollen might have
been transported by the prevailing wind from the east (see Burgess
and Wingfield, 2001; van Wilgen and Richardson, 2012; Bennett and
Kruger, 2015). Thus, pollen representation in open landscapes, partic-
ularly in higher elevations, could be misleading, thereby posing chal-
lenges to accurate interpretations of fossil pollen assemblages for
such vegetation types (see Birks et al., 2016; Senn et al., 2021).

The marked differences in the CA phytolith and pollen composi-
tion and the ranking of samples along axis 1 (Figs. 6 and 7) suggest
that the two proxies are not tracking the same primary vegetation
and environmental signals. This could be due to various factors,
including differential preservation, production, depositional environ-
ments and dispersal (e.g., the different proxies sample the environ-
ment at different scales and provide signals covering a lesser or
greater extent of the landscape; see Prentice, 1985; Piperno, 1988;
Crif�o and Str€omberg, 2020).

The forest vegetation and the margins between fen and forest are
distinguishable through modern pollen and phytolith assemblages.
GK 3.1 is differentiated by characteristic forest pollen assemblages
(e.g., Euclea sp., Diospyros sp. and Podocarpus sp.) (Fig. 6). These taxa
indicate an area dominated by trees and woody shrubs and correlate
with the botanical survey data as Euclea sp. and Diospyros sp. were
often found together as shrubs at the forest margins (Table 1). The
significant presence of Podocarpus sp. in the CA plot, though the



Table 2
Ic%, Iph%, and broadleaf (D/P°) indices calculated
for the Gustav Klingbiel Nature Reserve surface
sediment phytolith samples.

Sample number Ic% Iph% D/P°

GK1 50.98 52 0.647
GK2 9.47 37.2 0.2
GK3.1 N/A N/A N/A
GK3.2 41.379 50 0.17
GK4 16.8 50 0.03
GK5 N/A N/A N/A
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taxon was not recorded during the botanical survey, is likely due to
the high pollen productivity and effective wind dispersal and deposi-
tion of conifer pollen (Scott, 1982). This conforms with previous stud-
ies suggesting that pollen provides a reliable distinction of forest
vegetation and shows local signal in dense canopy (see Scott, 1982;
1984; Hill, 1995; Gosling et al., 2018; Tabares et al., 2018; Hill and
Finch, 2021). It remains unclear, however, why other tree taxa (e.g.,
Myrica sp., Myrsine sp., Olea sp.) were less commonly recorded in the
pollen assemblage. The high number of undiagnostic phytoliths
(Fig. 5), confirms the accepted knowledge that phytoliths are less tax-
onomically significant for identifying trees/shrubs (see Piperno, 2006,
2009).

GK 3.2 is differentiated by pollen and phytoliths showing the
presence of a mosaic of wetland (e.g., Gunnera sp., Gentianaceae,
and Cyperaceae) and savanna trees (e.g., Spirostachys sp.) (Figs. 6
and 7). This suggests that the most reliable taxa for reconstruct-
ing similar vegetation structure within the studied site are the
wetland and savanna taxa (see Neumann et al., 2011; Romanow-
ski, 2011; Mabhungu et al., 2019). Poaceae were well represented
by phytoliths, despite Bromus catharticus being the only Poaceae
taxon identified in the sampling plot. Phytoliths associated with
Pooideae, grasses that prefer cooler and wetter climates, were
common, and it is possible that B. catharticus was their source.
The remainder of the phytoliths, i.e., those linked to Panicoideae
and Chloridoideae, are likely the result of wind or water trans-
portation. It is unclear why there is such a large discrepancy
between the Poaceae phytoliths from sampling areas GK 3.1. and
GK 3.2., which are near one another. Further investigations could
clarify this phenomenon.

The pollen and phytolith assemblages associated with GK 4 are
consistent with the contemporary vegetation (Table 1). The abundan-
ces of tree pollen and phytoliths belonging to Panicoideae and Chlori-
doideae characterise GK 4 (Figs. 6 and 7). Panicoid grasses and
Phragmites australis were commonly found during the botanical sur-
vey and are the most likely sources of the observed phytoliths. Simi-
larly, the CA shows GK 5 to be closely associated with typical riparian
trees dominated by pollen of Dais sp., Vachellia karroo, Proteaceae,
Rubiaceae, and Myrtaceae (compare Myburgh and Bredenkamp,
2004) which are in good agreement with the vegetation composition
during the botanical survey (Table 1). The pollen data agree with
quantitative studies in the region where riparian vegetation com-
prises similar plant taxa (Myburgh and Bredenkamp, 2004;
Schachtschneider and Reinecke, 2014). The CA shows close associa-
tion of phytoliths linked to eudicots (Fig. 7) comprising morphotypes
such as psilate spheroid, ornate spheroid, which are likely produced
by the trees and herbs in the contemporary vegetation. Phytoliths
associated with Poaceae were extremely rare in this phytolith sam-
ple. This reflects the source vegetation for the area well, as no grasses
were noted during the survey. No indices could be calculated due to
the rarity of short cell phytoliths.

However, not all taxa in the botanical survey were represented
in the pollen and phytolith assemblages and vice versa. For
instance, Juncus sp. and Leucosidea sp. were not recorded in the
modern pollen assemblage at GK 1 as well as Cucumis zeyheri
[Cucurbitaceae], Indigofera oxytropis, Lippia javanica and Hypoxis
hemerocallidea at GK 2, despite being represented in the botanical
survey (Table 1). This is likely due to the rare preservation of Jun-
cus sp. pollen due to the low amount of sporopollenin in the
exine (Traverse, 1988, Marsh and Cohen, 2016) and low pollen
dispersal efficiency particularly of Cucurbitaceae which produce
heavy, large and ornamented pollen grains which are transferred
by insects (Aswathi, 1961). While phytoliths associated with
Cucurbitaceae were present (e.g., at GK 3.1), they have a strongly
negative axis 2 score and occurred in low numbers (Figs. 5 and
7). Cucurbitaceae are prolific producers of phytoliths and the low
numbers of phytoliths associated with these taxa could be due to
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a number of factors. Since phytoliths are preserved well in the
sediments, it can be assumed that phytolith dissolution is not the
cause. The diagnostic phytoliths produced by Cucurbitaceae are
mainly produced in the fruit rinds. Low production of fruit or
removal of fruit by animals or humans may be the cause of the
low numbers of Cucurbitaceae phytoliths in the surface samples.
Alternatively, the species of Cucurbitaceae present in the area
may be one of the rare exceptions in the plant family that does
not produce diagnostic phytoliths (see Piperno et al., 2000). Fur-
ther research into the phytoliths produced by African Cucurbita-
ceae could shed more light on this. The absence of pollen of
insect pollinated Leucosidea sp. and Hypoxis sp. may be due to
their usual minor representation in surface spectra, which might
signal weak pollen dispersal and/or degradation (see Carri�on et
al., 1999; Nyakale, 1999; Johnson and Anderson, 2002; Jeske-Pier-
uschka et al., 2010; Ren et al., 2019).

On the other hand, the savanna element Kirkia sp. has a
strongly negative axis 2 score and is present at low frequency
though not recorded in the botanical survey at GK 1. Kirkia sp.
pollen recovered from fossil samples from the savanna dates to
the Holocene and correlates with warm climate (Scott, 1982).
These highlight the need to consider the importance of identify-
ing silent taxa for more accurate fossil interpretations in the
region. Also, taxa belonging to Combretaceae, Myrtaceae, and
Euphorbiaceae families were not recorded during the botanical
survey. This lack of correlation between pollen and vegetation
may be partly because some of the pollen taxa are identifiable
only to family level. Some of these pollen grains could represent
plant species that may be present in a wide range of vegetation
types. Many tree pollens are wind-transported, widely dispersed
and abundant and are often present even if they are not presently
growing locally. There is a need for caution in making too precise
interpretations regarding forested regions solely based on the
Arboreal Pollen/Non-Arboreal pollen ratio. The presence of com-
mon Glomus sp. spores, which also have high dispersal efficiency,
might suggest increased erosion maybe due to anthropogenic dis-
turbances (Anderson et al., 1984; Neumann et al., 2014).

The location of Anthospermum sp. pollen at the origin in the CA
pollen diagram (Fig. 6) indicates similar abundance across the differ-
ent plots. Anthospermum sp. characterises various environmental
conditions and varying land-use types (see Court-Picon et al., 2006)
and its high occurrence is likely because the pollen is widely dis-
persed across different grassland types, thus significantly represent-
ing part of the regional vegetation (Scott, 1982; Mucina et al., 2006).
Aerobiological studies on Anthospermum sp. pollen in South Africa,
however, are not currently available to ascertain the likely transport
mechanism.

Based on the phytolith indexes calculated, GK 4 has the same
moisture levels as GK 1 and GK 3.2, which is to be expected. The Ic
values differ between GK 4 and those of GK 1 and GK 3.2. GK 4’s Ic
value is comparable to that of GK 2, which indicates a warm climate.
Unlike the indications from the pollen assemblage, the broadleaf
index indicated an open area with few trees (Table 2).
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5. Conclusion and outlook

This study is novel for South Africa because, to our knowledge, it is
the first to compare the taxa identified in modern pollen and phyto-
lith surface assemblages from fen, fen margin, grassland, forest and
riparian areas to each other, and individually and as combined prox-
ies, to the contemporary source vegetation recorded in five sampling
areas/botanical survey plots.

The pollen and phytolith proxies did not track similar vegetation and
environmental signals and they also documented the environment at
different spatial scales; typically, the scale was more local for phytoliths
and more regional for pollen, possibly due to differential preservation,
production, depositional environments and dispersal. The interpreta-
tions from combined proxies also reflected the vegetation in the sam-
pling areas. The ordination analyses showed that major patterns of
variation in the pollen assemblages, the phytolith assemblages and the
vegetation were related to soil moisture levels, elevation, open land-
scape (grassy) versus forested areas, and wetlands versus drier areas,
complementing previous numerical analyses showing these are domi-
nant factors in modern assemblage studies. The fen, forest, and riparian
vegetation was best reflected in the pollen assemblages, while the phy-
tolith assemblages best identified the grassland composition.

This study serves as a baseline for identifying components of veg-
etation, which can help interpret fossil pollen and phytolith assemb-
lages for palaeoenvironmental reconstructions. Extensive studies are
needed, however, to further investigate pollen-phytolith-vegetation
relationships within southern Africa and across its nine climatically
and floristically diverse biomes. Published data on the floral biology
(e.g., pollen and phytolith production) of taxa indigenous to Africa is
often lacking, which can influence the interpretations of assemblages.
The effects of temperature, moisture, and pH on phytoliths and pollen
are well known (see e.g., Pearsall, 2000). However, it is unclear how
these elements affect the assemblages, which can skew results and
their interpretation. Due to the limited research done on pollen and
phytoliths in southern Africa, there are many research areas that
need attention to provide better interpretations based on these prox-
ies. These include research on the transport distances of phytoliths
and into the quantity and dispersal patterns of pollen.
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1. INTRODUCTION 

Holocene wetlands serve globally as an archive for both natural climate and vegetation 

fluctuations and human impact and are researched by combining methods like palynology, 

phytolith analysis and isotope analysis (Norström et al., 2009; Finné et al., 2010; Sjöström et al., 

2017; Breman et al., 2019; Hahn et al., 2021). In South Africa, palynology as a tool to 

reconstruct Holocene landscapes started in the 1940s when a Dutch palynologist, van Zinderen 

Bakker introduced this study field to the subcontinent (see Neumann and Scott, 2018). In recent 

decades, palaeoecological research has focused on climate change, exploring the variability and 

biogeography of this highly diverse region (e.g., Truc et al., 2013; Huntley et al., 2014; Chase et 

al., 2015; Chevalier and Chase, 2015, Fitchett and Bamford, 2017). Several researchers also 

studied anthropogenic disturbances before the arrival of the European settlers (e.g., Neumann et 

al., 2014, Hahn et al., 2021). Olatoyan et al. (2022) comprise a review of these previously 

published palaeoecological records, suggesting that the patterns in the regional dataset could 

suggest human disturbances resulting from the arrival of pastoralism and farming.  

The changes noted in this review dated to the first millennia CE after the development of the 

South African Neolithic (Sadr, 2002, 2019) when the hunter-gatherers were joined by pastoralists 

and farmers approximately 2000 years ago (Maggs and Whitelaw, 1991; Mitchell and Whitelaw, 

2005; Huffman, 2007; Sadr, 2008, 2014, 2015; Lander and Russell, 2018, 2020; Schoeman, 

2020; Olatoyan et al., 2022). It did not include the early and mid-Holocene, when South Africa 

was occupied by hunter-gatherers whose technocomplexes changed from the Oakhurst to the 

Wilton and then the final Later Stone Age (Sampson, 1974; Wadley, 1993; Deacon and Deacon, 

1999; Lombard et al., 2012, 2022).  
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The archaeological evidence for the Holocene shows significant shifts in technology and human 

occupation. Some researchers, for example, have linked the widespread flake production ca. 

12,000–7000 BP and the expansion of hunter-gatherers with Oakhurst technocomplex ca. 11,900 

and 10,000 BP to environmental forcing (Wadley, 1993; Chase et al., 2018). Also, Deacon 

(1984) and Mitchell (2005) argued that the transition from the Robberg to Albany 

technocomplex occurred after the beginning of the Late Glacial Climate amelioration, where the 

changes in artefact assemblages demonstrate the ecological difficulties faced by the people and 

the accompanying adaptations. Similarly, the spread of pastoralism in South Africa has been 

linked to deteriorating environmental conditions in the northern Kalahari (Smith, 2016). Change 

in farming occupations has also been linked to environmental events. Ekblom et al. (2011) 

suggested that the expansion of agricultural activities ca. 800–950 CE probably occurred due to 

moderate to high rainfall conditions in the Limpopo Valley and the development of complexity 

in the Shashe-Limpopo Confluence Area and the end of the Mapungubwe occupation has been 

linked to climate change, including the Medieval Warm Epoch (MWP) (AD 900 to 1300) and the 

Little Ice Age (LIA) (AD 1300 to 1850) (Huffman, 1996, 2000, 2008, 2009; Meyer, 1998; 

Tyson, et al., 2002; see Smith, 2005 and Smith, et al., 2012 for a critique). 

While there may indeed be links between environmental and societal change in some areas, the 

timing and degree of moisture conditions in other areas vary significantly (Smith, 2005).  It is 

also often argued that the patterns observed (e.g., decline in forest trees, increased open-land 

indicators) in palaeoenvironmental records relate to the effects of climate change and/or 

anthropogenic impact (Li et al., 2008; Scott et al., 2003; Finch and Hill, 2008; Breman et al., 

2011; Hahn et al., 2021). There, however, are relatively few well-dated palaeoenvironmental 

sequences to contextualise these shifts, partly due to sparse continuous terrestrial records and 
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spatial variations among records due to regional climatic differences (Klein, 1984:113; Prior and 

Williams, 1985:471; Korsman and Plug, 1994: 26; Porraz               et al., 2015:166; Bousman and Brink, 

2018:132).   

Without a large body of well-dated palaeoenvironmental data, correlations between technology, 

subsistence strategy, and environmental changes have been assumed. Large-scale climatic 

processes/events e.g., Holocene Thermal Maximum, African Humid Period, Younger Dryas, 

Medieval Warm Period (MWP), Little Ice Age (LIA) have been used to assess technological and 

subsistence changes (Deacon, 1984; Huffman, 1996; Mitchell et al., 1998; Vogel and Fuls, 1999; 

Badenhorst, 2018) without acknowledging regional or local climate manifestations.  

Our research helps to address the need for additional high-resolution and well-dated independent 

records and studies to reconstruct the long-term changes in human-environment relationships and 

their variability across different spatial and temporal contexts. We do this by developing the 

chronology and vegetation history of the Mashishing during the last 11,700 years based on 

pollen, spores, and charcoal records derived from core sediment sequences. Our interpretation is 

informed by the differences between anthropogenic and climate drivers of vegetation changes 

and their resulting impact on local and regional vegetation identified by Olatoyan et al. (2022). 

The proximity of the Mashishing Fen to                    archaeological sites with secured chronologies allows an 

assessment of human responses to varying local environments. To contextualise this data, we 

briefly summarise the published paleoenvironmental record and occupation sequence for the 

surrounding region in the next section.  

2. ENVIRONMENTAL AND ARCHAEOLOGICAL CONTEXT 

Palaeoclimatic variability across the Summer Rainfall Region (SRR) show that large-scale 
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climatic models fail to recognise local variations (Holmgren et al., 2003; Smith et al., 2007; 

Neumann et al., 2008, 2010; Scott et al., 2008, 2012; Norström et al., 2009; Stager et al., 2013; 

Truc et al., 2013; Chevalier et al., 2014, 2015; Metwally et al., 2014; Woodborne et al., 2015, 

2016; Hahn et al., 2016; Chase and Quick, 2018, Granger et al., 2018; Hahn et al., 2021). 

Evidence for variability is found in the pollen sequences at Wonderkrater and Tswaing Crater in 

the central interior (Fig. 1). These, as well as geochemical data, suggest an arid early  Holocene 

ca.11.7–8 ka BP (Scott et al., 2003; Kristen et al., 2010; Neumann et al., 2010; Metwally et al., 

2014) in contrast to records, such as the Braamhoek wetland (Fig. 1) that show alternating 

dry/wet moisture changes (Norström et al., 2009) and the moderately humid conditions at 

Rietvlei Dam and Tate Vondo (Scott, 1983, 1989; Fig. 1).           Phytolith studies at Verloren Valei, 

Versailles and Graskop (Fig. 1) show cool and dry conditions during the early Holocene 

(Breman et al., 2019), which contrasts with the suggested relatively moist conditions during this 

period for the SRR (Chase et al., 2010, Truc et al., 2013; Chevalier and Chase, 2015).  

During the Middle Holocene, ca. 7–4 ka BP, the Wonderkrater, Tswaing Crater, Eteza, Tate 

Vondo and Florisbad records (Scott, 1989; Scott and Nyakale, 2002; Scott et al., 2003; Neumann 

et al., 2010; Metwally et al., 2014; Fig. 1) show wetter and considerably variable conditions over 

an area stretching from central to northern South Africa. The lower δ13C and the higher δ18O in 

the stalagmites at Makapansgat (Fig. 1) also suggest wetter and warmer conditions for this period 

(Holmgren et al., 1999; Lee-Thorp et al., 2001).  

The late Holocene, ca. <4 ka BP records from Scot’s Farm (Scott, 1982b) and Wonderkrater 

(Scott et al., 2003, 2008, 2012) (Fig. 1) indicate drier conditions, particularly around 2000 BP, 

while other studies (e.g., Neumann et al., 2011; Scott et al., 2012) suggest widespread drought 

probably coincident with the southward spread of pastoralists in the Cape region (Neumann et 
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al., 2011; Scott et al., 2012). While a relatively wetter condition was suggested during the late 

Holocene (Scott and Thackeray, 1987; Scott et al., 2008), a recent study proposed relatively dry 

conditions using the probability density functions (pdf) derived from the fossil pollen data (Truc 

et al., 2013). Further terrestrial records from the Tswaing impact crater (Fig. 1, southwest of 

Wonderkrater) indicated relatively warm and subhumid conditions during the late Holocene 

(Kristen et al., 2010; Metwally et al., 2014). 

Palaeoenvironmental studies in northern and northeastern South Africa provide varying evidence 

of environmental shifts during the last 2000 years. A period that included notable climatic events 

like the LIA and the MWP. In the Savanna Biome in northern South Africa, carbon isotope 

studies at Pafuri (Fig. 1) recorded the driest period in the northeastern region during the LIA (ca. 

1635 CE, 1695 CE and 1805 CE) and the wettest period during the MWP (ca. 1075 CE) 

(Woodborne et al., 2015). A similar record at Mapungubwe (Fig. 1), west of Pafuri, accounted 

for the same climatic variations with localised effects (Woodborne et al., 2016). The high rainfall 

in the mediaeval warm period aligns with Smith et al.’s (2007). Further studies in the Shashe-

Limpopo River Basin using stable Nitrogen isotopes identified wetter conditions until 1450 CE 

(Smith et al., 2007). In contrast, the speleothem record from Makapansgat Cave (Fig. 1), south of 

Mapungubwe, indicated cool and dry conditions ca. 1300 CE (Holmgren et al., 2003). 

Conversely, phytolith studies at the Mashishing Fen (formerly Lydenburg), Mpumalanga (Fig. 

1), indicated a moderate to dry environment ca. 300–1350 CE and increasingly mesic conditions 

ca. 1350 CE–present (Sjöström et al., 2017).  

This brief review highlights the irregularity of the distribution of precipitation and temperature 

both at intra- and inter-site levels. Consequently, the idea that any period, such as the MWP or 

LIA, was uniformly wet or dry should be treated with caution, and more well-dated sequences of 
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high-resolution data (pollen and other proxies) are required for better interpretation of these 

climatic events (Scott et al., 2012). Interpreting the temperature and moisture oscillations during 

the last 2000 years is further complicated by the possible impact the increasing numbers of 

pastoralists and farmers had on the landscape (Scott et al., 2012; Lander and Russell, 2018, 2020; 

Schoeman, 2020; Olatoyan et al., 2022).  

The pastoralists and farmers were joining the Late Stone Age hunter-gatherers that became 

widespread in the region after ca. 13,000 BP (Wadley, 1993). Final Pleistocene and Holocene 

LSA remains, which may include the end of the Robberg (11,195–17,973 BCE), the Oakhurst 

(6755–10,839 BCE), Wilton (2686–5834 BCE), final LSA (632 CE–1948 BCE) and ceramic 

final LSA ( 1493–97 CE) techno-complexes (Lombard et al., 2022), are present at Bushman 

Rock Shelter (12,500–8500 BP [Porraz et al., 2015; Fig. 1]), Heuningneskrans (ca. 16,000–8000 

BP [Porraz and Val, 2019; Fig. 1]), Iron Pig (ca. 16,000–9000 BP [Bader et al., 2020; Fig. 1]), 

Honingklip (ca. 5000 BP– 200 CE [Korsman and Plug, 1994; Fig. 1], and Welgelegen (unknown 

date in the Wilton to the historic past [Schoonraad and Beaumont, 1971; Fig. 1]).  

In the last 2000 years, these hunter-gatherer shelter deposits started to include material culture, 

e.g., thick-walled pottery (see Sadr and Sampson, 2006 and Sadr, 2008 for a detailed discussion 

of the differences between farmers and hunter-gatherer pottery) from the open-air semi-

permanent and sedentary farmer settlements. Such pottery has also been found in shelters and 

caves such as Border Cave (Backwell et al., 2022), Bushman Rock Shelter (Porraz et al., 2015), 

Heuningneskrans (Porraz and Val, 2019), Honingklip (Korsman and Plug, 1994), Iron Pig 

Shelter (Bader et al., 2020), and Welgelegen (Schoonraad and Beaumont, 1971). Most of these 

are associated with farming communities that grow crops and keep livestock (Lander and 

Russell, 2018; 2020; Schoeman, 2020; Olatoyan et al., 2022).  
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Early Farming Community occupations, which date to the first millennium CE, have been the 

subject of significant interest as this brought about a notable change to the region’s history and 

culture and also marked a transition to a more sedentary lifestyle (e.g., Evers, 1974, 1975, 1977, 

1980, 1982; Klapwijk, 1974; Marker and Evers, 1976; Meyer, 1984, 1986; Klapwijk and 

Huffman, 1996; Antonites, 2013, 2016; Antonites et al., 2014;  Jordaan, 2017). These sites tend 

to be small (ca. 6–8 ha) and include sites such as Silver Leaves (Klapwijk, 1974; Klapwijk and 

Huffman, 1996; Fig. 1), Lydenburg Heads (von Bezing and Inskeep, 1966; Evers and Vogel, 

1980; Evers, 1982; Whitelaw, 1996; Fig. 1), Plaston (Evers, 1977, Fig. 1), Harmony (Evers, 

1974; Fig. 1) and Klingbiel (Evers, 1980; Fig. 1). The material culture of occupations by Early 

and Middle Farming Communities (ca.  900–1300 CE) overlap in northeastern South Africa, and 

very few exclusively Middle Farming Community sites have been excavated. One of the few is 

Eiland Salt Works (Evers, 1975; Fig. 1).  

Later, Farmer Community sites are much larger in general and tend to have some stonewalling 

components. Sites include the Ndebele capitals KwaMaza, Esikhunjini and KoNomtjarhelo 

(capital Erloweni) (Schoeman, 1997, 1998a, b; Fig. 1) and Bokoni sites Komati Gorge, 

Moxomatsi and Khutwaneng (Badfontein) (Collett, 1979, 1982; Delius et al., 2012; Widgren et 

al., 2016; Masolo, 2020; Birin et al., 2021; Maggs and Widgren, 2023; Fig. 1).  
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Figure 1.  Map of South African Biomes (adapted after Mucina and Rutherford, 2006) showing the approximate location 
of the study area and sites discussed in the text, BC-Border Cave, BH- Braamhoek wetland, BR- Bushman Rock Shelter, 
ES-Eiland Salt works, ESI- Esikhunjini, FL-Florisbad, GK- Graskop, H-Harmony, HE- Heuningneskrans, HK- 
Honingklip, IP- Iron Pig Shelter, KG-Komati Gorge, KL-Klingbiel, KM-KwaMaza, KN- KoNomtjarhelo (Erloweni), 
KW-Khutwaneng (Badfontein), LH-Lydenburg Heads Site, MK-Makapansgat Cave, MR-Moreletta Stream, MX-
Moxomatsi, PF-Pafuri, PL-Plaston, RD-Rietvlei Dam, SF- Scot’s Farm, SK- SK17, SL-Silver Leaves, TC-Tswaing 
Crater, TV-Tate Vondo, VS-Versailles, VV-Verloren Valei, WE- Welgelegen; WK-Wonderkrater. 



97 

 

2. MATERIALS AND METHODS 

2.1. Study area 

 
The Mashishing Fen (25° 05′54.4′′S, 30° 30′36.0′′E) is in Mpumalanga Province, South Africa, 

at an altitude of 1580 m above sea level. The regional geology predominantly comprises strata of 

shales, bands of dolerite (diabase sills) and quartzites of the Neoarchaean to           Palaeoproterozoic 

Pretoria Group (Transvaal Supergroup, Vaalian) (Eriksson and Altermann, 1998; Norman and 

Whitfield, 2006; Lenhardt et al., 2012). The incised valleys reflect erosional processes on the 

landscape, where the softer shales have undergone faster erosion to form valleys, and the 

resistant quartzites form ridges (da Cruz, 2015). The topography and rock outcrops in the region 

often lead to the dominance of shallow soils on hillsides and deeper soils in valleys (da Cruz, 

2015). The red clay soils form primarily from shale rock formations of the Pretoria Group (da 

Cruz, 2015). Typical soil types in the area include apedal, plinthic, eutrophic, and shallow soils 

(Mucina and Rutherford, 2006).  

The Sterkspruit and the Klipgatspruit watercourses, which currently run through the outskirts of 

Mashishing, have caused erosion in the mountainous regions and formed deep valleys with cliffs 

(De Swardt, 1990). The general fluvial drainage pattern in the area is dendritic, and the steep, 

mountainous terrain often leads to narrow drainage lines for surface water, which tend to be of 

higher energy fluvial features (da Cruz, 2015; Sjöström et al., 2017). The Mashishing Fen itself 

is surrounded by perennial streams that flow into the Dorps River and Spekboom River, which 

form part of the Olifants River, which ultimately drains into the Indian Ocean (Sjöström et al., 

2017).  
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It is situated in Lydenburg Thornveld within the Grassland Biome and is bordered to the east by 

the Long Tom Pass Montane Grassland (Mucina and Rutherford, 2006). Lydenburg Thornveld 

bioregion is a transitional zone within the Savanna Biome between the high-lying grasslands and 

the warmer and drier bushveld (Mucina et al., 2010).  

Rainfall is highly seasonal, with more than 66% of mean annual precipitation falling between 

October and March (Mucina and Rutherford, 2010). The general climate of the region is primarily 

influenced by the seasonal shifts of high-pressure belts and easterly air flows associated with the 

Intertropical Convergence Zone (ITCZ) and the El Niño Southern Oscillation (ENSO), with the 

southwest Indian Ocean as a significant source of atmospheric moisture (Tyson and Preston-

Whyte, 2000; Holmgren et al., 2003; Chase and Meadows, 2007; Woodborne et al., 2016). The 

predominant occurrence of summer rainfall relates to the ITCZ's southward movement from the 

equatorial regions, providing moisture to the southern African interior plateau (Mucina and 

Rutherford, 2006; da Cruz, 2015). 

The Drakensberg Escarpment east of Mashishing creates a rain shadow effect, resulting in low-

lying regions to the west of the escarpment receiving significantly less rainfall than the high-

altitude regions (Mucina and Rutherford, 2006). 

Thus, proximity to the Drakensberg Escarpment accounts for the rainfall received in the area. For 

instance, the Lydenburg Thornveld present in the rainfall shadow of the escarpment receives 

mean annual precipitation of 707 mm (580–810 mm), while the Long Tom Pass Montane 

Grassland in the eastern part of the Gustav Klingbiel Nature Reserve receives orographic 

precipitation and mists throughout most of the year with mean annual precipitation of 858 mm 

(660–1180 mm). The mean annual temperature in the Lydenburg Thornveld is 16ºC; relatively 
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infrequent frost occurs  mainly in the higher elevation montane grasslands (Mucina and 

Rutherford, 2010).  

The contemporary vegetation of the Lydenburg Thornveld comprises grasses like Themeda 

triandra,          Setaria nigrirostris, Andropogon schirensis, Heteropogon contortus, and trees such as 

Dombeya rotundifolia, Cussonia transvaalensis, Senegalia caffra (syn. Acacia caffra), Vachellia 

karroo (syn. Acacia karroo), and Combretum erythrophyllum. Low shrubs like Senecio 

microglossus, Anthospermum rigidium, Searsia gerrardii, and tall shrubs, e.g., Vernonia 

crataegifolia, Diospyros lycioides are also present (Siebert et al., 2002; Mucina and Rutherford, 

2010). Lydenburg Montane Grassland is dominated by herbaceous vegetation comprising grasses 

such as Panicum maximum, Eragrostis racemosa, Melinis repens and herbs such as Hypoxis 

rigidula,            Ipomoea spp. and Aloe greatheadii. The woody vegetation comprises shrubs such as 

Leucosidea   sericea, Senegalia ataxacantha (syn. Acacia ataxacantha), Euclea crispa, Senecio 

microglossus,  Diospyros lycioides, and trees such as Faurea galpinii, Cussonia paniculata, C. 

transvaalensis, Celtis africana, Dichrostachys cinerea, Protea caffra, Searsia pyroides, 

Vachellia karroo and Senegalia caffra. Common invasive species include Ipomoea alba, Ricinus 

communis and Eucalyptus grandis (Ferrar and Lötter, 2007; Mucina and Rutherford, 2010; de 

Swardt, 2014). 

2.2. Coring 

A Russian corer with a 50 x 5 cm chamber was used to retrieve a 5.5 m long core at the centre of 

the fen (25°05'54.9''S, 30°30'36.4"E) in January 2020. Each sediment sample was transferred 

from the corner into a rigid half-cylindrical PVC tube and wrapped with cling film to prevent 

contamination, compaction, water loss, and oxidation. The core samples were transported to  
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Bokoni Laboratory, University of the Witwatersrand, and stored at 16˚C. It was subsampled at 

10 cm sampling intervals (total of 56 samples) in 1 cm slices for pollen and phytolith analysis, 2 

cm slices for AMS radiocarbon dating and Loss on Ignition (LOI) analysis, and  4 cm for soil 

analysis. Only the pollen, charcoal and AMS data are recorded in this study. The phytolith, LOI 

and soil analyses are aspects for further studies. Each sample was stored in double Ziploc bags 

under refrigeration at 4°C (39.2°F) to maintain viability and prevent degradation. 

2.3. Radiocarbon dating 

Eighteen AMS radiocarbon dates were obtained from the core (Table 1) at the iThemba 

Laboratory for Accelerator-Based Sciences (iThemba LABS), Johannesburg. Dates were 

calibrated using the OxCal 4.4 web interface and the Southern Hemisphere SHCal 20 calibration 

curves with a 95.4 % probability (Hogg et al., 2020; Bronk Ramsey, 2023). The age-depth model 

(Fig. 2) was developed using Bayesian modelling using    Bacon software (Blaauw and Christen, 

2011). 

2.4. Palynological preparation and extraction 

Samples of 10–30 g were treated for palynological analysis following the standard method using 

10% HCl, 40% HF and 10% KOH, and acetolyzed (Berglund and Ralska-Jasiewiczowa, 1986; 

Faegri and Iversen, 1989) at the Evolutionary Studies Institute (ESI) Laboratory, University of 

the Witwatersrand, Johannesburg. The samples were concentrated by heavy liquid mineral 

separation using ZnCl2/HCl with a specific gravity of 2.0 (Faegri and Iversen, 1989; Nakagawa 

et al., 1998). Pollen concentration (e.g., by adding Lycopodium spore tablets [Stockmarr, 1971]) 

was not calculated. Processed samples and final residues were sieved using 250 µm and 10 µm 

mesh screens to concentrate pollen.  
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Pollen residues were mounted in glycerine jelly, and pollen taxa were identified using an 

Olympus BX51 light microscope at a magnification of 400x and 1000x. The aim was to count a 

minimum of 300 terrestrial pollen grains, but in some cases, only 150 grains were obtained after 

traversing up to 10 pollen slides for those samples. Modern pollen reference collection and 

photographs at the ESI Laboratory, University of the Witwatersrand, Johannesburg, as well as 

published references were used for the identification of the palynomorphs (Coetzee and van 

Zinderen Bakker, 1952; Van Geel, 1978; Scott, 1982c; Coetzee and Praglowski, 1984; Cugny et 

al., 2010; Gelorini et al., 2011; Gosling et al., 2013). Modern pollen samples collected from the 

study site were extracted and prepared to extend ESI's existing pollen reference collections. 

Aquatics, ferns, and fungal spores were excluded from the pollen sum. TILIA 2.1.1    was used for 

the pollen diagram and zonation using the CONISS (Constrained Incremental Sum- of-Squares) 

program for stratigraphically constrained cluster analysis within the TILIA software (Grimm, 

2011). 

2.5. Charred plant particles 

Charred plant particles (black, angular, opaque) including both charred wood and charred grass 

cuticles were counted and grouped into three categories based on the length of the longest axis; 

>10 µm, >50 µm (microcharcoal) and >100 µm (macrocharcoal) which helped to differ between 

locally dispersed charred particles and regionally transported charcoal fragments (>100 µm) 

(Rhodes, 1998; Mooney and Radford, 2001; Mooney and Tinner, 2011). Often, charred particles 

become fragmented  because the processing of samples for palynological analysis involves 

centrifuging which might lead to fragmentation of charred fragments; consequently, tiny 

fragments <10 µm were ignored (Mooney and Tinner, 2011). 
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3. RESULTS 

3.1. Chronology 

Nine (9) samples provided AMS radiocarbon dates, indicating a Holocene age for the sequence. 

Nine additional radiocarbon dates were obtained to produce 18 dates (Table 1). The samples 

were calibrated using the southern hemisphere curve (OXCal SHCal20) OxCal v4.4.4 (Bronk 

Ramsey 2023). The age-depth model was plotted using Bayesian modelling and Bacon software 

(Fig. 2) (Blaauw and Christen, 2011). However, three radiocarbon dates at depths of 243 cm, 253 

cm, and 263 cm showed inversion of the dates (Table 1). 
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Table 2: Radiocarbon dates of the profile sequence of Mashishing Fen (*represents inversion of the dates) 

Core Lab ID Depth 
(cm) 

𝛿𝛿13C 
(‰) 

Age yr 
BP 

error Unmodelled (cal. BP) 
 
 
From (95.4)           To  (95.4)       

Unmodelled BCE/CE 
 
 
From (95.4)                   To  (95.4)       

B1 R_Date IT-C-3108 3 -27.4 -90 134 280 … 1670CE … 
B2 R_Date IT-C-3343 33 -25.0 130 68 280 ... 1671CE … 
B3 R_Date IT-C-3109 103 -25.8 810 51 788 569 1162CE 1382 CE 
B4 R_Date IT-C-3111 153 -22.1 980 60 957 732 994 1218 CE 
B5 R_Date IT-C-3554 173 -25.0 1390 51 1354 1118 597 833 CE 
B5 R_Date IT-C-3580 193 -25.0 2230 145 2700 1834 751 BCE 116 CE 
B6 R_Date IT-C-3552 223 -25.0 3680 79 4232 3720 2283 1771 BCE 
B6 R_Date IT-C-3599 233 -25.0 4680 69 5582 5055 3633 3106 BCE 
B6 R_Date IT-C-3582 243 -25.0 6940 82 7929 7589 5980* 5640 BCE* 
B6 R_Date IT-C-3115 253 -24.7 5190 79 6181 5663 4232* 3714 BCE* 
B6 R_Date IT-C-3544 263 -25.0 4470 66 5289 4866 3340* 2917 BCE* 
B7 R_Date IT-C-3537 273 -22.3 6050 81 7157 6663 5208 4714 BCE 
B7 R_Date IT-C-3533 283 -25.0 7690 95 8639 8205 6690 6256 BCE 
B8 R_Date IT-C-3112 353 -25.9 8960 77 10235 9747 8286 7798 BCE 
B9 R_Date IT-C-3114 403 -25.0 9290 91 10663 10236 8714 8287 BCE 
B10 R_Date IT-C-3110 453 -24.5 9470 98 11107 10386 9158 8437 BCE 
B11 R_Date IT-C-3113 503 -23.0 9840 75 11615 10811 9666 8862 BCE 
B12 

R_Date IT-C-3107 
553 -24.2 9990 

95 11760 11205 
9811 9256 BCE 
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3.2. Palynology 

The pollen sequence from the Mashishing Fen core, starting about 11,700-11,200 years ago at the 

beginning of the Holocene, is subdivided into six pollen zones, PZ 1-6 (Figs. 3 and 4), based on 

CONISS results (cluster analysis). The pollen zones are summarised in Table 2. Palynomorphs 

are grouped according to their preferred habitats and characteristics (neophytes, forest/mesic 

woodland, savanna/woodland, drought-adapted herbs and shrublets). The Poaceae group is 

divided into three                          size classes. Poaceae <25µm includes wetland taxon Phragmites. Poaceae 

>25µm but <40µm are grouped within the general Poaceae group (wild grass-type), and Poaceae 

grains >40µm include possible domesticated cereal grasses, although they overlap in sizes and 

overall morphology with wild grasses (Tomlinson, 1973; Andersen, 1979; Bonnefile and Riollet, 

1980). Cryptogam spores, wetland taxa and other non-pollen palynomorphs (e.g., 

Figure 2: Age depth model of AMS radiocarbon dates of Mashishing sequence, Dates 
were plotted using Bayesian modelling and Bacon software (Blaauw and Christen, 
2011). 
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Pseudoschizoaea) are classified and counted as wetland/aquatic plants and spores (Fig. 4). Pollen 

frequencies of trees, shrubs, herbs, Poaceae > 25µm and Poaceae >40µm are presented as a 

percentage of the terrestrial pollen sum, representing a total count of 160–560 terrestrial pollen 

grains (Fig. 3). Aquatic and wetland taxa such as Typha, Gunnera, Phragmites (Poaceae 

<25µm), and sedges (Cyperaceae), being local taxa are excluded from the pollen sum due to 

overrepresentation. Poaceae >25µm are included in the pollen sum as they are dominant in the 

region and indicate open grassland vegetation. Exotic pollen (e.g., Pinus, Platanus) encountered 

in the uppermost part of the sequence are included in the pollen sum. 

Table 2. Pollen Zonation of the Mashishing Fen Core (AP: Arboreal pollen, NAP: Nonarboreal 
pollen, NPP: Non-pollen  palynomorphs) 

Zone Depth (cm) Age (cal. yr BP) Main palynomorph taxa 

PZ 1 82-0 ca. 500-0 AP: Presence of pollen of exotic Pinus (ca. 17%) and Platanus (ca. 7%), decreased    forest 
tree pollen percentages between ca. 0-2% (e.g., Podocarpus, Olea, Celtis, Canthium). 

   NAP: Peak of Amaranthaceae pollen (ca. 91%), increased Caryophyllaceae (ca. 11%) 
Poaceae >40µm (ca. 8%), Asteraceae (ca. 47%), Poaceae pollen (ca. 16% and  Cyperaceae 
(ca. 37%) pollen, decrease of Phragmites pollen (ca. 10%). 
NPP: increased Hyphae (ca. 12%), Glomus (ca. 12%), other fungal spores (74%), and 
Monolete spores (ca. 25%). 
 
Lower boundary: sharp increase of Amaranthaceae (ca. 79%), decrease of Poaceae 
(ca. 4%), Asteraceae (ca. 1%), Cyperaceae (ca. 24%) and Phragmites (ca. 18%)   pollen 
increased microcharcoal (10 and 50µm). 

PZ 2 224-82 ca. 4000-500 AP: Prominent tree pollen such as Podocarpus (ca. 1%), Searsia (ca. 1%), Celtis 
(ca. 1%), Olea (ca. 2%) generally decreased. 
NAP: Pollen of Poaceae (ca. 34%), Asteraceae (ca. 47%) and Amaranthaceae (ca. 79%) 
increased, increased Artemisia (ca. 5%), Anthospermum (ca. 8%) and Poaceae 
>40 µm (ca. 16%) pollen, increase of pollen of wetland taxa, e.g., Cyperaceae (ca. 77%), 
Phragmites (ca. 36%), Persicaria (ca. 12%), and Gunnera (ca. 10%), increased 
microcharcoal (size categories 10 and 50µm). 
NPP: Increased monolete spores (ca. 10%), Glomus (ca. 17%) and other fungal                     spores (ca. 
37%). 
 
Lower boundary: Sharp increase of pollen of Amaranthaceae (ca. 77%), near 
disappearance of major tree pollen e.g., Podocarpus (ca. 1%), Searsia (ca. 0%), Celtis (ca. 
0%), Olea (ca. 0%), Myrtaceae (ca. 0%), decrease of Poaceae (ca. 5%)   and Asteraceae (ca. 
5%) pollen, increased pollen of wetland elements e.g., 
Cyperaceae (ca. 69%), Persicaria (ca. 12%). 

PZ 3 350-224 ca. 10,000-4000 AP: Prominent tree pollen such as Podocarpus (ca. 5%), Canthium (ca. 5%), Searsia 
(ca. 10%), Olea (ca. 7%) and Combretaceae pollen (ca. 10%) increased. 
NAP: Increased pollen of Anthospermum (ca. 13%), Artemisia (ca. 10%), and Poaceae (ca. 
32%), increased pollen of wetland indicators, e.g., Phragmites (ca. 30%), Gunnera (ca. 
18%), and Cyperaceae (ca. 79%). 
NPP: Increased monolete (ca. 34%) and fungal spores (ca. 37%) peak of 
Pseudoschizoaea (ca 9%), increase in percentages of microcharcoal (size categories: >10, 
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>50 and >100µm). 
 
Lower boundary: Increased pollen of Asteraceae (ca. 56%), Anthospermum (ca. 
13%), Gunnera (ca. 17%), decreased pollen of Poaceae (ca. 9%), Olea (ca. 1%),  Searsia 
(ca. 0%), Cyperaceae (ca. 13%), monolete spores (ca. 21%). 

PZ 4 394-350 ca. 10,400-10,000 AP: Increased pollen of Canthium (ca. 8%), Olea (ca. 6%), Proteaceae (ca. 10%).         
NAP: Decreased pollen of Artemisia (ca. 5%) and Stoebe (ca. 1%), increased Poaceae (ca. 
30%) and Asteraceae (ca. 56%) pollen. 
NPP: Decreased monolete spores (ca. 8%) and fungal spores (32%). 
 
Lower boundary: Increased wetland pollen e.g., Cyperaceae (ca. 65%) and Typha (ca. 
10%), decreased pollen of Olea (ca. 4%), Searsia (ca. 2%), Canthium (3%), Proteaceae 
(ca. 4%), decreased pollen of Poaceae (ca. 24%), Asteraceae (ca. 24%), 
Artemisia (ca. 5%), Stoebe (ca.0%). 

PZ 5 487-394 ca. 11,000-10,400  AP: Increase in pollen of Canthium (ca. 7%) and Proteaceae (ca. 10%), peak of Olea 
pollen (ca. 12%), decrease of Searsia pollen (4%) 
NAP: Peak of pollen of Stoebe (ca. 20%), decrease of Poaceae (ca. 13.8%) and Asteraceae 
(ca. 13.4%), increase of Anthospermum (ca. 10%), increased Cyperaceae (ca. 76%) 
NPP: Peak of fern spores e.g., monolete (ca. 76%), and fungal spores e.g., fungal Hyphae 
(ca. 62%) 
 
Lower boundary: Decrease of tree pollen e.g., Olea (0%), Searsia (ca.2%), Canthium (ca. 
2%), Proteaceae (ca. 3%), decrease in pollen of Poaceae (ca. 31%), Asteraceae (ca. 22%) 

PZ 6 550-487 ca. 11,700- 
11,000 

AP: Prominent occurrence of tree pollen where Myrtaceae (ca. 6%), Searsia (ca. 6%), 
Olea (ca. 8%), Proteaceae (ca. 5%), Canthium (ca. 4%) reached a maximum.  
NAP: High percentages of pollen of Artemisia (ca. 19%), Poaceae (ca. 34%) and 
Asteraceae (ca. 45%) reaching a maximum in this zone, high occurrence of pollen of 
aquatics e.g., Cyperaceae (ca. 78%), Gunnera (20%) 
NPP: High occurrence of fungal hyphae (ca. 16%). 
 
Lower boundary: Bottom of core. 
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Figure 3: Pollen spectra showing terrestrial pollen taxa with exaggeration of x5 (hollow curves) together with percentage of trees and shrub 
pollen, charred particles and pollen zones (PZ1-6) according to CONISS. Inverted dates marked in red.  
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Figure 4: Fig. 4 Pollen spectra showing the aquatics and spores with exaggeration of ×5 (hollow curves) together with microcharcoal and pollen 
zones (PZ1–6) according to CONISS. Inverted dates marked in red. 
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4. DISCUSSION

The Mashishing Fen pollen record provides insights into the changing environmental conditions 

in the area over the last 11,700 years BP. Each pollen zone is defined by identifiable changes in 

the abundance and distribution of pollen and spore assemblages within the Holocene core 

sequence. The changes in pollen, spore and charcoal proxies across the pollen zones are related 

to climate changes, local environmental conditions, and anthropogenic impact. We compare and 

synthesise data from nearby sites to reconstruct a broader understanding of the environmental 

changes within the region for the Holocene. The pollen of Podocarpus, Proteaceae, and 

Myrtaceae are noticeable at the beginning of the sequence (11,700-11,000 cal. yr BP), indicating 

moisture availability. The high percentages of Poaceae and Asteraceae pollen ca. 11,000-10,400 

cal. yr BP suggest the dominance of open grassland for this period. The peak of Amaranthaceae 

and Asteraceae pollen coupled with increased charred fragments ca. 1500 BP suggests 

anthropogenic impact possibly due to deforestation and increased fire activity. The uppermost 

sequence showing evidence of Platanus and Pinus pollen suggests occupation of European 

settlers after ca. 500 BP.    

4.1.  Zone 6 (ca. 11,700-11,000 cal. yr BP (550–487 cm) 

Tree pollen, including Podocarpus, Proteaceae and Myrtaceae, are present in low percentages, 

indicating sparse woody vegetation of the montane forests in the region ca. 11,700 cal. yr BP 

(Fig. 3). The pollen of these trees typically signals moist conditions (Scott, 1982a; Mustart and 

Cowling, 1993; Geldenhuys and von dem Bussche, 1997; Matthys et al., 2022). The 

accompanying high representation of aquatics and swamp elements, e.g., Cyperaceae and 

Gunnera (Fig. 4), suggests              local moist conditions for this period (Pooley, 2003; Collins, 2011). 

Cyperaceae often grows in wetlands, though some species have also been observed in savannas 
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and grasslands. The increase in Cyperaceae may be linked to wetter conditions that provide a 

more extensive habitat for its growth (Partridge, 1993; Gillson, 2006; Breman et al., 2011). The 

occurrence of Asteraceae alongside the strong fluctuations of Poaceae, though on a smaller scale, 

indicates open grassland.  

The amount of charred particles is low, suggesting that fire was a minor factor during this period. 

This reflects the spreading of forest since the impact of fire is excluded from the area (see Bond et 

al., 2003a). This is evident by the pollen from trees that grow along forest margins and streams, 

such as Olea and Searsia, peaking at ca. 11,200 cal. yr BP together with Canthium (Fig. 3). This 

suggests warm and subhumid conditions for this period, which were preceded by a slightly drier 

phase at ca. 11,300 cal. yr BP when Artemisia and Asteraceae were prominent (Dyer, 1975; 

Scott, 1982c). The relatively high frequencies of Canthium pollen indicate a localised presence 

of the species as its pollen grains are often heavy and not well dispersed (Scott, 1982c; Tilney 

and van Wyk, 1997; Dessein et al., 2005).  Relatively lower numbers of Podocarpus suggest 

regional sparseness of Podocarpus during this period. These data correlate with Mfabeni data 

related to moderately warm and moist conditions (Finch and Hill,    2008). 

These results are similar to the pollen records from Wonderkrater, where relatively moist 

conditions were recorded between 11.5–10.5 ka, though it was generally dry during the early 

Holocene (Scott and Thackeray, 1987; Scott et al., 2003; Scott et al., 2012). Regional records 

from speleothem, isotopes and geochemical analyses from Cold Air Cave, Tswaing Crater in 

South Africa and Okavango Panhandle, northwest Botswana, also suggest a wetter phase for the 

beginning of early Holocene (Holmgren et al., 2003; Nash et al., 2006; Kristen et al., 2007) 

although, based on previous records suggesting variable conditions for the same period (see Scott 

et al., 2012 for discussion), the region may not be homogenously wet. A relatively moist 
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environment was, however suggested for the entire early Holocene sequence (Chase et al., 2010; 

Truc et al., 2013; Chevalier and Chase, 2015). The beginning of the early Holocene was 

probably subhumid and locally wet to have supported the occurrence of aquatics, swamp, and 

Afromontane forest elements within the area. 

4.2. Zone 5 ca. 11,000–10,400 cal. yr BP (487–394 cm) 

Poaceae (21%) and Asteraceae (28%) pollen continued at high percentages until ca. 10,900 cal. 

yr BP, indicating that open grasslands prevailed. This was accompanied by the significant 

decline of tree pollen (e.g., Olea, Canthium, Myrtaceae), Cyperaceae, and other aquatics, likely 

suggesting subhumid/semi-arid conditions around this period. This low representation of tree 

pollen suggests that the forest was restricted, probably due to the cool and dry climate in the area 

and/or the direct physiological impact of reduced atmospheric CO2 (Cowling, 1999; Levis et al., 

1999; Monnin et al., 2001) as recorded at other sites (e.g., Metwally et al., 2014; Neumann et al., 

2014; Nyakale and Scott, 2002). Dryness is also indicated by the sparseness of Phragmites, 

which might signal higher water tables in palaeorecords (Hahn et al., 2021), suggesting that the 

wetland probably decreased in size during this period (Burgoyne et al., 2000; Mabhungu et al., 

2019). The pollen of Stoebe reached a peak (4%), likely suggesting relatively  cooler 

environmental conditions at the beginning of this zone (Coetzee, 1967; Morrison, 1968; Scott, 

1984b).  

The semi-arid conditions recorded for this period are consistent with data from pollen sequences 

at Wonderkrater, Tate Vondo, Rietvlei Dam and Tswaing Crater (Fig. 1), showing indications of 

drier conditions with increased temperatures (Scott and Vogel, 1983; Scott, 1984a; Scott et al., 

2003; Scott et al., 2012). This also concurs with the dry conditions inferred from the biomarker 

and isotope analyses of sediments from Lake Tswaing Crater (Kristen et al., 2010) and 
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stalagmites data at Cold Air Cave in the Makapansgat Valley (Holmgren et al., 2003). The sparse 

occurrence of floral remains (seeds) belonging to forests and forest margins (e.g., Podocarpus 

falcatus, Celtis africana¸Ziziphus mucronata) from the archaeological records at Bushman Rock 

Shelter also suggests prevalent dry conditions (Plug, 1981: 21). The values of charred particles 

show higher frequencies than the previous zone, indicating an increase of fire activity possibly 

due to fuel availability which was likely as a result of moisture availability (Daniau et al., 2019). 

As indicated earlier it has been argued that the widespread development of arid conditions 

(though fluctuating) over vast parts of South Africa coincided with the expansion of hunter-

gatherers with Oakhurst technocomplexes (Chase et al., 2018). The larger tools were linked to 

declining subsistence resources associated with harsh and arid climatic conditions (Wadley, 

1993; Chase et al., 2018). These conditions may have presented ecological challenges to the LSA 

hunter-gatherers, which in turn may be responsible for the low proportion of LSA sites often 

reported in archaeological studies during this period and the changes in resource exploitation and 

stone tool production (Deacon, 1984; Mitchell, 2005; Lombard et al., 2012, 2022). But, 

correlating major subsistence and cultural changes to environmental or climate changes is often 

complex. Thus, the relationships probably are not as simplistic and these changes might also be 

due to a combination of multiple factors, including climate, societal, or cultural differences. 

The near absence of pollen of disturbance indicator pollen (e.g., Chenopodiaceae, 

Caryophyllaceae) accompanied by the lowest record of charred particles throughout the sequence 

indicates undisturbed conditions due to climate change and/or fire. The relatively high 

percentages of Canthium, Podocarpus, and Proteaceae and the peak of Olea suggest a return to 

warmer and moister conditions after ca.10,900 cal yr BP. This likely reflects the recovery of the 

forest                due to warm and moist conditions during this period (Scott, 1982a; Mustart and Cowling, 
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1993; Geldenhuys and von dem Bussche, 1997; Matthys et al., 2022). Anthospermum, 

characteristic of forest margins or grasslands (Pooley, 1998), regularly occurred during the zone. 

A strong peak of Cyperaceae coupled with high percentages of fern spores (Fig. 4) indicates 

moist conditions. Poaceae and Asteraceae pollen show oscillations in the pollen sequence at 

Mashishing Fen (Fig. 3), likely indicating stronger seasonality due to responses to summer 

rainfall variability considering the absence of anthropogenic impact for this period (Coetzee, 

1967; Fitchett and Bamford, 2017).  Asteraceae and Poaceae grow in a wide range of climatic 

and ecological conditions (Scott, 1982a,b; Cooremans, 1989; Carbutt and Edwards, 2004; 

Chevalier et al., 2021) and pollen from these families are prevalent. Poaceae is widely distributed 

almost throughout South Africa and is typically found in grasslands with high rainfall during the 

summer season, whereas Asteraceae, which is also commonly found in the region, often 

indicates regions with comparatively lower rainfall and/or dry summers (Coetzee, 1967; 

Cooremans, 1989, O’Connor and Bredenkamp, 1997).  

4.3.  Zone 4 ca. 10,400–10,000 cal. yr BP (394–350 cm) 

The percentage of forest trees Canthium, Olea, Combreteaceae and Proteaceae pollen increased 

at Mashishing Fen. Forest remained prominent throughout the zone, suggesting warm subhumid 

conditions. The increase of Cyperaceae, Typha, and fern spores suggests moist conditions for this 

period. The decrease of Asteraceae pollen, particularly Artemisia and Stoebe, further suggests 

that humid conditions prevailed during this period. Low charred particles of all size classes (>10 

µm, >50 µm and >100 µm) suggest minimal burning likely due to moist conditions. Climate is 

often argued to be the main driver of fire regimes at local and regional scales until recent 

incidences of anthropogenic fires (Marlon et al., 2013; Daniau et al., 2019). More often, 

increased fire activity is related to drier conditions (Power et al., 2008; van Leeuwen et al., 2014; 

https://www.sciencedirect.com/science/article/pii/S0277379117300409?casa_token=PNi-XZ5FuKUAAAAA:g7mG7tx1sIm8Xjv-OkmKbt-KGJhW4E7UwCEZeJg_cwroblUJ2RQxlSwlV9B8YIiHsAprkw#bib7
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Hantson et al., 2017), while decreased fire is related to wetter conditions (Rius et al., 2011; 

Vannière et al. 2011; Daniau et al., 2019) although significant and extensive fires in open 

grassland-savanna have also occurred during periods of elevated moisture levels in sub-tropical 

Africa (Daniau et al., 2019; Haliuc et al., 2023). This contrasts with conditions recorded in 

nearby sites like Wonderkrater and Tswaing Crater, where dryness was even argued to become 

well-established at Wonderkrater ca. 10,500 BP (Scott et al., 2012). The suggested humid 

conditions at Mashishing Fen during this period reflect local variations and reinforce the 

apparent non-uniformity of moisture changes due to varying influences of the Benguela and 

Agulhas currents in the region (Walker, 1990; Tyson and Preston-Whyte, 2000; Holmgren et al., 

2003; Reason et al., 2006).  

4.4.  Zone 3 ca. 10,000–4000 cal. yr BP (350–224 cm) 

The transition to Pollen Zone 3 records an abrupt change in the relative composition of forest and 

typical open vegetation. While major forest trees declined (except Olea), Asteraceae reached a 

maximum (almost 60%). The peak of Asteraceae pollen ca. 9900-8500 cal. yr BP might indicate 

more pronounced seasonality with less annual rain (Cooremans, 1989; O’Connor and 

Bredenkamp, 1997). The abundance of Asteraceae in pollen spectra from the grasslands has been 

argued to indicate a strong seasonal moisture or cooler growth periods amid relatively dry 

conditions (Scott and Nyakale, 2002). This aligns with the present distribution of Asteraceae 

pollen and its parents’ plants, especially in regions with lower overall rainfall (Cooremans, 

1989). The increase in the pollen of Asteraceae at the beginning of this zone is likely due to 

prevailing less moist conditions, especially with the accompanying decline of tree pollen and 

aquatics, with no known evidence of human occupation within the area for this period. It is also 

likely that the synchronous decrease of Cyperaceae and Phragmites pollen typically associated 
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with South African wetlands indicates the shrinking of the wetland, further supporting the 

prevalence of dry local conditions during this period.  

The accompanying increase in the pollen percentage of the grassland element Anthospermum, 

indicative of relatively cooler environmental conditions, likely suggests that forest diminished 

and open land vegetation increased (Pooley, 1998). The low representation of tree pollen (except 

Olea) might indicate that the forest is limited, possibly due to prevailing cool and dry conditions 

or to anthropogenic impact with frequent natural or human fires (Bond et al., 2003a). The 

increase in charcoal predominantly in the >100 µm fraction (likely large charcoal of local origin) 

suggests disturbances by natural veld fires for this period close to the site, which in turn may 

have resulted in a decline of forest trees, e.g., fire-sensitive Podocarpus (Giddey et al., 2022). 

This is supported by the fact that naturally occurring veld fires are frequent in the Grassland 

Biome (Bond et al., 2003a, b). It is plausible that the previous s prevailing moist conditions, 

which were conducive to forest growth, contributed to an accumulation of forest biomass, 

serving as potential fuel for fires. Subsequently, the drier conditions suggested in the current 

zone may have facilitated more frequent burning, as dry periods tend to experience higher fire 

frequencies than wetter periods (Umbanhowar and McGrath, 1998; van Wilgen, 2009; Vannière 

et al., 2011; Archibald et al., 2012; Crawford and Belcher, 2014; Daniau et al., 2019; Cardoso et 

al., 2022). 

Around 8600 cal. yr BP, Poaceae became dominant while Cyperaceae and fern spores began a 

steady decline, suggesting open grassy vegetation. This decline of Cyperaceae and fern spores 

probably reflects the shrinking of the wetland herbaceous taxa, particularly Asteraceae, record 

high frequencies supporting the existence of grasslands indicative of drier conditions in the area. 

Notably, there was a substantial presence of microcharcoal (size categories: >10, >50, and 
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>100µm), pointing to an increased frequency of fires during the later period. Generally, the 

sediment sequence from Mashishing Fen revealed a predominantly drier climate during the latter 

half of the early Holocene. It is possible that drier conditions became well established during this 

time, though it seems to happen much earlier at other sites (e.g., Wonderkrater, Tswaing) in the 

region (Scott et al., 2012).  

This was followed by high open woodland pollen elements such as Searsia and Combretaceae, 

with elements of forest mosaic species such as Olea and Canthium and increased Cyperaceae and 

fern spores after ca. 6700 cal. yr BP, indicating an increase in moisture. This accords with 

phytolith data at Verloren Valei, Versailles and Graskop in Mpumalanga, indicating warmer and 

wetter conditions between ca. 8000-4000 BP (Breman et al., 2019). Also, this corresponds well 

to the increased moisture recorded at nearby sites during the middle Holocene, which may attest 

to the possibility of moisture spreading gradually southwards due to precessional influences 

(Scott, 1993; Eitel et al., 2001; 2002, 2004; Scott et al., 2012). While the moisture increase was 

recorded ca. 8-7ka at Tate Vondo and Rietvlei Dam, it was not recorded until ca. 7-6 ka at 

Wonderkrater, Moreletta stream and Tswaing (Scott, 1982, 1984, 1989; Scott and Vogel, 1983; 

Scott et al., 2003; Kristen et al., 2010; Metwally et al., 2014). This, however, contrasts with 

stalagmites isotope data in the Makapansgat valley, indicating cool and dry conditions during the 

mid-Holocene (Holmgren et al., 2003). 

This period of increased moisture coincided with the expansion of Wilton-type industries 

comprising scrapers and backed tools after ca. 7.5ka (Deacon, 1974; Deacon et al., 1984; 

Mitchell 2000, 2005). They suggest that the homogenous shifts from large stone tools (Oakhurst) 

to smaller tools (Wilton-type) possibly reflect changes in behavioural adaptation due to changes 

in diet, societal structure and population growth brought about by favourable climatic conditions. 
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It is possible that these conditions favoured the LSA hunter-gatherers to hunt more small game 

animals (particularly bovids) and heavily rely on plant resources, hence leading to increased 

population and expansion over the vast parts of South Africa.  

After ca. 5900 cal. yr BP, the Mashishing Fen pollen record is dominated by Asteraceae, 

Apiaceae, and Anthospermum, while tree pollen declined, which might indicate more pronounced 

seasonality and/or open grassy in the area (O’Connor and Bredenkamp, 1997). High abundancy 

of charred fragments indicating high fire frequency were also recorded around this period. The 

correlation between elevated microcharcoal levels and arid conditions (reduced moisture) 

appears to be a recurrent coincidence of high fire activity associated with dry periods in the 

Mashishing Fen record, similar to records from other sites (e.g., Hahn et al., 2021). 

4.5.  Zone 2 ca. 4000–500 cal. yr BP (224–82 cm) 

A rapid increase in Amaranthaceae (ca.78%) at ca. 4000 cal. yr BP, indicate cool, relatively dry 

saline, and/or evaporative conditions (Coetzee, 1967; Dyer, 1975; Scott 1982c; Cooremans, 

1989; O’Connor and Bredenkamp, 1997; Pooley, 2005; Boon, 2010). The concomitant increase 

of Anthospermum pollen (8.2%) which is common in grasslands (Scott, 1982c) may indicate 

open grassy vegetation. The associated decline in Podocarpus, Olea, Searsia and Celtis tree 

pollen coupled with an abrupt increase of Amaranthaceae ca. 4000 cal. yr BP further indicate 

diminishing forests during this period and the dominance of more open vegetation (Li et al., 

2008; Ryu et al., 2021). This is likely due to climate and/or anthropogenic impact.  An apparent 

forest retreat with increased Cyperaceae and other aquatics may indicate brief moist conditions. 

The parallel decrease in Asteraceae pollen might also support brief humid conditions (e.g., 

Metwally et al., 2014; Neumann et al., 2014). Possible deforestation is further supported for this 

period by the indications of forest clearance by increased fire intensity, particularly <50 and >50 
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µm charred particles (Fig. 3).  

By ca. 1500 cal. yr BP, a notable decrease in tree pollen was observed in the Mashishing Fen 

record. This decline coincided with the appearance of large Poaceae pollen (>40 µm), which 

could indicate the cultivation of cereals. However, it is important to note that this pollen may 

also belong to the wild Poaceae group (Bonnefile and Riollet, 1980). Caution should be taken 

when interpreting the pollen data as large Poaceae has been observed in pollen records prior to 

the earliest evidence of farming in southern Africa (e.g., Baxter, 1996). The appearance of >40 

µm Poaceae pollen and the general pollen data corresponds with the arrival of Early Farming 

Communities in the region. Archaeological records from Silver Leaves, Eiland Saltworks and 

Riverside posited the earliest human occupation by farmers between the 4th and  6th century CE 

(Evers, 1974; Klapwijk, 1974; Maggs, 1977; Klapwijk and Huffman, 1996; Huffman, 1998; 

Jordaan, 2017). It appears that the early farmers played a role in burning, tree felling for wood as 

fuel, and clearing vegetation for farming, settlements, and pastures. This also coincides with an 

increase in Cyperaceae, Gunnera and other aquatics, indicating locally wet conditions for this 

period (Bergman et al., 1992; Partridge, 1993; Bergman, 2002; Gillson, 2006). Glomus, a 

mycorrhizal fungus often interpreted as an indicator of erosion (Anderson et al., 1984), also 

increased (Fig. 4) likely due to the opening of the vegetation by intensified human activities in 

the area. Although this has been questioned as the spores was suggested to have been likely 

produced by mycorrhizal mycelia of the host plants growing into the sediments above the 

deposits (Kołaczek et al., 2013), a forest management experiments indicated that the mycorrhizal 

colonization of roots in forests taxa is higher if a considerable amount of forest is cleared (Zhou 

et al., 1997; Rull et al., 2011). 
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The accompanying high frequencies of Amaranthaceae and Asteraceae pollen might further 

suggest possible human impact on the vegetation during this period, especially considering the 

simultaneous decline of forest pollen (Baxter and Davies, 1994). Asteraceae is almost 

everywhere in South Africa and often indicates generally less rain and/or dry, cool summers or 

might signal anthropogenic impact when found in association with high frequencies of other 

open-land indicators (e.g., Amaranthaceae) (Coetzee, 1967; Cooremans, 1989; O’Connor and 

Bredenkamp, 1997; Olatoyan et al., 2022). Possible anthropogenic disturbance is further 

suggested by high local fire    activity from a relatively high number of large (>50 µm) charred 

particles, which might be linked to a decline of trees and the concurrent increase of open-land 

indicators for this period. The pollen record is supported by regional data suggesting widespread 

vegetation changes expected  due to anthropogenic impact with the evidence of the decline of tree 

pollen, increase in open- land indicators (e.g., Amaranthaceae, Asteraceae), increase in spores of 

coprophilous fungi, indicative of animal herding,  charred fragments, and larger Poaceae pollen 

grains (>40 µm) at ca. 1400-1500 BP in the Marine (Hahn et al., 2021), Grassland (Scott and 

Vogel, 1983; Rosen et al., 1999), the Indian Ocean Coastal      Belt (Turner and Plater, 2004; Finch 

and Hill, 2008; Neumann et al., 2008) and Savanna (Scott, 1982a, b, 1984a, 1987; Carrión et al., 

2000; Scott et al., 2003) Biomes of South Africa (see Olatoyan et al., 2022 for discussion). 

Pastoralism and farming began in South Africa ca. 2000 years ago with evidence of iron age 

technology in the region, crop cultivation (e.g., sorghum, millet), cattle and sheep. While these 

crops often require summer rain and specific sedentary lifestyles, the cattle and sheep thrive 

better in moister conditions with sufficient grasses (Lander and Russell, 2018; Schoeman, 2020; 

Smith, 2021). It appears that a warmer and wetter climate facilitated the emergence and 

expansion of farmers into the area (Vogel and Fuls, 1999). The presence of farmers for this 
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period is supported by the direct evidence of Cenchrus americanus (pearl millet) seed 

impressions on pottery at Silver Leaves (Klapwijk, 1974; Klapwijk and Huffman, 1996), 

carbonised seeds at Ficus Cave (Partridge, 1966; Moore, 1981), carbonised sorghum seeds at SK 

17 (Meyer, 1986) and pearl millet, finger millet and melon seeds recovered at Magogo (Maggs 

and Ward, 1984; Voigt, 1984). 

4.6. Zone 1 ca. 500-0 cal. yr BP (82–0 cm) 

The uppermost zone begins with another spike in Amaranthaceae and Caryophyllaceae, an 

increase in Glomus and a decline of trees, suggesting the diminishing of forests likely due to 

anthropogenic disturbances ca. 500 cal. yr BP (ca. 1450 CE). This coincides with the increase of 

Cyperaceae, Phragmites and fungal spores, indicating wet conditions and a higher water table 

(Gajewski et al., 2002). The decreasing of Poaceae and Asteraceae pollen provides further 

evidence of humid conditions and possible local disturbances of grass cover. The accompanying 

increase of charred particles further supports possible deforestation due to increased      fire.  

After ca. 500 cal. yr BP, Amaranthaceae remained dominant coupled with increased Asteraceae, 

indicating the continued impact of anthropogenic disturbances possibly through overgrazing by 

Farming Communities occupation (Carrión et al., 2000; Nyakale and Scott, 2002), open and dry 

grassland environment (Cooremans, 1989) and/or probably strong local evaporative conditions 

(Dyer, 1975; Pooley, 1998). This period notably correlates with Later Farming Communities, 

particularly the Bokoni sites known for specialised farming methods around the 15th/16th century 

to the 19th/20th century (Widgren et al., 2016; Birin et al., 2021). These Later Farming 

Communities established settlements that comprised stone-walled terraces, tracks and enclosure 

units with remains found within the Gustav Klinbiel Nature Reserve and across Mpumalanga, 

stretching from Ohrigstad in the north through Mashishing and Machadodorp to Carolina in the 
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south (Delius et al., 2012). The recovery of carbonised seeds of Sorghum sp. and Vignia sp. at 

Khutwaneng (formerly Badfontein) around this period provides direct evidence of agriculture 

within the area (Collett, 1982). 

The presence of >40 µm Poaceae pollen (possibly cultivated cereals) and Pinus (pine tree) pollen 

perhaps indicates continuous crop cultivation alongside the presence of pines in the area ca. 280 

cal. yr BP (ca. 1670 CE). Although Pinus is known to have been introduced to South Africa by 

European settlers as early as the mid-17th century CE, it only became established in plantations 

in the 1900s (Richardson et al., 1997; van Wilgen and Richardson, 2012; Bennett and Kruger, 

2015). The appearance of Pinus pollen in the Mashishing Fen sequence only after ca. 500 cal. yr 

BP likely suggests the early introduction of pines by Europeans for timber production. It is 

possible that humans cleared vegetation for the cultivation of crops (e.g., Sorghum, Pennisetum) 

and planting of neophytic trees (e.g., Pinus). Since major pine plantations have been documented 

ca. 15km from Mashishing Fen, its pollen supports previous, modern pollen studies showing that 

Pinus has the potential to be overrepresented at great distances from the source owing to its high 

pollen productivity and dispersal efficiency by wind (Williams, 2008; Quamar, 2019; Chevalier 

et al., 2020; Olatoyan et al., 2022).  

Towards the end of the pollen sequence at Mashishing Fen, the frequency of Pinus pollen 

reached its peak simultaneously with the first appearance of Platanus (plane tree), which is, to 

our knowledge, the first evidence of Platanus pollen in a South African palynological record.  

Platanus was introduced to South Africa during the 19th century (late 1800s) as an ornamental 

tree, frequently used for shading along roadways (Wilson, 1923; Gwedla and Shackleton, 2017; 

Newete et al., 2022). Recent aerobiological studies conducted in Secunda, Mpumalanga, 
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revealed a prevalence of Platanus pollen and fungal spores, indicating a period of high humidity 

(Berman, 2017). The presence of Platanus and the peak in Pinus pollen levels suggest that the 

cultivation of exotic trees in the region became established around the late 1800s to early 1900s 

(Burgess and Wingfield, 2001; Van Wilgen and Richardson, 2012; Bennett and Kruger, 2015), 

indicating the anthropogenic impacts coinciding with the arrival of European settlers in the area. 

This period also corresponds to an increase in the pollen frequencies of Anthospermum and 

Poaceae, indicating the dominance of open vegetation during this time. The presence of 

Cyperaceae, fern, and fungal spores further supports the indication of locally wet conditions 

during this period.  

CONCLUSION 

The Mashishing Fen contributes a well-dated sequence to local and regional vegetation changes 

spanning the last 11,700 cal. yr BP from the summer rainfall region in northeastern South Africa. 

The data provides a continuous and finely-tuned sequence from the Early to Late Holocene 

period. The pollen and charcoal records show a transition from relatively moist to drier 

conditions ca. 10,900 cal. yr BP. The early Holocene was generally wetter, supporting the 

growth of forest vegetation and aquatic taxa, after 10,900 cal. BP, the vegetation changes suggest 

a return to warm and moister conditions until ca. 8600 cal. yr BP when drier grassy conditions 

seem  to prevail with the dominance of Asteraceae and Poaceae, while Cyperaceae, fern spores 

and other aquatics decline. By ca. 1500 cal. yr BP marked vegetation changes and erosion 

increase remarkably at Mashishing. It cannot be excluded that humans cleared vegetation to 

cultivate cereal crops, settle, and collect wood for fuel. Pre-European farming and pastoral 

activities triggered soil erosion beginning from ca. 1500 BP, likely due to the area's opening of 

the vegetation by human activities. Consequently, human impact might or might not overshadow 
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the effects of climate and other factors as drivers of vegetation changes in the pollen 

composition. After ca. 500 cal. yr BP, direct pollen indicators of farming activities include                   the 

likely cultivation of cereal crops and the planting of exotic trees (e.g., Pinus, Platanus) since the 

late 1800s- early 1900s within the region. While the Mashishing Fen provides valuable insights 

into the local and regional environmental changes of the summer rainfall region of northeastern 

South Africa, multiproxy analysis, including additional sites in the region, is required to 

reconstruct a robust palaeoenvironmental history for the region. 
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CHAPTER 6: SYNTHESIS 

6.1. INTRODUCTION 

Generally, vegetation, climate, and anthropogenic activities are intimately interwoven, making 

the recovery of pollen, spores and charcoal invaluable in understanding present/past vegetation 

and environmental changes. While pollen and spores represent the relative distribution of plant 

communities, the frequency of microcharcoal indicates fire history (Bamford et al. 2016).  In 

southern Africa, pollen and spores preserve well in i) natural archives ranging from lacustrine 

environments (Scott et al. 2008; Neumann et al. 2010), wetlands (e.g., fens, swamps)  (Norström 

et al. 2009; Neumann et al. 2014; Breman et al. 2019); springs (Mao et al. 2006); speleothems 

(Burney et al. 1994; Brook et al. 1997, 2010; Caseldine et al. 2008; Festi et al. 2016)  to ii) 

dung/hyrax deposits (Carrión et al. 2000; Scott et al. 2004; Kuzmicheva et al. 2013). 

The potential of using pollen in palaeoenvironmental studies lies in the pollen outer wall (exine) 

containing a highly resistant material called sporopollenin, which is often preserved for 

thousands/millions of years when transported and/or deposited in favourable preservation 

conditions (Bryant & Holloway 1983). However, differential pollen preservation, production, 

dispersal, and depositional environments hinder or facilitate their recovery and interpretation 

(Bryant & Holloway 1983; Bell & Fletcher 2016; Morales-Molino et al. 2020). For instance, while 

acidic soils favour pollen preservation, highly alkaline soils (pH >8.5) often lead to the 

deterioration of fossil pollen (Dimbleby 1957; Havinga 1967; Bryant & Holloway 1983). Also, 

an aerobic environment causes oxidation of the sporopollenin, thereby aggravating the 

vulnerability to microbial decomposition (Havinga 1967; Xu et al. 2016). Furthermore, water-

constrained landscapes (e.g., pans) exhibit a considerable degree of vegetation stability over 
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time. As a result,                when the drivers of vegetation shifts, such as fire and grazing change, they may 

not be represented  in the palaeo-records despite being readily present on the broader landscape 

(Ekblom et al. 2017). 

Another factor that may limit the potential of pollen is the over-representation of certain pollen 

types in assemblages. For example, wind-pollinated species, e.g., conifers like pines (Pinus) or 

yellow woods (Podocarpus, Afrocarpus), produce abundant pollen grains with aerodynamic 

properties like air bladders and are frequently over-represented in pollen spectra, whereas insect-

pollinated species produce fewer, heavy, ornamented pollen grains and are generally under-

represented or absent in pollen spectra, even when observed in current vegetation (Faegri & 

Iversen 1989; Nohro et al. 2019; Quamar 2019). Hence, the differential pollen preservation, 

production and dispersal, limit or enhance recovery and their interpretation (Bryant & Holloway 

1983). This calls for studies that investigate the relationship between modern pollen assemblages 

and contemporary source vegetation of a region before palaeoenvironmental studies. 

Certain pollen grains are unidentifiable beyond the family level (e.g., Poaceae >25 μm, Asteraceae 

undifferentiated), and the morphology of some pollen grains is often undifferentiated when only 

using light microscopy (e.g., Stoebe/Elytropappus, Combretaceae/Melastomataceae) (Scott 

1982b; Bryant & Holloway 1983; Erdtman 1986). Nevertheless, most plant species produce 

distinct pollen grains and spores, and their recovery and precise identification to genus/species 

levels aids palaeoenvironmental interpretations. It is, however, advantageous to combine pollen 

with other proxies (e.g., phytoliths, which are useful for identifying Poaceae subfamilies) 

(Alexandré et al. 1997; Parker et al. 2011; Breman et al. 2019; Cordova et al. 2019) to provide a 

more robust understanding of the palaeoenvironment. 
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Archaeobotanical research in southern Africa, particularly pollen and spore studies, focuses 

mostly  on reconstructing past climatic changes rather than the possible role that anthropogenic 

activities relating to farming and pastoralism might have exerted on the vegetation, especially 

during the last 2000 years. This is partly due to the dominance of climate as a major driver of 

vegetation change for most periods, as well as research bias in interpreting climatic influences 

(Fitchett et al. 2017b). 

This bias, coupled with sparse direct archaeobotanical evidence (e.g., fruits/seeds, faunal), has 

hindered the comprehensive understanding of the beginnings and spread of farming and 

pastoralism in the region. Generally, the continued efforts to reconstruct the available evidence 

in the past decades have suggested that the emergence of farming and pastoralism in Sub-

Saharan Africa varied significantly owing to several factors relating to migration, predictability 

of resources, diffusion, scheduled consumption, vegetation, climate, and sedentism (Wetterstrom 

1993; Marshall &  Hildebrand 2002; Mitchell 2005). This calls for a synthesis of reliable, 

independent proxies (e.g., palynology, phytolith analyses, anthracology) to ascertain a narrative 

of pastoralism and farming that is consistent with existing archaeobotanical and archaeological 

data and to provide new insights for identifying anthropogenic impacts and cultivars in the 

palaeo-records. 

Several archaeological sites provide evidence of apparent shifts in technology, human occupation 

and subsistence. However, sparse palaeo-records are available, particularly during the Holocene, 

to compare these shifts and explore the relationship between humans, climate and vegetation. 

This is often due to the scarcity of pollen-bearing archives close to archaeological sites, scanty 

continuous terrestrial records as well as spatial disparities between palaeo-records as a result                        of 

diverse climatic conditions in various regions (Klein 1984; Prior & Williams 1985; Korsman & 
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Plug 1994; Porraz et al. 2015; Bousman & Brink 2018). Hence, the relationships between 

subsistence patterns, technology and environmental changes are often assumed. Similarly, 

broader-scale                            changes such as the African Humid Period, Younger Dryas, Medieval Warm 

Period, and Little Ice   Age which have been confirmed for the Northern Hemisphere but not 

verified for the Southern Hemisphere are used to interpret technological and subsistence changes 

during the Holocene without considering regional or local variations (Deacon 1984; Huffman 

1996; Mitchell et al. 1998; Vogel & Fuls 1999; Badenhorst 2018). There is a need to explore 

local palaeoenvironmental records, particularly for the last 2000 years BP, where several sites in 

South Africa provide significant archaeological evidence of pastoralism and farming as well as 

diverse temporal oscillations in moisture levels, potentially indicating the presence of pastoralists 

and farmers within the local landscape (Scott et al. 2012; Lander & Russell 2018). 

This thesis demonstrates the need for multiproxy studies in present and past environmental 

contexts                 to address palaeoenvironmental issues. Analysing pollen, spores, and microcharcoal in 

modern and sedimentary records demonstrates the potential of a multiproxy approach to 

reconstruct and highlight possible differences between anthropogenic and climate impacts on 

landscapes during the Holocene. 

6.2. HUMAN & CLIMATE-VEGETATION RELATIONSHIPS 

This thesis explored the potential of pollen, spores and charcoal in reconstructing the impact of 

anthropogenic activities and climate change on vegetation, particularly during the last 11,700 

years.          The assessment of the relationship between climate, human activities and vegetation in 

southern                              Africa during the first millennium CE, through in-depth study of existing literature, 

shows similar   patterns of vegetation changes across the biomes, indicating possible 
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anthropogenic impact (Olatoyan et al. 2022/Paper 1 for discussion). The study of the relationship 

between modern pollen assemblages and contemporary vegetation in and around a wetland, 

Mashishing Fen, Mpumalanga  province, northeastern South Africa, showed that modern pollen 

assemblages are invaluable for identifying different vegetation, especially when combined with 

other proxies (e.g., phytoliths), thus facilitating palaeoenvironmental reconstruction (Olatoyan et 

al. 2023/Paper 2). Also,  the analysis of the core sediment samples from the Mashishing Fen 

provided a chronological sequence for the past 11,700 years, showing the influence of climate 

and anthropogenic activities on the vegetation from the Early to Late Holocene for the region. 

Here, the data from the studies are synthesised to evaluate the patterns of vegetation changes 

caused by climate and/or human activities and compare them with similar studies (Olatoyan et 

al. in prep./Paper3). 

6.3. TREE AND SHRUB POLLEN 

The modern pollen assemblage around the Mashishing Fen is best associated with the presence 

of Euclea, Diospyros and Podocarpus pollen, representing the forest vegetation in the study area 

(Olatoyan et al. 2023/Paper 2). Also, the pollen of Combretaceae, Myrtaceae, and Rubiaceae was 

represented, comprising the typical pollen assemblage of the fen and forest margin. Forest 

elements in the pollen assemblages usually indicate high rainfall in the area (Gillson & Ekblom 

2009; Truc et al. 2013; Zhao et al. 2016). Although the tree pollen proportion corresponds to the 

recorded vegetation, pollen of some species from Combretaceae, Myrtaceae, and Euphorbiaceae 

families documented in the modern pollen assemblage were not recorded in the botanical survey 

(Olatoyan et al. 2023/Paper 2). This lack of correlation between pollen and vegetation might be 

due to the identification of some pollen only to the family level, and some of these pollen may 

originate from plant species found in different vegetation types. It may also be due to limited 
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sample plots for the botanical survey. Additionally, many tree pollen are transported by wind and 

can be widely dispersed and abundant, even in areas where they are not growing locally. 

Therefore, it is important to exercise caution when interpreting forested regions precisely based 

solely on the ratio of Non-Arboreal Pollen to Arboreal Pollen. Also, subsequent studies on 

modern studies would investigate more sediment samples and sample plots.  

Generally, studies focusing on modern pollen-vegetation relationships are relatively sparse for 

South Africa. This limited a comprehensive comparison of the results from Mashishing Fen. 

Similar modern pollen studies from sites (e.g., Scot Farm, Wonderkrater) in the Savanna Biome 

have also shown that the distinction of modern pollen spectra can be utilised to identify the 

diverse vegetation types within the region. For instance, significant pollen taxa, e.g., 

Podocarpus, Combretaceae and Euclea, pointed to defined veld types after Acocks (1975) (e.g., 

dry Kalahari Thornveld marked by the occurrence of Tarchonanthaceae, and Capparaceae, [Scott 

1982a, 1984]). A more recent study in the montane belt of the KwaZulu-Natal Drakensberg 

recorded a high degree of heterogeneity within the Afrotemperate forest vegetation,    showing the 

dominance of Podocarpus and Celtis (Hill & Finch 2021). This reflects the long distant transport of 

wind pollinated pollen especially in high mountainous areas. Like the modern pollen records from  the 

Mashishing Fen, the modern pollen assemblages also indicated an area dominated by trees with 

relatively few representations of the pollen of Asteraceae and Poaceae, which are commonly 

recorded in other sites (Hill & Finch 2021). 

Similar to the modern pollen records at Mashishing, the presence/increase of pollen of trees like 

Podocarpus, and Myrtaceae, which typically associates with forests, also occur in the Mashishing 

Fen palaeo-records,               likely indicating moist conditions (Scott 1982a; Mustart & Cowling 1993; 

Geldenhuys & von dem Bussche 1997; Matthys et al. 2022). While the pollen of Searsia was 
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regularly detected in the modern and palaeo-records at Mashishing Fen, the pollen of Olea and 

Canthium, commonly associated with forest margins and streams (Campbell & Moll 1977; 

McKenzie et al. 1977; Scott 1982b; Hlwatika & Bhat 2002), were seldom recorded in the 

modern pollen records but were prominent in the palaeo-records. The reason for this disparity 

remains unclear. The relatively high frequencies of Canthium in the pollen palaeo-record 

possibly suggest that the trees grow locally in the past in the area because the pollen grains are 

usually not well dispersed (Scott 1982b). 

A decline in the pollen frequencies of trees (forest) observed during vegetation reconstruction can 

be driven by climate (e.g., Scott et al. 2003; Chevalier & Chase 2016), human activities (e.g., Shi 

et al. 1998; Li et al. 2008), or a combination of both drivers (Finch & Hill 2008; Neumann et al. 

2008). During the early Holocene (ca. 10,900 cal. yr BP), the decline of tree pollen (e.g., Olea, 

Canthium, Myrtaceae) documented in the pollen record at Mashishing Fen (Olatoyan et al. in 

prep./Paper 3) likely suggests the prevalence of dry conditions (Cowling 1999; Levis et al. 1999; 

Monnin et al. 2001). The local conditions likely became drier and cooler to favour the growth of 

grasses over trees and aquatics. This phenomenon was also recorded at different times (e.g., ca. 

10,900, 8600, 5900 cal. yr. BP) in the pollen records at Mashishing Fen, where the main forest 

tree pollen taxa decreased. This is usually accompanied by a decrease in Cyperaceae,             Phragmites 

and other aquatics (Olatoyan et al. in prep./Paper 3), further suggesting a local decrease in 

available moisture for these periods (Burgoyne et al. 2000; Mabhungu et al. 2019). Also, pollen 

taxa (e.g., Stoebe, Artemisia, Asteraceae), which could indicate cool and/or relatively dry 

conditions increased during these periods (Coetzee 1967; Morrison 1968; Scott 1984) or the 

dominance of local overgrazing in grassland communities (Carrión et al. 2000; Nyakale & Scott 

2002). The former is more likely, as there is no evidence of intensified grazing in the area during 
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the early and middle Holocene periods. A general decrease in the pollen percentages of trees 

could be indicative of a reduction in forest cover due to a combination                            of factors, such as cool 

and dry conditions or frequent fires, as well as human activities like anthropogenic fires or 

land use changes (Ekblom 2008; Finch & Hill 2008; Neumann et al. 2008,                          2010; Walther & 

Neumann 2011). The cool and dry conditions may be less favourable for tree growth and 

survival, which could result in a decline in forest cover over time. Similarly, frequent                       natural 

fires or human-set fires could also contribute to forest loss by vegetation clearance and 

preventing their regeneration (e.g., Breman et al. 2011). The coincidence of high frequencies of 

microcharcoal, especially the peak of >100 µm size class (possibly of local origin), with the 

decline                          of tree pollen suggests the occurrence of veld fires. It is plausible that this phenomenon is 

indicative of natural veld fires, which are frequent occurrences in the Grassland Biome (Bond et 

al. 2003a, 2003b). The previous pollen zones, which had more moisture, likely allowed forest 

growth, resulting in increased biomass as fuel. Subsequently, the dry conditions in the current 

zone might have contributed to the increased susceptibility to combustion. 

The assessment of the relationship between humans, climate, and vegetation from published 

archaeobotanical data revealed a decline in trees such as Podocarpus (and sometimes Olea) in 

various locations across South Africa, Zambia, and Mozambique, at the Savanna, Grassland, 

IOCB, and Fynbos Biomes (See Table 1; Olatoyan et al. 2022/Paper 1). This decline could be 

attributed to various factors, including the selective exploitation of trees for their wood, 

unfavourable climatic conditions that impede forest growth, or a combination of both human and 

climate-related impacts. 

An anthropogenic impact was more likely during the first millennium AD because the tree 

decline was commonly synchronous with the increase of other possible anthropogenic indicators 
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(e.g., spores of coprophilous fungi, open-land taxa, large Poaceae [Cerealia-type] pollen [>40 

µm], charred plant fragments) in the palaeo-records. This is supported by several 

archaeobotanical data showing similar vegetation changes during the first millennium CE 

(Olatoyan et al. 2022/Paper 1) and other archaeological evidence in the region (Lander & Russell 

2018). Given the diversity of southern African climates, as well as the significant temporal and 

spatial variability across the subcontinent, it is unlikely that the various biomes experienced the 

same climatic fluctuations during the first millennium AD (Tyson & Preston-Whyte 2000; 

Chevalier & Chase 2016). Thus, similar vegetation changes observed in pollen assemblages were 

more likely caused by human activities rather than climate variations. 

6.4. OPEN LAND INDICATORS 

Poaceae and Asteraceae grow in a broad range of ecological and climatic conditions (Carbutt & 

Edwards 2004; Chevalier et al. 2021), and pollen from these families is widespread. Poaceae is 

present almost everywhere in South Africa and is generally associated with high rainfall during 

summer in the grasslands. In contrast, Asteraceae, which is also ubiquitous in the region, often 

signals generally less rain and/or dry, cool summers or might signal anthropogenic impact when 

found in association with high frequencies of other open-land indicators (e.g., Amaranthaceae) 

(Coetzee 1967; Cooremans 1989; O’Connor & Bredenkamp 1997). 

The modern pollen assemblage for the grass patches within thickets near Mashishing Fen 

showed the dominance of Poaceae and Asteraceae with a mixture of Burkea and Spirostachys 

(tree) pollen (Olatoyan et al. 2023/Paper 2). Similarly, in the southern Middleveld in the 

southern Free State province, high Poaceae and Asteraceae with low Searsia (tree) pollen was 

recorded (Coetzee & van Zinderen Bakker 1952; Hill 1995). A slight contrast was observed in 
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the modern spectra from Ladybrand in the eastern Free State region, where a mixture of high tree 

pollen comprising Celtis, Searsia, Clutia, and non-tree pollen of Poaceae, Asteraceae, and 

Cliffortia were recorded (Scott 1982a). 

Also, at Deelpan in the western Free State region, the modern spectra revealed considerable 

heterogeneity between the modern pollen assemblages of various sampling sites, suggesting that 

fossil pollen often correlates with local vegetation changes rather than climate change (Scott 

1988). In addition, the modern spectra from the Blue Mountain Pass in the Lesotho highlands 

yielded pollen of Ericaceae, indicative of high altitudes, Poaceae, Cyperaceae, Asteraceae, 

Passerina, Anthospermum, and Aizoaceae, which are present in the existing open-land 

vegetation within the study area (Scott 1984). The modern pollen assemblages from these 

regions indicate similarities to the contemporary vegetation, representing an open grassy 

landscape with the presence of open savanna/woodland (Lötter et al. 2014; O’Donoghue et al. 

2020; Hahn et al. 2021). Recent studies in the Kruger National Park, northeastern South Africa, 

showed the dominance of Poaceae/Cyperaceae except for two sampling sites where Spirostachys 

africana and Combretaceae pollen were present at considerably higher frequencies. Low Acacia-

type (inclusive of all Senegalia and Vachellia spp., Albizia spp.) pollen occurrence was also 

recorded despite being highly represented in the contemporary source vegetation, possibly due to 

insect-pollinated plants producing a comparatively low number of large polyads (Duffin & 

Bunting 2008). Also, Poaceae and Asteraceae are among the most prominent grassland taxa in 

the region (Hill 1995). 

The pollen of Poaceae and Asteraceae regularly occurred at the beginning of the early Holocene 

in the Mashishing Fen pollen record (Olatoyan et al. in prep./Paper 3), which is consistent with 

regional records (Scott & Vogel 1983; Norström et al. 2009; Scott et al. 2012; Neumann et al. 
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2014). The increase in the pollen of Poaceae and Asteraceae suggests the dominance of open 

grassy vegetation due to prevailing less moist conditions for this period, especially when 

accompanied by the decline of tree pollen and aquatics with no recorded evidence of human 

occupation within the area or climate-induced fires. It is also likely that the decline of 

Cyperaceae and Phragmites commonly associated with wetlands indicates the shrinking of the 

wetland, further suggesting the dominance of dry local conditions for this period. The 

Mashishing Fen pollen records also indicate the decline of trees, while Apiaceae, Anthospermum, 

and Asteraceae pollen increased after ca. 5900 cal. yr BP might suggest less pronounced 

seasonality and/or dominance of open grassy vegetation in the area (O’Connor & Bredenkamp 

1997). The coincidence of increased microcharcoal suggests frequent fires caused by natural or 

human activities or a combination of both. This phenomenon was regularly observed in the 

Mashishing Fen records and other sites (e.g., Hahn et al. 2021). Similar pollen assemblages 

comprising the high frequencies of open-land indicators (e.g., Amaranthaceae, Asteraceae) were 

recorded across the different biomes in the reviewed archaeobotanical data (Table 1; Olatoyan et 

al. 2022). This might be related to the impact of anthropogenic activities, particularly farming 

(Baxter & Davies 1994; Neumann et al. 2011; Hahn et al. 2021), but could also indicate regional 

aridity (Scott et al. 2003; Chevalier & Chase 2015, 2016). These open-land indicators more 

likely point to anthropogenic impact during the first millennium CE based on their regular 

association with large Poaceae pollen (>40 µm). The large Poaceae pollen are tentatively 

interpreted as cultivated cereals (e.g., sorghum, pearl millet), and their presence coincides with 

the beginnings of farming in South Africa from sites such as Mpondoland and Mdlanzi (Turner 

& Plater 2004; Hahn et al. 2021). Thus, the available evidence suggests a strong link between 

anthropogenic activities and vegetation changes. 
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This phenomenon was also documented in the Mashishing Fen records during the first 

millennium CE. By ca. 1500 cal. yr BP (ca. 434–649 CE), a notable decline in tree pollen is 

synchronous with the first appearance of large Poaceae pollen (>40µm) in the Mashishing Fen 

record, which could potentially indicate the cultivation of cereals. However, the pollen could also 

belong to the wild Poaceae group (Bonnefile & Riollet 1980). Caution should be exercised when 

interpreting the pollen because large Poaceae pollen has been documented in pollen records prior 

to the arrival of farming in southern Africa (e.g., Baxter 1996). The accompanying high 

frequencies of Amaranthaceae and Asteraceae might further suggest an anthropogenic impact on 

the vegetation during this period, especially with the co-occurrence of the decline of forest pollen 

(Baxter & Davies 1994). The high frequency of microcharcoal with the concurrent increase of 

open-land indicators and decreased tree pollen in the Mashishing Fen record for this period 

suggests local burning driven by farmers within the area. The pollen data for this period 

corresponds with the arrival of Early Farming Communities in the area (e.g., Klapwijk & 

Huffman 1996; Klapwijk 1974; Whitelaw 1996; Jordaan 2017). It seems that early farmers were 

responsible for the felling of trees for wood and vegetation clearance for farming, settlements 

and pastures. 

Around 500 cal. yr BP (ca. 1450 CE), a sudden surge in the pollen of Amaranthaceae and 

Caryophyllaceae alongside the reduction in tree pollen observed in the Mashishing Fen pollen 

sequence suggests that the forest was receding, which could be attributed to anthropogenic 

disturbances or aridity (Baxter 1996; Finch & Hill 2008; Hahn et al. 2021). The accompanying 

increase of the pollen percentage of Cyperaceae, Phragmites and fungal spores, indicating 

locally moist conditions and a higher water table, suggests that anthropogenic impact is more 

likely. The accompanying decrease of Poaceae and Asteraceae might further suggest more humid 
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conditions and possible local disturbances of grass cover for this period or could indicate the 

spread of other taxa. This period corresponds fairly with the presence of Later Farming 

Communities (e.g., at Bokoni sites) who used specialised farming (stone walling) systems 

around the 15th/16th– 19th/20th century (Widgren et al. 2016; Birin et al. 2021). Later Farming 

Community sites, often including the stone-walled terraces, tracks, and enclosure units, have 

been identified In the Gustav Klingbiel Nature Reserve (study site) and across Mpumalanga, 

stretching from Ohrigstad in the north, via Lydenburg and Machadodorp, to Carolina in the south 

(Delius et al. 2012). The recovery of carbonised seeds of Sorghum sp. (sorghum) and Vignia sp. 

(cowpea) at Khutwaneng (formerly Badfontein) during this period further provides direct 

evidence of agriculture. 

6.5. WETLANDS / AQUATIC TAXA 

In the Wetlands, the modern pollen assemblage indicates that the fen vegetation is best 

associated with the presence of Typha, Sparganiaceae and Phragmites and fern spores (Olatoyan 

et al. 2023/Paper 2). These pollen assemblages are common components of wetlands globally 

and are regularly found in South African wetlands vegetation (Burgoyne et al. 2000; Myburgh & 

Bredenkamp 2004; Sieben 2011, 2014; Mabhungu et al. 2019), hence, indicate (locally) moist 

conditions. While there are no comparable modern pollen studies from similar vegetation 

communities in South Africa, studies from other regions recorded the dominance of Typha and 

Phragmites in wetland communities (Finkelstein & Davis 2005; Yang et al. 2016; Zhao et al. 

2016; Muller et al. 2022). The fen vegetation is also associated with shrublets and herbs (e.g., 

Amaranthaceae, Crassula) which are usually interpreted as indicators of drier and strong 

evaporative (summer) conditions in South African palaeoecological studies (Scott & Nyakale                   

2002; Scott et al. 2003; Neumann et al. 2011; Marais et al. 2015; Chevalier & Chase 2015, 2016; 
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Quick et al. 2018, 2022). However, their associative presence with the fen vegetation suggests 

they are not exclusively indicative of drier environments. Often, these taxa (e.g., Amaranthaceae) 

might serve as obligate indicators of wet environments and/or signify anthropogenic disturbances 

(Sieben et al. 2017; Van Ginkel & Cilliers 2020; Olatoyan et al. 2022/Paper 1). While Crassula 

is a known succulent indicating drier environments (Scott & Cooremans 1992; Cook 2004; 

Manning & Goldblatt 2007), it could occur in varying ecological conditions (Scott 1982a) and 

may also indicate anthropogenic disturbances, especially in recent times (Norström et al. 2009). 

This corresponds to the contemporary wetland vegetation components comprising shrubs, 

succulents and herbs recorded at the eastern Lesotho highlands (Fitchett et al. 2017b). 

Similar pollen assemblages recorded in the Mashishing Fen record indicate the dominance of 

(locally) moist conditions. During the early Holocene, the high frequencies of the pollen of 

aquatics and swamp elements, e.g., Cyperaceae and Gunnera, might suggest local moist 

conditions (Olatoyan et al. 2023/Paper 2). While Gunnera grows naturally in highly humid areas 

and around waterbodies (Bergman et al. 1992; Bergman 2002), Cyperaceae usually grow in 

wetlands, though a few species have also been recorded in the grasslands and savannas. The 

increase in Cyperaceae could be associated with wetter conditions, which provide an expanded 

habitat for its growth (Partridge 1993; Gillson 2006; Breman et al. 2011). The dominance of the 

strong fluctuations of Poaceae, though on a smaller scale with high frequency of Cyperaceae in 

the Mashishing Fen sequence during the early Holocene, likely indicates open grassland 

surrounding the site. The accompanying presence of the pollen of trees such as Podocarpus, 

Proteaceae and Myrtaceae, typically associated with montane forests, further signal moist 

conditions for this period (Scott 1982a; Mustart & Cowling 1993; Geldenhuys & von dem 

Bussche 1997; Matthys et al. 2022). 
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On the other hand, the decline of the pollen of wetland elements is usually synchronous with the 

increase of open-land indicators and the decline of tree pollen except during periods of known 

anthropogenic impact in the record. For instance, the surrounding grasslands indicated by the 

high frequencies of the pollen of Poaceae and Asteraceae prevailed until ca. 10,900 cal. yr BP. 

During this period, the pollen record also showed a decline in tree pollen (e.g., Olea, Canthium, 

Myrtaceae), Cyperaceae and other aquatics, which might suggest the prevalence of dry 

conditions (Scott 1982b). The sparseness of Phragmites pollen, a typical wetland element, might 

indicate decreased wetland size, further suggesting local dryness for this period (Burgoyne et al. 

2000; Mabhungu et al. 2019). After ca. 10,900 cal. yr BP, the relatively high frequencies of 

Canthium, Podocarpus, Proteaceae and Olea pollen might suggest a return to warm and moist 

conditions. The forests likely recovered after the relatively drier period due to favourable warm 

and moist conditions. The accompanying peak of Cyperaceae alongside the high frequencies of 

fern spores further suggests possible local conditions. At ca. 10,000 cal. yr BP, the increase of 

the pollen frequencies of typical forest trees (e.g., Canthium, Olea, Proteaceae) and 

Combretaceae at Mashishing Fen, which might indicate the prevalence of warm subhumid 

conditions, suggest that the forest was prominent in the entire zone. The increase of wetland 

pollen taxa (e.g., Cyperaceae, Typha) and fern spores coupled with the relative decrease of the 

pollen frequencies of Artemisia and Stoebe further suggests that local moist conditions generally 

occurred during this zone. Microcharcoal, particularly smaller and larger classes, remain low at 

this time, suggesting minimal burning likely due to moist conditions. At ca. 8600 cal. yr BP, the 

pollen of Cyperaceae, Typha, Phragmites and fern spores continued to decline. In contrast, 

Poaceae pollen became dominant, indicating the dominance of open grassy vegetation likely due 

to prevailing less moist conditions. The increase in the pollen of herbs, especially Asteraceae, 
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might suggest the dominance of grassy vegetation due to dry local conditions for this period. It is 

also likely that the decline of aquatics associated with wetlands (e.g., Cyperaceae, Phragmites) 

suggests the shrinking of the wetland. 

After ca. 6700 cal. yr BP, the high frequencies of the pollen of open woodland taxa (e.g., 

Searsia, Combretaceae) and forests (e.g., Olea, Canthium) were recorded, likely indicating 

increased moist conditions in the area. The accompanying increase of Cyperaceae pollen and 

fern spores further suggests local moist conditions for this period. 

However, the decline of the wetland elements was no longer synchronous with the decline of 

trees, possibly resulting from anthropogenic activities in the area even during favourable 

environmental conditions. At ca. 1500 BP, the decrease in forest (tree) pollen was recorded 

alongside the high frequencies of Amaranthaceae and Asteraceae pollen, which might suggest an 

anthropogenic impact on the vegetation during this period. The simultaneous decrease in forest 

pollen and increase in open land indicators, such as Amaranthaceae and Asteraceae, observed 

within an archaeological context, is more indicative of anthropogenic impact (Baxter & Davies 

1994). The accompanying increase of the pollen frequencies of Cyperaceae, Gunnera and other 

aquatics further suggest locally wet conditions for this period (Olatoyan et al. 2023/Paper 2). At 

ca. 500 cal. yr BP (ca. 1450 CE), the pollen zone begins with a sudden increase in 

Amaranthaceae and Caryophyllaceae coupled with the decline of trees, suggesting the 

diminishing of forests likely due to anthropogenic disturbances or aridity (compare Baxter 1996; 

Finch & Hill 2008; Hahn et al. 2021). Possible anthropogenic disturbance is supported by the 

increase in the pollen frequencies of Cyperaceae, Phragmites and fungal spores, indicating 

locally moist conditions and higher water table during the period. 
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6.6. CHARRED PLANTS FRAGMENTS 

Charred plant fragments being a product of partial combustion, serve as a proxy indicator of fire, 

providing a record of fire occurrences and history when recovered in soils, peat, and lake 

sediments (Komarek et al. 1973; Umbanhowar & McGrath 1998; Nichols et al. 2000; Rose 

2004). In the veld, fires are mostly from grass fuels, and the amount/composition of grasses on 

the landscape is a good indicator of the frequency of fire (Patterson et al. 1987; Scott 2002; Van 

Wilgen 2009; Archibald et al. 2012; Nyamadzawo et al. 2013, Cardoso et al. 2022). During fire 

occurrences, charred grasses are transported by wind and/or water and usually deposited as 

microcharcoal (Patterson et al. 1987; S. Woodborne pers. comm. 2019) 

One of the possible indicators of human presence and activity are microcharcoal, though it 

remains challenging to differentiate from natural fires. Nonetheless, previous studies have 

suggested a likely connection between increased charred fragments and human impact 

(Archibald et al. 2012; Nyamadzawo et al. 2013; Bond & Zaloumis 2016; Dubois et al. 2018; 

Cardoso et al. 2022; Razanatsoa et al. 2022). Pastoralists and farmers routinely used fire to clear 

vegetation to prepare land for fields and settlements and to stimulate grass growth (Nkala et al. 

2011; Neary & Leonard 2020). Human-caused fires are frequently distinguished from naturally 

induced fires when microcharcoal is recovered with other likely anthropogenic indicators such as 

weeds, large Poaceae pollen (>40 m), and open-land indicators, which are often associated with 

evidence of human occupation and impact (Li et al. 2008; Archibald et al. 2012; Razanatsoa et 

al. 2022) but coincidences cannot be ruled out. In southern Africa, the decline of trees and co-

occurrence of open-land indicators suggest the impact of anthropogenic burning, especially when 

archaeological evidence supports the presence of human occupation (Scott 1982b; Roos et al. 

2016; Scott et al. 2022). This phenomenon was documented at several sites across all the biomes 
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of southern Africa (e.g., Versailles, PrincessVlei, GeoB 1023, Mahwaqa Mountain, and Mdlanzi 

Swamp) (Olatoyan et al. 2022). Nevertheless, some sites with evidence of possible 

anthropogenic impact did not show a peak in microcharcoal along with other indicators (e.g., 

Broederstroom, Mdlanzi, Mpondoland) (Olatoyan et al. 2022). The absence of evidence for 

microcharcoal could be attributed to effective fire management (Scott 2002) or a limited 

population of farmers who moved into a landscape managed by hunter-gatherers (Wadley 1987, 

1996). 

The Mashishing Fen pollen sequence showed a general decrease in the pollen percentages of 

trees at ca. 10,000 cal. yr BP, likely suggesting that the forest diminished due to the predominant 

cool and dry conditions and/or frequent natural fire or with the combination of anthropogenic 

fire. The additional evidence of high frequencies of microcharcoal in the record, particularly the 

peak of  >100 µm size class (likely large charcoal of local origin), might have resulted from 

natural veld fires. This is supported by the idea that naturally ignited veld fires are common in 

the Grassland Biome (Bond et al. 2003a, 2003b). It seems likely that the prevailing moist 

conditions in the previous zone, which favoured forest trees, led to increased forest biomass as 

fuel. The dry conditions recorded in the current zone might have favoured burning as frequent 

fires occur in dry periods more than wetter periods (van Wilgen 2009; Archibald et al. 2012; 

Cardoso et al. 2022). Generally drier conditions during the mid-Holocene with a significantly 

charred particles >10, >50 and >100µm were recorded in the Mashishing Fen sediment 

sequence, indicating high fire frequency during the later period. The pollen records further 

indicate the decline of trees while Apiaceae, Anthospermum, and Asteraceae pollen increased 

after ca. 5900 cal. yr BP, which might suggest less pronounced seasonality conditions and/or 

dominance of open grassy vegetation in the area (O’Connor & Bredenkamp 1997). This was 
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accompanied by high abundancy of microcharcoal, indicating high fire frequency due to natural 

or anthropogenic activities or a combination of both. It seems that the coincidence of high 

microcharcoal with dry conditions (less moisture) regularly occurred in the Mashishing Fen 

record as in other sites (e.g., Hahn et al. 2021). Also, the forest decline, which is likely due to 

unfavourable dry conditions, is further supported by high microcharcoal particularly <50 and 

>50µm, indicating increased fire intensity due to dry conditions after ca. 4000 cal. yr BP.

Nevertheless, the concomitant decrease in forest pollen and rise in open land indicators such as 

Amaranthaceae and Asteraceae, observed within an archaeological context, more plausibly point 

towards anthropogenic influence (Baxter & Davies 1994). The high microcharcoal with the 

concurrent increase of open-land indicators and decreased tree pollen recorded around ca. 1500 

BP likely suggest local burning driven by farmers within the area. 

6.7. LARGE POACEAE (>40 µm) 

The occurrence of large Poaceae pollen grains (>40 µm) in various locations within the 

Grassland Biome, as well as marine and IOCB sites from reviewed archaeobotanical data 

(Olatoyan et al. 2022/Paper 1), may potentially suggest the presence of crop cultivation. In the 

southern African region, these pollen grains were frequently observed alongside open-land 

indicators, the decline in tree pollen as well as increased microcharcoal (Table 1&2; Olatoyan et 

al. 2022), which suggests the possibility of farming practices having been adopted in the area. 

While it is feasible to draw a connection between the large Poaceae pollen grains and early 

cultivated cereals (such as Pennisetum glaucum – syn. for Cenchrus americanus and Sorghum), 

as has been demonstrated in other contexts (e.g., Turner & Plater 2004; Hahn et al. 2021), the 

aforementioned size overlap with wild grass species (Bonnefile & Riollet 1980) in the summer 

rainfall areas of South Africa, where the first farmers settled, must be taken into account. 
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Additionally, the presence of large Poaceae pollen grains (>40 µm) may not necessarily indicate 

the cultivation of grasses in the fynbos since they are commonly detected in pollen records 

predating the first millennium AD when farming was known to have commenced in southern 

Africa (e.g., Baxter 1996). Therefore, interpreting them as cultivated cereals in the fynbos 

requires caution. 

Similar to the pollen assemblages from the reviewed sites (Table 1, Olatoyan et al. 2022), the 

decrease in forest tree pollen coincides with the first occurrence of large Poaceae pollen (>40µm) 

at Mashishing Fen by ca. 1500 cal. yr BP (c. 434–649 CE), which could be interpreted 

tentatively as cultivated cereals, although the pollen of wild Poaceae (grasses) cannot be 

excluded (Bonnefile & Riollet 1980). However, this should be taken with caution as larger 

Poaceae pollen have been recorded in pollen records before farming in southern Africa (e.g., 

Baxter 1996; Olatoyan et al. 2022/Paper 1 for discussion). The accompanying high frequencies 

of Amaranthaceae and Asteraceae might further suggest an anthropogenic impact on the 

vegetation during this period. The decline of forest pollen coupled with the increase of open land 

indicators (e.g., Amaranthaceae, Asteraceae) within an archaeological context more likely 

indicates anthropogenic impact (Baxter & Davies 1994). The pollen frequencies of 

Amaranthaceae and Asteraceae prevailed after ca. 500 cal. yr BP, which might be interpreted as 

the continued impact of anthropogenic disturbances, possibly through farming/overgrazing  

(Carrión et al. 2000; Nyakale & Scott 2002), or local solid evaporative conditions (Dyer 1975; 

Pooley 1998) or possibly the dominance of open and dry grassland environment (Cooremans 

1989). Likely anthropogenic impact is supported by the presence of larger Poaceae >40µm 

(perhaps cultivated cereals) in the pollen record at Mashishing Fen. This could be related to the 

expansion of Later Farming Communities into new areas while they reconstruct their specialised 
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farming systems to facilitate crop production despite localised challenging environmental 

conditions. 

6.7. EXOTIC TAXA 

Generally, wind-pollinated exotic species, e.g., conifers like pines (Pinus), produce abundant 

pollen grains with aerodynamic properties like air bladders and are frequently over-represented 

in pollen spectra. Their high pollen productivity and dispersal rate means that Pinus is often 

dominant in pollen assemblages even when pines are not recorded in the local source vegetation  

(Scott 1984; Williams 2008; Klemm et al. 2016; Quamar 2019; Chevalier et al. 2020). In the 

modern pollen records from the study site, a general over-representation of Pinus pollen was 

recorded (except in the forested area), even though Pinus was not documented in the 

contemporary vegetation surrounding the fen (Olatoyan et al. 2023/Paper 2). Significant pine 

plantations are recorded ca. 15 km away from the Mashishing Fen, suggesting that the pollen 

could have been transported by the prevailing easterly winds (Burgess & Wingfield 2001; van 

Wilgen & Richardson 2012; Bennett & Kruger 2015). While this substantiates Pinus's high 

pollen production capacity and efficient wind dispersal abilities (Scott 1984; Quamar 2019), it 

also confirms that open landscapes allow upward transport, thereby facilitating the pine pollen 

dispersal to higher elevations (Markgraf 1980). In addition, previous research has demonstrated 

that Pinus pollen can be transported over long distances of 30-1000 km from its nearest source 

(Williams 2008; Klemm et al. 2016). In contrast to the results from the study site, Pinus pollen 

was not often recorded in the available surface samples from the grasslands in the region. The 

location of the study area in the high altitudes likely contributed to the over-representation due to 

the strong activities of wind transport. However, the over-representation of Pinus pollen in 

modern pollen assemblages has been recorded in other regions outside South Africa due to long-
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distance transport by wind (Court- Picon et al. 2006; Ma et al. 2008; Chen et al. 2017; Quamar 

& Kar 2020). 

Pinus was introduced as early as the mid-17th century AD to South Africa by European settlers, 

and in the 1900s, Pinus became established in plantations (Richardson et al. 1997; van Wilgen & 

Richardson 2012; Bennett & Kruger 2015). Pinus pollen appeared in the Mashishing Fen 

sequence only after ca. 500 BP, probably indicating Europeans' early introduction of pines for 

timber production. It seems that people cleared the vegetation for crop cultivation and planting of 

exotics (e.g., Pinus). Unlike other studies (e.g., Breman et al. 2011), where the dominance of 

Pinus plantation forestry was recorded around the site, this scenario was not documented in the 

vicinity of Mashishing Fen. The pollen frequency of Pinus reached a maximum alongside the 

first appearance of Platanus (plane tree) pollen towards the end of the pollen sequence at 

Mashishing Fen. Platanus was introduced in South Africa around the 19th century as an 

ornamental tree and for shade, often lining roadways (Wilson 1923; Newete et al. 2022; Gwedla 

& Shackleton 2017). Recent aerobiological studies at Secunda, Mpumalanga, recorded the 

dominance of Platanus pollen and fungal spores, indicating high humidity conditions (Berman 

2017). The appearance of Platanus and the peak of Pinus pollen implies that the planting of 

exotics in the region became established during the 19th century (Burgess & Wingfield 2001; 

Van Wilgen & Richardson 2012; Bennett & Kruger 2015), and signal the anthropogenic impacts 

that accompanied the arrival of the European settlers in the region. This coincides with the 

increase in the pollen frequencies of Anthospermum and Poaceae, suggesting the dominance of 

open vegetation for this period. Also, Cyperaceae, fern and fungal spores support locally wet 

conditions at this time.  
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6.9. CRYPTOGAM AND FUNGAL SPORES 

The sediment pollen archives in the Savanna, Grasslands and IOCB Biomes have yielded a 

plethora of fungal spores such as Sordaria, Sporormiella, and Gelasinospora, which are commonly 

associated with dung, and Glomus, often associated with increased erosion (Olatoyan et al. 

2022/Paper 1, for discussion). These records suggest the presence of anthropogenic impact (e.g., 

pastoralism) across South Africa, Botswana, and Mozambique, dating as far back as 2000–1500 

BP (e.g., Neumann et al. 2014; Ekblom et al. 2014; Cordova et al. 2017; Hahn et al. 2021). 

Previous research on dung fungal spores has shown a link to herbivore dung, though some fungal 

taxa, such as Gelasinospora, have been found growing on other substrates (Cheruiyot et al. 

2020; van Asperen et al. 2020). A significant increase in dung fungal spores could indicate 

grazing during the periods of pastoralism documented in the archaeological record, particularly 

when coprophilous fungi spores are synchronous with crops and weed pollen. However, the 

absence of coprophilous fungi spores in other southern African biomes, such as fynbos, or other 

palaeoenvironmental contexts does not necessarily imply a lack of pastoralism, as the presence 

of these spores is more noticeable than their absence (Cheruiyot et al. 2020). 

In the modern pollen record at Mashishing Fen, although spores associated with dung are absent, 

the regular presence of Glomus spores (Olatoyan et al. 2023/Paper 2), a mycorrhizal fungus with 

high dispersal efficiency, was documented, and this might suggest erosional disturbances 

possibly due   to anthropogenic activities (Anderson et al. 1984; Neumann et al. 2014). As 

expected, ferns such as monolete spores (e.g., Thelypteris) and trilete spores are commonly 

associated with the fen  vegetation in the modern pollen record, representing local components  

Olatoyan et al. 2023/Paper 2) which are likely of local origin, indicating high rainfall 
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experienced in the highveld area (Burgoyne et al. 2000). 

Similarly, in the Mashishing Fen sediment records, high frequencies of fern spores were 

recorded  alongside the peak of Cyperaceae, suggesting possible local moist conditions. This was 

synchronous with the relatively high frequencies of Canthium, Podocarpus, and Proteaceae 

pollen and the peak of Olea after ca. 10,900 cal. yr BP (Olatoyan et al. 2023 /Paper 2). Similar 

pollen records comprising the increase of wetland pollen taxa (e.g., Cyperaceae, Typha) and fern 

spores coupled with the relative decrease of the pollen frequencies of Artemisia and Stoebe also 

suggesting local moist conditions have been recorded at other periods (e.g., ca. 10,000, 6700 BP) 

in the sequence. 

Also, Glomus, fungal spores often interpreted as an indicator of erosion (Anderson et  al. 1984), 

increased likely due to the opening of the vegetation by anthropogenic activities in the area ca. 

1500 BP.  Recent anthropogenic disturbance is supported by the coincidence of the increase of 

Glomus spores alongside the increase in the pollen frequencies of Cyperaceae and Phragmites, 

indicating locally moist conditions and a higher water table during the period at ca. 500 BP. 
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CHAPTER 7: CONCLUSION AND FUTURE RESEARCH 

7.1. SUMMARY OF ACHIEVEMENTS 

My research question was whether pollen, spores and charcoal could be used to reconstruct and 

distinguish between anthropogenic and climatic impacts on the landscapes of Mpumalanga, 

northeastern South Africa, during the last 11,700 years. I answered this question by achieving my 

thesis objectives, which were: 

1. Assessment of the relationship between vegetation, climate and human 

activities in southern  Africa within the first millennium AD, using published 

archaeobotanical and archaeological evidence. 

 

The results of the reviewed archaeobotanical data from southern Africa within the first 

millennium AD were presented in chapter 3 as a published paper (Olatoyan et al. 2022). This 

study comprised a review of archaeobotanical and archaeological data. Common macro botanical 

evidence indicating human subsistence and occupation include fruits and/or seeds, e.g., Cenchrus 

americanus (pearl millet), Sorghum, Eleusine coracana (finger millet), Citrullus (melon), and 

Vigna unguiculata (cowpea). Possible anthropogenic indicators associated with microfossil 

assemblages include a decline in the tree (forest) pollen (e.g., Podocarpus, Olea), increase in 

open land/disturbance indicators (e.g., Asteraceae, Amaranthaceae)/ light adapted trees (e.g., 

Macaranga, Trema), increase in microcharcoal, increase in spores of coprophilous fungi (e.g., 

Sordaria, Sporormiella, Gelasinospora), and increase in ruderal species (e.g., Tribulus). 

Similar patterns of vegetation change were observed across the biomes of southern Africa from 

the archaeobotanical data during the first millennium CE. Given the diversity of southern African 
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climates and the region's high degree of temporal and spatial variability, it is unlikely that 

climate in different biomes fluctuated similarly during the first millennium AD. Consequently, 

we suggested that climate fluctuations alone cannot fully explain vegetation changes, particularly 

as they relate to the gradual decline of forest tree pollen alongside the increase of light-adapted 

trees/open land/disturbance indicators.  

2. Examination of the correlation between modern pollen and phytoliths and the 

contemporary source vegetation around the Mashishing Fen, northeastern 

South Africa and documentation of pollen microphotographs for Gustav 

Klingbiel Nature Reserve, Mpumalanga, to extend reference collections in 

northeastern South Africa. 

 

The results of the modern-pollen-phytolith vegetation relationship around the Mashishing Fen 

were presented in chapter 4 as a published paper (Olatoyan et al. 2023). The results showed a 

strong correlation of the pollen and phytolith records with the contemporary vegetation affirms 

that these proxies complement each other and can be used to reconstruct past vegetation patterns. 

The study showed that modern pollen assemblages are a reliable indicator of forest and wetland 

vegetation, while modern phytolith assemblages are a better representation of grassland 

vegetation. Forest vegetation is often depicted through the presence of Euclea, Diospyros, and 

Podocarpus pollen, while wetland elements can be identified through the significant presence of 

Phragmites, Sparganiaceae and Typha pollen, and fern spores. On the other hand, grassland 

communities can be identified through Panicoideae and Chloridoideae phytoliths. Thus, 

combining both pollen and phytolith analyses can provide a more precise basis for interpreting 

fossil spectra in palaeoenvironmental reconstructions. The multivariate CA illustrates that pollen 
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and phytoliths  do not track each other, thus indicating differing preferences for primary 

vegetation and environmental signals. Another contribution of this research was the production 

of photomicrographs of palynomorphs from Gustav Klingbiel Nature Reserve. The 

documentation was achieved using a Color View Soft Imaging System, an AxioCam ICc 1 

camera, and Analysis™ software. This contributed to the regional pollen flora reference 

collection for an area in South Africa where no pollen atlas exists. 

3. Reconstruction of the vegetation history and chronology of the Mashishing 

Fen region using  pollen, spores and microcharcoal records from core sediment 

records for the last 11,700 years BP. 

 

The Holocene palaeoenvironmental reconstruction of landscapes from Mashishing Fen is 

presented in Chapter 5 as a paper in preparation. A total of 18 AMS radiocarbon dates were 

obtained from the Mashishing Fen core, dating to the last 11,7000 years, spanning the whole 

Holocene. Generally, the pollen and charcoal records indicated relatively warm and moist 

conditions during the beginning of the early Holocene, though with fluctuations (alternating dry 

and wet conditions).  

The pollen sequence showed generally drier conditions during the mid-Holocene  with a 

significantly high presence of microcharcoal (size categories: >10, >50 and >100µm), indicating 

high fire frequency during the later period. The Later Holocene sequence showed the dominance 

of open-land indicators (e.g., Amaranthaceae, Asteraceae) and the decline of trees throughout the 

sequence, which could result from climate (drier conditions) and/or anthropogenic disturbances. 

However, the decline of trees and increased open vegetation ca. 1500 BP might be due to 
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anthropogenic disturbances rather than climate change. The sudden spike in Amaranthaceae and 

Caryophyllaceae at this time, accompanied by a decline in trees, indicates possible deforestation, 

which is further supported by high fire activity  and the appearance of large Poaceae pollen grains 

(>40 µm), tentatively interpreted as  cultivated cereals. Overall, the pollen record is consistent 

with other regional data, suggesting  widespread vegetation changes during different periods are 

likely due to anthropogenic impact. 

 

7.2. LIMITATIONS 

This research explored the potential of using pollen, spores, and charcoal to reconstruct 

vegetation changes and environmental conditions. Limitations encountered during the study 

included the challenge of distinguishing the pollen of wild forms of exploited plants from the 

domesticates, which is especially difficult for Poaceae (Bonnefile & Riollet 1980). This limits 

the definitive identification of cereal pollen grains, as it is currently based on measurements of 

the diameter of Poaceae pollen grains and variable surface sculpture (Scott 1982a; Neumann et 

al. 2008, 2014). Consequently, it is difficult to differentiate the pollen of African cereals 

Pennisetum glaucum (pearl millet), Sorghum bicolor (sorghum/great millet), and Eleusine 

coracana (finger millet) from wild grasses because of overlaps in size and an overall similar 

pollen morphology (Tomlinson 1973; Andersen  1979; Bonnefile & Riollet 1980). It is therefore 

imperative to study the modern pollen of crops and weeds to ascertain their status. 

Despite Mpumalanga’s rich archaeological sequence, the scarcity of well-dated 

palaeoenvironmental records in Mpumalanga limits detailed comparisons with nearby sites to 

improve the overall model of vegetation change and environmental conditions for the region. 
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The inherent differential pollen production, preservation, and dispersal affected the recovery of 

some pollen grains. For instance, tree taxa (e.g., Myrica sp., Myrsine sp., Olea sp.) are less 

commonly recorded, and some taxa (e.g., Cucurbitaceae) are absent in the modern pollen 

assemblage even though they constituted the contemporary source vegetation in the area. 

Certain pollen grains are unidentifiable beyond the family level (e.g., Poaceae >25 μm, Asteraceae 

undifferentiated), and the morphology of some pollen grains is often undifferentiated when only 

using light microscopy. Considering the great ecological variations within families, this prevents 

a more detailed reconstruction of their plants’ ecology. 

A few sample depths from the core sequence had extremely low pollen counts, where up to ten 

pollen slides were mounted for some sample depths, thereby impacting the accuracy of the 

reconstruction of vegetation changes. 

Also, it is challenging to differentiate between natural and human-induced fires, thus often difficult 

to ascertain whether changes in the charcoal record are the result of natural, climatic fluctuations 

or anthropogenic activities such as burning for farming or vegetation clearance (Scott 2002; 

Kuenzer & Stracher 2012; Finch et al. 2022). 

 

7.3. FUTURE RESEARCH POTENTIAL 

The review of archaeobotanical data shed light on the presence of farmers and pastoralists across 

southern Africa. There is, however, a need to obtain more dated, direct evidence and sequences 

focused on the last 2000 years to obtain a comprehensive picture of the spread of farming and 

pastoralism in the region. This includes sampling for high-resolution micro-botanical data (pollen 
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and phytoliths) from a range of sites associated with farming in this period to provide detailed 

information on the vegetation changes and likely crops cultivated. More work is required 

combining pollen and phytoliths as these proxies often complement each other and can give a more 

complete depiction of palaeoenvironments and evidence of anthropogenic impact (e.g., Scott et al. 

2012, 2020; Fitchett et al. 2017b; Sjöström et al. 2017; Esteban et al. 2018; Breman et al. 2019; 

Hahn et al. 2021). 

Also, high-resolution sampling should be supplemented with regional palynological data. While 

high-resolution sampling is likely to prevent the obscuring of events associated with human 

activities, pollen sampling from sites covering a wider area helps to inform the complexities of the 

vegetation changes in the region. Thus far, many of the cores for palynological studies have not 

been close to archaeological sites, thereby limiting the extrapolation of the information captured 

in the cores. We suggest a methodological shift that combines onsite (archaeological site) and 

nearby off-site (wetlands, lakes, etc.) coring, which is more likely to enable comparisons to 

ascertain the farming signatures. Hence, this calls for synergy among palynologists and 

archaeologists. 

The identification of cereal pollen in the palaeo-records is tentative based on their larger sizes 

(>40-50µm) relative to other Poaceae pollen. There is a need to explore further the possibilities of 

providing a more accurate and reliable method for identifying cultivated cereals in the pollen 

record. Applying the phase contrast technique and scanning electron microscopy on the Poaceae 

pollen grains has the potential of recognising surface features such as sculpture and ornamentation 

in high resolution that would allow possible distinction between cultivated cereals and wild grasses 

(Andersen & Bertelsen 1972; Andersen 1979). Also, there is a need to conduct pollen-

morphological studies on grasses.  
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The study of the relationships between modern assemblages from surface sediments and 

contemporary vegetation showed positive and negative correlations across different vegetation 

communities. Considering the vegetation diversity of the Mpumalanga region, the small number 

of samples analysed may not accurately represent the modern pollen-vegetation relationship for 

the region. More work is required comprising a larger number of samples over an extended area 

within the region to facilitate the interpretation of palaeoenvironmental reconstruction. 

Analysis of more proxies bearing archives in the region is required to explore the role of soil 

moisture levels, altitude, open landscape (grassy) versus forested areas, and wetlands versus drier 

areas, fire, and humans to facilitate comparison of data between regions and obtain a more robust 

history of vegetation changes and environmental conditions for the region across different spatial 

and time scales. 

Further studies are required integrating pollen, spores, and charcoal with other proxies (e.g., 

isotopes, diatoms). Since C3 (e.g., trees, herbs, shrubs, grasses, sedges) and C4 (e.g., grasses, 

sedges) plants have different photosynthetic pathways that result in distinct isotopic ratios (δ13C) 

within their tissues,  stable carbon isotope composition (δ13C) in a soil sample provides 

invaluable information about the distribution of C3 and C4 plants that contributed to the organic 

matrix in fossil sediments when combined with other proxies (Van der Merwe 1982; Wiesenberg 

& Schwark 2006; Esteban et al. 2020; Diefendorf & Freimuth 2017; Sjöström et al. 2017). 

As indicated above, there is much potential for future research to elaborate on the work undertaken 

for this thesis and to add further detail to the palaeoreconstruction of the last 2000 years of farming 

landscapes in Mpumalanga, northeastern South Africa.  
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