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Rural landscapes in South Africa experience high conversion rates due to intense land use; however, the changes are site specific and depend on the socio-economic and political history of the area. Land cover change (LCC) was assessed in response to socio-economic and political factors in uThukela Municipal District, KwaZulu-Natal, using Landsat imagery from 1984 to 2014, while making comparisons to other studies in South Africa. Socio-economic/political data were used to gain insights into the observed LCC patterns. Land cover was classified using a random forest classifier, and accuracies ranging from 87% to 92% were achieved. Systematic and intensity analysis methods were used to describe patterns, rates, and transitions of LCC in Imbabazane (ILM) and Okhahlamba (OLM) local municipalities. The results showed a reduced rate of change intensity from 3.4% to 0.9% in ILM and from 3.1% to 1.1% in OLM between 1984 and 2014. Grassland was persistent, covering over 70% in both local municipalities between 1984 and 2014. Although persistent, grassland experienced respective losses of 3.7% and 14.3% in both observation periods in ILM and of 10.2% and 13.3% in OLM. During the analysis period, settlements and cropland gained actively in both local municipalities. The changes represent a degree of population, local authority, and people’s perception as influencers of land use and LCC. It is therefore argued that socio-economic and political changes can potentially influence land use and LCC; however, natural ecosystems can persist under those conditions, and this requires more research efforts.

Significance:

This study contributes towards a growing knowledge and understanding of land cover change studies in marginalised landscapes in South Africa. The findings enforce the notion that natural vegetation systems can be altered by human-induced land use such as expansion of settlement and commercial agricultural. We show that in recent times there has been a decline in the overall rate of land cover conversion, and a high persistence of grassland amid global change, although the quality of the vegetation needs further research. We argue that the changes observed in marginalised landscapes are potentially driven by socio-economic and political dynamics.








Introduction

In marginalised rural areas, provisioning ecosystem services are crucial to the livelihoods of local communities.1,2 Natural resource extraction and use result in land use and land cover change over time. Studies have documented the impacts of human-induced land use and land cover change in various landscapes around the world.3-12 Various authors have concluded that intense natural resource harvesting, such as fuelwood collection, can cause an ecological crisis.13,14 Although these conclusions were made, no reports of ecological crises have been made in South African landscapes due to the persistence of natural resources resulting from regulated use by local communities. For example, woody vegetation was persistent in Bushbuckridge, and this was attributed to coppicing and fast regeneration of harvested trees15,16, while in Zimbabwe, human response to resource scarcity was the driver of ecosystem resilience17. Although the ecosystems show resilience, ecosystem service loss remains a concern in rural areas amidst intense land use and land cover change.

Land use and land cover change are regarded as major drivers of biodiversity and ecosystem loss in the world18 and lead to changes in biogeochemical cycles, increased climatic variability19 and ecosystem services loss. In rural communities where reliance and demand on natural resources is high, socio-economic and political factors play a role in maintaining key ecosystem services such as provisioning of fuel wood.19,20,21 Ecosystem services loss can lead to a change in livelihood strategies and force local communities to shift towards non-land-based strategies. This shift is defined by Cumming et al.22 as a green-red loop. Green-loop systems depend on ecosystem services from the environment, while red-loop systems obtain basic needs from the markets.22 Land cover change over time can be used to infer ecosystem service loss due to natural land cover loss.23,24

There are multiple causes of land cover change in Africa (including South Africa), such as climate and land use change; however, socio-political and economic dynamics are also crucial drivers for shaping pattern and processes of land cover change given the colonial history of the continent.4,25 Indigenous communities across the continent have been marginalised, and rural populations, therefore, depend on natural resources to sustain and diversify their livelihoods.1,26,27 In South Africa, marginalised communities were forced onto communal lands, commonly known as Bantustans. Bantustans were a result of the Bantu Act of 1951, which saw different ethnic groups separated into ten homelands in South Africa.28 Bantustan areas were, and still are, less productive and less developed than surrounding landscapes,but are relied on heavily by local people for non-timber forest products to support livelihoods. These landscapes are thus subjected to intense resource extraction resulting in rapid land use change from natural vegetation to anthropogenic land covers8,9,29-32, which may lead to ecological processes such as land degradation, habitat fragmentation and biodiversity loss. To a greater extent, areas outside Bantustans – such as commercial farms, urban spaces and mining areas – also experience rapid land use and land cover change. Land use change also results in loss of ecosystem services, leading to a socio-ecological system transition from a green-loop to red-loop. Long-term land cover change studies provide insights that can help to unpack socio-ecological system feedback mechanisms (e.g. green-loop or red-loop22) in rural areas.

Few studies have assessed land cover change and its drivers in KwaZulu-Natal. From the few studies that were conducted, the analysis was done over a broader spatial and short temporal scale33, or the areas of interest were outside the former Bantustan area10. Moreover, the influence of socio-economic and political factors on land use and cover change have been understudied in uThukela Municipal District. The landscapes in uThukela Municipal District (KwaZulu-Natal) are a mosaic of natural and anthropogenic land cover. Parts of uThukela Municipal District are within the boundaries of the former KwaZulu Bantustan, resulting in a diverse landscape of social, political, and ecological systems.28 uThukela Municipal District provides a good opportunity to assess patterns of land cover change in a landscape that has a diverse range of land use activities and socio-economic and political history. The information obtained from land cover change analysis will expand on the existing knowledge of human-induced land cover change patterns in rural South Africa. Furthermore, land cover change analysis will provide insights on how people shape the landscape around them, which is important to integrate into landscape ecology and socio-ecological systems framework.

This study was therefore aimed at understanding the influence of socio-economic and political changes on the patterns of land cover change in uThukela Municipal District, KwaZulu-Natal, South Africa. This was achieved by mapping land cover over a 30-year period in uThukela Municipal District and the use of socio-economic data. Using systematic and intensity analysis, the following were determined: (1) the dominant land cover in the landscape over time, (2) the intensity of change over time, (3) the intensity of gain/loss per land cover class and (4) the transition of categories in the landscape. Furthermore, the observed patterns of land cover change were described based on people’s perception of the landscape around them and how changes in socio-economic and political factors influence land cover change and the function of the landscape to provide ecosystem services in marginalised landscapes.

Materials and methods

Study area

The study was conducted in uThukela Municipal District, KwaZulu-Natal, South Africa (Figure 1). Two local municipalities (i.e. Okhahlamba (OLM) and Imbabazane (ILM)) were selected as case studies for land cover change analysis. The two local municipalities consist of areas that are inside and outside of the boundaries of the Bantustan (KwaZulu), resulting in a complex socio-ecological system. The two local municipalities further house various land use activities such as large-scale crop farming, agroforestry, and protected areas, which result in a heterogeneous landscape. Okhahlamba and Imbabazane local municipalities are both Drakensberg, and sub-escarpment grassland dominated landscapes, with little woody vegetation. The two grassland bioregions receive an annual precipitation of 732 mm and 763 mm, respectively.34
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Figure 1: The location of Okhahlamba and Imbabazane local municipalities, and KwaZulu former apartheid homeland in KwaZulu-Natal, South Africa.



Imbabazane local municipality was merged with uMtshezi local municipality in August 2016 to form Inkosi Langalibalele local municipality. However, for this study, Imbabazane local municipality boundaries were used to match the 2014 observation point of this study (before merging). Okhahlamba and Imbabazane local municipalities had population sizes of 132 068 and 113 073, respectively, in 2011.35 Unemployment remains high at 43.4% and 48.6% in OLM and ILM, respectively.35 Black people dominate these areas, with Zulu being the primary spoken language. Land tenure is administered by the Ingonyama Trust and local authorities govern the use of the landscapes.

Remote sensing data

Image acquisition

Landsat imagery was used to map land cover in OLM and ILM. Winter (August) images were used as they have low atmospheric noise (such as clouds) that may obscure the earth surface. The images were obtained from the USGS website36, with geometric corrections already performed on these images. Images for path 168 and row 80 were obtained as they cover the study areas in one scene. Three observation points were chosen – 1984, 1991 (Landsat 4-5 TM), and 2014 (Landsat 8 OLI) – and images that correspond to the observation points were obtained. The three observation points were chosen to assess land cover in the early stages of municipal development, giving a baseline land cover (1984), development that might have been impacted by apartheid laws (1991), and development post-apartheid (2014). While the socio-economic and political factors would not have been the only drivers of land cover change, factors such as topography and climate would have remained constant, with the predominant driving influences of change being socio-economic/political. The selected observation points allow for analysing the influence of socio-economic and political factors on land use/land cover change in marginalised landscapes of South Africa.

Image pre-processing

Although the acquired images had negligible cloud interference, image pre-processing of the Landsat images was conducted prior to classification. Radiometric correction followed by atmospheric correction (using the FLAASH tool) was done in ENVI v5.3 to remove all the noise that might have resulted due to atmospheric interference from clouds.

Land cover classification

The classification system by Thompson37 was revised and used to define land cover categories in this study (Table 1). Random forest classification was used to classify the pixels on the image using R studio v1.1.456 (Raster, rgdal, caret, e1071 and RandomForest packages were used). A minimum of 50 points per class were used to train the random forest classifier model. The output pixelated classified image was then scripted into QGIS v2.18 to classify the different land cover categories by pixel value. Any misclassified pixels were manually assigned to the correct land cover type.



Table 1:Land cover classification system derived from the South African National Land Cover Classification System



	Land cover type
	Brief description

	Shrubland
	Woodlands that are disturbed, some evidence of fuelwood harvest sites and high coppice growth

	Plantation
	Planted forests for wood production/timber

	Grassland
	Areas dominated by grasses and other herbaceous vegetation

	Fallow
	Abandoned fields, characterised by secondary grassland, including crop fields that are left unplanted for regeneration purposes

	Other
	Land cover that is not classified in any of the selected land cover types, e.g. roads

	Cropland
	Cultivated fields, including commercial and subsistence farms

	Settlement
	Structures associated with human habitation, i.e. homesteads and yards

	Bare
	Patches of land that are not covered by vegetation

	Water body
	River, dam and any other water body




Adopted and modified from Thompson37





Accuracy assessment was conducted using a combination of aerial photographs, Google Earth, and ground truthing during site visits in January 2019. A minimum of 50 points per land cover category were used for accuracy assessment. The overall accuracy of the classified images ranged from 87% to 90% (Supplementary table A1). User and producer accuracy assessment was also calculated for the individual classes using contingency tables (Supplementary tables A2 and A3).

Land cover change analysis

Protected areas were removed from the analysed images of the two local municipalities in uThukela Municipal District to avoid skewing the data towards high persistence of natural land cover categories. The area removed covered 515 km2 (13%) in OLM and 405 km2 (29%) in ILM.

Land cover change was analysed using transition matrix and intensity analysis which uses statistical methods to depict the patterns of land cover change over time.38,39 The detailed description of these methods is explained in the mentioned references and thus will not be repeated; however, the equations and cross-tabulation template used in this paper are attached as supplementary information (Appendix B). Intensity analysis considers the size of each class and accounts for the number of years in each time interval; thus, the gap between observation points does not affect the analysis process. This method further analyses the data in three levels. The first level is the interval level, which analyses the overall change in the landscape against a uniform change. The change can be categorised as fast or slow compared to the uniform change. The second level is the category level, which assesses the intensity of gain and loss for each land cover category. Gain or loss intensity can be categorised as active or dormant against a uniform intensity. The third level is the transitional level, which analyses the transition of each land cover category from one class to the other and depicts whether a category was targeted or avoided during the changes in the landscape for a particular period. The intensity analysis was performed using the IntensityAnalysis03 Excel software.40

Socio-economic and political data

Socio-economic and political data were used to further the understanding of factors influencing patterns in land cover change. Socio-economic data were obtained from Statistics South Africa (Stats SA) and household interviews were used to gain insight into people’s perception of the changes in the case study municipalities. Data on population sizes were used to account for the population change of the entire municipality. Household surveys in the form of questionnaires (open-ended questions) were used to collect socio-economic data during site visits (January 2019). A total of 30 households (n=30) were interviewed per municipality, resulting in a total of 60 participant households. The interviews were targeted at people who had resided in the area for at least 30 years to provide a general overview of the land use and land cover change over time. A referral approach was used, in which a member of the tribal authority was appointed to assist in identifying the participants in the area. Even though a referral approach may be biased towards people with whom the appointed member has good relations, the interviews conducted still reflected the perceptions of the local people residing in the area. The questions asked revolved around people’s perception of the landscape integrity (degraded or not) and the role of the local authority regarding land use and tenure.Ethical clearance for the study was granted by the University of the Witwatersrand’s Human Research Ethics Committee (reference number H180623).

The analysis of the household surveys data was done using a thematic approach in which responses were grouped into themes. This approach was used to have numerical proportion of response that can be visually presented in the form of a graph. The analysis of the data was performed in Microsoft Excel v.2112.

Results

Land cover

The land cover maps generated for ILM and OLM showed that grassland was the dominant land cover category (Figures 2 and 3), covering 75.5%, 88.7% and 79.5% over the analysis periods in ILM (Figure 4a). In OLM, grassland covered 84.8%, 83.6% and 78.4% over the analysis period (Figure 4b). Commercial farming represented by irrigated croplands was prominent in OLM (2.4% in 2014) compared to ILM (0.4% in 2014); however, the category showed an increasing trend in percentage cover in both local municipalities (Figure 4).

[image: Mogonong_Figure_2]

Figure 2: Land cover maps for the three observation time points in Imbabazane local municipality, KwaZulu-Natal, South Africa. The solid grey areas on the map show the boundaries of the area that is covered by protected areas.
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Figure 3: Land cover maps for the three observation time points in Okhahlamba local municipality, KwaZulu-Natal, South Africa. The solid grey areas on the map show the boundaries of the area that is covered by protected areas.
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Figure 4: Percentage contribution of each land cover category in the landscapes of (a) Imbabazane and (b) Okhahlamba local municipalities, KwaZulu-Natal, South Africa.



Systematic pattern of land cover change

The landscape in ILM experienced a total change of 23.7% between 1984 and 1991 and 21.4% between 1991 and 2014 (Table 2). Swapping contributed a total of 9.1% to the total change between 1984 and 1991 and 12.4% between 1991 and 2014. Between 1984 and 1991, cropland and settlement transformed 0.3% and 0.1% of grassland, respectively; however, grassland persistence (62.3%) remained high (Supplementary table C1). Between 1991 and 2014, 1.9% and 0.3% of grassland was transformed to settlement and cropland, respectively, indicating settlement and agricultural expansion (Supplementary table C2). In OLM, a total change of 21.7% (1984–1991) and 24.5% (1991–2014) was experienced (Table 3). Swapping contributed 18.2% between 1984 and 1991, and 17.3% between 1991 and 2014. Between 1984 and 1991, 0.2% of grassland was transformed to settlement and 0.6% to cropland. Grassland persistence (69.9%) remained high during this period (Supplementary table C3). Between 1991 and 2014, cropland transformed 1.3% of grassland while settlement transformed 0.3% of this land cover (Supplementary table C4).



Table 2:Summary table showing the total changes (%) in Imbabazane local municipality landscape between 1984 and 1991 and between 1991 and 2014



	 	1984–1991
	1991–2014

	Land cover
	Gain
	Loss
	Total change
	Swap
	Absolute value of net change
	Gain
	Loss
	Total change
	Swap
	Absolute value of net change

	Shrubland
	1.,0
	1.8
	2.8
	2.0
	0.8
	2.1
	1.0
	3.0
	1.9
	1.1

	Plantation
	0.4
	1.1
	1.6
	0.9
	0.7
	2.0
	1.2
	3.1
	2.3
	0.8

	Grassland
	17.6
	3.7
	21.3
	7.4
	13.9
	5.3
	14.3
	19.5
	10.6
	9.0

	Fallow
	1.0
	1.8
	2.8
	2.1
	0.7
	2.2
	0.7
	2.9
	1.4
	1.5

	Other
	1.6
	8.5
	10.1
	3.1
	7.0
	2.5
	1.8
	4.3
	3.7
	0.6

	Cropland
	0.2
	0.0
	0.2
	0.0
	0.2
	0.3
	0.1
	0.5
	0.2
	0.2

	Settlement
	0.7
	0.2
	0.8
	0.3
	0.5
	2.1
	0.5
	2.6
	1.1
	1.5

	Bare
	1.1
	6.5
	7.6
	2.2
	5.5
	4.8
	1.8
	6.5
	3.5
	3.0

	Water body
	0.1
	0.0
	0.1
	0.1
	0.0
	0.2
	0.0
	0.3
	0.1
	0.2

	Total
	23.7
	23.7
	23.7
	9.1
	14.6
	21.4
	21.4
	21.4
	12.4
	9.0







Table 3:Summary table showing the total changes (%) in Okhahlamba local municipality landscape between 1984 and 1991 and between 1991 and 2014



		1984–1991
	1991–2014

	Land cover
	Gain
	Loss
	Total change
	Swap
	Absolute value of net change
	Gain
	Loss
	Total change
	Swap
	Absolute value of net change

	Shrubland
	2.4
	0.8
	3.2
	1.6
	1.6
	0.8
	2.6
	3.4
	1.5
	1.9

	Plantation
	0.0
	0.2
	0.2
	0.1
	0.1
	0.6
	0.1
	0.7
	0.1
	0.6

	Grassland
	9.2
	10.2
	19.4
	18.5
	0.9
	8.0
	13.3
	21.3
	16.0
	5.3

	Fallow
	3.7
	2.3
	6.1
	4.7
	1.4
	6.1
	2.2
	8.3
	4.4
	3.9

	Other
	1.5
	3.4
	5.0
	3.1
	1.9
	4.8
	1.4
	6.2
	2.9
	3.3

	Cropland
	1.0
	0.8
	1.8
	1.5
	0.2
	1.9
	1.0
	2.9
	2.0
	0.9

	Settlement
	0.2
	0.1
	0.3
	0.3
	0.1
	0.5
	0.2
	0.7
	0.3
	0.3

	Bare
	3.1
	3.7
	6.8
	6.3
	0.6
	1.4
	3.3
	4.7
	6.6
	-1.9

	Water body
	0.4
	0.2
	0.6
	0.3
	0.2
	0.4
	0.3
	0.7
	0.6
	0.1

	Total
	21.7
	21.7
	21.7
	18.2
	3.5
	24.5
	24.5
	24.5
	17.3
	7.2





Intensity analysis

Interval level

In ILM, the uniform change was 1.5% and the calculated intensity of change at interval level was 3.4% (1984–1991) and 0.9% (1991–2014), indicating a fast change between 1984 and 1991 (Figure 5a). In OLM, the uniform change was also 1.5% and calculated intensity of change was 3.1% (1984–1991) and 1.1% (1991–2014), indicating a fast change between 1984 and 1991 (Figure 5b).
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Figure 5: Annual change area for (a) Imbabazane local municipality and (b) Okhahlamba local municipality. The red line in the graphs shows the uniform rate of change, and if the bar falls left of the red line, the change is slow, while if the bar is to the right of the line, change is fast.



Category level

The category level analysis showed similar patterns of gains and loss for both local municipalities. The uniform intensity of gain/loss was 3.4% (1984–1991) and 0.9% (1991–2014) in ILM. All land cover categories, except for grassland, gained actively for both time periods (Figure 6). Settlement and grassland loss was dormant in both time periods, while the other land cover categories showed active loss. Cropland gain/loss intensity was active in both time periods, even though this land cover category covered a small portion of the landscape.
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Figure 6: Annual change intensity per category for (a) 1984–1991 and (b) 1991–2014 in Imbabazane local municipality, KwaZulu-Natal, South Africa. The red line in the graphs shows the uniform intensity, and if the bar falls left of the red line, the intensity is dormant, while if the bar is to the right of the line, the intensity is active.



In OLM, the uniform intensity of gain/loss was 3.1% (1984–1991) and 1.1% (1991–2014). Grassland gain/loss was dormant for both time periods against the uniform intensity (Figure 7). Settlement gain/loss was active against the uniform intensity for both time periods (Figure 7b). Cropland gain/loss was active for both time periods. The other land cover categories’ gain/loss intensity was active against the uniform intensity for both time periods, except for ‘Water body’ which was dormant between 1984 and 1991.
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Figure 7: Percentage intensity of gain and loss for each land cover type for the two observation periods in Okhahlamba local municipality, KwaZulu-Natal, South Africa. The red line in the graphs shows the uniform intensity, and if the bar falls left of the red line, the intensity is dormant, while if the bar is to the right of the line, the intensity is active.



Transition level

The analysis in ILM showed that grassland was mainly transitioned to cropland and fallow between 1984 and 1991 (Supplementary table D1), and cropland only between 1991 and 2014. Settlement encroached into bare areas during this period, while cropland encroached into fallow and ‘other’. Cropland was changed to fallow during both time periods, indicating large-scale rotational farming amongst different crop fields.

In OLM, grassland was mainly transitioned to bare, shrubland, fallow and ‘other’ between 1984 and 1991 (Supplementary table D2). Cropland encroached into fallow, bare, ‘other’ and plantation for the same period, while fallow replaced cropland. Between 1991 and 2014, cropland was replaced by fallow, while fallow also transitioned to cropland during the same period. Settlement targeted bare during this period.

Socio-economic and political factors

There was a general perception that the function of the landscapes in the two local municipalities are degraded, with 77% and 70% of the participants perceiving the landscape as degraded in ILM and OLM, respectively (Figure 8). There was also a perceived degradation of power of the local authorities in both local municipalities under focus. Over 60% of the locals perceived that people no longer respect the chief (Figure 9). Moreover, the respondents expressed that locals do not follow cultural practices like they used to before 1994 (Supplementary tables E1–E2).
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Figure 8: People’s perceptions of the quality of the landscape around them. The majority of the 30 participants perceived the landscape to be degraded in (a) Imbabazane and (b) Okhahlamba local municipalities.
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Figure 9: Perception of locals (n = 30) on whether people in recent times still respect the local authorities (i.e. chief) in (a) Imbabazane and (b) Okhahlamba local municipalities.



The population numbers in both OLM and ILM declined during the census period (Figure 9), indicating movement of people out of the local municipalities. Overall population declines of 4.7% and 2% were observed in ILM and OLM, respectively, between 2001 and 2016. Although the population numbers declined, the locals perceived the number of homesteads to have increased (Supplementary tables E1–E2).

Discussion

We anticipated a substantial reduction in natural vegetation, together with an increased rate of conversion from natural to anthropogenic land cover over the study period. However, the results of our study were contrary to expectations in a marginalised landscape. The annual change area was reduced by 2.5% and 2% in ILM and OLM, respectively, during the analysis period, which is similar to trends observed in other parts of the world41, including KwaZulu-Natal33. We expected the rate of change to increase post-apartheid, given that people have the freedom to use the landscapes around them, together with introduction of governmental development programmes such as the Integrated Development Plan. The observed changes show high persistence of grassland, indicating its ability to withstand human impacts. One of the reasons that could be driving the persistence of grassland is the reduced use of the landscapes by villagers, given that there is a general perception that the landscapes in the two local municipalities are degraded (Figure 8). Moreover, the movement of people (outmigration) to the cities has resulted in a reduced population (Figure 10), which coincides with the reduced rate of land cover conversion during the analysis period.
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Figure 10: Population numbers in (a) Imbabazane and (b) Okhahlamba local municipalities as per Statistics South Africa (Stats SA) census. An overall decline in population numbers was observed for both local municipalities.



Local authorities such as the chief and headman were previously responsible for managing land tenure and use in rural communities in South Africa.7,27 These structures are still present; however, there is a perceived degradation of the local authority’s power over land use in the studied municipalities (Figure 9). This notion is observed in other rural areas such as Bushbuckridge in South Africa.7 Reduced influence on land tenure and use by the local authorities has implications for land cover change because locals have a level of freedom to use the landscapes around them in a way that benefits them. For example, harvesting of non-timber forest products could be high and unregulated, and thus leading to loss of natural ecosystems, as seen by the reduced grassland cover in our study area between 1991 and 2014.

The overall land cover change showed an increase in the spatial extent of cropland and settlement in both local municipalities. Settlement and cropland encroached into grassland patches; however, grassland remained persistent during the analysis period. Overall, grassland net change was higher in the first period compared to the second period in ILM, characterised by a high swapping phenomenon and a loss of 3.7% and 14.3% in both observation periods, respectively. Similar to ILM, grassland had a high swapping phenomenon in OLM and a loss of 10.2% and 13.3% in both observation periods, respectively. Although the loss of grassland was high in the recent time periods, the rate in which the conversion was taking place was dormant in both local municipalities. The slow rate of change could partly be explained by the swapping phenomenon, which represents a spatial change in grassland cover where a loss in one location results in a gain in a different location in the landscape, creating a steady loss rate. Encroachment by settlement and cropland on grassland has important ecological implications for the local municipalities in uThukela Municipal District because it can lead to ecological crisis, such as habitat and biodiversity loss.33,42 Apart from biodiversity loss, disturbing grassland can destabilise the ecosystem’s composition and function. Grasslands provide important ecosystem services that are vital for maintaining the primary function of the ecosystem. These services include providing habitats for flora and fauna and regulating atmospheric carbon through carbon sequestration.43 The results of our study show high spatial persistence of grassland ecosystems in uThukela with over 60% of grassland being persistent throughout the study period (Supplementary tables D1–D4). The quality of these patches was not assessed in this study and thus we cannot comment on the quality, species richness and composition in these patches because the regrowth of secondary grassland occurred in fallow lands; however, local people in the communities perceive the landscapes to have become degraded. Secondary grasslands are associated with low forb species richness and are slower to return to the natural state.44 Future research is needed to determine how long it takes for secondary grassland to return to natural grassland to understand the impact of land cover change on grassland biodiversity.

Grasslands play a vital role in the livelihoods of rural communities by providing important natural resources necessary to sustain rural populations. Provision of wild fruits, vegetables, grazing land, and medicinal plants are some of the key natural resources obtained from grasslands. Local people rely on natural resources such as non-timber forest products to diversify their livelihoods and generate income to alleviate poverty.1,2,45 Thus, transforming grasslands can hinder rural livelihood diversification by reducing areas where resources can be harvested in ILM and OLM, forcing people into a ‘red loop’ where products are bought in the market instead of being harvested.22,46 The observed reduction in the rate of change post-apartheid potentially indicates that locals are less reliant on land-based strategies to sustain their livelihoods in rural South Africa in recent times. Ragie et al.47 showed that there is a shift towards off-farm income generation in Bushbuckridge, South Africa, suggesting that rural communities substitute practices such as farming with other income-generating activities such as social grants, remittances, and wage labour. Moreover, competition between uses of communal land for grazing and cultivation could limit the extent of expansion of cropland, which can be a source of local conflict between farm owners and local land users.

The results of the land cover change over the 30-year period show an overall increase in human-induced land cover categories. These results are similar to those of other studies in communal landscapes whereby human-induced land cover categories such as settlement have expanded over time8,9, resulting in reduced and fragmented natural vegetation near built-up areas. Although the drivers of change were not assessed, the results in this study show that settlement and cropland contributed to grassland loss in OLM and ILM. Built-up, commercial agriculture and mining activities have been observed to be the drivers of natural vegetation loss in KwaZulu-Natal.33 In other parts of South Africa such as the Kruger to Canyons Biosphere Reserve, intact natural vegetation declined by 6.8% whereas settlement increased by 39.7% between 1993 and 2006.8 In Bushbuckridge municipality (found in Gazankulu and Lebowa former homeland), woodland declined while settlement and cropland increased between 1965 to 2009.48 Land cover associated with green space (natural vegetation) declined over a 22-year period in an urban settlement space in eThekwini municipality, KwaZulu-Natal.49 These findings concur with our results, indicating that anthropogenic activities shape the landscapes in rural and urban areas, leading to natural vegetation loss and land cover change.

Cropland and fallow swapping occurred due to large-scale rotational farming and field abandonment. Field abandonment is one of the most debated processes in South Africa, especially in former Bantustan areas.50 At fine scales such as village level, subsistence farming has drastically declined over time in South African Bantustans.30-32 Factors that drive cropland abandonment at village scale are similar across South African Bantustans and they include lack of human resources, limited equipment to farm, infertile soil and drought.30-32 This is no different for the villages in OLM and ILM; however, locals in uThukela Municipal District are shifting towards home gardens rather than owning a big crop field. Shifting towards gardens has also been observed in Transkei and Ciskei former homelands in South Africa.32 The analysis of the Landsat imagery in this study does not capture this transition because of its resolution, which is a limitation when attempting to understand fine scale patterns of change. This emphasises the importance of considering scale, site visits and conducting semi-structured interviews when assessing land use and land cover change.

The results of this study expand on the existing knowledge of land use and land cover change in South Africa, indicating that the patterns of land use and land cover change are similar across all marginalised landscapes in the country despite the differences in geographic locations. The rate of change was higher in the first time period (i.e.1984–1991) in which total changes of 23.7% and 21.7% of the landscapes were observed in ILM and OLM, respectively. The first time period coincides with the early establishment of the municipalities during the apartheid era in the province and one would expect that some form of development would take place. The drivers of change were not assessed in this study, and thus future studies should seek to understand the drivers of land cover change such as climate, settlement expansion, socio-economic and political factors and mine area expansion.

Conclusion

Landscape transformation was higher in the observation period between 1984 and 1991, but low for the observation period 1991–2014. This can be attributed to rapid development in the early developmental stages of the municipalities, with land use change becoming steady and stable in recent times. Grassland was observed to be persistent in both landscapes, regardless of a loss in both local municipalities. The loss of grassland was dormant throughout the study period, partly due to high swapping phenomenon. Commercial agriculture and settlements encroach in the matrix of these patches. We cannot conclude the drivers of change and quality of the grassland because it was not assessed; however, secondary grassland regrew in previously farmed areas and the landscapes were perceived to be degraded by the local communities. Future research is needed to assess the drivers of land cover change and time span of the transition between secondary and natural grassland in previously farmed areas to understand the influence of socio-economic and political changes on land use and land cover change and its impact on biodiversity and ecosystem services in rural areas.
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