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Perspective

Significance:
Grasslands were often viewed as successional vegetation, a precursor to a possible forest, and were thought 
to have low diversity. However, a growing number of research projects have shown that these ecosystems 
boast high biodiversity and massive carbon storing potential, and require at least a century to recover after 
agricultural ploughing which severely disrupts the environment and consequently lowers plant diversity 
and carbon stocks. Conserving natural grasslands should be prioritised, as they provide us with important 
ecosystem services beneficial to not only natural systems, but also the longevity of humans through food 
security and buffering of the effects of climate change.

South African grasslands
Grasslands are ancient ecosystems that spread across the planet during the Miocene – approximately 8–20 million 
years ago.1 They are characterised by a continuous herbaceous layer of grasses, a high species diversity of 
herbaceous forbs, an abundance of long-lived perennial plants, and well-developed belowground structures such 
as large storage organs and dense root structures.2,3 These characteristics make grassland species resilient to 
endogenous disturbances, such as megafaunal herbivores and frequent fires.4 Grasslands are globally distributed 
and provide a unique suite of ecosystem services, including, amongst others, water supply and its regulation, 
carbon storage, and forage production.3 With extensive historical and rapid contemporary grassland transformation 
primarily due to agriculture and silviculture, grasslands urgently require prioritisation of their conservation and 
management.

A third of South Africa’s land surface is covered by the Grassland Biome, with the broad vegetation units consisting 
of the Drakensberg grassland, and the dry- and mesic highveld grasslands.5 A total of 34% of grasslands have 
been irreversibly transformed,with less than with only 2% being formally protected. The remaining 64% is mainly 
used for grazing by livestock and game5 but is also subject to land use change through agricultural expansion 
and intensification, leading to increased fragmentation. Grasslands are permanently transformed by surface 
mining, intensive agriculture and silviculture, as well as infrastructure projects. These exogenous disturbances in 
grasslands severely disrupt soil structure, destroy belowground root and organ structures, and decrease species 
diversity.3,6 Land use transformation in grasslands occurs mainly for agricultural expansion and economic growth, 
but with the gain of food security, other important ecosystem services are lost. Some of these ecosystem services 
include the loss of carbon stock and the carbon storage capabilities that are linked with soil structure, as well as 
faunal and floral biodiversity which plays a critical role in regulating the global biogeochemical cycles.7,8 Moreover, 
as there is no penalty or consequence for ploughing intact grassland, and no current incentive in South Africa to 
protect these ecosystems, often these lands are abandoned after just a few years of cultivation.

Although exogenous disturbances disrupt the soil surface and ultimately lead to transformed grasslands, they are 
not the only drivers that degrade a grassland ecosystem. It is the combination of the removal or mismanagement 
of naturally occurring endogenous disturbances such as fire and/or herbivory, paired with intensive anthropogenic 
influence like ploughing that severely degrade grasslands.9 Increasingly, farmers are finding woody encroachment 
to be a concern; species like Seriphium plumosum, Lantana camara, and Campuloclinium macrocephalum have 
especially increased in many South African grasslands in recent years.

Grasslands are fascinating in that their maintenance and conservation depends on complex feedbacks between 
soil, plants, and the herbivores and fire that consume them. After a disturbance like fire, drought or herbivory, 
herbaceous plants10 can resprout from various underground storage systems such as woody or tuberous root 
systems, which store carbon and other resources.11 However, when a grassland is ploughed – an exogenous 
disturbance – these hardy herbaceous plants with their high underground storage system diversity and large 
carbon storage capacity are permanently removed from the soil.4 Ploughing severely damages the feedback loop 
where plant species are dependent on the soil carbon stock for growth. Removing this carbon stock consequently 
lowers the probability that plant communities will re-establish in that area, which negatively impacts ecosystem 
functionality and productivity.12

Grasslands are thought to be resilient in that the halting of invasive agricultural practices, such as ploughing, will 
allow the disturbed biodiversity to recover. Unfortunately, studies that investigated this assumption show that 
even when restorative measures are implemented, species recovery takes much longer than anticipated, with no 
guarantee of full recovery.11 Current studies show that disturbed grasslands will take at least a century to recover 
to former species richness, which means that the carbon pool that is irreversibly linked to aboveground vegetation 
will take just as long to recover to its original storage capabilities.4

In South Africa, we have good knowledge of the carbon stored in our natural grasslands. We also know, from 
groundbreaking work in the 20th century, that there is no evidence that grass composition in the Highveld ever 
recovers from ploughing. Evidence gathered by Eddie Roux11 at the Frankenwald research station was the first 
evidence that the ideas of succession, first put forward by Clements in 1916 and adopted by ecologists globally, 
were not sufficient to explain dynamics of disturbance-driven temperate and tropical ecosystems. This is supported 
by the identified ‘purple veld’ or ‘climax grasslands’ that never returned in the ploughed plots, even after decades 
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of resting. However, these early researchers considered the recovery 
ofgrass species only, and did not document the loss or recovery of 
other herbaceous plants.11 Recent demonstrations11,12 showed that 
certain herbaceous functional groups were permanently lost from 
grasslands exposed to exogenous disturbance like silviculture, and that 
this impacted their belowground carbon reserves and functioning. This 
work raises questions about the degree to which our current legislation 
protects grasslands, and whether sufficient systems and efforts are in 
place to protect what remains, putting more effort into restoration, and 
planning our land use and biodiversity offsets accordingly.

Steps for the future: Biodiversity offsets and 
carbon credits
The limitations involved in restoring transformed grasslands places huge 
importance on protecting existing old-growth grasslands. In parallel to 
protected area networks, two current market-based mechanisms in use 
for conserving old-growth ecosystems are carbon and, more recently, 
biodiversity credits. These credits aim to incentivise landowners to be more 
mindful in the way they manage their grasslands, with the goal of firstly 
protecting what is left, and secondly restoring previously disturbed fields.13,14

In response to the increasing loss of native vegetation and biodiversity, 
a growing number of countries have adopted ‘offsetting’ policies that 
seek to balance local habitat destruction by restoring, enhancing and/or 
protecting similar but separate habitats. Biodiversity offsetting from the 
National Biodiversity Offset Guidelines15 refers to conservation efforts 
implemented to counteract the residual, harmful effects to biodiversity in 
an area due to activities (developmental or otherwise). The objective is 
to ensure that high-value ecosystem services, many of which are found 
in grasslands, that are being harmed in the process of development, are 
being compensated to maintain ecological integrity.

Not only are grasslands home to various threatened animal and 
plant species, but grasslands themselves are a critically threatened 
ecosystem.13 Using biodiversity offsets as a conservation tactic is a 
feasible option as priority biodiversity areas are being taken into account 
as the offset option, instead of simply allocating any piece of land available 
as the trade-off.13,15 Although biodiversity offsetting is recognised as a 
policy option published in the NEMBA Act of 2004 to curb the decline 
of South Africa’s biodiversity, it is yet to be officially included in South 
Africa’s environmental law, unlike Mozambique and Madagascar that 
have both introduced such legislation. However, biodiversity offset 
legislation needs to be carefully thought out if it is to achieve its goal 
– there are examples that have resulted in perverse or undesirable 
outcomes due to the complexity of implementation – ultimately, this 
legislation requires that landowners and communities sacrifice some of 
their land with economic potential, and who sacrifices, and what is saved, 
may be complicated by power imbalances.16 At its best, however, it can 
help farmers, developers, and communities to rethink their priorities, 
and come together to achieve healthier ecosystems. One example of 
such a collaboration is between the conservation organisation Overberg 
Renosterveld Conservation Trust (ORCT) and private landowners to 
protect what is left of the heavily fragmented Renosterveld vegetation 
type in the Western Cape. The ORCT approaches landowners that have 
Renosterveld on their property with a voluntary conservation easement 
contract that allows the organisation to aid in managing the natural 
remaining patches. These policies often have a stated aim of producing 
a ‘net gain’ or ‘no net loss’ in environmental benefits. It is challenging to 

determine the potential impacts of a policy and if, or when, it will achieve 
its objectives.13,17

Hand-in-hand with offsetting policies for biodiversity, the Paris Climate 
Agreement was founded in 2015 and was created as part of the movement 
for natural climate solutions with the goal to meet the climate goals 
outlined. In grasslands, carbon storage can best be achieved by avoidance 
of ploughing and land use change18, but also through more sustainable 
grazing methods which influence both above- and below-ground soil 
and plant structures. Land managers can adopt more sustainable land 
management practices, but can also monetise from these climate change 
mitigation efforts. This links with the new concept of carbon credits and 
how the avoidance of old-growth, perennial grassland conversion mitigates 
climate change because of the regulating services grasslands provide in 
sequestering carbon in soil. Old-growth grasslands are estimated to store 
20% of the global carbon, but in the case of land conversion up to 50% 
of that stored carbon could be lost.15 Currently, financial mechanisms 
to avoid this carbon loss in grassland soils are not as sophisticated as 
programmes like REDD+ (Reducing Emissions from Deforestation and 
Forest Degradation) that focuses on incentives for reducing deforestation, 
i.e. there is no similar mechanism for reducing soil carbon loss in non-
forest ecosystems. There are potential mechanisms through the voluntary 
carbon market, however, and if land managers incorporate both offsetting 
policies with regards to biodiversity and carbon credits for soil health, they 
can mitigate climate change and receive rewards for their efforts.

Although there are mechanisms by which funding for grassland 
conservation can be sought through the voluntary carbon market, 
a recent report on carbon mitigation options for Africa18 highlights 
avoided land conversion of grasslands, a key carbon-mitigation activity 
with co-benefits for biodiversity and livelihoods. These authors call for 
REDD+ initiatives in grasslands.18

Resilience within grasslands
Unsustainable management practices can negatively impact herbage 
accumulation, fodder quality, soil attributes, nutrient cycles, plant 
diversity and plant population density, as well as greenhouse 
gas emission.7,8 Sustainable farming links to resilience, where 
agroecosystems are recently being exposed to external shocks like that 
from climate change. If ecological resilience of a system is increased, 
the capacity for a system to recover after disturbances also increases, 
which directly links to greater security for social and economic stability 
through food security.

Table 1 shows four of the biggest causes of land use change in 
grasslands and gives a brief overview of the resilience of grasslands. 
Resilience refers to both natural resilience and how the management of 
grasslands can increase this natural resilience.

Future research for resilient grasslands
The first step to achieve Sustainable Development Goals is to quantify 
different aspects of grassland biodiversity and ecosystem service 
conservation in South Africa. For this, we identify three major research 
questions across African grasslands: (1) What are the rates of biodiversity 
and soil carbon recovery after grasslands are ploughed? (2) What is 
the extent of agricultural transformation across African grasslands? (3) 
What are the measures that could be put in place to minimise further 
transformation of our remaining grasslands?

Ordered by 
severity of 
land use 
change19

Land use type Resilience

Overgrazed Managing plant heterogeneity to maintain structure, composition, function, and diversity of plants.

Woody-plant encroached Adopting appropriate disturbance regimes (herbivory and fire) to maintain desired state.

Intensive cropland
Mixed cropland- or plantation-livestock systems to maintain semi-natural pastures. Spatial arrangements to contribute to 
landscape integrity and connectivity.19

Silviculture Adopting appropriate disturbance regimes (herbivory and fire) in remnants to maintain desired state.

Table 1:	 Managing for resilience with different land use types
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A joint research project aims to quantify the extent of transformed 
grasslands in Africa, as well as the rates at which biodiversity and total 
carbon recover after grasslands are ploughed. The research aims to 
determine whether plants and soil faunacan re-establish in a ploughed 
grassland that has been left for a long time, coupled with how the carbon 
stock in previously ploughed land compares with an old-growth grassland 
which still contains the perennials with dense root systems that have carbon 
storage capabilities. By investigating the effects of exogenous disturbances 
(specifically ploughing) on both the floristic diversity and carbon stock, a 
holistic view begins to form as we look at, not only the visible effects above-
ground, but the unseen below-ground impacts too.

There is currently conflicting information on both the historical and 
current extent of old-growth grasslands. Because grasslands often 
occur interspersed with forests (such as in the Drakensberg or the 
Miombo ecoregion), they can be hidden in global maps. Moreover, maps 
of potential vegetation used for restoration projects will often indicate 
that ancient old-growth grasslands are degraded forests because 
the environmental conditions can support forests.20 Without a clear 
understanding of where grasslands occur, we cannot meaningfully 
conserve them. Fortunately, novel methods in vegetation mapping, that 
make use of high-performance computing as well as global biodiversity 
databases, provide new options for grassland mapping in Africa. We 
aim to (1) review and refine current grassland maps for Africa using 
comparative approaches to produce up-to-date, biologically meaningful 
vegetation maps. This will allow the identification of both core and 
transitional regions between grasslands and other vegetation types. 
Importantly, once core grassland regions are identified, we aim to (2) 
monitor the extent of land use conversion in African grasslands. With 
constantly improving access to remote-sensing imagery, we are now 
able to track land use change both historically and in near-real time. 
We will focus on developing open-access tools to monitor agricultural 
expansion into grasslands to conserve their ecosystem services and 
biodiversity.

The tools that can identify grasslands and near-real time land use 
change can be used in identifying priority restoration sites of important 
grassland fragments to improve landscape integrity and connectivity, and 
are essential for effectively implementing the legislation and financing 
mechanisms to promote conservation and restoration of grasslands.

Outlook
Aldo Leopold stated in his novel, A Sand County Almanac:

We abuse land because we regard it as a 
commodity belonging to us. When we see land as 
a community to which we belong, we may begin 
to use it with love and respect.

The global extent and value of grasslands for human livelihoods strongly 
support the sustainable management and restoration of biodiversity 
and ecosystem services provided by old-growth grasslands. Improved 
evidence of biodiversity and soil carbon recovery rates and the extent 
of current grassland transformation will inform the selection of areas to 
be targeted for ecological restoration, and increase public support for 
grassland conservation.

Conservation is not meant to only be a follow-up action to be taken when 
an ecosystem is disturbed, but rather a series of proactive interventions 
to ensure ecosystem resilience. Conservation means protecting what 
is there, following best management practice that has been through 
trial and error, fostering biodiversity between croplands and ensuring 
that there is sufficient ecological feedback between components in 
an ecosystem. Grassland conservation acknowledges food security 
through advocating effective management and the reuse of previously 
ploughed land and adding ancient, old-growth grasslands on the 
conservation agenda to prevent further losses to agricultural expansion 
and to combat ill-thought out tree planting initiatives. Despite evidence 
of large-scale transformation, it is not too late to join hands with 
landowners and the government. The quantification of carbon stocks 

and rates of biodiversity change under different land uses will be used to 
justify and inform biodiversity offset legislation and help fund restoration 
through the voluntary carbon market. Moreover, with lessons learned 
here in South Africa, coupled with novel mapping techniques produced 
by this programme, it can be used to contribute to land use planning 
activities in parts of Africa where agricultural expansion in grasslands is 
occurring rapidly, sometimes with limited recognition of the long-term 
consequences.
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