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The term “rehabilitation” refers to the recovering of a site through intervention and the
rehabilitated site is not necessarily then in a ecological sound state. The latter would
rather be referred to as “restoration”. The concepts put forward in this document apply
to both.

Rehabilitation considerations

1 Introduction

"In the end we will conserve only what we love; we will love only what we understand; and we will understand only

what we are taught." (Baba Dioum, 1968.)

The rehabilitation* of disturbed land, especially in an urban environment, can add so

much value to the users of the site. Think Central Park in New York. It need not be on

that scale, but it can add the same quality of life.

Figure 1. Undeveloped area between two housing complexes. It is currently overrun by

Kikuyu and will require major intervention to rehabilitate.

However, there seems to be a perception that “Nature heals itself” when it comes to land

that has been disturbed either through construction, mining or other causes. Instead of

“healing itself”, disturbed sites shift towards desertification or are invaded by aliens.

When a site is evaluated for rehabilitation, it is important that all the components of a

potential ecosystem, i.e. biotic and abiotic, be considered. In most cases the abiotic
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components cannot easily be adjusted and that implies that the biotic components be

manipulated so that they complement the existing abiotic factors. The right combination

of the two lead to a stable, functioning ecosystem.

Fig 2. In this instance, the abiotic factors are rock outcrops, aspect and slope and that

determines the biotic components. Note the clustering of plants around the rocks.

One can also view rehabilitation from an angle of ecosystem services. The goods and

services that an ecosystem provides are often undervalued as many of them are without

a tangible market value. However, if they are destroyed, it could have huge

anthropogenic and environmental impacts.

Broad categories of ecosystem goods and services include:

 Regulating (climate, floods, nutrient balance, water filtration)

 Provisioning (food, medicine, household items)

 Cultural (science, spiritual, ceremonial, recreation, aesthetic)

 Supporting (nutrient cycling, photosynthesis, soil formation).

In most cases, many of the above components will be present on the same site. However,

the main reason why a site is restored should be the most important consideration.
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In an urban environment, the main category is mostly recreational and the other

categories play a secondary role. However, it is important to ensure that the users

should have an outdoor experience where the natural interactions can be experienced.
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2 Rehabilitation considerations:

“Everything should be made as simple as possible, but not simpler” Albert Einstein

The term “sustainable development” is really in vogue today and it may have reached

such a point of misuse that it is worthwhile to look at the original meaning and intention.

According to the World Commission on Environment and Development (WCED),

sustainable development is "development that meets the needs of the present without

compromising the ability of future generations to meet their own needs." Sustainable

development can be achieved when environmental protection is taken into

consideration in economic and social decision making processes.

The crux is that Humanity must not take more from nature than nature can replenish.

This in turn means adopting lifestyles and development paths that respect and work

within nature's limits. It can be done without rejecting the many benefits that modern

technology has brought, provided that technology also works within those limits In the

development of disturbed sites in the past, the social and economic decision making

processes did not necessarily take environmental protection into account.

The principles of ecological sustainability as discussed in this document are linked to the

concept of permaculture as introduced by Mollison and Holmgren in 1978.

Permaculture was originally aimed at sustainable agricultural practices, but the concept

of sustainable development has expanded tremendously over the last 30 odd years and

is now more focused on environmental sustainable utilisation and rehabilitation of

natural resources.

The objective of the rehabilitation of a disturbed site is to ensure its

ecological sustainability in the long-term. This ecosystem should

ideally be able to function without anthropogenic inputs and it should

be integrated into the broader ecology of the region.
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The principles are inherently simple, logical and easy to implement. Although they are

discussed from the perspective of fairly large terrains, it is just applicable to gardens as

well.

Figure3. A small pond in an urban garden that is a fully functional ecosystem.

The sustainable development principles were grouped according to their applicability to

the rehabilitation of disturbed sites. The principles can be divided into four categories,

namely

 Site considerations,

 Design considerations

 Implementation considerations and

 Maintenance considerations.

Each of these will be discussed in some detail.
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2.1 Site considerations

It is very important to observe and interact with the environment on the rehabilitation

site when applying the principles that will be discussed in the following sections. The

aim could be, inter alia, to bring it back to a natural system.

The only way to do that is to observe patterns and details on the site and adjacent areas..

This interaction should preferably include more than one season, especially in a

Savannah or Grassland biome where there is a significant difference between winter and

summer conditions. This would give a very clear role of the abiotic factors and how they

should be accounted for in the evaluation of the site. The surrounding environment must

also be considered. This will enable the observer to apply his observational knowledge

to the disturbed site to ensure that the proposed remediation measures will imitate the

broader environment and would lead to greater biodiversity and sustainability of the

ecosystem.

Before considering the development of a site, some basic considerations

must be taken into account regarding the future rehabilitation of the

site. The main aim is to ensure that the fauna and flora have maximum

interaction and also maximum feedback to the site so that it can develop

into a sustainable ecosystem.
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Figure 4. Carletonville Grassland. The dominant species can be obtained from Mucina and

Rutherford, but that does not tell you the habitat of the plants.

This phase is even more crucial when a new habitat has to be established that does not

occur in the immediate area, for instance, the rehabilitation of a discard dump.

Figure 5. Discard dump already covered with topsoil.

The following site considerations were adapted from Holmgren (2002) unless otherwise

stated.
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2.1.1 Relative location

In site evaluation, the relative location of the components of the system is crucial to the

functioning of the ecosystem. For example, trees on a crest can act as a wind barrier,

while trees next to a river can assist in stabilizing the banks as well as in silt trapping. In

both instances, they could also be nesting sites for birds.

It is important to establish the relationship between the abiotic and biotic factors so that

their interaction and energy transfer capabilities can be optimized. For example,

localized outcrops can create microhabitats by keeping the soil cool and moist and also

protect the surrounding vegetation against the ravages of fire. Many bulbous plant

species also find protection in rock crevices where they are protected from herbivores.

Fig 6. Flowers from a yellow arum lily appearing in a rock crevice where the corms are

protected against the ravages of herbivores

2.1.2 Establish the relationships between components

Although the components will be discussed separately, it is the interaction amongst

them that sustains the ecological functioning. The components to consider can be

grouped as either abiotic or biotic.
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Abiotic factors should be considered first since it is difficult to manipulate them. Their

interactions will determine the type and extent of the vegetation that could be

established. They can be broadly classified as follows:

 Climatic factors that include the climatic regime and physical factors of the

environment like light, humidity, atmospheric temperature, wind, etc.

 Edaphic factors that are related to the structure and composition of soil including

its physical and chemical properties, such as inorganic and organic content, soil

water and soil organisms.

 Geomorphic factors such as ridges, gullies, etc.

For example, if a discard dump needs to be remediated, one of the first priorities would

be to shelter patches of the discard rock from direct sunlight since the temperature of

the rocks will be too high to establish a variety of plants. By doing that, small, green

patches can be established that will hopefully expand, over time, on its own. This

microclimate can then be used to establish more robust vegetation, for instance, trees.

Biotic components comprise the living part of the environment, which includes the

association of a number of interrelated populations belonging to different species in a

common environment. They can roughly be classified as follows:

 Animal community. The animal community will quickly recolonise a site if their

requirements are met. This relates to availability of food, shelter and

nesting/breeding sites.

 Plant community. If the placing of plants took the abiotic factors into account,

plants should flourish. Correct placing could, for instance, ensure protection from

fire, retention of moisture in the root zone and creation of a microhabitat that can

support other plants.

 Microbial community. The microbial community will thrive if the soil is healthy

and the animal and plant communities are functioning properly. A prerequisite is

also minimum disturbance of the soil.

In a healthy ecosystem, all three communities are crucial to the functioning of the

ecosystem. The constant interplay between the three will ensure the stability of the site.
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2.1.3 Recognise functional relationships between elements

Every function must be supported by many elements. The functional relationship

between elements is crucial to the sustainable functioning of the ecosystem.

These relationships can take on many forms:

 Wind can pollinate as well as birds and insects.

 Earthworms turn organic matter into compost that is used by plants but

earthworms are also part of the food chain.

 A symbiotic relationship might exist between certain plants and fungi.

 Fauna use vegetation for shelter and nesting but is also responsible for seed

dispersion.

2.1.4 Every element is supported by many functions

Each element, such as trees or rocks that we include is a system on its own and should

be chosen and placed so that it performs as many functions as possible.

For example, a tree can have many ecological functions. The dead leaves form the basis

of compost and is the ideal habitat for earthworms. The shade of the tree is utilised by

other, shade-loving plants or as shelter for animals, etc.

The same can be said about rocks. It protects plants from the ravages of fire but also

keep the soil cool and moist. Many smaller animals also use rocks for hiding or nesting,

even overwintering.

It is not, however, only the number of diverse elements in a system that is important, but

rather the useful connections that exist between these elements that determine the

successful functioning of the integrated system.

In conclusion, the site considerations should focus on how the biotic and abiotic factors

can be utilised for the maximum benefit of the system that will ensure its long-term

sustainable functioning.
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Figure 7. One element, like a tree, can have many functions

Figure 8. One element such as a rocky outcrop can also have many functions such as

shelter for plants against the ravages of fire and frost as well as habitat for many small

animals and insects.
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2.2 Design considerations

2.2.1 Design from patterns to details

Abiotic patterns

The abiotic components of a site quite often display certain patterns and it is important

to incorporate these patterns in the design.

Abiotic patterns will be determined by parameters such as geology, geomorphology, soil

type, wind direction, temperature, etc. The biotic patterns are normally superimposed

on this.

The most important abiotic patterns relevant to this study are:

Drainage lines and gullies

Drainage lines and gullies are quite often a function of geology. It represents areas

where water is concentrated during rain events. This leads to a different soil profile and

a more fertile environment. This effect can be enhanced by the use of swales that would

impede natural flow and over time, also concentrate silt in the swales.

Gullies are more prominent than drainage lines and although similar in other

characteristics, represent a more sheltered habitat. Quite often, due to concentrated

flow, the soils are quite deep. The flora in this type of environment is protected from the

elements and quite often is limited to this environment.

The site considerations will dictate the design considerations. What is

important is to use the inherent properties of the site as the blueprint

and build on that.
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Figure 9. Pertinent drainage line in the Pilanesberg. Although the picture was taken during

the dry season, the vegetation at the foot of the drainage line is remarkably greener than the

surrounding environment.

Seepage zones

Seepage zones represent a very particular habitat and must be restored if at all possible.

It normally occurs where an impervious rock layer outcrops, forcing groundwater to

surface.
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Figure 10. Various bulbous species growing on a seep in the Natal Drakensberg South

Africa.

Rivers

The riverine habitat is very diverse and it is important to integrate all the components in

the design. Due to environmental legislation in South Africa, riverine environments are

normally excluded from development.

The riverine habitat will, however, be discussed in detail in a separate document where

the emphasis will be on minimizing anthropogenic impacts on rivers.

Figure 11. Green riparian vegetation in the Pilanesberg Nature Reserve in winter.

Ridges

Ridges normally form where rocks are resistant to mechanical and chemical weathering,

such as quartzite. This implies that they normally reflect fairly harsh environmental

conditions including poor soil, exposure to wind and quick runoff during rainstorms.

Plants that occur naturally in this type of environment may be suited for establishment

on discard dumps that have similar properties.
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It is quite often also the habitat of many faunal species because the inhospitality of the

terrain makes it a safe nesting and breeding site. The crest of the Magaliesberg is a

classical example. In the picture below, two black eagles can be seen circling the sky

above a quartzitic ridge. Their nest is on the ridge that is depicted.

Figure 12. Rocky ridge at the Walter Sisulu Botanic Garden, Johannesburg. It is a very

unique habitat where black eagles breed.

Rocky outcrops

Whereas ridges are fairly continuous, rocky outcrops can be patchy and scattered. They are

normally located in a broader ecology and therefore represent a microclimate in this context.

They keep the soil cool, moist and quite often provides protection against veldt fires. It also
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Figure 13. A rocky outcrop in the Steenkampsberg near Lydenburg in Mpumalanga, South

Africa. Although this is a very harsh habitat, some very rare plants occur on this site due to

the protection afforded by the rocks.

provides shelter for small animals. This habitat is very important to ensure biodiversity.

Wind direction

The role of wind in an ecosystem can be complex and multifaceted. It can lead to

desiccation, but is an important element in pollination and seed distribution. It is also a major

agent in causing soil erosion. The role that wind must play in a particular ecosystem must be

assessed and incorporated in the design.

Temperature distribution

In sloping terrains, the temperature gradient can be critical when determining plant

species suitable for that habitat. This is very relevant in a temperate climate such as

Savannas where a steep temperature gradient occurs along even moderate slopes. (The

temperature is also linked to aspect and will be colder on southern than on northern

slopes in the southern hemisphere). Extremely cold conditions may only be experienced

every five years but that can wipe out established plants and be a severe setback for a

rehabilitation programme. The temperature gradient can to some extent be manipulated

using vegetation barriers. When a vegetation survey of a site is conducted, the spatial

distribution of the plant species is therefor also important. This will ensure that they be

re-established in the correct locality.
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Figure 14. Deep gulley on a plateau near Lydenburg. Extreme temperature gradients are

experienced in such a gulley and plant diversity is very high

Aspect

Aspect mostly relates to temperature and hours of sunlight that a habitat experiences. In

the southern hemisphere, northern slopes accommodate plants that are more frost

resistant and southern slopes plants that are more moisture loving, such as the Proteas.

In many instances, the different slopes also represent different soil types.

Soil type

Most plants can tolerate quite a range of soils, but there are some that are soil specific

and this must be accounted for in the design. For instance, plants that prefer a clayey soil

will quite often grow in a good loam provided it gets sufficient water. Since we want to

design an ecosystem that is sustainable, this scenario must actually be avoided.
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Figure 15. Picture of an anthill in Sabie Sands. The grasses that grow on the anthill are

completely different from grasses surrounding the anthill.

Figure 16. Red hot pokers (Kniphofia caulescens) in Lesotho. Their distribution is probably

controlled by soil type, aspect and moisture
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Although the abiotic patterns were discussed separately, they all interact and are

interrelated. These patterns should be superimposed before a remediation design is

attempted.

Biotic patterns

Biotic patterns have a spatial and temporal component and this dynamics must be

factored in in the design.

Species distribution

As already discussed, species distribution may be associated with any of the above

abiotic patterns, but it could also be associated with endogenous processes that could

lead to a patchy distribution. An example would be trees that are dioecious. Fertile seed

will only be obtained if the female and male plants are in close proximity. Many of these

plants bear berries that are an important food source and it is therefore essential that

the flowers be fertilized.

Figure 17. Kirkia wilmsii in winter regalia. Note the plant distribution. The proximity of the

trees ensures cross-pollination.

Process of growth and decay.
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Growth and decay are long-term energy generators that ensure sustainability. This also

represents a dynamic component of the design. As trees mature, the leave litter begins

to decay, providing a habitat for different organisms and their interaction or end

product produce the nutrients required by the forest floor flora.

Figure 18. A mature forest environment where the processes of growth and decay are in

equilibrium and that sustains a healthy ecology. (Mt Sheba Nature Reserve, near Pelgrims

Rest, Mpumalanga, South Africa)

Faunal habitat associated with species distribution.

It is also possible that a temporal pattern might exist that is not that easy to quantify. An

example might be migratory birds that utilise certain tree species for nesting and

breeding. Birds may also just visit a site when fruit or berries are available, such as wild

figs.

Gradual changes in habitat.
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As vegetation progress from a pioneering to a climax stage, various microhabitats form

that can accommodate more specialised plants that will increase biodiversity.

2.2.2 Use on-site resources

When a site has been heavily disturbed, the chances are that there would not be many

on-site resources that can be incorporated in the design process. On newer sites, where

the EMP requires that topsoil be put aside for rehabilitation it is at least a good start.

It is important in the design that this aspect is built in. For example, ensure that leaves

are trapped on site to first act as mulch and later to become compost. Make sure that

swales have a negative gradient towards the slope to ensure maximum moisture and silt

retention.

Determine what resources are available that enters the system on their own and then

maximize their use. An example could be pioneer trees and shrubs that provide a

sheltered environment for climax plants to establish.

2.2.3 Value diversity

It is important to distinguish between chaos and diversity. Chaos reflects randomness as

well as a non-connectivity of elements. Diversity implies a connectedness between

elements and structures that are not random and that are in most cases beneficial or at

least supportive of each other.

As a general rule, as sustainable systems mature they become increasingly diverse in

both space and time. Diversity also provides alternative pathways for essential

ecosystem functions thus ensuring a more resilient system. Nature hardly puts all her

eggs in one basket.

What is important is the complexity of the functional relationships that exist between

elements and not the number of elements per se. Beneficial connections between

elements are the most crucial parameter in diversity.
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Diversity can be manifested in biotic as well as abiotic elements. Abiotic elements such

as rock outcrops create microclimates that increase biodiversity. The same would apply

to a temperature gradient across a site.

Fauna also plays an important role in this regard and must be considered in the design.

Quite often when an ecosystem matures, the larger trees block out sunlight and lead to

the disappearance of some species. However, the bigger trees are a more stable

environment for fauna, so that diversity was not really compromised.

2.2.4 Stacking

When designing a remedial programme, it is important to design in three dimensions. By

doing that, more effective use is made of available space and diversity is increased.

Figure 19. A mature forest is the best example of stacking. Climax trees provide shelter for

shade loving shrubs as well as protection for other seedlings. The trees are covered in moss

and epiphytic plants. This picture was taken at Mt Sheba Nature Reserve in Mpumalanga,

South Africa.
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2.2.5 Succession

When a heavily impacted infrastructure site needs to be remediated, it is important that

the concept of succession planting be followed. Many plants that would be quite

successful in a stabilised ecosystem, needs to be established by first creating a

microhabitat where it can sprout and stabilise.

Figure 20 . Establishment of pioneer grass to stabilize a site

This is especially true in a savannah biome that is often semi arid and where disturbed

sites that need to be rehabilitated, are barren. In the remediation programme, provision

must first be made for the establishment of pioneer plants that are adapted to very

harsh conditions. They would then create the habitat where climax plants can be

established.
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2.2.6 Edge effect

When two ecosystems come together to form a third, this interface normally has more

diversity than either of the other two, i.e. edges of ponds, forests, wetlands, rivers etc.

These areas, known as ecotones (degrees of edge) are the most diverse and fertile areas

in most ecosystems. In remediation design, this must be factored in to obtain maximum

biodiversity.

Figure 21. A very diverse riverine habitat below the Berg river dam, Western Cape.
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2.3 Implementation considerations

2.3.1 Implementation plan

In considering an implementation plan, the final objective of the rehabilitation

should always be the paramount consideration. This will influence all other

considerations.

One objective of rehabilitation could be to establish a functional, sustainable

ecosystem that would link in with the regional ecological system. However, the

use might be purely ecological or it could also be recreational as well as

educational. If the latter two are to be considered, the implementation

considerations may have to be adjusted to take potential users’ requirements

into consideration. This could include issues such as safety and accessibility

aspects.

Other issues that need to be considered, include the following:

 Rehabilitation earthworks should aim to reshape the disturbed areas to

represent the area prior to disturbance and to present a safe, functional

and sustainable environment.

 Visual impacts of rehabilitated areas must be minimised by recreating

natural landforms and ensuring that reshaped areas are visually suited

to surrounding landscapes.

 Natural landforms such as drainage lines, undulating areas and ridges,

which have been damaged during activities, must be restored.

In considering the implementation of the design, the emphasis should

be on minimum disturbance, where applicable, or creating habitats on

the site that would blend in with the regional ecology.
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 Implement erosion control measures to prevent the loss of topsoil

during and after construction activities.

 Re-vegetate all disturbed areas with suitable floral cover and methods.

 After completion of activities, ensure that the site is safe for use by the

intended land users. (Van Staden, 2009).

On sites such as discard dumps and existing quarries, these principles will have

to be adjusted, but the end goal should still be the same, namely the creation of a

functional ecosystem that blends in with the regional ecosystem(s). In these

cases, the reshaping of the site that reflects more diverse habitats should have a

high priority. The more diverse a site is with regard to habitat, the greater the

chance that it would succeed as a self-sustaining ecosystem.

For instance, important considerations in the case of quarries are the slope angle

of the quarry walls as well as measures to retain rainwater on site for as long as

possible.
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2.4 Maintenance considerations

Maintenance should be planned around what is available on site or what can be

used to maximum effect. The following are examples.

2.4.1 Use and value renewable on-site resources and services

Renewable resources are those that are renewed and replaced by natural

processes over reasonable periods without the need for non-renewable inputs.

For instance, any biological (floral and faunal) debris should be retained on site

to be utilised either as mulch or compost. Trees can also act to trap dust and

swales can be utilised to trap silt.

2.4.2 Use biological resources

By ensuring that the plant diversity is correct for the site, the insect and bird life

that will be attracted to the site should keep pests and disease under control and

it will not be necessary for any exterior involvement.

We know living things reproduce and build up their availability over time,

assisted by their interaction with other compatible elements. The flora on site

can supply the raw material that the fauna can rework.

2.4.3 Imitate nature

Quite often, we forget that nature has its own ways of maintaining vegetation. One of

the most known ways is veld fires in the Fynbos and Grassland Biomes.

When considering maintenance, the end goal should be that the site

should require as little maintenance as possible. This is a process and a

progression that must be carefully planned.
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Figure 22 . Veld fire in the grasslands of Gauteng. It is a necessity to maintain the

plant diversity, but must be mamaged properly.

Unfortunately. It is not always possible to duplicate Nature in a built

environment, but it should be imitated. For instance, instead of burning grass,

cut it short and remove the moribund. Unfortunately, what is also removed are

fertilizing elements that would have been present in the ash after a burn and

fertilizer will now have to be added.
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Figure 23. Interaction between different biological components on a site. ((Mollison,

2009)

Just a note to the puritans: There is no substitute for fire to rejuvenate Fynbos

and that makes it very difficult to use Fynbos plants in rehabilitation ( in the

right Plant Kingdom, of course) unless you want to replace the plants


