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A. Introduction and Purpose of the
Guidelines

Lowland Sand Fynbos ecosystems are among the most
threatened terrestrial systems in South Africa (Figures 1, 2a,b). Of
the ten Sand Fynbos veld types, seven are Critically Endangered

or Endangered according to the IUCN Red List of Ecosystems.
They are all either poorly protected, or not protected at all in the
conservation network (Skowno et al. 2019;
http://hdl.handle.net/20.500.12143/637 ).

Sand Fynbos ecosystems harbour unique biodiversity, but owing
to their lowland locations experience extensive losses to other
land uses ( Figures 3a-c). Some natural pockets remain scattered
within agricultural or urban developments. They are, however
degraded due to invasive alien plants, inappropriate fire regimes
or pollution and are an urgent priority to restore ( Figures 4a,b).

National biodiversity targets aim for a minimum proportion of an
ecosystem type to be retained in a natural or near -natural state.
The minimum target for Sand Fynbos ecosystems is mostly 3 0% of
the original extent & a target no longer attainable for several of
these ecosystems, such as Cape Flats Sand Fynbos (Rebelo et al.
2006, 2011). For many of these precious systems, this means a
necessary focus on their restoration (Figure  5).

The purpose of these guidelines is to assist managers and
landowners of degraded Sand Fynbos vegetation to restore
biodiversity and contribute to the conservation of these

threatened ecosystems. The guidelines outline appropriate
methods to restore degraded Sand F  ynbos ecosystems, based on
the latest research and field trial outcomes.
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Figure 1: Atlantis Sand Fynbos at Riverlands Nature Reserve with
Amphithalea ericifolia  in flower (PH).
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Figure 2a,b: Maps showing the distribution of Sand Fynbos vegetation types in the western part of the Western Cape (small areas extend fur ther East
to Port Elizabeth: Albertinia Sand Fynbos (Al S B and Knysna Sand Fynbos (remnants lie east of the maps) ; and North into Namaqualand: Namaqua
Sand Fynbo s (N S B (AGR); a) original extent of different Sand Fynbos vegetation types; b) remaining extent of Sand Fynbos remnants (natural and
degraded): Leipoldtville Sand Fynbos (L S B, Hopefield Sand Fynbos (  Ho S B, Atlantis Sand Fynbos (At S B, Cape Flats Sand Fynbos ( CF S B,

Hangklip Sand Fynbos ( Ha S F, Agulhas Sand Fynbos ( Ag S F) and Breede Sand Fynbos ( B S H.
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Figure 3a-c: Sand Fynbos vegetation types form a gradient of aridity up the West Coast with the driest types to the north; a) Leipoldtville Sand Fynbos
(PG); b) Cape Flats Sand Fynbos near Morningstar (AS); c¢) wetter Cape Flats Sand Fynbos at Kenilworth Racecourse (PH)

at Blaauwberg NR  densely invaded by Figure 5. Blaauwberg NR Sand Fynbos & an old
wattle ( Acacia saligna ); a) mature wattle (KE); b) dense wattle recruitment post  -fire ploughed field dominated by grasses; considered
(PH). extremely degraded (PH).
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Ecological Restoration 2. South Africads pl ant cornse
(http://biodiversityadvisor.sanbi.org/planning -and -

assessment/plant -conser vation -strategy/ ); and
3. The global ecosystem restoration initiative

a) Why should we restore degraded ecosystems?

The UN Decade on Ecosystem Restoration (2021 -2030; (https://www.decadeonrestoration.org/ ).
https://www.decadeonrestoration.org/ ) is a global call to scale
up ecosystem restoration in response to the major threats of b) What do we restore a degraded ecosystem to?

climate change and escalating biodiversity loss. Furthermore, L. .
g 9 y It is important at the outset to agree on an appro priate

intact and restore d ecosystems contribute many diverse . .
y y restoration goal for the degraded ecosystem. The Society for

ecosystem services to humanity and support the economy. This Ecological Restoration (SER; www.ser.org ) provides a generalised
has been framed as ©ONatureds Cont r]L butiaons té P T eo .%y th e

o) € 0 e ,
) . o . ramework to explain "a range Bf restorative’ activities, from
Intergovernmental Science -Policy Platform on Biodiversity and

_ 6reduced i mp act stdhighly nmodifidd esiteanitirough
Ecosystem Services (IPBES) « . . ~ « . . . o
0remedi ationd and O6rehabilitation@¢ t
For seven of these Sand Fynbos ecosystems it is no longer possible where possible ( www.ser.org/page/SERStandards ; Gann et al.
for us to meet the national conservation targets. This is because 2019) (Figure 6). The appropriate restorati ve goal will depend on
the total area of remaining natural habitat is now less than the the context of the site (e.g. urban, agricultural, or natural) and the
minimum target area. Therefore, it is critical to attempt to rest ore degree of degradation to that ecosystem.

any degraded habitats so that in time they can contribute to the
conservation of the respective ecosystem. It is especially critical
to restore these systems within our protected area network.

It is hoped that land managers and conservators of Sand Fyn bos
remnants will use the guidelines to implement ecological
restoration projects and so contribute to the following three
initiatives:

1. Sout h Africads ecosystem tar

2019 hitp:/hdl .handle.net/20.500.12143/6370 ): EFzlolee e

(AGR)
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Reducing negative Repairing Initiating ecosystem

impacts ecosystem function recovery ecosystem

Partially recovering Fully recovering

Rehabilitation refers to
repairing ecosystem
functions such as soil
formation, nutrient cycling
and erosion control. This
activity is appropriate in
highly degraded areas,
such as: 1) old farm lands,
where indigenous species
cannot thrive; or 2) sites
where key  ecological
drivers, such as fire or flood
regime, cannot be re -
instated due to
fundamental changes in
the landscape (e.g. an
urban road reserve). With

ecosystem

Ecological Restoration time, some rehabilitated

sites may be ready for
ecological restoration.

These guidelines focus on

Figure 6: The Restorative Continuum illustrated with examples from Cape
Flats Sand Fynbos (JvdM, PH, CD; after Gann et al. 2019).

Remediation generally applies to highly modified systems (e.qg.
mined or urban sites) where pollution may need to be reduced or
soil decontaminated (or even re  -introduced) before introducing
indigenous vegetation agai  n.

ecological restoration, with a goal to restore a natural ecosystem,
either partially or fully, to its reference condition (see section A.1.c
below for definitions). This entails restoring ecosystem functions, as
well as vegetation structure and composi tion. Thus, it underpins
the restoration of biodiversity (Figures  7a-d). In some cases, it may
be necessary to consider climate change in planning the
restoration if it is considered that the restoration site will no longer

be suitable for certain species  (e.g . will become too warm or dry).
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Figure 7a-d: Sand Fynbos in various
stages of degradation and
restoration; a) near natural
vegetation restoring passively
following wattle control (JvdM); b)
degraded/ medium  -restoration
potential vegetation restoring
passively following wattle control by
the Fell & Burn treatment (PH); c)
highly degraded/ low restoration -
potential area after clearing by a Fell
& Stack t reatment and a Fynbos mix
sown after 18 months (KE); d) aerial
image of Blaauwberg NR showing the
100ha area under various restoration
treatments (PH).




the target for full ecological restoration and guides the

C) ECO|OglcaI Restoration Definitions structure and composition of the plant community to be

Some terms used by ecologists may be confusing and we define restored.
a few of them here.

Indigenous (=native) refers to speciest hat historically belong to

an area or ecosystem, but are not necessarily confined to that

area and may occur more widely.

Endemic refers to species that are confined to a defined area

or ecosystem and do not occur elsewhere. If an ecosystem is

under threat, it often follows that its endemic species are

threatened with extinction and may be Red Listed (e.g. Red

List of South African Plants).

A Red List is a comprehensive inventory of threatened species

(or ecosystems), determined by a set of quantitati ve criteria to

help assess extinction risk.

Passive restoration  refers to removing the cause of

degradation, such as invasive alien plants, and then allowing

the ecosystem to self -restore (i.e., spontaneously regenerate).

Passive restoration is often possi ble in ecosystems that have

only recently become degraded and where indigenous seeds

remain in the soil or nearby and can recolonise the degraded

site. It may also be necessary to reinstate a natural disturbance

regime, such as Summer fires, for successful passive restoration e * 7
to occur. Figure 8: Leucadendron ciner
Active restoration  refers to re -introducing indigenous species, Fynbos (AGR).
by seed or rooted material, in addition to the actions

undertaken for passive restoration. Active restoration is

generally necessary in highly degraded sites whe re seed banks

have been depleted but soils remain intact, and may only be

economically justifiable for the highest priority ecosystems.

Reference ecosystem refers to a local example of the

ecosystem prior to degradation. This is generally considered




1. Lowland Sand Fynbos Ecosystems

a) General description of Sand Fynbos

Sand Fynbos is mostly coastal, occurring on leached sands of
marine and aeolian origin (i.e., sand deposits derived from the
action of wind). Eight Sand Fynbos types are in the western
portion of the Fynbos Biome, but Albertinia and Knysna Sand

Fynbos are located in the Southern Cape ( Figures 2a,h).

There is a broad soil pH gradient from alkaline nearest the coast
(generally supporting Strandveld vegetation d not considered
here) to n eutral (pH 6 -7, often supporting Fynbos) to acidic (<pH
6, supporting Fynbos) ( Figures 9a,b; 10a,b). The dominant
structural type of Sand Fynbos depends on the water table.
Where the water table is deep, with plant access to water mainly

in Winter, restioi ds (Cape reeds) dominate and shrubs are scarce.
On the other hand, a more accessible water table commonly
supports asteraceous Fynbos dominated by ericoid -leaved shrub
species, such as Metalasia , Passerina and Phylica. At the wettest
end of the spectrum wh ere the water table is more accessible,
proteoid Fynbos dominates and the vegetation canopy is denser

with fewer annuals and geophytes. Ericaceous Fynbos (where
Erica species are common) is localised and rare. It usually occurs

in the higher rainfall south and is associated with seeps and peaty
soils (Rebelo et al. 2006).

Figure 9a,b: Sand Fynbos along the coastal forelands forms an ecotone with Strandveld;

(foreground) and Cape Flats Dune Strandveld (background) (JvdM);
Spring annuals in openings among the shrubs (KE).

b) heavily grazed Strandveld along the coast

a) the ecotone between Atlantis Sand Fynbos

showing a display of




b) Importance of Sand Fynbos vegetation

Sand Fynbos is the second largest Fynbos type, accounting for
15% of the entire Fynbos Biome area. However, it also is one of the
most threatened Fynbos types due to its lowland location that
facilitates high levels of loss to other land uses (Rebelo et al. 2006).
From a biodiversity conservation perspective, Sand Fynbos
supports many endemic and threatened plant species (e.g. for
Ca pe Flats Sand Fynbos, 16 and 120 respectively). It also serves an
important corridor function by connecting coastal Strandveld
vegetation with inland Renosterveld and other inland Fynbos
types (Figures 10a,b). These linkages are important for climate
chang e adaptation, faunal (including pollinator) movement and
long -term evolutionary processes. These are all essential processes
to ensure conservation of biodiversity in the longer term.

J : P Ao 5 SN/ AR P
Figure 10a,b: Sand Fynbos often abuts other lowland vegetation types
such as; a) Strandveld o here a Cape Flats Dune Strandveld foredune
community on the West Coast (AGR); and b) Renosterveld 6 Swartland

Granite Renosterveld at Tienie Versveld reserve near Darling (KE).

c) How to determine a reference community

As indicated before, various factors including local climate, soil
depth, topography (the natural forms and features of the
landscape), water table accessibility and soil pH determine the
structural vegetation type a nd local plant community. This list of
factors should guide the selection of appropriate reference
communities for ecological restoration. Plant community
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dominants and key structural species that are important for
restoration should be noted from these cl  osest representative
remnants (Figures 11a,b).

d) Other lowland vegetation types

While many features of Sand Fynbos are shared, Alluvium Fynbos,
Granite Fynbos, Limestone Fynbos and Renosterveld are quite
different vegetation types. Whereas some of the approaches to
ecological restoration will be similar among these lowland
vegetation types, there may be different requirements related to
nutrient levels, hydrology and vegetation growth rates, to name a

Figure 11a,b: Reference sites for ecological restoration should be as
undisturbed as possible and represent the same plant community as the
one being restored; a) Atlantis Sand Fynbos (JvdM); b) Cape Flats Sand few.
Fynbos (AS).
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B. Ecological Restoration Guidelines

Right from the beginning, a long -term vision for the site must be
articulated to facilitate the setting of appropriate goals for
management and restoration. For Protected Areas (PAs) the
vision is stated in the Reserve Management Plan. Outside PAs,
where the vision oifs b6 oansserrwattiydn
restoration will be the ultimate goal for degraded areas. However,
resource constraints may limit the extent and intensity of
interventions that are feasible. A lesser goal may be more
appropriate in the short -term. If th e site has priority ecological
attributes (Figure 1 2) and restoration potential (see section B.2)
then it could warrant status as a Conservation Stewardship
Agreement site ( www.cap enature.co.za/protected  -areas -and -
stewardship ). This could potentially assist with funding and an
official conservation organisation would be better able to commit
resources to assist.

Note that each ecosystem and its constituent species may be
different a nd respond differently to the recommended
treatments, as well as from year to year depending on the
vagaries of the weather or by the type of degradation incurred.

For this reason, each restoration attempt may be considered an
experiment and, where possibl e, should be implemented in
replicated areas across the site (to account for local variation).

Restoration attempts should then be monitored, so that additional
lessons may be learnt. Some of the most important indicators to
monitor initially are plant est ablishment, survival and seed set, and
at a later stage post -fire (i.e., after a fire event) recruitment. It is
also important to publish the results, including failures and costs,
on accessible ecological restoration platforms or appropriate
local website s , to help support t he
p];ruallét iecceoﬁl-ogl cal

To be successful, ecological restoration projects require sufficient
lead -in time to: engage local stakeholders; assess and map the
degree of degradation across the site; set realistic goals; and
prioritise the various areas for intervention. In addition, where
active restoration is required, it is advisable to allow at least a 12
month period to ensure sufficient time to collect the full range of
seeds, produce rootstock, prepare the site and ali gn interventions
with the appropriate seasons for burning, seeding and planting.

It is important to note that well -intended but badly designed
restoration efforts could have significant negative impacts on
biodiversity (e.g. using incorrect genetic materi al that cause
hybridisation risks; introducing soil pests or weeds). Ecological
restoration is a specialist activity that needs to be planned well to
align with Fynbos restoration principles and strict protocols (Table

1).
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Required intervention Increasing
Mational CR or EM priorityr_& cost-
threatened efficiency

ecosystem |AP control; burn; sow
missing guilds (e.g.
overstorey proteoids);
EW, CR species

Critical Bio-diversity

Area infine-scale As above; and sow seed

conservation plan mix containing main
growth form
components

Critical Ecological . As above; and correct

SupportArea in soil nutrient levels, sow

fine-scale plan comprehensive seed

mix
no Increasing
cost & time,

Potentially decm"“
contains EW or P
CR species

Restoration low
priority; control
|APs

Figure 12: Decision support tool to assist in prioritizing Sand Fynbos sites for ecological restoration based on their conservation im portance.
CR = critically endangered; EW=extinct in wild; IAP = invasive alien plant




1. Identify Partnerships/Stakeholders

Collaboration among conservation agencies, NGOs, potential
project funders, land managers, policy makers, ecologists and
local interest groups is key (Figure 1 4). It is important to
acknowledge from the start that local stakeholders who may be
positively or negatively impacted by the proposed restoration
project should be contacted and given the opportunity to
comment d uring a public participation process. Engagement
with the Fire Protection Association (FPA,; www.fpasa.co.za ) is
advisable where prescribed burning is a required restoration
treatment. Collaborators may differ dependin g on whether the
site is a Protected Area (PA), private nature reserve or non
protected private land area. It is helpful to follow a collaboration
protocol (Figure 1 5).

a) For Protected Areas (PAS)

The Protected Area Advisory Committee (PAAC) may serve to
ide ntify stakeholders. In addition, the public participation process
that occurs every 10 years when updated PA management plans
are presented for comment could be used to communicate
ecological restoration intentions and to request comments from
stakeholders .

b) On private land

The landowner, consultant or contractor may be implementing
the restoration project, but it may be advisable to include
neighbours and other stakeholders if they could be affected by

any of the restorative actions, such as re  -instating th e Summer fire

regime.

~ ~

\ . ; _
Figure 13: Reptiles are common in Sand Fynbos, including this Angulate
Tortoise (KE).
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Stagein process Collaborators

Manager, ecologist; local

Management .
interest groups

Plan (including
Vision for site)

Implementation,

for larger projects

Begemie Manager, ecologist
restore

./

i \ Manager, ecologist; other
Restoration organizations likely to be directly
Plan involved

@

Manager & reserve staff, ecologist;

- ; organizations likely to be directly
including involved; include communicator &or
monitoring “champion” & set up working group

Organizations

Conservation organization or landowner;
ecologist from SANBI, SANParks, CapeNature,
Municipal Environmental Dept. or ecological
consultant; PAAC, local ratepayers, volunteer
groups, NGOs

Conservation organization or landowner;
ecologist from SANBI, SANParks, CapeNature
or Municipal Environmental Dept., PAAC; or
ecological consultant

Conservation organization or landowner;
ecologist from SANBI, SANParks, CapeNature
or Municipality Environmental Dept. or
ecological consultant; other organizations
implicated: e.g. Working for Water, Landcare,
Working for Wetlands, restoration nursery

Conservation organization or landowner &
operational staff; other organizations implicated:
e.g. Working for Water, Landcare, Working for
Wetlands; ecologist from SANBI, SANParks,
CapeNature or Municipality Environmental Dept.
or ecological consultant; alien, fire & restoration
specialist contract teams; restoration nursery/
indigenous horticulturist; volunteer groups; skills
trainer, communication expert

Figure 14: Stakeholders and collaborators to engage at various stages in

implementing ecological restoration.

planning and

1. Secure site
far

conservation ————

2. Establish

collaborators/

working group
.~
3. Establish
restoration

goal(s) for site 4. Determine &

resolve possible
stakeholder
conflicts

~

5. Determine
implementation
roles,
communication

6. Establish

MoU &
contracts

7. Determine

monitoring
programme

Examples

Site proclaimed; in perpetuity stewardship agreement; or
managed with proclamation application in process

Identify key stakeholders & collaborators

Restore ecosystem structure, composition or threatened
species etc, determine correct microsites for speciesto
be re-introduced, determine quantities & propagation
methods; determine budgetary requirements & timelines

Identify negative impacts (integrated management &
stakeholder conflicts, species hybridization effects etc);
essential for positive project communication & avoiding
conflict among stakeholders & collaborators

Implementation responsibilities include: budgets/ funding,
permits required for activities, site preparation, seed
collection, propagation, fire management, alien control,
communication (or champion to promote project),
monitoring of goals etc.

Arrange MoU (e.g. between various government
organizations) & contracts (e.g. for training, propagation,
seed collection)

Monitoring of restoration goal(s). essential to determine
level of success & to implement mitigation actions if
needed; determine responsible person(s) & monitoring
objectives & methods

Figure 15: Protocol for collaboration in ecological restoration.
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2. Assess Habitat Condition

The extent of degradation across a site must fir st be assessed to
determine which restorative actions are required and what their
costs may be. Once budgets are known it should then be possible

to prioritise areas, set realistic goals and develop a restoration
Annual Plan of Operation (APO) with appropr iate time lines. The
following steps are recommended:

a) Land -use history

Local knowledge is very useful in understanding the degree of
degradation at a site. Such information includes history of
ploughing, domestic stocking rates / grazing intensity, fire hi story
and invasion by alien plants. Impressions may be obtained from
local landowners and residents or by examining historical aerial
imagery and other spatial databases (e.g. for fires). The
restoration potential of a site is inversely related to its degr ee of
degradation. For Sand Fynbos ecosystems, restoration potential is
strongly linked to the persistence of indigenous seeds in the soil.
Various factors affect the seed bank. For example, invasive alien
trees shade out the fynbos vegetation and prevent seed bank
replenishment, thus reducing restoration potential over time. So,

the density of the alien trees, as well as how long they have
invaded a site gives a good indication of the restoration
potential.

In Sand Fynbos ecosystems we have also found tha t the aerial
cover and diversity of fynbos species remaining is a good
indicator of restoration potential. Based on these factors and

others a table of habitat condition categories and related
restoration requirements was developed by the City of Cape
Town (Table 2). The presence of a large seed bank of alien
herbaceous weeds, including alien annual grasses, is a significant
challenge to the restoration of Sand Fynbos ecosystems.

b) Map current habitat condition states

Any site may have sections in different condition categories
(Table 2; Figure 1 6). Tools such as Google Earth may be used to
map these areas, with the benefit to delineate different habitat
condition polygons and calculate the areas requiring various
restorative actions. In PAs it is advisable t o align polygons to
management units where possible, as this simplifies drawing up
APOs.

Habitat Condition and restoration potential

Figure 16: Example of a habitat condition map for Sand Fynbos to aid in
planning ecological restoration implementation at Blaauwberg Nature
Reserve, City of Cape Tow n. Green areas are 'near -natural', with red
areas being the most degraded (JvdM).
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c) Complex sites d) Spatial and temporal scales

For example, in sites encompassing dissected landscapes, slopes Note that unan ticipated habitats, such as seasonal wetlands,
with different soils or slope aspects etc., it is important to map may emerge after restoration interventions. This sometimes occurs
plant communities, including their current states, anticipated where alien pines or wattles dry out seasonal wetland habitats as

reference states, and emerging states following restorative a result of their higher water use compared to that of Fynbos.
Once cleared, the wetland conditions become apparent and

this could trigger changes to the restoration plan, for example in
targeting seed of local wetland species. More elevated or north
facing slope aspects may require a different suite of species
compared to wetter o r south-facing slope aspects.

actions (Figure 1 7).

Figure 17: Some Sand Fynbos sites contain more than one plant
community as shown by a seasonal wetland at Kenilworth Racecourse,
dominated by the grass  Imperata cylindrica  that forms a mosaic with Figure 18: Serruria decipiens (Near -threatened) in Cape Flats Sand

terrestrial fynbos (AGR). Fynbos (PH).
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3. Decide on Restoration Goal and
Restorative Actions

Once a degraded site has been mapped for habitat condition,

and appropriate reference site(s ) identified, the restoration goal
should be agreed to. The restorative actions required to achieve
these goals will then be easier to identify. At this stage it is
important to confirm the available budget for the project (i.e.,
human and financial resou rces). If resources are limited, areas
within the site may be prioritised for restoration. Alte rnatively, the
restoration goal s should be modified.

a) Prioritisation

Prioritisation processes may differ, depending on the situation
(such as land ownership and k ey stakeholder perceptions).
National ecosystem status will elevate the most threatened
ecosystems to top priority, followed by Critical Biodiversity Areas
identified in a regional conservation plan (Figure 1 2). However, for
non -proclaimed sites and highly  degraded PAs, habitat condition
and available resources may be more important in determining
priority. This is because the costs of ecological restoration
escalate as degree of degradation increases. Thus, it may be
unrealistic to aim for full restoration  of a highly degraded area,
unless justified by its value as a degraded remnant of the most
threatened ecosystem conserved in a PA.

S

It follows that to optimise conservation of ecosystems and
biodiversity, the least degraded areas should be restored firs t.
These areas will generally require passive restoration only,
lowering costs. Such actions would optimise the conservation of
biodiversity by halting ongoing degradation, while increasing
overall habitat condition. Spatial location in the landscape is al SO
important: where potential restoration sites link to or buffer existing
remnants (e.g. Critical Ecological Support Area in a conservation

plan), they may be a higher priority than non -connected
remnants.

b) Decision trees

Once restoration goal s and priorit ies have been clarified, a
decision tree that highlights important options in implementing

the various stages in ecological restoration may be created. This
could help to simplify the restoration process. A decision tree
should incorporate the latest resea rch findings, such as the
example in Figure 1 9 created for Cape Flats Sand Fynbos
following degradation by alien wattle invasion (Holmes et al.
2020; Hall et al. 2021). One key decision is whether active or
passive restoration is appropriate for the site ( Table 2). This
depends on habitat condition. For example, passive recovery of

veld is possible where invader plants have short residence times
and diverse native remnants are present. But, achieving this
depends on the invader, the target ecosystem and the quality of
alien control.
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SAND FYNBOS

Goal: restore
ecosystem structure

Fynbos shrubland
with dense cover of
invasive alien Acacia

& function

S

PASSIVE RESTORATION

,l, ACTIVE RESTORATION REQUIRED

Multiple fynbos guilds /

present representing
>10% shrub cover

Fell Acacia & stack; follow-up
Acacia seedlings; control alien
herbaceous species; burn veld
only once mature fynbos cover
established

Monitor key variables,
Engage adaptive
management

Desrs

egradation state

Single fynbos guild
remaining and/ or <
10% shrub cover

large small

l

Acacia soil seed ban {Acacr’u soil seed bankJ

Herbaceous Herbaceous Fell Acacia & burn site; so
alien seed alien seed fynbos seed mix; follow-up
bank large bank small Acacia seedlings from mass

l l germination

Fell Acacia, spread biomass;
burn site =2 yr later; sow
fynbos seed mix; follow-up
Acacia seedlings

| l

Fell Acacia & stack; sow
fynbos seed mix;
follow-up Acacia
seedlings

Figure 19: Example of a decision tree to aid in selecting the appropriate management options for restoring Sand Fynbos; specifically the
actions following dense wattle invasion in Cape Flats Sand Fynbos (Holmes et al. 2020; Hall et al. 2021).

restorative
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c) Invasive species control

Information on the most common groups of invader species in
Sand Fynbos and control methods should be integrated into an
ecological restoration plan (  Figures 20a,b). Various factors need
to be considered, as outlined below (also, see Table 3):

U Grasses: These competitive species respond well to soil
disturbance and nutri ent enrichment following wattle invasion
or ploughing and may outcompete Fynbos seedlings in the
restoration process. Note, there are two main types: 1) alien,
annual Mediterranean grasses, with shallow seed banks
(eliminated by Summer fire), versus 2) per ennial, indigenous
weedy grasses ( Cynodon dactylon, Ehrharta calycina ) that
may dominate by resprouting and reseeding after fires and,
where dominant, are indicative of degraded veld.
Woody aliens: Invasive alien trees and shrubs in the genera
Acacia, Pinu s, Hakea, Eucalyptus and Leptospermum are the
most common in Sand Fynbos (Table 3).  Acacia saligna (Port
Jackson Willow) is probably the most widespread and
troublesome species, as it resprouts vigorously post -fire and
(like all wattle species) maintains a  long -lived seed bank in the
soil.
Woody alien control: It is imperative that alien control is
integrated with other restorative actions. Notable control
methods are fire, indigenous sowing and planting. Non -
sprouting pines and hakeas do not store seeds i  n the soil. They
are best controlled by O6Fell & Bur

& Burnd met hods. Burning is wusefulsss

bed for Fynbos sowing (Figure 21). Resprouting alien species,
e.g., Port Jackson Willow ( Acacia saligna ) require 6Fel |

on whether to burn is important. Options include: a prescribed
ecological burn; stack burn of cut slash during Winter; d elayed
burn after alien seed bank reduction by granivores; or no burn.

The eventual method chosen will depend on the alien species

and extent of degradation. Expert advice should be sought.

The decision tree in Figure 1 9 gives an example of integrated
restorative actions for Acacia saligna

Il nvasi ve 0Oindigenousbd shrubs:
(Osteospermum moniliferum ) and some Searsia species are not
typical Fynbos species, but they are dispersed by birds into
tree -invaded landscapes and thrive in the abs ence of fires. If
too abundant, these species may need to be controlled too,

by felling ahead of a prescribed burn at a restoration site.

Herbicide Stumpd treatment to pr eV gfactolsi€afhg mdtufeMees @awW.r out i ng.

For aliens that resprout and have soil -stored seeds the decision
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Figure 20b: Clearing dense wattle to restore Sand Fynbos sites; b)
volunteers at Tokai Park weeding young wattle that recruited following a

prescribed burn.

Figure 21: A prescribed ecological burn through dried wattle slash to
stimulate Fynbos germinatio n and create a seed bed for sowing Fynbos
seeds (SG).

d) Time frames

In Fynbos ecosystems the opportunity for active restoration occurs
only in the first year post -fire (or simulated fire), although it may be
possible to increase species richness and abundanc e by
rootstock in the second year. Thereafter the competition from
established plants will be too intense for further successful Fynbos
establishment. This highlights the time frame for Fynbos restoration
which will occur in pulses and be measured in fire -cycles of 10
years rather than years. Monitoring the initial restoration success is
critical to identify any missing components, and to start planning
for additional interventions to address these, following a
subsequent fire.

e) Site preparation

These guidelines do not address highly degraded sites, such as
mined or repeatedly ploughed sites, as in most cases such sites
would not have an ecological restoration goal, but a lesser goal,
such as remediation or rehabilitation. However, there may be
occasion wh ere exposed, windy sites close to the coast require
physical interventions to prevent wind erosion of soil and scouring
of Fynbos seedlings after clearing aliens or fire. Interventions such
as wind nets or brush fences erected perpendicular to the
dominant wind direction can provide soil surface stability and
shelter for establishing plants (Holmes & Grey 2017). Seed beds
are best prepared by a prescribed burn. However, if this is not
suitable, because of large  Acacia seed banks for example, then
fire should be simulated by raking areas clear of plant litter
(leaves, twigs etc.) to expose the soil for sowing ( Figure 22).
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Figure 22: Preparation for sowing by raking the soil clear of debris and dominant species of each m  ajor growth form (e.g., Table 4). The

litter after <clearing dense wat$&tackd tmajeryfowtt formgin SaHdFyMods ake shubse(indludig proteoid

treatment (CD). and ericoid -leaved shrubs, resprouter and non -sprouter shrubs),
) . graminoids (including restioids, sedges and grasses), geophytes

f) Selecting species (e.g., bulbs) and forbs ( including annuals) (Figure 23). Where the

First identify missing plant growth forms and species at the goal is full restoration, a greater diversity of species in each

restoration site by comparing to the reference site(s). Where the growth form will be required.

goal is to restore growth form structure, aim to collect the
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Figure 23a-g: The major growth forms to include in the active restoration are shown by the following examples from Cape Flats Sand Fynbos ( AGR): a)
proteoid shrub resprouter ( Leucadendron salignum; b) proteoid shrub reseeder ( Protea repens); c) restioid (Willdenowia sulcata ); d) ericoid shrub
reseeder ( Erica mauritanica ); e) ericoid shrub resprouter ( Agathosma imbricata ); f) geophyte ( Moraea neglecta ); g) perennial forb/ subshrub
(Pelargonium capitatum) . Note that the specific species selected for any particular site will depend on those present in the reference site.













































































































































































































