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Fire regimes in eastern coastal fynbos: Imperatives and 
thresholds in managing for diversity

Introduction
Fire is instrumental in maintaining the species-rich and endemic-rich fynbos shrublands 
(Myers et al. 2000) of the Cape Floral Kingdom (CFK) of South Africa (Kruger & Bigalke 1984). 
Fire is the dominant natural disturbance in fynbos and managing fynbos equates to managing 
fire. The fire ecology of fynbos has been well researched in the western, winter-rainfall part of 
the CFK (Kruger & Bigalke 1984; Van Wilgen & Viviers 1985) and in the drier inland mountains 
(Bond, Vlok & Viviers 1984; Midgley 1989; Seydack, Bekker & Marshall 2007) but was, until 
recently, poorly understood in the eastern coastal part of the CFK. The climate of the latter is 
milder with reduced seasonal extremes in temperature, whilst rainfall occurs year-round. As 
shown by Heelemann et al. (2008) in the inland fynbos of the eastern CFK, overstorey proteoids 
(non-sprouting, slow-maturing, serotinous Proteaceae) show weak seasonal effects on post-fire 
recruitment, a consequence of a non-seasonal rainfall and fire regime. We expected similar patterns 
in our region, as well as faster plant growth and maturation rates of proteoids, a consequence of 
the region’s relatively benign climate. These phenomena will have important implications for the 
management of fire regimes.

The Garden Route National Park (GRNP; c. 130 000 ha) was recently established in the eastern 
coastal part of the CFK in a landscape mosaic of indigenous forests, fire-prone fynbos shrublands 
and fire-sensitive plantations of invasive alien trees. The park faces considerable ecological and 
operational challenges pertaining to the management of fire and invasive alien plants (Kraaij, 
Cowling & Van Wilgen 2011). A recent, multifaceted research programme was undertaken to 
inform ecologically sound management of fire in eastern coastal fynbos and entailed, (1) an 
assessment of the context within which fire management was practiced during the past century 
(Kraaij et al. 2011), (2) characterisation of the recent fire history and fire regime (1900–2010) in 
the area (Kraaij, Baard, Cowling, Van Wilgen & Das 2012), (3) characterisation of the seasonality 
of fire weather and lightning (Kraaij, Cowling & Van Wilgen 2012), (4) estimation of minimum 
fire return intervals (FRIs) from juvenile periods and post-fire recruitment success of proteoids 
(Kraaij et al. 2013) and (5) determination of the ecologically appropriate fire season from post-fire 
recruitment seasonality of proteoids (Kraaij 2012). 
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Until recently, fire ecology was poorly understood in the eastern coastal region of the Cape 
Floral Kingdom (CFK), South Africa. Rainfall in the area is aseasonal and temperatures are 
milder than in the winter-rainfall and drier inland parts of the CFK, with implications for the 
management of fire regimes. We synthesised the findings of a research programme focused 
on informing ecologically sound management of fire in eastern coastal fynbos shrublands 
and explored potential east–west trends at the scales of study area and CFK in terms of fire 
return interval (FRI) and fire season. FRIs (8–26 years; 1980–2010) were comparable to those 
elsewhere in the CFK and appeared to be shorter in the eastern Tsitsikamma than in the 
western Outeniqua halves of the study area. Proteaceae juvenile periods (4–9 years) and post-
fire recruitment success suggested that for biodiversity conservation purposes, FRIs should 
be ≥ 9 years in eastern coastal fynbos. Collectively, findings on the seasonality of actual 
fires and the seasonality of fire danger weather, lightning and post-fire proteoid recruitment 
suggested that fires in eastern coastal fynbos are not limited to any particular season. We 
articulated these findings into ecological thresholds pertaining to the different elements of 
the fire regime in eastern coastal fynbos, to guide adaptive management of fire in the Garden 
Route National Park and elsewhere in the region.
 
Conservation implications: Wildfires are likely to remain dominant in eastern coastal fynbos, 
whilst large-scale implementation of prescribed burning is unattainable. Fires occurring in 
any season are not a reason for concern, although other constraints remain: the need for 
sufficient fire intensity, safety requirements, and integration of fire and invasive alien plant 
management.
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Here we synthesise the findings of this research in terms of 
potential east–west trends within eastern coastal fynbos and 
at the scale of the entire CFK. Furthermore, we articulate the 
findings into ecological thresholds (Biggs & Rogers 2003; 
Van Wilgen et al. 2011) pertaining to the different elements 
of the fire regime in eastern coastal fynbos, to guide adaptive 
management of fire in the park and elsewhere in the region.

Study area
The study area comprises the coastal slopes of the Outeniqua 
Mountains (east of the Touw River) and Tsitsikamma 
Mountains (33°48′S 22°35′E – 34°01′S 24°16′E), of which a 
large portion occurs within the GRNP (Kraaij et al. 2011). 
Owing to maritime influence, the climate of the area is 
relatively equable (Schulze 1997). Rainfall occurs throughout 
the year, with winter months being the driest. Mean annual 
rainfall increases eastwards, from 820 mm to 1078 mm in the 
Outeniqua and Tsitsikamma Mountains, respectively. The 
proportion of summer rain also increases eastwards (Schulze 
1997). The fire-prone and fire-dependent vegetation of the 
study area largely comprises South Outeniqua Sandstone 
Fynbos and Tsitsikamma Sandstone Fynbos in the Outeniqua 
and Tsitsikamma Mountains, respectively (Rebelo et al. 2006). 
These are tall, medium-dense proteoid shrublands, with an 
ericoid-leaved shrub understorey (dominated by Ericaceae) 
and a prominent restioid (Restionaceae) component. 
More detailed accounts of the climate, vegetation and fire 
management history of the study area can be found elsewhere 
(Geldenhuys 1994; Kraaij et al. 2011, 2013; Kraaij, Cowling & 
Van Wilgen 2012).

Fynbos fire regimes across an 
east–west transect
Kraaij et al. (2011) established that historically, plantation 
protection enjoyed priority over fynbos conservation, 
influenced by the large extent of plantations in the study 
area. Fynbos close to plantations has probably been 
compromised by short-rotation (4–8 years at times) and 
low-intensity burning in the past, as well as by invasion 
by alien trees. In terms of area burnt (1900–2010), natural 
(lightning-ignited) fires dominated the fire regime (59%), 
particularly in the Tsitsikamma (83%), whereas prescribed 
burning was relatively unimportant (Kraaij, Baard, Cowling, 
Van Wilgen & Das 2012). FRIs since 1980 appeared to be shorter 
in the east of the study area (Tsitsikamma region, median 
FRI = 8.3 years, when only complete fire intervals were 
considered), where rainfall and plant growth rates are higher, 
than in the west (Outeniqua region, median FRI = 13.2 years) 
(Kraaij, Baard, Cowling, Van Wilgen & Das 2012). However, 
FRIs for the study area as a whole (8–26 years, considering 
complete and open-ended fire intervals during the period 
1980–2010) were broadly comparable to those of other 
regions in the CFK (15–55 years – Seydack et al. 2007; 
10–21 years – Van Wilgen et al. 2010), suggesting that variation 
is related to local or regional moisture regimes (Kruger & 
Bigalke 1984; Seydack et al. 2007) rather than an east–west 
gradient of increasing FRIs across the CFK. This is consistent 

with the lack of a gradient in mean annual rainfall from east to 
west within the CFK (Deacon, Jury & Ellis 1992). Proteaceae 
juvenile periods (4–9 years) and post-fire recruitment success 
(following fires in 7-year-old vegetation) suggested that for 
biodiversity conservation purposes, FRIs should be no less 
than 9 years in moist, productive fynbos (Kraaij et al. 2013). 
Minimum FRIs to ensure pre-fire maturation and thus 
successful post-fire recruitment of proteoids in the study area 
(Kraaij et al. 2013) were similar to those from other parts of 
the CFK (Van Wilgen et al. 2011).

Seasonality in fire occurrence was less pronounced in the 
east than in the west of the study area, with fires less 
concentrated in summer in the Tsitsikamma (13% of area 
burnt) than in the Outeniqua region (31%) (Kraaij, Baard, 
Cowling, Van Wilgen & Das 2012). In the study area as 
a whole, fire occurrence was less seasonal (c.  40% of the 
total area burnt did so during summer–autumn) than in 
western (c.  75%) and inland (c.  70%) (Seydack et al. 2007; 
Van Wilgen et al. 2010) parts of the CFK, consistent 
with climatic gradients of increasing winter rainfall and 
summer drought from east to west and increasing summer 
evapotranspiration from the coast to the interior. The trend 
of increasing seasonality in fire occurrence and rainfall 
from east to west was not reflected in the seasonality of 
lightning occurrence at either the scale of study area or CFK 
(Kraaij, Cowling & Van Wilgen. 2012). The east–west trend 
of increasing seasonality in fire occurrence was, however, 
reflected in the biotic post-fire recruitment response. Fire 
season had little consistent effect on post-fire recruitment 
of proteoids in the study area (Kraaij 2012), in contrast to 
the strong seasonal response in western (Midgley 1989; 
Van Wilgen & Viviers 1985) and inland (Bond 1984; 
Bond et al. 1984) parts of the CFK, where summer and 
autumn fires result in optimal recruitment. Collectively, 
findings in the study area on the seasonality of actual fires 
(Kraaij, Baard, Cowling, Van Wilgen & Das 2012) and the 
seasonality of fire danger weather, lightning (Kraaij, Cowling 
& Van Wilgen 2012), as well as post-fire proteoid recruitment 
(Kraaij 2012) suggest that fires in eastern coastal fynbos are not 
limited to any particular season, and therefore management 
is not constrained, although the ecological requirements for 
adequate fire intensity (Van Wilgen et al. 2011) remain.

Significant increases in the total area burnt annually since 
1980 (Kraaij, Baard, Cowling, Van Wilgen & Das 2012) 
that were correlated with significant long-term increases 
in weather conditions conducive to the spread of fires 
(Kraaij, Cowling & Van Wilgen 2012), suggest fire regime 
changes related to global change. Increases in fire frequency or 
extent (Forsyth & Van Wilgen 2008) and in the severity of fire 
danger weather conditions (Wilson et al. 2010) have similarly 
been observed elsewhere in the CFK, although evidence 
is not unequivocal across all meteorological variables 
(e.g. relative humidity, wind run) affecting fire danger weather 
(Hoffman et al. 2011; Kraaij, Cowling & Van Wilgen 2012). 

Managing fire for biodiversity 
conservation: Ecological thresholds
Fire management practices aimed at biodiversity conservation 
within protected areas are often in conflict with hazard 
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reduction requirements (Kraaij et al. 2011) and, where 
such conflict of interest exists, managers need to know the 
ecological thresholds within which fire may be managed. 
Adaptive management is based on formulating targets 
(or thresholds of potential concern) (Biggs & Rogers 
2003) describing acceptable variations in the elements 
(frequency, season, intensity, size) of fire regimes, with 
monitoring regularly assessing ‘whether the fire regimes 
that arise from various forms of management remain 
within the specified ranges’ (Van Wilgen et al. 2011). We 
have set provisional thresholds for eastern coastal fynbos 
(Table 1) and particularly in terms of two elements of the fire 
regime, namely fire frequency (the lower threshold for FRI) 
(Kraaij et al. 2013) and fire season (Kraaij 2012). 

The adoption of thresholds in terms of elements of the fire 
regime may, at first glance, appear to imply that the fire 
patterns themselves are the desired outcome. However, fire 
patterns will ultimately manifest themselves in vegetation 
structure, function and composition, which are assessed in 
terms of thresholds related to the responses of ecosystems 
to fire (Van Wilgen et al. 2011). We distinguished between 
thresholds pertaining to fire patterns (termed ‘operational 
thresholds’ by Van Wilgen et al. 2011) and those pertaining to 
ecosystem responses to fires (termed ‘ecosystem thresholds’ 
by Van Wilgen et al. 2011) (Table 1), the ultimate goal being to 
make the links between fire patterns and ecological outcomes.

Fire return interval
Estimates of optimal fire frequencies are often based on 
the relationship between plant age and the rate of seed 
accumulation of the slowest-maturing species. In fynbos and 
in Australian shrublands, juvenile periods of proteoids are 
used as indicators of extreme lower limits for FRIs, whereas 
their longevity indicates extreme upper limits (Bond 1980; 
Gill & McCarthy 1998). The rule of thumb generally used 
in fynbos to establish a lower threshold for FRI posits 
that half of the individuals in a population of the slowest-
maturing proteoid species should have flowered in at least 
three successive seasons before the area may be burnt 
(Kruger & Lamb 1978; Kruger 1982; Van Wilgen et al. 2011) 
(Table 1). Recruitment success of proteoids after fires at 
different intervals may also indicate the ecological suitability 
of FRIs. 

Application of the mentioned rule of thumb to juvenile 
periods observed in the study area implied a minimum FRI 
of 9 years for moist, productive Tsitsikamma fynbos, whereas 
post-fire recruitment of proteoids was always successful 
following FRIs of 7 years (Kraaij et al. 2013). Considerable 
variation in juvenile periods, flowering status at given 
plant ages and post-fire recruitment success at given FRIs, 
within and between species and habitats (Kraaij et al. 2013), 
suggests that management should not attempt to rigidly and 
consistently pursue a fixed or narrow range of FRIs. Besides 
it being practically unattainable (Van Wilgen et al. 2010), 
variability in FRIs in nature is inevitable and, where fire 
management is aimed at conserving biodiversity, variation 

within established limits is desirable (Gill & McCarthy 1998; 
Thuiller et al. 2007). Variation in FRI (or fire season or fire 
intensity) will induce variation in the density of overstorey 
proteoids, which, in turn, is associated with maintenance 
of diversity in understorey species (Cowling & Gxaba 1990; 
Vlok & Yeaton 1999).

Some of the variation in flowering status appeared to be 
related to local moisture regimes with FRIs being inversely 
related to rainfall or moisture availability. Due cognisance 
should therefore be taken of site-specific requirements, 
with drier habitats (northerly or westerly aspects or 
shallow soils) generally needing longer intervals between 
fires. Range-restricted species or habitat specialists may 
furthermore have very specific FRI requirements (Kruger & 
Bigalke 1984). Slow-growing, high-altitude species, for example 
Protea grandiceps (Near Threatened) (Raimondo et al. 2009), 
may be slow to mature (> 10 years) (J.H.J. Vlok pers. comm., 
04 February 2012) and thus require longer FRIs. 

Although their primary aim was to establish a lower 
threshold for FRI, the results of Kraaij et al. (2013) also 
showed that the upper threshold for FRI is likely to be in 
excess of 38 years. They concurred with Van Wilgen et al. 
(2011) that the occurrence of very old vegetation and thus 
the setting of an upper threshold for FRI is not a key concern 
in the ecological management of fire in montane proteoid 
fynbos, both because old vegetation is typically limited in 
extent (Bond 1980; Kraaij, Baard, Cowling, Van Wilgen & 
Das 2012) and because proteoid recruitment does not appear 
to be negatively affected by relatively long inter-fire periods 
(Kraaij et al. 2013).

An assessment of the historical (1980–2010) occurrence of 
fire in the study area found that the proposed FRI thresholds 
were exceeded over a greater proportion of the area burnt 
in the Tsitsikamma than in the Outeniqua region (Kraaij, 
Baard, Cowling, Van Wilgen & Das 2012). Since 1980, 
11% of the fynbos of the GRNP burnt at least once at post-
fire ages of < 7 years. In these areas, proteoids have likely 
been locally eliminated, as post-fire recruitment success 
of this guild has been near zero following a 5-year FRI 
(Kraaij et al. 2013). Measuring against a minimum FRI 
threshold of 9 years resulted in much greater area exceeding this 
threshold, with 27% of the study area (31% of Tsitsikamma and 
15% of Outeniqua) having burnt at least once at post-fire ages 
of < 9 years. In these areas, seed banks of proteoids have 
likely been insufficient at the time of fire to have enabled 
optimal post-fire recruitment. The extent to which proteoid 
populations may have been compromised in these areas 
depends on the particular species present, local moisture 
regimes and plant maturation rates (Kraaij et al. 2013). 
Identification of site and vegetation characteristics and 
weather conditions before and during short interval fires 
could provide valuable insight into whether an increase in 
the occurrence of such burns may be expected.

Short interval fires, which alter vegetation structure (from 
woody to herbaceous) (Kruger 1984; Lloret, Pausas & 
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Vilà 2003) and thus fuel dynamics, may set up negative 
feedback loops whereby short FRIs persist in the landscape 
(Richardson & Van Wilgen 1992). Similar effects on fire 
regimes have occurred after invasion by alien grasses of 
Californian chaparral (Keeley & Brennan 2012). In large parts 
of the study area, graminoid sprouters dominate, whilst 
proteoids are sparse or absent (Heelemann et al. 2010), notably 
in areas near plantations of alien pine trees (T. Kraaij, pers. 
obs.). This likely resulted from frequent and low intensity 
burning in the past, aimed at protecting timber plantations 
from fire (Kraaij et al. 2011). Facilitation of FRIs that would 
ensure the long-term persistence of proteoids in the GRNP 
is thus a priority for fynbos conservation management, 
particularly where this guild has persisted in the landscape. 
It is therefore important to map the distribution of species 
that are vulnerable to too frequent fires and to incorporate 
this information into the fire management plan for the area.

Thresholds may also be set for post-fire age class 
distributions of the vegetation (Table 1). Relatively equal 
age class distributions are desirable as these would provide 
variation in vegetation age and structure, and thus a variety 
of habitat types for a diversity of species, in addition to 
spreading out the work load over time for prescribed 
burning and invasive plant control (Van Wilgen et al. 2011). 
The distribution of post-fire vegetation age classes in the 
GRNP (measured in 2011) was highly skewed towards the 
younger age classes (Kraaij, Baard, Cowling, Van Wilgen 
& Das 2012), thereby far exceeding proposed thresholds 
(Table 1) and upsetting invasive alien plant clearing 
schedules. To correct this situation, increased attempts at 
protection of GRNP fynbos from extensive burning would be 
desirable for the next few year. 

Fire season
Season of fire has marked effects on floristic composition in 
fire-prone Mediterranean-climate shrublands (Bond 1984; 
Enright & Lamont 1989; Midgley 1989). In these winter-
rainfall systems, summer–autumn fires lead to optimal 
recruitment of proteoids, which are key to the conservation 
of floral diversity overall. Kraaij (2012) established that 
seasonal patterns in post-fire recruitment of proteoids are 
weak in eastern coastal fynbos (good recruitment may occur 
after disturbance in any season), in line with the findings 
that fire danger weather (Kraaij, Cowling & Van Wilgen. 
2012) and fire occurrence (Kraaij, Baard, Cowling, Van 
Wilgen & Das 2012) in this area are also largely aseasonal. 
This implies a lack of any seasonal constraint on burning, 
which has encouraging management implications. Managers 
will not have to allocate large amounts of resources to fight 
wildfires that are burning in what are considered ecologically 
undesirable seasons based on patterns from the western and 
inland fynbos regions; they may also conduct back burns 
during any season. Instead of the thresholds applicable to fire 
seasonality in western and inland fynbos (i.e. that > 80% of 
area should burn during summer–autumn and < 20% during 
winter–spring) (Van Wilgen et al. 2011), variability in fire 
season is considered desirable in eastern coastal fynbos. The 

thresholds we propose for the study area accordingly relate 
to a reasonably even distribution of fires amongst seasons 
(i.e. the proportion of the area burnt in any particular season 
should be > 10% and < 40%) (Table 1).

In aseasonal environments such as the study area and 
southeastern Australia, there is large variation between years 
in the seasonality of rainfall and an unpredictable response of 
proteoid recruitment to season of fire. The effect of fire season 
on proteoids may, in the long term, be no more important 
than that of the timing of fire in relation to occurrence of wet 
and dry cycles (Bradstock & Bedward 1992). Particularly in 
these unpredictable, aseasonal environments, variation in 
fire regimes (including fire season) is necessary to maintain 
plant diversity in space and time (Gill & McCarthy 1998; 
Thuiller et al. 2007). The range of acceptable variation in fire 
seasonality that we propose is accordingly wide.

Although removal of the seasonal constraint should 
expand the window of opportunity and thus improve 
the chances of implementing prescribed burns, the 
ecological need for adequate fire intensity remains (Table 1) 
(Van Wilgen et al. 2011). Fire intensity needs to be sufficiently 
high to stimulate seed release and germination in serotinous 
(Midgley & Viviers 1990) and large or hard-coated, soil-
stored seeds (Bond et al. 1990; Jefferey, Holmes & Rebelo 
1988; Knox & Clarke 2006), but not excessive such that species 
with small seeds and shallow seed banks are killed (Bond, 
Honig & Maze 1999). For instance, a few severely fragmented 
subpopulations (mostly with < 50 individuals each) of 
the large-seeded, myrmecochorous Mimetes splendidus 
(Endangered) (Raimondo et al. 2009) occur within the study 
area and at least one subpopulation (at Buffelsnek) is known 
to have been lost as a result of low intensity fires (J.H.J. Vlok 
pers. comm., 04 February 2012). Furthermore, ecological 
requirements of fire intensity are often in conflict with safety 
considerations (Morrison, Buckney & Bewick 1996; Van 
Wilgen et al. 2012), presenting considerable management 
challenges.

An assessment of the historical occurrence of fire in the 
study area found that fire season thresholds were not 
exceeded when considering the period from 1900–2010 as 
a whole (Kraaij, Baard, Cowling, Van Wilgen & Das 2012). 
The proportional areas burnt were fairly evenly distributed 
amongst seasons (winter 23%, spring 35%, summer 19%, 
autumn 22%). Neither were the thresholds exceeded when 
assessed over the past 15 years (1996–2010) (cf. Van Wilgen 
et al. 2011), when the seasonal distribution of fires was also 
relatively even (winter 20%, spring 35%, summer 19%, 
autumn 30%). Despite the occurrence of several very large 
(10 000 ha) fires since 1990, fire seasonality remained within 
the proposed thresholds, suggesting that inappropriate 
season of fire generally does not jeopardise ecologically 
sound management of fynbos in the area.

Fire management approach: 
Operational considerations
Approaches to fire management in fynbos are mainly 
distinguished by the extent of intervention pursued, 
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ranging from no manipulation (‘natural fire zone 
management’) through selective manipulation (‘adaptive 
interference management’) to (attempted) complete control 
by means of block burning (Seydack 1992; Van Wilgen et al. 
1994). The perspective of this study is that of protected area 
management, with specific reference to the GRNP. The key 
fire management issues presently faced by the GRNP are, (1) 
to reconcile ecological and fire hazard reduction requirements 
(cf. Gill & McCarthy 1998; Morrison et al. 1996; Van Wilgen 
et al. 2012), especially in the context of neighbouring 
commercial plantations and (2) to align invasive alien plant 
clearing initiatives with fire management strategies to 
optimise biodiversity conservation and ecosystem service 
delivery (Kraaij et al. 2011). Here we explore the options for 
addressing these two main issues within the established 
ecological constraints.

Fire risk and safety (with emphasis on 
protecting neighbouring plantations)
Plantation managers are placing pressure on GRNP 
managers to adopt a policy of low-intensity burns at short 
rotations (4–8 years) in fynbos adjacent to plantations to 
minimise wildfire hazards and damage (Kraaij et al. 2011). 
Substantial legal claims for damages led to a fire management 
agreement between the main plantation holding company, 
Cape Pine (formerly Mountain to Ocean Forestry) and the 
GRNP for the Tsitsikamma region (Vermeulen et al. 2009). 
Accordingly, fuel reduction burning is to be undertaken in 
designated fynbos blocks (45 ha – 1178 ha in size) located 
to the north of plantations where indigenous forest does 
not form a natural buffer between fynbos and plantations 
(Kraaij et al. 2011). The blocks are strategically placed in 

TABLE 1: Proposed thresholds of potential concern relating to fire management of fynbos (c. 105 000 ha) in the Garden Route National Park. Thresholds pertaining to 
fire patterns are informed by monitoring against thresholds related to ecosystem responses to fires.
Response type Area of potential concern Reason for concern Measure Thresholds

Fire patterns Post-fire age distribution 
will be skewed or 
uneven.

An unequal distribution of age classes will 
not provide sufficient habitat for a full range 
of species requiring access to vegetation 
of different ages, and will not allow for 
manageable amounts of vegetation to be 
scheduled for prescribed burning over time.

Proportion of area in the following 
post-fire age classes: 0–6, 7–12, > 12 
years.

The proportion of area in each age 
class should be > 25% and < 50%.

Large areas will go 
without fire for too long.

Fires in older vegetation will lead to poor 
post-fire reproduction in groups of plants 
prone to senescence (e.g. serotinous 
Proteaceae).

Proportion of the area > 40 years 
post-fire.

Proportion of the area > 40 years 
post-fire should be < 20%.

Large areas will burn too 
frequently.

Fires in populations of immature serotinous 
Proteaceae will lead to poor post-fire 
regeneration, population declines and 
local extinction.

Fire return intervals assessed over the 
past 30 years.

Fire return intervals should be ≥ 9 
years on > 80% of the area overall 
and on > 90% of the area containing 
proteoids (once mapped). 

Fires will consistently 
occur in a particular 
season(s).

A lack of variation in fire season in an 
environment where variation is the norm 
may consistently promote some species over 
others thereby reducing diversity.

The proportion of the area that burns 
in any particular season over the past 
15 years.

The area burnt in each season (winter 
– June, July, Aug.; spring – Sept., 
Oct., Nov.; summer – Dec., Jan., Feb.; 
autumn –Mar., Apr., May) should be > 
10% and < 40%.

Large areas will burn in 
fires of low intensity or 
extremely high intensity.

Low fire intensity will fail to stimulate seed 
release in serotinous plants and germination 
of large or hard-coated, soil-stored seeds.

Extremely high fire intensity will kill small-
seeded species with shallow seed banks (e.g. 
Erica spp.) and increase post-fire soil erosion.

Proportion of the area that burnt 
under low fire danger conditions 
(FDI ≤ 5) over the past 15 years.

Proportion of the area that burnt with 
excessive fuel loads (e.g. due to alien 
plant infestations) under high fire 
danger conditions.

Should be < 25%.

Instead of a similar area 
being burnt each year, 
a few large fires, or, 
alternately, a large number 
of small fires could occur.

Too many small fires will be difficult and 
costly to manage. Edge effects (for example 
predation of seeds by rodents) will be 
greater with many small fires.

Very large fires (> 10% of the area of the 
Park) will upset the desired goal of 
maintaining an even distribution of post-fire ages.

The distribution of areas of all 
individual fires over the past 15 years. 
Adjoining fires that burn in the same 
season of the same year should be 
counted as one fire.

The proportion area burnt in fires > 
1000 ha should be > 80%.

Single fires should not exceed 
20 000 ha.

Ecosystem 
responses to fire

Insufficient individuals in 
populations of serotinous 
Proteaceae will reach 
maturity and set seed prior 
to fire.

Fires that occur in relatively immature 
populations will lead to population declines 
or local extinction.

Proportion of individual populations 
that have flowered for at least three 
successive seasons.

At least 50% of individuals in a 
monitored population should have 
flowered for at least three successive 
seasons before a fire.

Too many individuals in 
populations of serotinous 
Proteaceae will reach 
senescence prior to fire.

Fires that occur in senescent populations will 
lead to population declines or local extinction.

Proportion of individual populations 
that show advanced signs of 
senescence.

No more than 25% of individuals in 
a monitored population should have 
advanced signs of senescence before 
a fire.

Post-fire recruitment in 
populations of serotinous 
Proteaceae could be 
inadequate to replace 
pre-fire populations.

Fires in ecologically disadvantageous 
conditions (either post-fire age, low fire 
intensity, drought or exposure to high levels 
of seed predation) could lead to failure of 
adequate populations to establish after fire, 
leading to population declines of 
local extinction.

The ratio of seedlings to parent plants 
measured 1–2 years after a fire.

Seedling to parent ratios should be 
> 2.

Rare or threatened species 
may be negatively affected 
by fires.

The existence of disadvantageous fire regimes 
could lead to population declines or local 
extinction.

Population counts on fixed areas. Population declines of > 25% in inter-
fire periods.

Post-fire population sizes should be 
at least 75% of pre-fire population 
levels.

Source: Adapted from Van Wilgen, B.W., Govender, N., Forsyth, G.G. & Kraaij, T., 2011, ‘Towards adaptive fire management for biodiversity conservation: Experience in South African 
National Parks’, Koedoe 53(2), Art. #982, 9 pages, http://dx.doi.org/10.4102/koedoe.v53i2.982
FDI, McArthur Forest Fire Danger Index (Noble, I.R., Gill, A.M. & Bary, G.A.V., 1980, ‘McArthur’s fire danger meters expressed as equations’, Austral Ecology 5, 201–203).
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relation to fire corridors associated with wildfires that burn 
under hot, dry, bergwind conditions (Geldenhuys 1994) and 
form two parallel fire belts to be burnt on an 8-year rotation, 
such that the vegetation in one of the belts would always 
be ≤ 4 years of post-fire age. The block burn system is to 
be further supported by strategically placed fire breaks, as 
well as controlled fuel reduction burning within plantations, 
particularly along their boundaries (De Ronde et al. 1990).

However, implementation of this system to date has failed for a 
number of reasons. The rugged terrain, lack of access roads 
and natural firebreaks, and dense infestations of invasive 
alien plants (originating from the plantations), make block 
burning prohibitively expensive and risky. To date, ecological 
restrictions on fire season (inherited from winter-rainfall 
fynbos) combined with fire danger weather restrictions 
reduced the window of opportunity for prescribed burning 
to only a few days per year (Van Wilgen & Richardson 1985). 
Furthermore, fire legislation – the National Veld and Forest 
Fire Act (Act No. 101 of 1998) (Republic of South Africa 1998) 
– acts as a strong deterrent to taking risks with prescribed 
burning, despite it recognising ‘both the ecological role of fire 
for maintaining healthy ecosystems and the need to reduce 
the risks posed by fires’ (Van Wilgen et al. 2012).

Even if it were possible to implement prescribed burning 
according to plan (which may be somewhat more plausible 
with the relaxation of seasonal constraints) (Kraaij 2012), 
land managers need to realise that fynbos and plantations 
cannot be fire-proofed (cf. Agee 2002). Assessments of 
historical fire regimes in the study area (Kraaij, Baard, 
Cowling, Van Wilgen & Das 2012) and elsewhere (Keeley, 
Fotheringham & Morais 1999; Moritz 2003; Van Wilgen et 
al. 2010) show that rigid control over fire regimes is largely 
unattainable. Globally, low levels of fuel-age dependency in 
fire-prone shrublands and forests imply that fuel reduction 
burning may not necessarily prevent the occurrence of 
runaway wildfires (Bessie & Johnson 1995; Keeley et al. 1999; 
Moritz 2003; Van Wilgen et al. 2010). The most effective 
strategy for facilitating fire safety where necessary is to 
focus effort on strategic locations, bearing in mind that fuel 
breaks are largely effective at facilitating fire management 
by providing access for fire fighting activities (Syphard, 
Keeley & Brennan 2011). Given the mentioned physical, 
ecological, economical and political constraints, wide-
scale implementation of prescribed burning is thus likely 
to remain unattainable (Keeley et al. 1999; Kraaij et al. 2011; 
Van Wilgen 2009) and ineffective at preventing destructive 
wildfires (Keeley & Zedler 2009).

Instead of extensive block burning of fynbos in the GRNP, we 
recommend a system of largely natural fires and minimum 
interference, but allowing pro-active fire management 
measures where or when required (‘adaptive interference 
management’) (Seydack 1992). The main focus should be 
on establishing a network of fire breaks where fynbos abuts 
plantations or other fire-sensitive land uses. In line with the 
stipulations of the National Veld and Forest Fire Act (Act No. 

101 of 1998) (Republic of South Africa 1998), the location, 
specifications (clearing method, width and maintenance 
schedule) and maintenance responsibilities pertaining to 
fire breaks should be formally agreed upon by neighbouring 
land managing agencies within the institutional framework 
of the regional (Southern Cape) Fire Protection Association. 
In principle, these fire breaks should provide access and 
relatively safe conditions for fire fighting along boundaries 
in areas of high fire hazard. Fire breaks have to be practically 
aligned with topographical features and need to avoid 
sensitive habitats, such as mountain ridges, rather than 
strictly follow property boundaries.

The location and specifications of fire breaks (or other pro-
active fire management interventions) will be dynamic 
in space and time, tracking changes in the vegetation age 
mosaic and fire risk distribution. Regular assessments may 
be required to identify:

•	 Areas where fires should not burn. These include 
immature fynbos (< 9 years post-fire) (Table 1), areas of 
disturbed or transformed forest where forest recovery 
should be facilitated (Watson & Cameron 2001) and where 
damage to assets or runaway fires may be anticipated. 
Such areas should receive priority for intervention during 
wildfires.

•	 Areas where fires may be allowed to burn unhindered. 
These would mainly be inaccessible areas where no 
immediate threat to assets exists.

•	 Areas where fires should preferably burn within the next 
5 years. These include senescent fynbos (> 40 years old) 
(Table 1) that requires a burn for rejuvenation, areas where 
excessive fuel build-up poses a fire hazard to human lives 
or assets, and disturbed areas (primarily decommissioned 
plantations) (Kraaij et al. 2011) where fire may facilitate 
the recovery of fynbos (Holmes & Richardson 1999). In 
these areas prescribed burning should be considered.

Adoption of the outlined approach should afford sufficient 
flexibility to integrate fire management with the dynamic 
plantation decommissioning and rehabilitation process 
(Kraaij et al. 2011) and with invasive alien plant management 
(Roura-Pascual et al. 2009; Van Wilgen 2009).

Other aspects to fire management are preparedness 
and response or suppression capacity (Van Wilgen et al. 
2012). In areas where fires occur seasonally, (high) fire 
danger season(s) are typically recognised and fire-fighting 
capacity augmented during this time. Fire managers 
conventionally regard the fire danger season in the study 
area to be during autumn–winter (April–October) when 
rainfall is relatively low and bergwinds often prevail 
(Geldenhuys 1994; Kraaij et al. 2011; Le Roux 1969). An analysis 
of the seasonality of fire-prone weather conditions confirmed 
that fire danger weather peaks in winter (Kraaij, Cowling & 
Van Wilgen 2012); although, average conditions are mild year-
round compared to those characteristic of fire danger seasons 
elsewhere in the CFK (Van Wilgen 1984). Furthermore, the 
historical occurrence of both lightning-ignited and human-
ignited fires in the study area does not attest to a winter fire 
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regime (Kraaij, Baard, Cowling, Van Wilgen & Das 2012) and 
large fires may occur at any time of the year, even under 
low or moderate fire danger conditions (Kraaij, Cowling & 
Van Wilgen 2012). Lightning, as a source of ignition, 
also occurs throughout the year (Kraaij, Cowling & 
Van Wilgen 2012). Collectively, these findings suggest that 
there is no clear fire danger season in the study area that 
would demand increased preparedness or fire fighting 
capacity compared to other times of the year.

Fire and management of invasive alien plants
The first state plantations in the study area were established 
in 1883 (Kraaij et al. 2011) and the two most widely planted 
species (Pinus pinaster and Pinus radiata) (Van Wilgen 
& Richardson 2012) have become the most problematic 
invaders in their genus (classed as ‘transformers’) 
Richardson et al. 2000) in the study area and elsewhere in 
the fynbos (Richardson & Higgins 1998). Key to the invasive 
success of serotinous pines in fynbos is their response to fire, 
which is similar to that of proteoids (showing marked spatial 
and temporal post-fire fluctuations in population sizes). 
However, pines outperform proteoids in two key facets 
of demography, that is, seed dispersal and fire-resilience 
(Richardson & Higgins 1998). Seeds and pollen of pines 
are exceptionally well dispersed by wind, whilst isolated 
pioneers can give rise to colonies by selfing (Richardson 
& Higgins 1998). Furthermore, pines have superior fire-
resilience with comparatively short juvenile periods 
(c. 5 and 6 years in P.  radiata and P.  pinaster, respectively) 
(Richardson, Cowling & Le Maitre 1990) and better adult 
fire-survival ability than most proteoids. Once pines are 
established, the fynbos may be transformed into a pine forest 
over two to three fire cycles (Richardson & Brown 1986). 
Because the life cycles of serotinous pines (and hakeas) 
are closely linked to fire, integration of fire and alien plant 
management strategies is essential (Roura-Pascual et al. 2009).

The conventional methods of managing invasive pines are 
slashing or hand-pulling of immature saplings, and ring-
barking or felling of large mature trees, allowing time for 
seeds to be released and subsequent burning of new recruits 
prior to their reaching maturity (Holmes & Marais 2000; 
Holmes et al. 2000). Equally, where prescribed burning of 
fynbos is intended, invader plants require pre-fire treatment. 
In some cases, options exist for managing invasions by 
manipulating disturbance regimes like fire cycles (e.g. Esler 
et al. 2010 for Hakea; Richardson & Higgins 1998 for Pinus). 
Unfortunately, potential use of short-rotation fires to control 
pines is precluded by the fact that juvenile periods of native 
proteoids in the study area (4–9 years) (Kraaij et al. 2013) 
are mostly longer than those of pines (see above). However, 
in fynbos devoid of proteoids (naturally, or as a result of 
inappropriate past management of fire) and mature pines, 
application of a single FRI of < 5 years may, in some instances, 
provide an inexpensive means of substantially reducing 
dense infestations of young pine recruits. Otherwise, it 
would generally be in the interest of invasive plant control 
to prolong FRIs in order to curb the rate of spread of fire-

propagated species such as pines and hakeas (Richardson 
& Van Wilgen 1992).

Future research and monitoring 
needs
Recent research reported here improved knowledge of 
the historical fire regime in the study area and how it has 
changed during the past century. Accurate spatial recording 
of future fires is important to supply baseline data to 
inform the design of natural experiments, fire management 
decisions and planning (Driscoll et al. 2010) and to recognise 
potential long-term changes in fire regimes (Kraaij, Baard, 
Cowling, Van Wilgen & Das 2012). Ongoing monitoring 
and regular evaluation of fire regime outcomes in terms of 
agreed thresholds are essential components of the adaptive 
management cycle, to enable learning and corrective 
action where necessary. In cases where thresholds are 
exceeded, consideration needs to be given to management 
interventions that will drive the system to be within 
thresholds, or, alternatively, thresholds may be recalibrated 
where appropriate. Results from the monitoring of ecosystem 
responses to fires (ecosystem thresholds in Table 1) should 
inform the calibration of fire pattern thresholds. 

The thresholds we proposed for minimum FRI and fire 
season are first approximations within which fire managers 
may attempt to resolve the conflicting demands of fire 
hazard reduction and biodiversity conservation in eastern 
coastal fynbos. Further research on maturation rates of slow-
maturing reseeding plant species and success of post-fire 
vegetation recovery (Morrison et al. 1995) in diverse habitats 
would be required to refine these thresholds. Substantial 
variation, both in flowering status and post-fire recruitment, 
as well as disparity amongst estimates of minimum FRI 
based on these measures (Kraaij et al. 2013), emphasise the 
need to empirically verify Kruger’s (1982) rule of thumb 
conventionally used to establish the lower threshold for FRI. 
Verification may be conducted by relating pre-fire flowering 
status of proteoid populations to their post-fire recruitment 
response at corresponding sites (as for a single site by 
Kraaij et al. 2013) across various species and habitat types. The 
mapping of unburnt areas within the outer perimeter of fire 
boundaries could enable assessments of the extent to which 
these areas act as refugia and sources of seed for recruitment 
into the burnt landscape. Further research on plant responses 
to fire intensity and articulation of the findings into ecological 
thresholds for fire intensity would also be informative in 
fynbos generally and, especially, in environments where 
weather conditions are variable within seasons and the 
fire season not clearly delineated. Making the link between 
past fire regimes, as opposed to single fire events, and 
their ecological outcomes also remains a major challenge. 
However, the nature of post-fire fynbos assemblages does 
not solely depend on the fire survival attributes of constituent 
species and greater understanding is required of the effects 
of dynamic and competitive interactions between overstorey 
and understorey species (Cowling & Gxaba 1990; Vlok & 
Yeaton 1999).
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The practicalities of complying with fire legislation in the 
face of conflicting land management objectives (fire risk vs 
biodiversity conservation) need to be considered. A legal 
review should clarify the particular obligations pertaining 
to the conservation and commercial forestry sectors with 
respect to fire and invader plant legislation. This should 
improve compliance and cooperation, whilst averting the 
need for legal action between roleplayers (Kraaij et al. 2011). 

Concluding recommendations
Recent research aimed to establish what constitutes an 
acceptable fire regime in eastern coastal fynbos and we 
accordingly determined ecological thresholds for fire season 
and return interval. Whilst prescribed burns do not have to 
be constrained by season in the study area, other constraints 
remain, most significant of which are safety requirements 
and the abundance of fire-adapted invasive alien trees. 
Because large-scale implementation of prescribed burning is 
unattainable (Keeley et al. 1999; Kraaij et al. 2011; Van Wilgen 
2009) and mostly ineffective at ensuring fire safety (Keeley & 
Zedler 2009) fire managers need to accept that wildfires will 
remain dominant. Fire management should be adaptive in 
nature and focused on, (1) managing wildfires to stay within 
the proposed thresholds, (2) monitoring to assess actual fire 
regimes against proposed thresholds or to refine thresholds 
where appropriate, (3) protecting boundaries between fynbos 
and fire-sensitive land uses (such as plantations) through 
collaborative agreements with neighbours and (4) integration 
of fire and invasive alien plant management, using scarce 
resources to treat invasive plants and focus prescribed burns 
in priority areas.
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