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Flammability tests were undertaken on the foliage of W.cedarbergensis. Juvenile

Abstract

foliage was found to be more sensitive to heating than adult foliage on the same
tree, while foliage collected from the top of the canopy was more tolerant to
heating than foliage from the base of the canopy in the same tree. The sensitivity
to heating did not differ between two geographically separate populations, one
from a dry site and the other from a moist site. Foliage was more resistant to
heating in winter than in summer. The sensitivity of foliage to heating did not
correlate with the moisture content of that foliage. Factors influencing the
survival of W.cedarbergensis in fire were explored at five sites by examining the
characteristics of trees which survived and were killed by fires. Fire intensity
had a major impact on survival at all five sites. At four of the sites the size of
the trees, their crown base height, shape and degree of protection by rocks all
influenced whether they survived or not. At the fifth site, none of the variables
measured had a significant bearing on whether the trees survived or not. A
sensitivity analysis to determine the relative importance of the various stages of
the cedars life cycle in influencing population growth was calculated. The large
seed producing trees were found to make the major contribution to population
growth. A model using data on fire mortality collected in the field was
developed to investigate the implications of various management options for the
conservation of the cedar. This model predicted that an interval of fifteen years
between typical intense summer wildfires will result in the rapid extinction of the
species, while late summer/autumn prescribed burns require a minimum interval
of 12 years between fires. The model predicted that conservation of the natural
cedar forest at Die Bos will require complete protection from fire for at least 50
years. The model’s simulations emphasised the importance of ensuring low
mortalities in the largest size classes in prescribed burns as well as the value of
the addition of nursery reared seedlings after fire. The model predicts that the
present management strategy in the cedar reserve will be effective if mortality of

existing trees in prescribed burns is minimized.
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INTRODUCTION

W. cedarbergensis (Marsh) is a member of the family Cupressaceae, confined to
the Cedarberg mountains of the south western Cape Province, South Africa. The
species is currently classified as ’vulnerable’, indicating its reduced status and
that it could become endangered if the factors causing its decline continue to
operate (Hall and Veldhuis 1985). This decline in status over historical time has
been well documented (Hubbard 1937, Smith 1955, Luckoff 1972 Andrag 1977,
Meadows and Sudgen 1991), while there has been a consistent concern expressed
over its potential to survive in the future (Kruger and Haynes 1978, Manders
1986). As a result of its ’flagship’ status and vulnerability to extinction,
W.cedarbergensis has been the subject of scientific study for nearly 100 years and

has been credited as the most researched indigenous plant species in the fynbos
biome (Richardson 1993).

There has been much speculation as to why this species has undergone such a
dramatic decline in status. According to Meadows and Sudgen (1991), the
demise of the cedar must be viewed against a backdrop of late Quaternary
environmental change which has led to alterations in the composition of the
cedars co-occurring species and hence changes in fire regimes. Other authors
have highlighted the over exploitation of the species as a timber source which
resulted in a major decline in the healthy reproductively active trees (Smith 1955,
Andrag 1977). However the most worrying aspect for managers of the Cedar is
that despite prohibiting the felling of live cedars since 1876 (Andrag 1977), and
engaging in a variety of proactive conservation and rehabilitation initiatives since
the turn of the century, the status of the tree has continued to decline at an

alarming rate.



The reason for this, and the problem central to the survival and hence
management of the cedar, revolves around fire (Hubbard 1937, Luckhoff 1972,
Andrag 1977, Kruger and Haynes 1978, Manders 1986, Manders etal. 1990).
W.cedarbergensis grows in fire prone fynbos vegetation which naturally burns at
an interval of approximately every sixteen years (Brown etal. 1991). The critical
characteristic of W.cedarbergensis biology is its inability to resprout after fires.
Thus individuals are killed by fire and rely entirely on successful regeneration
from seed for recruitment. The enigma is that the cedar is a slow grower, which
despite producing its first cones after about 12 years only reaches full
reproductive maturity after 30 years (Andrag 1977); a period far longer than the
average fire interval. A further dilemma facing management involves the season
of burn. Tree survival varies with fire season and is generally best after winter
or spring burns due to their lower intensity (van Wilgen 1980), however for
recruitment cedars require high intensity fires such as occur in summer, and

result in high adult mortality (Bond 1993).

Fire is the major manipulative tool available to managers for cedar conservation.
Fire control was first initiated at the turn of the century when a complete ban on
all fires in cedar areas was imposed (Bands 1981). However fire suppression
proved impossible and the resultant wild fires were intense and burnt considerable
areas of vegetation (Brown etal 1991). As a result, a policy of prescribed
burning on a 12-year cycle was initiated in 1972 in an attempt to reduce the
probability of large wild fires (Andrag 1977). Although this has been effective
in reducing the number and frequency of wildfires, their average size has almost
doubled (Brown gtal 1991) and their impact on the status of W. cedarbergensis
has in no way diminished. As a result many populations have been totally
eradicated while the majority of those that remain are so reduced in numbers that

natural regeneration can no longer occur (Manders and Botha 1987, Mustart

1993).



It is thus evident that past attempts at fire management in the Cedarberg have
been largely ineffective as a means of cedar conservation. This has led to the
initiation of a ’Cedar Reserve’, an area set aside for pro-active re-establishment
and conservation of W. cedarbergensis. The reserve is about 5 252 ha in extent
and encompasses approximately 21 % of the current cedar distribution (van der
Merwe 1986). Its management strategy is separate to that of the remaining
wilderness area where the objective is the maintenance of overall biodiversity
(van der Merwe 1986). The management guidelines for the reserve require the
application of short frequency, low intensity winter burns in order to reduce the
loss of adult trees in wild fires (van Der Merwe and Wessels 1993). The
problem of low germination after these cool burns is resolved by boosting
seedling numbers through large-scale plantings of nursery-grown seedlings in the

newly burnt areas (Van der Merwe and Wessels 1993).

Although, at first glance, this strategy for cedar reserve management seems well
defined and straight forward, the problems which have thwarted cedar fire
management in the past remain major stumbling blocks to the implementation of
this scheme (Wessels pers. comm. ). The manager has important decisions to
make as to where and when to burn in the reserve each year. When selecting a
potential site for patch burning, or burning for planting, it is important to be able
to predict what impact a controlled fire is likely to have on existing cedar stands.
For this it is necessary to understand which factors enable certain trees to survive
fires while others are killed and also whether the trees themselves change in their
resistance to fire between seasons. This prediction for adult survival needs to be
related to an acceptable level of adult mortality and in turn considerations of how
many seedlings will need to be planted in order to ensure adequate artificial post-
fire recruitment. A further important consideration relates to the interval
required before a planted area is re-burnt so as to ensure adequate survival of the

artificial regenerates.



This project aims to answer some of these questions relating to fire management
of the cedar in general, and in particular within the cedar reserve. It is divided
for convenience into three separate, but interrelated, components. Part A
explores the significance of seasonal changes in the tolerance of foliage to fire
and the potential of using this to determine the best time to burn. Part B
examines the various factors which influence the level of mortality in fire, with
the aim of predicting approximate mortality of a population in prescribed burns.
Finally part C uses real data on mortality collected in the field and matrix
modelling to examine a variety of management options relating to the

manipulation of frequency and intensity of fire.



PART A Flammability tests.

Introduction

Fire mortality of W.cedarbergensis varies considerably, with figures as low as
6.5% during prescribed winter burns (van Wilgen 1979) and as high as 91% in
summer wildfires (van der Merwe 1988) being recorded. These differences in
mortality have in the past been ascribed exclusively to differences in fire
intensity. However it has recently been suggested that mortality in cedars may
depend more on the condition of the plant than on fire intensity (Bond 1993).
Cedar foliage is particularly sensitive to scorching and the majority of trees
appear to be killed by crown scorch rather than cambium damage. Evidence for
death by scorching can be seen after fires where numerous canopies are destroyed
without actually igniting (pers. obs.). In some instances trees outside the path of
the fire appear to have been killed by heat alone (pers. obs.).

It is therefore the sensitivity of the foliage to heat, rather than to the flames
themselves, which will determine whether the plant will survive fire or not.
Heated twigs of W. cedarbergensis "blush" from green to brown at their lethal
temperature threshold (Bond 1993) (plate 1). This blushing can be used as an
indicator to determine the sensitivity of cedar foliage to heat.  Relative
differences in resistance to the heat treatment are thus likely to be biologically
valid simulations of the relative tolerances of individuals to fire.

The primary objective of the following experiments is to investigate whether the
sensitivity of the species changes with season and if so whether this can be
related to the moisture content of the foliage. A similar relationship has been
documented by Xanthopoulos and Wakimoto (1992) for three western United
States conifers, and could prove useful in providing a rapid test for managers to
ascertain sensitivity levels of populations to fire. Secondary investigations will
explore whether differences exist in the sensitivity to heat exposure between
different size classes, between adult and juvenile growth forms, between upper

and lower branches and between geographically separated populations.
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