
��������	����
���

��
���	��
���
��
�	��
	 ��


����
	��
�	��
���������

Chantal Helm

School of Animal, Plant and Environmental Sciences  
University of the Witwatersrand



Background

• Whole tree mortality after a fire 
is usually low

• Smaller size classes topkilled
but survive by resprouting from 
the rootstock

• Larger stems resist topkill due 
to the insulating effect of their 
bark (escape diameter 
hypothesis) and/or escape 
height hypothesis

• Adult stems do die after a fire 
• Herbivory interaction: toppling, 

pollarding and bark stripping



Hypotheses for increased fire 
vulnerability

• Toppled stems: exposure of the apical buds to 
fire

• Pollarded stems: exposure of delicate resprout
buds to fire

• Bark stripped stems: exposure of the sapwood 
to the fire and hence:

� (1) fire damage to exposed transport tissues and 
subsequent stem death (Moncrieff et al. 2008)

� OR (2) introduction of boring beetles into the 
stem

� OR (3) reduced ability to recover bark



Study species
• Marula
• Loss of adults between 2001 and 2008 (Helm et al.

2009)
• Missing size class
• Preferred by elephants (Shannon et al. 2008)
• Highly resilient, bark recovery of 5.7cm per 

season, strong resprouter
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Fire simulations

• Communal land outside Paul 
Kruger Gate of KNP

• Marula is a protected tree
• Modified wick technique (Hare 

1965; Moncrieff et al. 2008)
• Fire simulations on individuals 

<10cm in diameter 
• 2 fire intensities (2 min and 3 

min)
• Assessed trees for survivorship 

(% canopy dieback) and 
resprout vigour (summed length 
of basal resprouts) after 6 
months 



Fire and bark stripping 
simulations

• Fire and bark stripping 
simulations

• Diameter size classes 
resistant to fire 7-10 cm

• 4 bark removal intensities
– 0%, 30%, 60% and 100% of 

stem circumference
• Half burnt after stripping half 

not
• Stems assessed for:  

– Survivorship (% canopy 
dieback) and resprouting
vigour (summed length of 
basal resprouts) after 6 
months 

– Survivorship and bark 
recovery after 16 months



Controlled fire survey

• Trees assessed before the 
implementation of a 
controlled fire in the KNP 
Pretoriuskop EBPs.

• Pollarded, toppled 
individuals as well as 
resprouters, saplings and 
undamaged adults selected 
for measurement

• Survivorship assessed after 
the fire



Post fire survivorship 
in relation to fire intensity 

and stem diameter

Diameter of resistance=7 cm



Fire simulation results
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Effect of fire on resprouting
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Does bark stripping increase the 
likelihood of stem death after a 

fire?
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p=0.0082
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p=0.3765

Bark stripping*burn 
treatment 
p=0.8400



Effect of fire on bark stripping 
recovery
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p<0.0001
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Bark stripping*burn treatment: 
p=0.9538



Percentage of stems topkilled
in a controlled field fire

(EBPs)

4

5

4

4

84

0

10

20

30

40

50

60

70

80

90

100

0-0.6 0.6-1.2 1.2-1.8 1.8-3 3-4.2 4.2-5.4

Basal diameter (cm) 

P
er

ce
nt

ag
e 

to
pk

ill
ed

Diameter of resistance= 4.2cm



Herbivory reduces the 
resistance of adult tree stems

to fire

25%
14%

3%

13%

0

10

20

30

40

50

60

70

Pollarded Toppled Not toppled/pollarded Total

Prefire sta te

N
um

be
r 

of
 tr

ee
s 

Black bar (%) indicates proportion of total stems 
dead after the controlled fire



Summary
• Minimum diameter of resistance: >3 

cm; Complete fire resistance: >7cm
– Fire resistance attributed to high 

alllocation to bark thickness

• Bark stripping did not significantly 
increase the likelihood of stem death 
to fire regardless of the intensity
– Fire resistance attributed to fast 

regrowth of bark and storage of 
water in the stem

• Fire appears to retard the regrowth
of bark in bark stripped stems

• 13% of stems died after a controlled 
fire



Conclusion

• No evidence to indicate that bark stripping increases the 
likelihood that a stem will be killed in a subsequent fire due to 
transport tissue damage

• Bark stripped stems recover slower if burnt increasing the 
vulnerability of stems to borer/insect attack

• Fire alone does not appear to be the only limiting factor for 
small stems. Herbivory could be a contributing top-down 
process preventing recruitment (fire trap vs herbivore trap)

• Extreme utilisation of larger trees makes
them vulnerable to the effects of fire possibly 
resulting in the missing size class and the 
high mortality of adults
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