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Impact of a single fi re on forest 
structure and tree damage
A comparison of forest structure and tree 
damage before and after a late dry season 
fi re in northern Namibia was performed 
(Schelstraete, 2016). Forest structure was 
determined through stem density, basal 
area, and DBH derived from 33 forest 
inventory plots situated in Hamoye State 
Forest and 33 plots in Ncaute Commu-
nity Forest. Tree damage was assessed 
through fi ve subjective damage classes 
(0–4), from no damage to fatal damage 
(Fig. 1). Comparison of the forest inven-
tory datasets, collected within a one-year 
interval, showed that there was no signifi -
cant change in stem density, basal area, or 
DBH distribution of trees. The eff ect of 
the fi re on forest composition was limited 
to a small increase in fi re damage class 
for all tree diameters. 

The tropical woodlands and savannas of 
southern Africa have amongst the highest 
fi re frequencies in the world (Aldersley 
et al., 2011; Pausas & Ribeiro, 2013). 
Although fi re has been a major driver of 
these ecosystems for millions of years 
(Bond & Zaloumis, 2016), most fi res in 
the Baikiaea woodlands have an anthro-
pogenic origin as the fi re season is in the 
late dry season, when hardly any natural 
ignitions take place (Archibald et al., 
2008; Gambiza et al., 2005;  Stellmes et al., 
2013). With northern Namibia and south-
ern Angola projected to become warmer 
and drier, fi re frequency is expected to 
increase (De Cauwer et al., 2016; Enright 
et al., 2015; Pausas & Ribeiro, 2013), 
as detected by some studies (Pricope & 
Binford, 2012; Schelstraete, 2016). The 
current fi re regimes cause forest degrada-
tion, especially through the decrease of 
woody biomass and carbon sequestration 
(Chidumayo, 2013). Forest degradation 
is diffi  cult to quantify as it requires com-
parison with an undegraded condition and 
often entails repeated measurements over 
time. Long-term studies in the Baikiaea 
woodlands have been very limited. One 
study of an annual burning experiment 
over 16 years in northern Namibia illus-
trated how fi re negatively aff ected woody 
regeneration, especially of species such 
as Baikiaea plurijuga and Commiphora 
spp. (Geldenhuys, 1977). The SASSCAL 
task 038 assessed the impact of fi re on the 
tree layer of the open Baikiaea woodlands 
at the border between Namibia and An-
gola, especially for trees with a minimum 
diameter at breast height (DBH) of 5 cm. 
A forest inventory was repeated after a 
period of one year to assess the impact 
of a single fi re. Additionally, single for-
est inventory data were used to assess the 
impact of multiple fi res on basal area and 
on tree damage.

Impact of multiple fi res on basal 
area
The study of Schelstraete (2016) also as-
sessed the fi re frequency during the period 
2001–2015 in the 66 inventory plots with 
MODIS (Stellmes et al., 2013) and Landsat 
images. Mean fi re frequency was 2.2 fi res 
in a plot over 15 years, or 15% for Hamoye 
and 17% for Ncaute. There was no signifi -
cant relationship between fi re frequency 
over a period of 15 years and basal area of 
three DBH classes in the plots. The basal 
area of Burkea africana and Pterocarpus 
angolensis did increase signifi cantly with 
fi re frequency in the more open commu-
nity forest; this may be explained by the 
lower fi re frequencies and higher harvest-
ing intensities found closer to villages. 

Impact of multiple fi res on tree 
damage 
Tree damage data were extracted from 
recent forest inventories in 217 sample 
plots in southern Angola and northern 
Namibia. Only 28% of the 3,779 stems 
recorded showed no damage, while 11% 
were fatally damaged or dead. Fire was 
the main cause of damage, with 45% of 
all stems showing fi re damage. Fire dam-
age increased slightly but signifi cantly 
with DBH class (Fig. 2). Some woody 
species showed relatively more moderate 
to fatal fi re damage (> 60% of stems), es-
pecially Diplorhynchus condylocarpon, 
Dialium englerianum, and Strychnos 
pungens. Species that appeared most re-
sistant to fi re, with less than 30% of the 
stems having moderate to fatal damage, 
were Combretum psioides and Termina-
lia sericea. The most fi re-resistant timber 
species appeared to be Pterocarpus an-
golensis (Fig. 1), and the least resistant 
was Guibourtia coleosperma, with 28% 
and 53% of stems having moderate to fa-
tal fi re damage, respectively.
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Figure 1: Pterocarpus angolensis with seri-
ous fi re damage (fi re damage class 3) at 
base of stem
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Conclusions

Although a single fi re does not have 
an eff ect on tree layer composition, the 
accumulation of damage caused by re-
curring fi res in the late dry season can 
result in early tree mortality and thus a 
decrease in wood biomass. Geldenhuys 
(1977) found that mid- to late dry season 
fi res result in a signifi cantly higher stem 
mortality compared to early burning or 
no burning. Studies with fi re frequen-
cy measured over longer periods than 
15 years should, however, be performed 
to learn more about the impact of fi re on 
biomass and tree population dynamics 
in the Baikiaea woodlands. The eff ects 
of fi re on tree damage and mortality 
vary with species, as is also the case for 
tree regeneration (Geldenhuys, 1977), 
thereby altering tree composition. A 
limitation of fi re frequency and inten-
sity is needed to protect certain socio-
economically important species such as 
Dialium englerianum and Guibourtia 
coleosperma. Preventive management 
such as the reduction of the fuel load 
through grazing in the late growing sea-
son and early burning can reduce fi re 
intensity and hence tree damage (Gam-
biza et al., 2008).
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Figure 2 : Fire damage per diameter at breast height (DBH) class for 3,648 stems collected in 217 inventory plots with a nested circular 
design up to 2,827 m2 (data with DBH > 60 cm were excluded).
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