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a b s t r a c t

The deciduous tree species Pterocarpus angolensis occurs in the dry woodlands of southern Africa and
grows under a broad range of environmental conditions. It is threatened by overharvesting due to its
valuable timber (Blood wood, Kiaat) and by land use changes. Information on the most suitable environ-
mental conditions for the species is often old and anecdotal, while available data on its occurrence refer
to range extent and not to distribution. Species distribution models (SDM) could provide more accurate
information on distribution and environmental requirements and thereby assist sustainable manage-
ment of this tree species.

Maxent models were developed to estimate the potential, realised and future distribution of P. angol-
ensis and to identify detailed environmental requirements. Occurrences data of the species were sourced
from herbaria and other published sources; environmental data from global GIS databases. Relevant envi-
ronmental predictors were selected through a jack-knife test of the first model runs. The addition of infor-
mation on competing species, fires and deforestation was tested to determine realised distribution.
Model quality was evaluated with an independent presence-absence dataset. The model was projected
with two different climate change scenarios to study their effect on the distribution by 2080.

Results show that a potential distribution map can be obtained with good discrimination of the pres-
ence of the species (AUC 0.83) and fairly good calibration (correlation coefficient 0.61). Range extent and
environmental requirements are more detailed than those described in literature. The distribution of the
species is mainly influenced by the amount of summer rainfall, by the minimum temperature in winter
and by temperature seasonality. Potential and realised distributions are very similar, with Madagascar as
major exception where the species can grow but does not occur. Adding the fire history of the last
13 years or the distribution maps of potentially competing species as predictor variables did not improve
the distribution model. It did illustrate that P. angolensis is mainly found in areas with annual fire fre-
quency below 45% and that only a few of the tested species show signs of competition. Using a forest
cover map improved the realised distribution slightly (Kappa coefficient 0.64). Climate change can
decrease the species range considerably, especially in the west, threatening species existence in Namibia
and Botswana. On the other hand, the species’ occurrence is predicted to increase in Zambia.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

Pterocarpus angolensis DC is a dry woodland tree species
belonging to the family of the Fabaceae and can be found in most
of tropical southern Africa, including the Miombo woodlands. The
tree is intensively harvested for its attractive hardwood and is
considered the most important timber tree over much of its range
(Boaler, 1966a; Pedro et al., 1955).

Intensive exploitation goes back to the 1950s or earlier in the
Democratic Republic of Congo, Tanzania, Zambia and Mozambique
(Clarke, 1995; Hauman et al., 1954; Lees, 1962; Timberlake et al.,
2010). A few decades later, Von Breitenbach (1973) mentioned that
no other African species south of the equator had been exploited
on such a large scale. Nowadays, unsustainable harvesting is
reported for many areas in the region, although only a few reports
are based on research into recruitment rate, growth rate and/or
population size structure (Caro et al., 2005; Schwartz and Caro,
2003; Schwartz et al., 2002). The species has the status ‘‘Lower
Risk/Near Threatened’’ on the IUCN Red List. As the natural regen-
eration of P. angolensis is reported to be limited in certain parts of
the region (Caro et al., 2005; Chakanga, 2000; Dirninger, 2004; von
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Malitz and Rathogwa, 1999; van Daalen, 1991), it is a question if
the species’ conservation status can be maintained and if the spe-
cies can remain an important timber resource without forest man-
agement interventions.

Accurate information about the distribution and environmental
requirements of the species is needed to allow an assessment of
the species’ status and coordinate protection measures at a national
and regional scale. Although a lot of information does exist on
P. angolensis, it is mainly descriptive or general in nature (Vermeulen,
1990; Von Breitenbach, 1973) or focuses on one country (Banda
et al., 2006; Shackleton, 2005; van Daalen, 1991; von Malitz and
Rathogwa, 1999). The range extent or the distribution of the species
is often summarised as a list of countries, herbaria sample locations
or regions were the species can be found (Brummitt et al., 2007;
Gillett, 1971; Hauman et al., 1954; Coates Palgrave et al., 1957; Palmer
and Pitman, 1972). Existing maps refer to the species’ range or extent
of occurrence (EOO), not to the area of occupancy (AOO) (Boaler,
1966b; Coates Palgrave, 1983; Van Wyk and Van Wyk, 1997; Von
Breitenbach, 1973). Very little information is given on how the maps
were compiled; it can be assumed that they are based on collations of
existing locality records at the margins of the range, as it is the case
for many distribution or range maps in field guides and monographs
(Gaston and Fuller, 2009). Therrell et al. (2007) provide the most
detailed range map but indicate that the northern limit of the range
extent in the Democratic Republic of Congo is uncertain (Fig. 1).

Information on the environmental requirements of P. angolensis
illustrates that the species tolerates a broad range of environmen-
tal conditions, as illustrated in Section 2.1. However, the most suit-
able environmental conditions within these ranges are not clearly
documented.

Species distribution models (SDM) can serve as a tool to pro-
duce more precise predictions of the environmental requirements

and the geographical distribution than mere species observations,
especially for large areas. The models correlate environmental data
to species occurrences and sometimes species absences. They are
also called ecological niche models (ENM) or species habitat mod-
els, although these terms place more emphasis on potential distri-
bution modelling (Elith and Leathwick, 2009; Peterson et al., 2008).
Only a minority of SDM or ENM studies focus on the African conti-
nent. Cayuela et al. (2009) illustrated that 8% of 123 SDM studies in
the period 1995–2007 dealt with African species, and mainly
plants from South Africa (4%).

In the past, most SDM’s were based on regression models. Dur-
ing the last decade, machine-learning methods have been used
increasingly, and shown to outperform traditional regression tech-
niques. This study estimates the potential and realised distribution
as well as environmental requirements of P. angolensis in southern
Africa with the machine-learning algorithm Maxent. Literature on
the ecology of the species was reviewed in order to allow a proper
interpretation of the results.

Africa is one of the most vulnerable continents to climate change
(IPCC, 2007) and forest managers need to consider the potential
effects on this important timber species in combination with all
other short-term threats to southern Africa’s woodlands. Therefore,
the SDM for P. angolensis was also used to derive the future distri-
bution of the species based on two global climate change scenarios.

2. Methods

2.1. Ecology of P. angolensis

P. angolensis is a deciduous tree that can be found in the mixed
miombo or other deciduous woodlands and forests of southern Afri-
ca. It is about 10–20 m tall, sometimes reaching a height of 30 m

Fig. 1. Approximate range of Pterocarpus angolensis (Therrell et al. (2007) based on Boaler (1966b), von Breitenbach (1973) and Coates Palgrave (1983)) and locations of
occurrence points used in this study. The northern limit of the current known range extent in the Democratic Republic of Congo is uncertain (Therrell et al., 2007).
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