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Abstract 
The genus Pachypodium are succulent shrubs and small trees found in 
Southern Africa. Climate change is identified as one the most important 
threat impacting plant and animal species in the South Africa today, and in 
this case study, we examined the Pachypodium bispinosum and Pachypo-
dium succulentum species in South Africa, which are becoming more vul-
nerable due to climate change impacts as well as human threats. This study 
investigates the climate change impacts on the two Pachypodium species, as 
well as the biodiversity threats facing the Pachypodium species today, and 
provides evidence regarding the importance of the study to understanding the 
climate change impacts on the Pachypodium species by showing the under-
lying variables affecting the changes. 
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1. Introduction 

The genus Pachypodium are succulent shrubs and small trees found in Southern 
Africa, and they are known for their attractive star-shaped flowers, swollen 
stems, and have spines (Variawa & Pfab, 2018). The two species under investiga-
tion in the study are Pachypodium bispinosum and Pachypodium succulentum. 
These plants are spiny succulent shrubs that grow up to 60 cm in height, and 
have partially underground swollen tuberous stems. These swollen stems stores 
water to allow the Pachypodium species to withstand heat and periods of 
drought (Variawa & Pfab, 2018) (Figure 1). 

Climate change is identified as one the most important threat impacting plant 
and animal species in the South Africa today, and South Africa has the highest  
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Figure 1. Pachypodium bispinosum and Pachypodium succulentum Sample 
Locations in South Africa. 

 
concentration of threatened plant taxa in the world in terms of area and total 
numbers (DEA, 2011; Guo & Arnolds, 2019). Climate change is a well re-
searched scientific area, and climate change is mostly attributed to the burning 
of fossil fuels, over the past few decades, and which drastically increases the le-
vels of carbon dioxide being released into the atmosphere (DEA, 2011; Flato et 
al., 2013). This results in an overall increase in average global temperatures and 
changes in the global rainfall patterns, and this could result in more extreme 
weather (DEA, 2011; Flato et al., 2013). As much of the succulent plants are re-
sistant to local climate variabilities, but prolonged temperature and rainfall 
changes would have severe negative impacts on the Pachypodium species (Guo 
et al., 2017). In this study we examine mainly the climate change impacts upon 
the two Pachypodium species, and what factors impacts the species in the future. 

However, one must mention that other biodiversity threats such as human 
impact as a result of human activities is also a major problem and a severe threat 
to the species. Both Pachypodium bispinosum and Pachypodium succulentum 
species are very popular and has good economic value in the horticultural trade, 
due to its attractive flowers, size, and large swollen stems. Local collectors dug 
up entire plants, and at times the entire population. Both species are under the 
risk for unsustainable use and overexploitation of wild populations (Variawa & 
Pfab, 2018) (Figure 2). 

2. Climate Data and Methods 

In this study, we supplemented the with historical Acocks survey from SANBI 
database, and added in the SANBI survey 2010 data to insure a full coverage  
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Figure 2. Pachypodium bispinosum (left-Photo: Brian du Preez) and Pachypodium suc-
culentum (right-Photo: Mike Keeling) (iNaturalist, 2019). 
 
when doing future modelling. We used the MPI-ESM-MR model from the Max 
Planck Institute for Meteorology was used in the study, it is a comprehensive 
Earth-System Model, and is a fairly conservative model and well suited for pre-
dictions of Southern African climate (Connolley & Bracegirdle, 2007). For the 
future scenario, we selected the RCP8.5 as the future scenario, for future pro-
jected time period 2061-2080 (Hijmans et al. 2005). Representative Concentra-
tion Pathways (RCPs) are greenhouse gas concentration trajectories used by the 
Intergovernmental Panel on Climate Change for its fifth Assessment Report in 
2014. The RCP8.5 assumes global annual emissions continues to rise throughout 
the 21st century and is measured in CO2-equivalents, and this is a realistic fu-
ture scenario based on the present human activity (Flato et al. 2013). 

In order to examine the distribution and relationship between the Pachypo-
dium species and the environmental and climatic variables, the distributions are 
modelled to show the climatic niche of the two Pachypodium species. A species 
distribution modelis used to estimate the relationship between the sample 
records (Booth et al., 2014), and the environmental and spatial characteristics of 
those sample sites (Franklin, 2009). The species distribution model used is 
MaxEnt, itapplies Bayesian methods to estimate the potential geographic distri-
bution of species, by finding the probability distribution of maximum entro-
py(Phillips, Anderson, & Schapire, 2006; Phillips, Dudík & Schapire, 2004; Elith 
et al., 2011). 

Gibbs sampling is a statistical algorithm used by Bayesian inference that is 
used in the MaxEnt program. The Gibbs family {qλ(x), λL}, where 
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and λi = (λ1, λ2, ..., λm) is the weight vector, λi is the weight parameters, and L is 
the m-dimensional space, with fi(x) representing species i’ is probability distri-
bution, and Zλ(x) is the normalized constant, and also each element x is a pixel 
of the investigated area. The probabilities fi(x) represent the relative suitability of 
the environmental and climatic conditions in each pixel (Phillips, Anderson, & 
Schapire, 2006; Phillips, Dudík, & Schapire, 2004; Elith et al., 2011). 

The climate variables used in the study are nineteen bioclimatic variables of 
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BIOCLIM (Booth et al., 2014); and it is a bioclimatic prediction system which 
uses the bioclimatic parameters, derived from mean monthly climate estimates 
to estimate the energy and water balances at a given location (Fenner School, 
2016; Nix, 1986). The nineteen climate variables are: Annual Mean Temperature, 
Mean Diurnal Range, Isothermality, Temperature Seasonality, Maximum Tem-
perature of Warmest Month, Minimum Temperature of Coldest Month, Tem-
perature Annual Range, Mean Temperature of Wettest Quarter, Mean Temper-
ature of Driest Quarter, Mean Temperature of Warmest Quarter, Mean Tem-
perature of Coldest Quarter, Annual Precipitation, Precipitation of Wettest 
Month, Precipitation of Driest Month, Precipitation Seasonality, Precipitation of 
Wettest Quarter, Precipitation of Driest Quarter, Precipitation of Warmest 
Quarter, and Precipitation of Coldest Quarter. 

The environmental variables used in the study are altitude, aspect, lithology, 
rock type, landuse, land morphology, slope, and soiltype (Schulze, 2007, Macvi-
car et al., 1977; Soil Classification Working Group, 1991). These geological and 
environmental variables are carefully selected according to their observed effects 
on the Pachypodium species in the natural habitat. 

3. Projected Future Climate Change Impacts 

In modelling the future scenarios of the changes in Pachypodium species, 
change maps are produced of the Pachypodium succulentum and Pachypodium 
bispinosum. It is very surprising to see the amount of negative changes just 
based on climate changes, as geological environmental variables do not change. 

In Figure 3, red colour shows the negative changes, green colour shows the 
positive changes, and the blue colour shows there is no change in the Pachypo-
dium bispinosum distribution areas. It is clear from the map that the Pachypo-
dium bispinosum distribution shows a major niche shrinkage and loss of habitat. 
This is highly unusual with so much negative loss in habitat, and shows the ef-
fect based on climate changes alone. While it does show an expansion of habitat 
in the edges, but it very little compared to the amount of loss of habitat, with 
very little remaining habitat left. 

In Figure 4, red colour shows the negative changes, green colour shows the 
positive changes, and the blue colour shows there is no change in the Pachypo-
dium succulentum distribution areas. It is clear from the map that the Pachypo-
dium succulentum distribution shows a while showing a loss of habitat, it is 
much less severe than that of Pachypodium bispinosum. This shows the Pachy-
podium succulentum is less vulnerable to climate changes, perhaps in part due 
to its larger distribution area. However, this species still shows a large loss in ha-
bitat, but it also does show a positive change or expansion in the species. 

4. Discussion and Conclusion 

While we have examined the changes in Pachypodium bispinosum and Pachy-
podium succulentum species due to climate impacts, now we need to take a 
closer look at the variables that influence the changes in Pachypodium species. 
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Figure 3. Projected future changes in Pachypodium bispinosum Distribution Areas. 

 

 
Figure 4. Projected future changes in Pachypodium succulentum Distribution Areas. 

 
In Figure 5, it is clear that the fixed environmental variables contributes the 

most to the Pachypodium bispinosum niche area, though these soil and geologi-
cal variables are unlikely to change in the next few decades. For the Pachypo-
dium bispinosum, the soil type, land morphology, and altitude all have major 
contributions to the distribution of the species. The climate variables that does 
change in the future and makes a major impact on the species are: precipitation 
seasonality, and precipitation of the driest quarter, and precipitation of the 
warmest quarter. These climate variables obviously are not conductive toward  
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Figure 5. Pachypodium bispinosum environmental and climate variable contributions. 

 

 
Figure 6. Pachypodium succulentum environmental and climate variable contributions. 

 
the Pachypodium bispinosum in the future, and will impact the species nega-
tively, as shown in Figure 3. 

In Figure 6, again it is shown that the fixed environmental variables contri-
butes the most to the Pachypodium succulentum niche area, but these soil and 
geological variables are unlikely to change in the next few decades. For the Pa-
chypodium succulentum, the soil type and land morphology variables both have 
major contributions to the distribution of the species. The climate variables that 
does change in the future and makes a major impact on the species are: precipi-
tation of the warmest quarter, precipitation seasonality, and precipitation of the 
driest month. These climate variables impacts on the distribution of the Pachy-
podium succulentum in the future, and will impact the species both negatively 
and positively, as shown in Figure 4. It is of note that for both Pachypodium 
species it is not the temperature variables that impacts the distribution the most, 
but rather the precipitation variables are the most important changing impact 
factors. 

This study demonstrates the importance of climate change as a major factor 
impacting thePachypodium species, and given the human impacts on the species 
already currently, it is essential to develop policies and monitoring systems for 
the Pachypodium species (Variawa & Pfab, 2018). At this stage, one cannot 
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claim extinction risks as yet, because the climate induced changes are also sensi-
tive to the underlying habitat model, and needs to consider other factors such as 
life history, recruitment response to fire, dispersal dynamics… and combined 
with the human impacts and economic value, it can be quite complex to try to 
predict the species vulnerability (Fordham et al., 2012). 
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