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Abstract

Aloe dichotoma (Quiver tree) occurs in the arid regions of Namaqualand and Bushman land in
South Africa, and in arid regions of southern Namibia. The Quiver trees are not only threatened by
agricultural expansion, overgrazing, and mining; but also by climate changes and droughts. Pre-
vious studies show that Quiver trees are very sensitive to environmental changes, and do not re-
spond well to extreme hot and dry conditions. This study investigates the current status of the
Quiver tree within its existing environment, and also assesses the projected future changes of the
Quiver tree habitat under different climatic scenarios. It provided evidence regarding the impor-
tance of the study to understanding the climate change impacts on the Quiver tree and its geo-
graphical response to climate changes.
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1. Introduction and Background

As the recent debates on climate change continues over the Anthropocene hypothesis on whether human activi-
ties and has a global impact on the Earth’s atmosphere and geological processes [1], and whether the Antarctic
ice are increasing or decreasing [2], there is no doubt that we as humans have forever changed the planet Earth
and its ecosystem. This makes conservation and management of our ecosystem more difficult as not only we
face prolonged droughts in Africa; we also have problems of land transformation and deforestation. Even a few
degrees increase in temperature and a few millimeters of decrease in rainfall could cause a decline in the biodi-
versity of plants and animals in the arid regions [3] [4].

Aloe dichotoma (common name Quiver tree) occurs in the arid regions of Namaqualand and Bushman land in
South Africa, and in arid regions of southern Namibia (Figure 1). This tree belongs to the genus Aloe and fami-
ly Asphodelaceae, formerly Liliaceae [5]. The Quiver tree has succulent leaf and stem, and this succulent tree
species lives in dry rocky areas and can grow quite rapidly under the right conditions. A. dichotoma has an av-
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erage life span that is estimated between a hundred and two hundred and fifty years [6] [7].

Due to the fact that the succulent plants has special water-storing tissue which makes part of the plant fleshy,
therefore succulents are able to survive long periods of drought conditions [5]. The Quiver tree can grow up to 9
meters tall, and it has a 200 year life span (Figure 2). It is a base species within its distribution [9], and is
adapted to survive very dry conditions and stores water in its trunk, branches and leaves [10].

The Quiver tree is essential to the local ecosystem and environment, because it is a source of moisture for a
wide variety of mammals, birds and insects. Foden’s [8] detailed research of the demographic data of the Quiver
trees demonstrates that negligible recruitment has occurred in some populations for 50 years, and the effects of
non-climatic variables, such as seed availability, herbivory, competition, and fungal pathogens, are very small.
In this paper, we assess the current status of the Quiver tree within its existing environment, and also assess the
projected future changes of the Quiver tree under different climatic scenarios.
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Figure 1. Quiver tree sample sites in Namibia and South Africa.

Figure 2. Quiver trees in Namibia 2008 [8].
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2. Present Status of Quiver Trees

Presently, the conservation of Quiver trees is not only threatened by agricultural expansion, overgrazing, and
mining; but also by climate changes and droughts [8]. Previous observations show that Quiver trees are very
sensitive to environmental changes, and do not respond well to extreme hot and dry conditions [11]. Therefore
climate change is one of the major factors affecting the existence of Quiver trees and the Quiver tree would be
affected by long term climatic changes. The Quiver tree can provide a good indication of long term climate
changes in the arid regions [8] [3].

As one can observe from Figure 3 the Quiver tree niche is limited by the biome regions, namely it exists only
in Nama-Karoo and Succulent-Karoo regions [12] [13]. These ecological biomes itself are consisted of the ve-
getations living within a region, and therefore the biomes are subject to climate change impacts as well. Howev-
er, examining the study area, it is highly unlikely for the Quiver tree to spread to Desert and Savanna regions.

3. Climate Data and Analysis

MPI-ESM-MR model from the Max Planck Institute for Meteorology was selected in this study, based on it
proved to be a good Global Climate Model by comparison to others [14]. The MPI-ESM is a comprehensive
Earth-System Model, and it consists of component models for the ocean, the atmosphere, and the land surface
[15]. It is a fairly conservative model and as such was seen to be well suited for predictions of Southern African
climate, with its inherent regions of dryness and wetness.

In this study we used RCP2.6 and RCP8.5 as comparative future scenarios, for future time period 2061-2080
[16]. Representative Concentration Pathways (RCPs) are greenhouse gas concentration trajectories adopted by
the Intergovernmental Panel on Climate Change for its fifth Assessment Report in 2014 [17]. The RCP are
named after a possible range of radiative forcing values in the year 2100 relative to pre-industrial values, +2.6
and +8.5 W/m?, respectively. RCP 2.6 assumes that global annual emissions measured in CO,-equivalents peak
between 2010-2020 with emissions declining after, and RCP 8.5 assumes emissions continues to rise throughout
the 21st century [17]. Obviously, RCP2.6 is a good but unlikely future scenario, and RCP8.5 is a more realistic
future scenario based on the present human activity.
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Figure 3. Ecological biomes in the Quiver tree study area.
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In order to examine the distribution and relationship between the Quiver tree and the climatic variables, the
distributions are modelled to show the climatic niche of the Quiver trees. Species distribution models are used to
estimate the relationship between the Quiver tree records at sample sites and the environmental and spatial cha-
racteristics of those sample sites [18], which in this case are the climatic variables. The species distribution
model used in this study is MaxEnt [19]. MaxEnt applies Bayesian methods to estimate the potential geographic
distribution of species by finding the probability distribution of maximum entropy and is an effective method for
modelling species distributions from presence-only data [19]-[21].

The conventional Bayesian risk criterion is based on the quadratic loss function and use of a conjugate family
Guo [22], and the Maximum Entropy modelling is an important Bayesian inference, which is established by dif-
ferent risk criterion. Maxent is a Bayesian approach by which the species probability distribution is statistically
estimated by searching the family of probability distributions under the maximum entropy criterion subject to
environmental constraints.

Gibbs sampling is a statistical algorithm used by Bayesian inference, which is used in Maxent. The Gibbs
family {q,(x), 4 € L}, where

6, (x)- exp@ﬂv. ; (x)j &)

1
Z,(x)

with 4; = (A4, 42,, Am) as the weight vector, and 4; being the weight parameters, L being the m-dimensional space,
and fi(x) representing species i’s probability distribution, Z,(x) being the normalized constant. Note that each
element x is a pixel of the investigated area. These probabilities fi(x) represent relative suitability of the envi-
ronmental conditions in each pixel [19]-[21].

The environmental layers or the climate variables used in the modelling are the nineteen bioclimatic variables,
and also altitude as a limiting variable. BIOCLIM is a bioclimatic prediction system which uses bioclimatic pa-
rameters, derived from mean monthly climate estimates, to approximate the energy and water balances, at a
given location [23] [24]. The variables are: BIO1 = Annual Mean Temperature, BIO2 = Mean Diurnal Range,
B103 = Isothermality, BIO4 = Temperature Seasonality, BIO5 = Maximum Temperature of Warmest Month,
BI10O6 = Minimum Temperature of Coldest Month, BIO7 = Temperature Annual Range, BIO8 = Mean Temper-
ature of Wettest Quarter, BIO9 = Mean Temperature of Driest Quarter, BIO10 = Mean Temperature of Warmest
Quarter, BIO11 = Mean Temperature of Coldest Quarter, BIO12 = Annual Precipitation, BIO13 = Precipitation
of Wettest Month, BIO14 = Precipitation of Driest Month, BIO15 = Precipitation Seasonality, BIO16 = Precipi-
tation of Wettest Quarter, BIO17 = Precipitation of Driest Quarter, BIO18 = Precipitation of Warmest Quarter,
B10O19 = Precipitation of Coldest Quarter, and also altitude as a limiting factor.

4. Projected Future Changes in Quiver Tree Distribution

Examining the change maps in Figure 4 and Figure 5, one can clearly see that there is a visible difference be-
tween niche changes under RCP2.6 climate scenario, and under the RCP8.5 climate scenario. A niche defines
the way in which a species fits into an ecosystem and ecological community, and it is modelled by the environ-
mental variables [25]. Climate factors are the main environmental variables which contribute to the determina-
tion of Quiver tree niche, because of the semi-arid environment of South Africa.

Table 1 examines the climate variable percentage contributions to the MaxEnt model. As one can conclude
from the table, the Annual Precipitation (20.3453%), Minimum Temperature of Coldest Month (19.905%), Pre-
cipitation of Warmest Quarter (17.186%), and the Precipitation of Wettest Quarter (12.031%); are the climate
variables of the highest percentage contributions to the model [26] [27]. Therefore the Quiver tree is shown to be
very sensitive to long term rainfall, and temperature and rainfall extremes.

In the RCP2.6 scenario (Figure 4), most of the existing climatic niche has survived, with some loss of habitat
in the Nama-Karoo region, and also showing a very positive possible expansion northwards. This is a good and
positive sign for the Quiver tree, though this scenario is highly unlikely, since technological developments will
not stop at the year 2020.

In the RCP8.5 scenario (Figure 5), it is evident the Quiver tree are losing most of its natural niche area, and
though it is showing a positive expansion, but there is no certainty in habitat shifts. And it is highly unlikely for
the Quiver tree to move into the Savanna biome instead.
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Figure 4. Projected future change in geographic range of Quiver tree under RCP 2.6.
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Figure 5. Projected future change in geographic range of Quiver tree under RCP 8.5.

As devastating as the RCP8.5 scenario is on Quiver tree survival, however due to human induced climate
changes this is a more plausible scenario, given our current technological developments and current ecological
changes. These results are very important in learning Quiver tree responses towards different climatic conditions
in the future.

5. Interpretation and Conclusion

The responses of species to climate change are complicated sometimes by cumulative effects, but phenological
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Table 1. Climate variable percentage contributions to MaxEnt model.

Variable names Percentage contribution

1. BIO1 = Annual Mean Temperature 0.6675
2. BIO2 = Mean Diurnal Range 0.0643
3. BIO3 = Isothermality 4.215
4. BI04 = Temperature Seasonality 1.1647
5. BIO5 = Max Temperature of Warmest Month 0.1469
6. BIO6 = Min Temperature of Coldest Month 19.905
7. BIO7 = Temperature Annual Range 0.9838
8. BIO8 = Mean Temperature of Wettest Quarter 0.6097
9. BIO9 = Mean Temperature of Driest Quarter 0.1418
10. BIO10 = Mean Temperature of Warmest Quarter 0
11. BIO11 = Mean Temperature of Coldest Quarter 0
12. BIO12 = Annual Precipitation 20.3453
13. BIO13 = Precipitation of Wettest Month 1.2153
14. BIO14 = Precipitation of Driest Month 9.6543
15. BIO15 = Precipitation Seasonality 1.9347
16. BIO16 = Precipitation of Wettest Quarter 12.031
17. BIO17 = Precipitation of Driest Quarter 0.772
18. BIO18 = Precipitation of Warmest Quarter 17.186
19. BIO19 = Precipitation of Coldest Quarter 1.0474
20. Altitude 7.9155

and distributional shifts are the most common measureable appearances [10] [28] [29]. Recent climate change
research have indicated that many plant species will become extinct by the year 2100 as a result of rapid changes
in climatic conditions [4], and this could be the fate of the Quiver tree if climate changes are not kept in check
by government policies. Foden [8] have found an increase in mortality rate and also that the degree of recruit-
ment have also decreased in Aloe dichotoma over the last few years as a result of low precipitation and higher
precipitation variability as a consequence of changes in climatic conditions. According to Jack [10] it is assumed
that A. dichotoma recruits periodically during high rainfall years, depending on the regularity of the rainfall.

As this study has shown that the Quiver tree is very sensitive to long term rainfall, and temperature and rain-
fall extremes, and that the future projected climate scenarios can make a huge impact on its survival. Under the
RCP2.6 scenario, the Quiver tree maintained most of its natural niche area, and has shown some reasonable ex-
pansion. However, under the RCP8.5 scenario, the Quiver tree not only loses most of its natural niche area, but
shown also, it is highly unlikely to have a complete range shift, therefore it might face threats of extinction, due
to future climate changes and human activities. This study provided evidence on the importance of understand-
ing the climate change impacts on the Quiver tree and its geographical response to climate changes.
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