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Abstract: Southern Africa is an exceptionally diverse region with an ancient geologic and climatic
history. Its mountains are located in the Southern Hemisphere mid-latitudes at a tropical–temperate
interface, offering a rare opportunity to contextualise and frame our research from an austral perspec-
tive to balance the global narrative around sustainable mountain futures for people and biodiversity.
Limited Long-Term Ecological Research (LTER) was initiated more than a century ago in South Africa
to optimise catchment management through sound water policy. The South African Environmental
Observation Network (SAEON) has resurrected many government LTER programmes and added
observatories representative of the country’s heterogeneous zonobiomes, including its mountain
regions. LTER in other Southern African mountains is largely absent. The current rollout of the Ex-
panded Freshwater and Terrestrial Environmental Observation Network (EFTEON) and the Southern
African chapters of international programmes such as the Global Observation Research Initiative in
Alpine Environments (GLORIA), RangeX, and the Global Soil Biodiversity Observation Network (Soil
BON), as well as the expansion of the Mountain Invasion Research Network (MIREN), is ushering in
a renaissance period of global change research in the region, which takes greater cognisance of its
social context. This diversity of initiatives will generate a more robust knowledge base from which
to draw conclusions about how to better safeguard the well-being of people and biodiversity in the
region and help balance livelihoods and environmental sustainability in our complex, third-world
socio-ecological mountain systems.

Keywords: alpine and montane ecosystems; austral perspective; environmental sustainability; global
change; long-term research; mountain observatories; multi-disciplinary research; social context;
socio-ecological coupling; Southern Africa

1. Introduction

Southern Africa is the southernmost region of Africa. This region is located in the
mid-latitudes of the Southern Hemisphere at a tropical–temperate interface, resulting
in a heterogeneous landscape and a dynamic climate characterised by strongly seasonal
precipitation zones [1]. It has an exceptionally long geologic and climatic history [2]
with its Barberton Greenstone Belt in the Makhonjwa Mountains of north-eastern South
Africa credited as the oldest mountain range on Earth (ca. 3.2 Ga) [2,3]. Two mountain
complexes dominate the region, the Great Escarpment and the Cape Fold Belt. The former
is a 5000 km semi-continuous, passive erosional remnant of a receding continental margin
stretching from Angola through Namibia, South Africa, Lesotho, Eswatini, Zimbabwe, and
Mozambique [2,4] (Figure 1), and bisects the coastal belt from the colder and more seasonal
interior [5]. The Great Escarpment arose from the rifting of the Gondwana super-continent
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and consists mostly of various sedimentary layers of the Triassic Karoo Supergroup overlain
by younger basaltic lavas of the Early Jurassic at its highest elevations [6,7]. It covers an
elevation range from ±1200–3482 m a.s.l. The significantly older Cape Fold Belt (or Cape
Fold Mountains) is a 1300 km fold-and-thrust belt formed by the collision and subductive
convergence of tectonic plates during the assembly of Gondwana, and is of Late Paleozoic
age. It consists of sedimentary rock layers, mostly quartzitic sandstones and shales of
the Cape Supergroup [6,8,9], which form a series of primarily east–west parallel ranges
hemmed in between the Great Escarpment and the south-western and southern coastlines
of South Africa, covering an elevation range from almost sea level to 2325 m a.s.l. (Figure 1).
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Route Gateway; CP—Cathedral Peak, Northern Maloti-Drakensberg. Lesotho LTSER node (black star): MS—Mont-aux-Sources, in-
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not shown. 
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BK—Baviaanskloof, Baviaans and Kouga Mtns. Great Escarpment: CMB—Compassberg, Sneeuberge; CP—Cathedral Peak,
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located at CP. M-D—Maloti-Drakensberg (indicated by cross-hatching). The “dashed” portion of the Great Escarpment refers
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Southern Africa’s mountains account for almost half of the world’s broad zonobiomes
and a third of the world’s global circulation systems [10]. They traverse a wide climatic
gradient that includes subtropical arid (Namibia), Mediterranean (Cape region of South
Africa), warm-temperate (eastern South Africa and Lesotho), and semi-arid tropical (An-
gola, Mozambique, and Zimbabwe) climate types. The Intergovernmental Panel on Climate
Change has predicted that the region will be heavily impacted by climate warming [11],
placing greater emphasis on our mountains as biodiversity refugia [12,13]. Increased
frequency and intensity of droughts and floods, increasing temperatures, and decreased
rainfall are specifically predicted, thus defining Southern Africa as a climate hotspot due
to its existing vulnerabilities, poor adaptive capacity, under-development, and marginali-
sation [14]. Knowledge on the governance of climate change at a macro-regional level is
lacking [15].

The rich biodiversity and ecosystem services of our mountains lend themselves to
ecosystem-based adaptation [16] and nature-based solutions that encompass conservation,
sustainable development, and restoration to reduce social and environmental vulnerabil-
ities. Such approaches are critical as we foresee a greater demand for natural resources
from our mountain regions [17], as well as greater competition for these resources amongst
sectors of society [18]; such increasing pressures on mountain people and natural resources
are typical of the developing world [19–22]. However, interventions aimed at balancing
sustainable management of mountain-derived resources and human well-being should
have a sound scientific basis in both the natural and social sciences [23,24].

Therefore, some of the most critical data for identifying and quantifying environ-
mental changes, understanding long-term ecosystem dynamics for effective ecosystem
management, understanding socio-ecological systems, informing environmental policies,
and supporting global policy agendas, are those attached to long time-series from long-
term ecological research (LTER) at local, regional, and global scales [25–28]. LTER is
especially important for understanding episodic events (e.g., droughts and floods) and
processes such as desertification, land degradation, and climate change, which do not
operate over short-terms or small-scales [29–31]. Therefore, researchers need to establish
high-quality, long-term collaborative and multi-disciplinary research networks aimed at
understanding these drivers and patterns of environmental change in a coordinated and
multi-site approach [25,26,32]. Two of the world’s exemplary global LTER initiatives are
the International Long-Term Ecological Research Network (ILTER) and the Group on Earth
Observations Biodiversity Observation Network (GEO BON) [29,31,33]. The building
blocks for LTER networks are site-based platforms or “observatories” such as Niwot Ridge
(1980–present) in the Colorado Rockies (USA), Cairngorms National Park (2013–present)
in Scotland, and Val di Mazia/Matschertal (2008–present) in the Italian Alps [34]. LTER is
sometimes expanded to include the human dimension, which acknowledges close coupling
between social and biophysical processes. Environmental problem solving should therefore
view natural and human systems as a single entity through long-term socio-ecological
research (LTSER) [35–37].

2. Aims, Materials and Methods

We present the first synthesis of the mountain observatories in Southern Africa and
the collective value of long-term research from the region. The primary aim of this novel
synthesis was to demonstrate the value of a diverse suite of process-orientated LT(S)ER
initiatives in Southern Africa’s mountain regions, framed by making reference to their
contribution to human well-being, appropriate management of biodiversity, and environ-
mental sustainability. A synthesis of this nature also generates broader statements gleaned
by insight. A secondary aim, therefore, was to identify the strengths and weaknesses in
Southern Africa’s mountain-based LT(S)ER framework, and to make recommendations
to enhance adaptive capacity and resilience to global change. For the first time, we con-
textualise the significance of our LT(S)ER from an austral perspective for the international
mountain community.
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This synthesis was based on an extensive and comprehensive literature review, as
well as in-person institutional knowledge, given that both authors are personally involved
in a number of these initiatives. Relevant published peer-reviewed scientific literature was
sourced through Google®, Google Scholar®, ScienceDirect, and SpringerLink. Unpublished
institutional grey literature, particularly from research institutions and governmental de-
partments, and university theses were also consulted. This synthesis included key historical
publications dating back to 1948, as well as the full spectrum of relevant literature up to
2021. A total of 164 references were consulted, most of which were then grouped into the
focal areas relevant to this study. The literature was heavily focused towards the study area,
namely the mountain regions of Southern Africa, but international publications were also
cited where studies were relevant or comparisons needed to be made. A comprehensive
and diverse set of LT(S)ER initiatives was selected based on objective selection criteria, as
follows: (1) representations of the winter, summer, and all-year rainfall regions of Southern
Africa; (2) research spanning a range of scales from local plot-scales to landscape-scales;
(3) reference to above- and below-ground ecological processes; (4) research representing
time frames ranging from earlier pioneering initiatives with significant historical value and
long-term data sets to newer initiatives that address contemporary challenges not evident
in the past (post-2000); (5) programmes championed by government and academic institu-
tions; (6) inclusion of both montane and alpine elevations; and (7) the need to provide both
scientific and practical demonstrative value to ensure a sustainable mountain future. These
initiatives are discussed thematically in chronological order. We do not place emphasis on
“how long is long-term” as some LT(S)ER initiatives are planned or recently established.
They must be long-term by intention at establishment and repeatedly measured. Some of
the initiatives refer to long-term monitoring as part of the gradient towards LTER or as part
of the LTER framework. Our geographical focus is centred on two of Southern Africa’s
dominant mountain complexes, the Great Escarpment and the Cape Fold Belt. Despite the
difficultly in defining and delineating mountains leading to different approaches [38], we
followed the Global Mountain Biodiversity Assessment definition of mountains based on
ruggedness criteria [39].

3. Discussion
3.1. Value of Historical and Current LTER Initiatives
3.1.1. Adaptive Management of Mountain Catchments for Water Security

Water is an essential resource that sustains almost all life on Earth. Southern Africa’s
water towers support millions of people in the region [40,41]. While climate scenarios
show a significant decline in available water resources, socio-economic trajectories show
an increase in water demand [42]. A supply shortfall in a water-scarce region may have
social, economic, and environmental repercussions. It is therefore essential to safeguard
and monitor our strategic mountain catchments to ensure a steady supply of clean wa-
ter. South Africa has a history of long-term eco-hydrological research because mountain
catchments were earmarked for large-scale afforestation using alien tree species, but the
effects of this land use on water supply were unknown [43,44]. The country adopted a
multiple-catchment design using entire catchments as experimental units to accommodate
physiographic complexity, regarded as a world first [45].

Jonkershoek Valley LTER (“Jonkershoek”; 1935–1992 and 2010–present; with some
rainfall gauging commencing in 1925; South Africa) is Africa’s longest running catchment
experiment [46]. It is located in a Mediterranean shrubland (“fynbos”) catchment of the
winter-rainfall Cape Floristic Region near Stellenbosch in the Boland Mountains of the
Cape Fold Belt (Figure 1). It replaced South Africa’s first LTER attempt at Jessievale in
the Northern Drakensberg Escarpment (1910–1924), which failed due to lack of funding
and poor management [47–49]. Jonkershoek uses gauged afforested catchments (and
one natural fynbos catchment as the control) to ascertain the effects of afforestation on
stream flow [50–52] (Table A1). Additionally, fire treatments and wild fires have been
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used historically to investigate the effects of fire on nutrient budgets [53] and hydrological
responses [54,55].

Success at Jonkershoek led to similar LTER in the summer-rainfall Cathedral Peak
Research Catchments (“Cathedral Peak”; 1948–1995 and 2012–present; South Africa), part
of the greater Cathedral Peak Research Area in the Maloti-Drakensberg region of the Great
Escarpment [44,52,56] (Figures 1 and 2). Gauged first-order catchments measure how
stream flow in concert with sediment and nutrient exports are impacted by fire regimes
in mesic montane grassland, and historically included a grazing and an afforestation
treatment with alien trees [56–60] (Table A1).

These examples go far beyond demonstrating the significant impact of afforestation on
streamflow and water yield. Wider application by scientists and policy makers to inform
national catchment management and water policy in South Africa is arguably the finest
example of science-driven policy from LTER in the country. These catchment experiments
form the core of globally significant interdisciplinary research programmes that have
shaped many environmental policies and practices relating to afforestation, biodiversity,
fire, and water [46]. These policies were deconstructed from the late 1980s in favour of the
National Water Act, which instead governs water-user rights among competitors. This
Act looks past the sustainable management of catchments as ecosystems [49], but may be
flexible enough for an adaptive management approach to climate change mitigation [61].
Policy changes often have deleterious knock-on effects. This LTER ceased because the
nationally run catchment management programme was decentralised and handed over
to conservation agencies in their respective provinces in the late 1980s, who failed to
understand its value [49]. Fortunately, the LTER platforms at Jonkershoek and Cathedral
Peak were resurrected from 2010 and 2012, respectively, under the gamut of the South
African Environmental Observation Network (Table A1). They have evolved from long-
term eco-hydrological monitoring platforms [62] to global change observatory catchments,
encouraging more multi-disciplinary research using high-tech instrumentation [46]. Their
value lies in understanding which land uses and management practices best support and
optimise water supply in these sensitive and critical water supply areas, together with
understanding the potential negative global change impacts. This knowledge is essential
to building a resilient water tower and ensuring an adaptive management approach to
water conservation in a water-limited region [62].

3.1.2. Fire Management and Policy That Optimises Grassland Biodiversity, Resilience and
Water Production

Unlike the vast treed montane landscapes in many parts of the world [63,64], Southern
Africa’s mountains are covered largely by ancient, old-growth grasslands and shrublands.
These highly flammable ecosystems have co-evolved with fire for hundreds of thousands
of years [21,65], making fire one of the main ecological drivers and management tools [66].
Management objectives aimed at maintaining the stability of montane grasslands therefore
need to incorporate their dynamic nature in response to fire [67]. Application of fire at
the correct frequency and season is essential for optimising grassland biodiversity and
condition, which minimises erosion and sediment losses to maintain a steady supply of
clean water and maximise storage of soil organic carbon to mitigate climate change [68,69].

To understand these dynamics long-term, the Brotherton Fire Experiment (1981–1992
and 2015–present; South Africa; Figure 2) at Cathedral Peak in the Maloti-Drakensberg
was established as a small-scale mesocosm-type fire experiment using 1-, 2-, 5-, and 12-
year fire-return interval treatments to complement the larger research catchment-scale fire
experiment discussed previously [69–71]. The experiment is generally sampled biennially,
but occasionally on an ad hoc basis [71–73]. In 2004, a multi-disciplinary team of scientists
used the fire experiment to convince the management authority of its importance by
including a broader suite of biodiversity elements and the potential for climate change
research [73].
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Figure 2. Photographic representation of LTER in Southern Africa’s mountain regions: (A) Maloti-Drakensberg, Great
Escarpment; (B) Cape Fold Belt; (C) Research Catchment II at Cathedral Peak (above dashed line) after the removal of alien
trees; (D) V-notched gauging weir used to measure stream flow; (E) Brotherton Fire Experiment; (F) Nutrient Network site;
(G) Campbell Scientific automatic weather station; (H) MIREN site at Sani Pass straddling South Africa and Lesotho. All
photos by C. Carbutt.
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The original aim was to assess the effects of pyrodiversity (varied fire frequency and
seasonality treatments) on mesic montane grass structure (basal cover) and composition
(diversity) [72], but has been expanded to test the effects of fire on forb species composition
and diversity [66], soil properties and landscape functioning [74], invertebrate diversity
and abundance [75], and multi-decadal changes in grass and forb species composition in
concert [69,70]. It also hosts a warming experiment using open-top chambers [76]. All of
these metrics are important indicators of grassland health [77] and biodiversity value [66].
Data from the long-term fire experiment are used to inform optimal burning practices in
the Maloti-Drakensberg, established as regular biennial burning in the dormant season [69],
supplemented with smaller patch burns at slightly longer fire-return intervals [70]. Biennial
burns in late winter or early spring maintain grass bud banks and important grass species
at desired levels of abundance [69,78] to ensure a long-term desired state of grassland
equilibrium and stability that can resist change and maintain healthy and resilient grassland
communities [69,78,79] and water towers [67,69]. Slightly longer fire-return intervals
enhance plant diversity [70]. It has also been shown that excessively longer fire-return
intervals (5–13 years) will shift grassland species composition and decrease vegetation
cover, leading to greater soil exposure [69].

Although fire has rarely been included in experimental climate change research [76],
the fire experiment will also provide a valuable means to detect and understand future
responses to climate change as plant species are likely to shift their ranges, seasonal growth
patterns, and responses to fire under changing mountain climates [69,76]. Understanding
how montane grasslands will respond to climate change and associated changes in a fire
regime is essential for protecting its profound biodiversity and functional value [76]. Such
knowledge is now being entrenched as standard policy in the Integrated Management Plan
and Fire Management Plan of the Maloti-Drakensberg Park World Heritage Site (in which
this LTER site is located) [80] and in the management of mesic grasslands in general [81].
Such a fire experiment could also potentially inform the safest conditions under which
to conduct controlled burning of fire-breaks and fire suppression, to limit the spread of
life-threatening extreme fire events common to the Maloti-Drakensberg [68].

3.1.3. Resuscitating the National Government LTER Platform in South Africa

LTER rose to greater prominence in the South African scientific community in the
mid-1990s, driven by renewed global interest in measuring anthropogenic climate change
and concern for the socio-economic impacts of environmental stressors at scales and
complexities not seen before. A national workshop in 1999 discussed prompts by the ILTER
to establish a similar research network in South Africa, with particular focus on climate
change and ecology [30,44,82–84].

The mandate of this emergent government-funded South African Environmental
Observation Network (SAEON; 2002–present) is to understand human-induced global
change impacts on the environment and ecosystem services and provide meaningful data
for policy makers to manage South Africa’s natural capital sustainably in a changing
world [85]. SAEON maintains a network of platforms in both terrestrial and marine
environments across South Africa. These platforms constitute long-tern research sites
where repeated observations, experimental treatments, and related data are permanently
maintained. SAEON is part of the Environmental Observatories Network (EON) and
shares links with the Environmental Long-Term Observatories Network of Southern Africa
(ELTOSA), designed to synergise LTER at a regional level, and the ILTER [82,86]. SAEON
has partnered with academic institutions and other research facilities to rapidly engage an
already institutionalised network to achieve a quick uptake in both scale and time. It makes
use of historical platforms as well as establishing its own. SAEON operates as a number
of research nodes distributed across the country’s various zonobiomes, each anchoring
participatory sites that serve as research stations and environmental change observatories.
There are eight SAEON mountain observatories (four in the Cape Fold Belt and four in
the Great Escarpment; Figure 1 and Table A1). SAEON has been instrumental at resurrect-
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ing earlier floundering government LTER programmes, for example at Jonkershoek and
Cathedral Peak.

3.1.4. Early Detection of Mountain Invasive Alien Plants and Understanding Species
Redistributions

Invasive alien plants are among the foremost threats to biodiversity on the planet [87,88].
The mountain regions of Southern Africa have not been spared this fate [89–92]. Some
areas are accessible by road passes and are therefore highly susceptible to invasions due
to anthropogenic disturbance and sustained propagule pressure [91,93,94]. This invasion
threat necessitated a long-term intervention, and presented the opportunity for local actors
to collaborate with the international Mountain Invasion Research Network (MIREN),
established in 2005 as an initiative of the Global Mountain Biodiversity Assessment [89,95].
MIREN initially monitored the impacts of non-native plant invasions in mountains across
the globe [95], but has expanded its focus to include the broader effects of global change
on plant species’ redistributions in mountain regions [27,96]. A sub-component, RangeX,
seeks to understand the mechanisms and impacts of plants expanding their ranges due
to climate warming [97]. These international programmes, with almost 30 participatory
sites, are poorly represented in the Southern Hemisphere. Only eight sites are collectively
represented by the Australian Alps, Southern African Maloti-Drakensberg, and South
American Andes (Argentina, Chile, and Ecuador) [98]. Africa in particular is poorly
represented; the second MIREN site is located in the Atlas Mountains of Morocco [98].
The region’s first MIREN site, in the Maloti-Drakensberg, was established at Sani Pass,
connecting South Africa with Lesotho (2007–present; Figure 2, Table A1) [89,91], and was
later extended up into Kotisephola Pass in Lesotho [91]. Expansion of the MIREN network
in the region is currently being facilitated through the Afromontane Research Unit of
the University of the Free State at three sites ranging from montane to alpine elevations:
Witsieshoek Pass and Sentinel trail, Cathedral Peak (Mike’s and Organ Pipes Passes),
and additional sites at Sani Pass in the Maloti-Drakensberg [99]. This LTER serves as an
effective early detection strategy to mitigate the threat posed by alien plants [100] and helps
understand how invasive alien plants and other range-expanding species are impacting
biodiversity and ecosystem functions along elevation gradients, which, as competitors,
are influencing species’ responses to climate change through the establishment of novel
communities [101,102].

3.1.5. Understanding the Effects of Nutrient Enrichment on Biodiversity and Livelihoods

The Anthropocene is marked in part by rapid changes to global nutrient budgets
and the abundance and identity of consumers [103]. To quantify these global impacts, the
Nutrient Network (NutNet; 2005–present) [104,105] has spread from the USA to about 130
grassland-dominated sites across the world [106]. This collaborative, distributed LTER
network uses standardised methods to examine the relationship between two fundamental
ecosystem properties on which ecosystem- and human-health both depend, namely di-
versity and productivity [105,107,108]. A primary effect of climate change on mountain
ecosystems is shifts in species’ distributions, diversity, and system productivity [109,110].
A mechanistic understanding of the diversity−productivity relationship is therefore funda-
mental to understanding how species dynamics shape community processes [103,111,112],
which in turn can predict the conditions under which species can either buffer or exacerbate
global change [103].

The NutNet site at Cathedral Peak in the montane belt of the Maloti-Drakensberg
(2018–present; South Africa; Figure 2) is one of only two high-elevation sites in Africa,
and is the only NutNet site within the geographical scope of this study. Similar to other
LTER programmes covered in this synthesis, NutNet is poorly represented in the Southern
Hemisphere, Africa, and the region. A NutNet site in the Maloti-Drakensberg is highly
relevant because a long-term nutrient addition experiment manipulating multiple nutrients
will be highly informative in a nutrient-limited system. Although basalt-derived soils of
the Maloti-Drakensberg are intrinsically nutrient-rich (especially total carbon and nitrogen),
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they have a low nutrient availability due to highly constrained microbial activity mediated
by cool temperatures and other soil-related factors [113]. Climate warming, leading to en-
hanced microbial activity and therefore increased nutrient availability, is expected to have
a deleterious impact on the nutrient-limited flora of the Maloti-Drakensberg [114]. Addi-
tionally, atmospheric deposition of nitrogen and sulphur leading to ecosystem acidification
is a further cause for concern. For example, Cathedral Peak in the Maloti-Drakensberg
has the highest annual wet deposition fluxes of nitrogen (NO3

– and NH4
+) and sulphur

(SO4
2–) of any sites monitored in eastern South Africa [115]. High rainfall and recirculation

patterns characteristic of a background site located downwind of large industrial areas are
the most likely factors [115]. It is important to establish an additional site in the alpine
belt of the Maloti-Drakensberg as the effects of nutrient enrichment through warming and
deposition on a nutrient-limited alpine flora at this elevation are unknown. Furthermore, as
some of our mountains are important rangelands supporting the livelihoods of shepherds
practicing transhumance pastoralism [21], it is also important to gauge the potential effects
of nutrient enrichment on the dynamics of grazed herbaceous systems.

3.2. Value of LT(S)ER Initiatives Under Development
3.2.1. Understanding How Climate Warming Will Affect Sensitive Alpine Habitat: An
Austral Perspective

Although the alpine biome is represented across all continents and latitudes [116], it
only covers about 3% of the Earth’s terrestrial surface outside Antarctica [117]. Since 2001,
the Global Observation Research Initiative in Alpine Environments (GLORIA), acknowl-
edging the highly sensitive nature of alpine systems and their vulnerability to climate
warming [118,119], established long-term alpine observatories across the globe for the
comparative study of climate change impacts on mountain vegetation and its biodiver-
sity [120,121]. A clear pattern has emerged in the distribution of GLORIA sites across
the globe. Most are concentrated in the Northern Hemisphere (especially Europe, North
America, and the Himalayas) [10]. While this may be in part due to the global alpine
biome being far more represented in the Northern than the Southern Hemisphere [117], it
also speaks to other factors such as historical bias, disparity in funding, and a historical
disconnectedness between Northern and Southern actors. Interrogation of the Dynamic
Ecological Information Management System (DEIMS) [34,122] revealed only 3% represen-
tation of alpine LTER-type sites from the Southern Hemisphere (viz. Australia, Bolivia
and Ecuador; it is not known why the two New Zealand GLORIA sites do not appear
in this database). This imbalance undermines the ability of GLORIA (and other LTER
programmes) to generate representative data across all zonobiomes and global circulation
systems. There are only two active GLORIA sites in Africa, in the Rwenzori Mountains
and Mt. Elgon [123], both of which are located in Uganda in the Northern Hemisphere.

The upper reaches (ca. 2800–3482 m a.s.l.) of the Maloti-Drakensberg host the only
alpine environment in Southern Africa [124] and the only alpine environment south of
Mount Hanang in Tanzania, East Africa. It is small on a global scale (<12,000 km2) [20] and
poorly known from an international perspective. For example, key global alpine analyses
did not include the alpine Drakensberg [125,126]. An exception included its inselberg alpine
summits [127], which unfortunately are not representative of the “mainland” escarpment
plateau due to their small size, and because of their almost free-standing nature, are spared
the threats of livestock grazing, alien plants, and plant harvesting [128].

Africa’s tropical and southern alpine systems are highly divergent biologically [21],
and therefore necessitate separate LTER initiatives to measure potentially dissimilar re-
sponses to global change. Attempts were made by Prof. Stefan Grab from Wits University
and the first author from 1999–2004 to redress the absence of GLORIA sites in Southern
Africa and the paucity of sites in the Southern Hemisphere. Lesotho, supporting 90% of
Southern Africa’s alpine habitats [21], was chosen for this purpose. Support was provided
in 2004 by a small New Zealand delegation from the University of Otago. The summits of
Kotisephola Pass and Black Mountain were scouted in particular due to their accessibility.
No suitable sites were located due to security concerns for equipment and inability to fulfil



Land 2021, 10, 1024 10 of 27

the multi-summit approach [121] due to topographic constraints. New localities are being
sought by the Afromontane Research Unit of the University of the Free State, most likely
in their planned Mont-aux-Sources LTSER node in the north-eastern Maloti-Drakensberg.
Alternative possibilities in the Maloti-Drakensberg being considered are Letšeng diamond
mine (Lesotho) and Ben Macdhui (Tiffindell Ski Resort; South Africa) [99]. In addition to
understanding the effects of climate warming on a poorly known alpine flora, GLORIA
sites in Southern Africa will ensure a more comprehensive and robust network by adding
representations from the subtropic-alpine biome and maritime subtropical monsoon re-
gional climate system in the mid-latitudes of the Southern Hemisphere, currently highly
under-represented in the GLORIA network.

3.2.2. Soil Knowledge for the Management and Conservation of Soil Resources to Sustain
Livelihoods and Safeguard Biodiversity

Soils are significant storehouses of global terrestrial biodiversity, which fulfil multi-
ple critical ecosystem functions and services such as climate regulation, nutrient cycling,
and food production [129–131]. Few long-term global soil biodiversity studies have been
undertaken, leading to a lack of policies to support soil biodiversity conservation and
governance [130,131]. Sustainable livelihoods in Southern Africa’s mountains will depend
heavily on well managed and conserved soil systems to support crop and livestock produc-
tion. Unfortunately, populated areas in the Maloti-Drakensberg, for example, are degraded
and not sustainably managed for food security [17,21]. Soil biodiversity is therefore under
pressure from human activities [130]. Long-term studies relating to soil structure, fertility,
and biodiversity are essential to optimising food production and ensuring environmental
sustainability in the region. However, soil studies in the mountains of Southern Africa are
limited, generally small-scale, and mostly non-repetitive [74]. The recently launched global
Soil Biodiversity Observation Network (Soil BON), a thematic LTER network within GEO
BON, aims to understand how changes to soil biodiversity and ecosystem function may
affect the ability of people to sustainably manage and conserve soil resources to support
livelihoods and safeguard soil biodiversity [132]. It is essential that the region is linked to
this critically important international LTER programme and has a number of representative
sites in its mountains. For this reason, a Soil BON site has been proposed for Cathedral Peak
in the Maloti-Drakensberg, where paired sampling sites along a land use and degradation
gradient ranging from protected area to communal land can be established.

3.2.3. Moving Towards Systems-Based, Landscape-Scaled LTSER

The region has an extremely poor track record with mountain-based LTSER, a great
injustice given how important these mountains are to people. Perhaps the reason is be-
cause most long-term research in our mountains has historically taken place in sacrosanct
protected areas managed for conservation, without having to take cognisance of a social
context. People were simply fenced out. The world has changed significantly, and social
dynamics are requiring formal integration given the complex social issues around land
tenure, communal land practices, and degradation, as well as greater need for sustainability,
food security, and more holistic management of socio-ecological systems. Southern Africa’s
third-world context necessitates a sensitive and strategic approach to addressing change in
its mountain regions. Embracing its social environment through social engagement [133],
public-assisted monitoring [32], and the crafting of innovative solutions for mountain
futures [134] are key features to consider in future LTSER, given that mountains and their
associated ecosystem services are critical for people [24,41,135,136] and are cradles of cul-
tural and ethnic diversity [137,138]. The first pioneering form of mountain LTSER in South
Africa took place in the impoverished rural Okhombe and Obonjaneni communities in
the upper Tugela catchment of the northern Maloti-Drakensberg [139]. Individual projects
were highly varied, ranging from erosion control monitoring of degraded catchments to
implementing and monitoring intercropping systems for enhanced ecosystem services
and food security [140]. There is a key need for South Africa to capacitate and support
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LTSER initiatives with its neighbours, particularly where mountains are shared by adjacent
countries (e.g., South Africa–Lesotho).

SAEON’s highly networked infrastructure footprint has paved the way for a new
ecosystems-based, socio-ecological initiative currently being established through the Ex-
panded Freshwater and Terrestrial Environmental Observation Network (EFTEON; South
Africa). This LTSER infrastructure comprises six socio-ecological “landscapes” accom-
modating gradients of land transformation to clarify the complex relationships between
ecosystems and socio-dynamic systems under climate change [141]. Three EFTEON land-
scapes encompassing mountain environments are being established. The northern Maloti-
Drakensberg EFTEON landscape proposes to make use of Cathedral Peak (Table A1),
already a designated focal research and monitoring site in a protected area, as the “anchor
tenant” from which to extend research infrastructure into lowland areas of both commer-
cial and subsistence agriculture. The socio-economic and environmental importance of
the Cathedral Peak area together with its geographic complexity and sensitivity to cli-
mate change inherent in a mountainous area makes it the ideal candidate for large-scale
systems-based research [62]. Specifically, steep transformation gradients from almost pris-
tine protected areas to degraded and impoverished community areas [142,143], a long
historical record of meteorological and hydrological data [56,144], and its location in a
transition area from C3 to C4 grassland and grassland/savanna count heavily in its favour
for LTSER [145].

The second proposed EFTEON landscape, the Greater Cape Town (GCT) landscape,
will link the Atlantic Ocean with the Boland Mountains Strategic Water Source Area in
the Cape Fold Belt, covering steep climate and vegetation gradients in the Fynbos Biome.
This environmental gradient traverses a rich socio-cultural footprint, which includes urban,
agricultural, and natural land use types. The Table Mountain National Park (“Table Moun-
tain”) and Jonkershoek observatories are proposed components of this landscape [145]
(Table A1). This landscape offers a direct link to the BioGrip Cape Point Atmospheric Mon-
itoring (Global Atmospheric Watch) and Cape Town South African Population Research
Infrastructure Network sites [145].

The third proposed EFTEON landscape of relevance is the Garden Route Gateway
(GRG), which will be centred on short-reach, high-energy river systems draining the
Baviaans and Kouga Mountains of the Cape Fold Belt into the Indian Ocean through an
area of rapid urbanisation and agricultural intensification. The Baviaanskloof observatory
is a proposed component of this landscape (Table A1). Both the GCT and GRG landscapes
present source-to-sea opportunities involving upstream and downstream systems, which
link terrestrial mountain catchments with marine ecosystems [145].

3.3. What about the Rest of Southern Africa?

South Africa has the most active and comprehensive LTER networks in the region.
Other Southern African countries have limited long-term meteorological (rainfall and air
temperature) and hydrological monitoring but it is not mountain-focused (see [146–150]).
Two exceptions relate to Lesotho: a high-elevation rainfall and temperature series [151] and
the MIREN programme (discussed previously). This almost absence of mountain LTER
outside of South Africa is largely due to the region’s remote and inaccessible complex
terrain, shortage of institutional and human capacity, lack of funding, theft and vandalism
of equipment, and poor data management systems [62,83,151,152].

One key intervention intended to facilitate LTER across Southern African countries
was the ELTOSA network established in 2001. It aimed to connect member country EONs to
study ecosystems and environmental issues traversing political borders [30,82,83], but has
failed to materialise. A recent global review shows only South Africa and Namibia hosting
LTER in the region—based on DEIMS, July 2017 [28]. The Namibian site, however, bears
no relevance, as its research station is located in the Namib Desert. Failure to successfully
implement a transnational network highlights the challenges of undertaking LTER in the
region, hampered by pervasive funding constraints and lack of institutional capacity (both
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human and infrastructure) [30,82]. Fortunately, the African Mountain Research Foundation
(AMRF), progeny of the International Mountain Society, was recently established to catalyse
and extend LTSER beyond South Africa into the mountain regions of Angola, Lesotho,
Madagascar, Malawi, Mozambique, Namibia, and Zimbabwe. It is essentially a fund-
raising arm to establish LTSER with the Afromontane Research Unit of the University of
the Free State as its beneficiary [153]. Previously, AfroMont (Research Network on Global
Change in African Mountains) supported collaborative research in African mountains, but
is now largely defunct.

3.4. Local Knowledge with Global Significance

This synthesis has enabled us to highlight the strengths and weaknesses of our
mountain observatory networks (Table 1) and to underscore the collective value of our
mountain-based LT(S)ER in terms of how it safeguards people and biodiversity for a sus-
tainable mountain future. It also allowed us to contextualise and frame the significance of
our mountain-based LT(S)ER from an austral perspective for the Northern Hemisphere-
dominated international mountain community. This opportunity is essential to balancing
the global narrative around how mountain people and biodiversity may be impacted by a
rapidly changing world and can hopefully present workable solutions which may benefit
other mountainous countries facing similar challenges.

Insights gained from our LT(S)ER offer a unique perspective due to our local mountain
context, outlined as follows: (1) our mountains are not very high in elevation by global
standards and do not occur at high latitudes. They therefore have no permanent snow
and ice, no upper-alpine and nival zones, and no glaciers, suggesting that detecting
changes may require a more subtle and nuanced approach (only periglacial signatures
are present at the highest elevations). (2) Our mountains are not covered with montane
forests and lack the characteristic alpine treeline tracking the 6 ◦C seasonal mean isotherm
between alpine and montane belts [63,64], which as a thermal “marker” sensitive to climate
warming can be used as an indicator of change. In Southern Africa’s Maloti-Drakensberg,
a more obscure treeline ecotone is depressed by almost a 1000 m due to a precipitous
escarpment; this discontinuous treeline ecotone separates the upper-montane and lower-
montane belts [114]. Changes here may not be as easily detected compared with the
alpine treeline at higher elevation. (3) True to the global trend of mountain plant diversity
peaking in the mid-latitudes [127], our mountains are hyper-diverse palaeo-centres of
plant diversity and endemism. This diversity is largely accounted for by expansive and
ancient old-growth grasslands and shrublands [124,154–156]. In contrast, our montane
forests are small patches (1–10 ha) on south- and south-east facing slopes and in steep-
sided valleys; they are species-poor with low levels of endemism [124,157]. (4) There are
few examples of mountains located in the Southern Hemisphere mid-latitudes (together
with the Australian Alps and central South American Andes), strategically positioned at
a tropical–temperate interface, where warming and precipitation changes are expected.
(5) The Great Escarpment and Cape Fold Belt are the region’s most significant climate
regulators–topographic influences that exert strong regional and micro-scale controls on
precipitation, humidity, airflow and temperature [2]. (6) Our mountains include Africa’s
only non-tropical, Southern Hemisphere alpine habitat, and its small area and relatively
benign relief by global alpine standards may offer alpine species under climate change
fewer opportunities to migrate due to a limited mosaic of micro-habitats and thermal niches
(see [158]). (7) Our mountains are characterised by strong moisture/aridity, temperature,
and aspect gradients, and include almost half of the world’s zonobiomes and a third
of the world’s global circulation systems. (8) Our montane grasslands are beginning to
show different responses to climate change when compared with Northern Hemisphere
systems [76]. (9) Our mountains are some of the oldest on the planet with interesting
and complex geologic and geomorphic histories, with less of the “continental” influence
experienced by Northern Hemisphere mountains. (10) Our mountains have their own
unique Quaternary glaciation history [159] and are believed to have been affected by late



Land 2021, 10, 1024 13 of 27

Quaternary climatic fluctuations [5,160]. (11) Our mountains host a sovereign country
(“the Mountain Kingdom of Lesotho”) entirely enclaved by South Africa; this is the only
Southern Hemisphere example of an enclaved country and the only country in the world
occurring in its entirety above 1000 m a.s.l. [161]. A nation accommodated entirely within
a mountain context places extreme pressure on its natural resources—Lesotho’s mountains
are occupied by pastoralists with heavy dependence on communal rangelands, leading
to landscape degradation and unsustainable resource use [21]. (12) In addition, there are
still many learning opportunities to be experienced and lessons to be shared amongst a
diverse suite of stakeholders in the building of a multi-disciplinary, multi-scale community
of practice [27] to undergird adaptation and resilience policy.

Table 1. Strengths and weaknesses of Southern Africa’s mountain observatory networks and LT(S)ER, as identified in
this synthesis.

Features Strengths Weaknesses

LT(S)ER history
There is a long history of LT(S)ER in the

mountains of South Africa dating back to some
111 years.

Despite a long history, LT(S)ER is relatively
limited and currently overseen by a small

community of organisations and researchers.

Historical focus

The earliest LTER in South Africa was all
mountain-based eco-hydrology because it was

needed to inform catchment management
practices and water policy, highly relevant to a

water-scarce country.

However, because of this one-dimensional
legacy, purer forms of ecological LTER suffered

historically.

Adaptive changes LT(S)ER is evolving towards multi-disciplinary
global change observation science.

This evolution has been a slow transition from
long-term monitoring platforms.

Diversity of LT(S)ER initiatives

There is a diverse range of LT(S)ER
programmes in Southern Africa. This diversity
provides a larger and more robust knowledge

base from which to draw conclusions about
how to better safeguard people’s well-being,

appropriately manage biodiversity, and ensure
environmental sustainability.

Having a diverse range of initiatives can also
spread resources very thin, resulting in poorly

replicated networks of each LT(S)ER type.
There are some LT(S)ER types represented by

solitary sites rather than the preferred
distributed, coordinated, multi-site networks.

LT(S)ER capacity in Southern African
countries (excluding South Africa)

These countries still have an enormous
opportunity to design and capacitate the types

of LT(S)ER networks that will serve their
purposes to great effect, generating both

quality science and the outcomes needed to
address livelihood challenges in their

mountain regions.

There is little to no LT(S)ER taking place in the
mountains of Angola, Lesotho, Mozambique,

Namibia, and Zimbabwe. LT(S)ER in Southern
Africa is therefore unbalanced and not

representative of the Great Escarpment. Africa
in general is lacking mountain observatories,

which contrasts markedly with its high
population densities and socio-economic
needs against a backdrop of accelerating

environmental change [162].

LT(S)ER capacity in South Africa

South Africa has the most comprehensive
LT(S)ER networks in the region and the best

equipped mountain observatories. It therefore
has a key role to play in capacitating and

supporting its regional neighbours.

Notwithstanding South Africa’s significant
strides at LTER, the spread of sites in the
country is not fully representative of its

diverse mountain regions which traverse large
moisture/aridity, aspect, and temperature
gradients and consequentially a range of

zonobiomes. The limited and uneven
distribution of mountain observatories is also a

global trend [162]. An example is the heavy
reliance on Cathedral Peak in the

Maloti-Drakensberg. This behemoth of
LT(S)ER in Southern Africa’s mountains

accounts for the Research Catchments, the
Brotherton Fire Experiment, a NutNet site and
is proposed as a significant component of the
forthcoming EFTEON LTSER landscape, as

well as proposed MIREN and Soil BON sites.
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Table 1. Cont.

Features Strengths Weaknesses

International connectivity

A number of collaborative partnerships with
international LT(S)ER programmes are

emerging, opening up significant
opportunities for collaboration, lesson-sharing,

and learning.

Southern Africa, Africa, and the Southern
Hemisphere are poorly represented in

international LTER programmes. LT(S)ER has
suffered from a “silo mentality”, whereby

researchers have historically been working in
isolation within the region and divorced from

Northern Hemisphere colleagues and
programmes. The Cape Fold Belt in particular

lacks connection to such programmes,
particularly MIREN and Soil BON.

Focal areas

There are still many research gaps and
opportunities for scholarly study at all levels
(graduate, post-graduate, and scholar). There

is an opportunity for better integration of
faunal, floral and soil-based LTER components

towards more systems-based research.

There has been a historical bias towards
certain spheres of study and certain taxonomic

groups—faunas, soil biodiversity, and
below-ground systems—are less studied than

floras and above-ground systems at high
elevation.

Elevational representation Southern Africa has an alpine region that has
great potential to host global change LT(S)ER.

Better use must be made of Southern Africa’s
alpine region, which remains very

under-studied. Multiple alpine observatories
are required for the GLORIA, MIREN, NutNet,

RangeX, and Soil BON programmes,
particularly in the colder and drier recesses of

the south-eastern Maloti-Drakensberg. All
observatories, with the exception of the

long-term automated weather station on an
alpine inselberg summit near Vulture’s Retreat
(3010 m a.s.l.), are montane (this site also hosts

a long-term vegetation monitoring platform
through fixed cameras; Table A1).

4. Conclusions

Southern Africa has the opportunity to host comprehensive mountain observatory net-
works that will contribute towards a more holistic and robust global network of mountain
observatories inclusive of all relevant sciences. We conclude with a few recommendations
to further capacitate Southern Africa’s ability to manage its mountain systems sustainably
and in a way that builds resilience to global change: (1) LT(S)ER should have its own
unique flavour formulated around the region’s socio-ecological realities, context, agendas,
and policy frameworks. (2) The nations of the region not engaging in LT(S)ER should
be encouraged to invest in a research infrastructure framework to advance their scien-
tific footprint and skills base, and more importantly to understand global change impacts.
(3) The smaller mountain complexes not part of the Great Escarpment, such as the Lebombo
Mountains, Soutpansberg and Waterberg, may also warrant some attention in the future
to ensure a more comprehensive understanding of our mountain systems. (4) The socio-
ecological and socio-economic dimensions involving sustainable livelihoods, resource use,
ethnic diversity, and culture linked to mountains need to be urgently incorporated in to
LTER initiatives (LTSER). The establishment of the EFTEON landscapes in 2021 is a large
step towards achieving this end. (5) Effective, clean governance is critically important to
ensure sustainability, conserve natural resources and safeguard human well-being [163].
(6) Furthermore, global collaborations are key to tackling pressing global change issues
that traverse spatial and temporal scales and require multi-disciplinary inputs across many
fields. SAEON and the Afromontane Research Unit in particular are ensuring collaboration
within the broader scientific community, with growing international partnerships emerging
in the past few years. A few suggestions to foster deeper international connections include
the hosting of appropriately themed mountain conferences (such as the first Southern
African Mountain Conference 2022), focused workshops, greater use of digital resources
to host online events, Special Issue journal publications, increasing the global visibility of
international networks to grow membership across all hemispheres and disciplines, sab-
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baticals taken abroad, and more generally the reciprocal exchange of visiting delegations
between countries. A good opportunity for synergistic interactions exists between the
proposed Northern Maloti-Drakensberg EFTEON landscape and the Mont-aux-Sources
LTSER node. (7) LT(S)ER in South Africa should continue to receive funding given its
long LTER history, previous financial investments, long-term data legacies, and active
strides being taken to advance its scientific infrastructural footprint. (8) LT(S)ER should be
adaptive in nature, always seeking to remain relevant and supple enough to meet changing
research questions and needs. It should also be designed with the end user in mind to
inform “evidence-based policy” [26] primed for implementation. (9) Future placement
of LT(S)ER sites to close knowledge gaps will require novel approaches, given that they
may have to be located in remote and inaccessible areas that are difficult to establish and
administer. (10) We have demonstrated the value of our LT(S)ER along thematic lines of
research, however, they may obscure and limit our ability to characterise and mitigate
global change impacts until they have been integrated through a holistic approach [162].
Our greatest challenge will be to integrate data from multiple thematic programmes into
a single, clear mountain-specific adaptation policy for implementation. Smaller, focused
steps will therefore be required to achieve this end. Since we already have water and
fire policy informed by multi-decadal catchment and burning experiments respectively,
a “nutrient policy” should also be established in the future that incorporates manage-
ment interventions addressing the nutrient-enrichment impacts of global change on our
mountain grasslands. (11) The current establishment of mountain observatories relating
to the GLORIA, RangeX, Soil BON, MIREN, and AMRF programmes and the proposed
EFTEON landscapes makes for an exciting new chapter of LT(S)ER in Southern Africa and
an invaluable contribution to the international mountain community. This renaissance
period is timeous given the many perils and pressures facing our mountain people and
biota in the Anthropocene. It is therefore essential that LTSER generating high-quality
data is conducted in the mountain regions of this uniquely positioned region of the Earth,
whose context is largely unreplicated in other mountain regions of the world. This is our
mountain watch for a sustainable Southern African mountain future.
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Appendix A

Table A1. Summary of the mountain observatories in Southern Africa. Atmospheric and hydrological research is included in the broader LTER framework to showcase the full
suite of parameters measured long-term. Key environmental change drivers † and response variables * are indicated for each observatory [164]. Date ranges start with the earliest
instrumentation/infrastructure for at least one of the data parameters listed. Mid-range dates are shown where the South African Environmental Observation Network (SAEON)
resurrected earlier data collection. Data collection and recording frequency vary with changes in stations, instrumentation, or custodianship of the research platform. Elevation range at
each observatory reflects the spread of data collection activities, not necessarily the topographic extremes (with the exception of the Mont-aux-Sources and Sani Pass sites).

Site and Affiliation Mountain Range and Country Management Authority Biome and Rainfall Zone Recorded Parameters and Attributes Elevation Range
(m a.s.l.)

Cape Fold Belt

Baviaanskloof
SAEON Fynbos node; proposed
component of the Garden Route

Gateway EFTEON landscape

Baviaans and Kouga Mountains,
South Africa

Eastern Cape Parks and Tourism
Agency

Intersection of Albany
Thicket, Succulent Karoo,

Fynbos; winter rainfall

Atmospheric parameters (2011–2015–current): air
temperature, vapour pressure deficit, atmospheric
pressure, precipitation, wind speed and direction
Hydrological parameters (2012–current): groundwater
and surface water elevation, depth and temperature,
estimated streamflow
Ecological parameters: vegetation surveyed in
1991/1992 and 2011/2012
† Land use/cover; disturbance; water abstraction
* Hydrological functioning; biodiversity
Baviaanskloof is affiliated with the Global Ecosystem
Research Infrastructure (GERI) and the International
Long-Term Ecological Research Network (ILTER). It is
a LivingLands landscape and falls within the
UNESCO Cape Floral Region Protected Areas World
Heritage Site

174–985

Cederberg
SAEON Fynbos node

Cederberg Mountains,
South Africa CapeNature Fynbos, Succulent Karoo;

winter rainfall

Atmospheric parameters (2015–current): air
temperature, relative humidity, wind speed and
direction, precipitation, solar radiation, atmospheric
pressure
Ecological parameters: vegetation relevés surveyed in
the 1980s, targeted floral species monitoring
† Climate change; disturbance
* Biodiversity

1310–1576
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Table A1. Cont.

Site and Affiliation Mountain Range and
Country Management Authority Biome and Rainfall

Zone Recorded Parameters and Attributes
Elevation

Range
(m a.s.l.)

Jonkershoek Valley
(”Jonkershoek”)

SAEON Fynbos node;
proposed component of the

Greater Cape Town EFTEON
landscape

Boland Mountains,
South Africa CapeNature Fynbos, Afrotemperate

forest; winter rainfall

Six gauged research catchments (five afforested
with Pinus radiata + one control)
Atmospheric parameters
(1925–2013/2014–current): atmospheric
pressure, precipitation, air temperature, fog,
vapour pressure, dew point temperature,
relative humidity, wind speed and direction, net
radiation, leaf wetness; (2019–current): CO2 and
H2O flux, short- and long-wave incoming and
outgoing radiation, albedo, soil heat flux
Hydrological parameters (1935–1992;
2010–current): runoff amount, surface water
level, quality and temperature; (2013–current):
soil moisture
Ecological parameters: plant species turnover
† Climate change; land use/cover; disturbance;
alien organisms
* Hydrological functioning; biogeochemical
cycling
Jonkershoek is affiliated with the GERI, ILTER
and the TRY plant trait and BioTIME global
databases and falls within the UNESCO Cape
Floral Region Protected Areas World
Heritage Site

239–1214
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Table A1. Cont.

Site and Affiliation Mountain Range and
Country Management Authority Biome and Rainfall

Zone Recorded Parameters and Attributes
Elevation

Range
(m a.s.l.)

Table Mountain National
Park

(”Table Mountain”)
SAEON Fynbos node;

proposed component of the
Greater Cape Town EFTEON

landscape

Cape Peninsula Mountains,
South Africa South African National Parks Fynbos, Afrotemperate

forest; winter rainfall

Atmospheric parameters (1962–2013–current):
precipitation, air temperature, fog, atmospheric
pressure, net radiation, relative humidity, wind
speed and direction, leaf wetness, and soil
temperature
Hydrological parameters (2013–current): soil
moisture
Ecological parameters: vegetation relevés
surveyed in 1966, 1999 and 2010
† Climate change; land use/cover; alien
organisms
* Hydrological functioning; biodiversity
Falls within the UNESCO Cape Floral Region
Protected Areas World Heritage Site

40–966

Great Escarpment
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Table A1. Cont.

Site and Affiliation Mountain Range and
Country Management Authority Biome and Rainfall

Zone Recorded Parameters and Attributes
Elevation

Range
(m a.s.l.)

Cathedral Peak Research
Catchments

(”Cathedral Peak”)
SAEON Grasslands–

Wetlands–Forests node;
proposed component of the

Northern Maloti-
Drakensberg EFTEON

landscape

Maloti-Drakensberg,
South Africa

Ezemvelo KwaZulu-Natal
Wildlife

(previously Natal Parks
Board, Department of

Forestry/Forestek/Council
for Scientific and Industrial

Research)

Grassland;
summer rainfall

Fifteen gauged research catchments (13–190 ha);
one excluded from fire; one historically
afforested with Pinus patula and one historically
grazed by cattle
Atmospheric parameters (1949–1995;
2012–current): atmospheric pressure,
precipitation, dew point, relative humidity, air
temperature, vapour pressure deficit,
suspended solids, wind speed and direction, net
radiation; (2019–current): CO2 and H2O flux,
short- and long-wave incoming and outgoing
radiation, albedo, and soil heat flux
Hydrological parameters (1948–1995;
2013–current): surface water level, quality,
temperature and volume, soil moisture
Ecological parameters: vegetation relevés
surveyed in 1975 and 1985 and by SAEON
in 2013
† Climate change; land use/cover; disturbance
* Hydrological functioning; biodiversity;
biogeochemical cycling
** Long-term automated weather station and
fixed camera vegetation monitoring site on an
alpine inselberg summit near Vulture’s Retreat
Cathedral Peak is affiliated with the GERI and
ILTER. The site falls within the UNESCO
Maloti-Drakensberg Park World Heritage Site
The Research Catchments are located within the
Cathedral Peak Research Area which also hosts
the multi-decadal Brotherton Fire Experiment
(BFE), a Nutrient Network (NutNet) site as well
as planned Soil Biodiversity Observation
Network (Soil BON) and Mountain Invasion
Research Network (MIREN) sites

1820–2463
3010**
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Table A1. Cont.

Site and Affiliation Mountain Range and
Country Management Authority Biome and Rainfall

Zone Recorded Parameters and Attributes
Elevation

Range
(m a.s.l.)

Compassberg
SAEON Arid Lands node

Sneeuberge,
South Africa

Compassberg Protected
Environment Group and

SAEON

Nama-Karoo,
Grassland;

autumn rainfall

Atmospheric parameters (2016–current):
precipitation, air temperature, relative humidity,
wind speed and direction, net radiation,
atmospheric pressure, leaf wetness, and soil
temperature
Ecological parameters: vegetation relevés
surveyed in 2014 and 2016
† Climate change
* Biodiversity

1200–2502

Haenertsburg
SAEON Ndlovu node

Limpopo Drakensberg
(Wolkberg section),

South Africa

Limpopo Department of
Economic Development,

Environment and Tourism

Grassland, Savanna,
Afrotemperate forest;

summer rainfall

Atmospheric parameters (2014–current): air
temperature, relative humidity, wind speed and
direction, precipitation, net radiation,
atmospheric pressure, and fog
Ecological parameters: vegetation relevés
surveyed triennially 2007–current, targeted
floral species monitoring, high-resolution aerial
imagery
† Climate change; land use/cover; disturbance
* Biodiversity

1350–1459

Mariepskop
SAEON Ndlovu node

Mpumalanga Drakensberg,
South Africa

Department of Forestry,
Fisheries and the

Environment/
Mpumalanga Tourism and

Parks Agency

Grassland;
summer rainfall

Atmospheric parameters (2000–current): air
temperature, precipitation, fog
Hydrological parameters (2019–current): water
level, quality, temperature and volume
Ecological parameters: vegetation relevés
surveyed triennially 2018–current,
high-resolution aerial imagery, fish composition
(2012/2013, 2021)
† Climate change; land use/cover; disturbance;
water abstraction
* Hydrological functioning; biodiversity
Gazetted for inclusion in the Blyde River
Canyon Nature Reserve

710–1947
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Table A1. Cont.

Site and Affiliation Mountain Range and
Country Management Authority Biome and Rainfall

Zone Recorded Parameters and Attributes
Elevation

Range
(m a.s.l.)

Mont-aux-Sources LTSER
node

Afromontane Research Unit,
University of the Free State

[99]

Maloti-Drakensberg,
South Africa and Lesotho

Ezemvelo KwaZulu-Natal
Wildlife and Ingonyama Trust
(South Africa); Basutho Royal

Houses (Lesotho)

Grassland;
summer rainfall

ca. 1200 km2; establishment in progress; will
include Global Observation Research Initiative
in Alpine Environments (GLORIA) and
Mountain Invasion Research Network
(MIREN)/RangeX sites
† Alien plants; climate change; land-use change;
degradation; disturbance
* Biodiversity; livelihoods
The site falls partly within the UNESCO
Maloti-Drakensberg Park World Heritage Site
(Royal Natal section)

1300–3282

Sani Pass (South Africa) and
Kotisephola Pass (Lesotho)

Stellenbosch University;
University of Johannesburg;
University of Pretoria [89,91]

Maloti-Drakensberg,
South Africa and Lesotho

Ezemvelo KwaZulu-Natal
Wildlife (South Africa);

Lesotho Government and
Basutho Royal House

(Lesotho)

Grassland;
summer rainfall

MIREN sites established in 2007 along steep
elevational gradients. Additional MIREN sites
to be added by the Afromontane Research Unit
† Alien plants; disturbance
* Biodiversity
The MIREN sites fall partly within the UNESCO
Maloti-Drakensberg Park World Heritage Site
(Cobham section)

1500–2874
2874–3200
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