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Abstract: A new form of producing and sharing knowledge has emerged as an international (United States of America, Asia, and 

Europe) research collaboration, known as the Long-Term Ecological Research (LTER) Network. Although Africa boasts rich biodiver-

sity, including endemic species, it lacks the long-term initiatives to underpin sustainable biodiversity managements. At present, climate 

change may exacerbate hunger and poverty concerns in addition to resulting in ecosystem degradation, land use change, and other 

threats in Africa. Therefore, ecosystem monitoring was suggested to understanding the effects of climate change and setting strategies to 

mitigate these changes. This paper aimed to investigate ecosystem monitoring ground sites and address their coverage gaps in Africa to 

provide a foundation for optimizing the African Ecosystem Research Network (AERN) ground sites. The geographic coordinates and 

characteristics of ground sites-based ecosystem monitoring were collected from various networks aligned with the LTER implementa-

tion in Africa. Additionally, climatic data and biodiversity distribution maps were retrieved from various sources. These data were used 

to assess the size of existing ground sites and the gaps in description, ecosystems and biomes. The results reveal that there were 1089 

sites established by various networks. Among these sites, 30.5%, 27.5%, and 28.8% had no information of area, year of establishment, 

current status, respectively. However, 68.0% of them had an area equal to or greater than 1 km2. Sites were created progressively over 

the course of the years, with 68.9% being created from 2000 to 2005. To date, only 41.5% of the sites were operational. The sites were 

scattered across Africa, but they were concentrated in Eastern and Southern Africa. The unbalanced distribution pattern of the sites left 

Central and Northern Africa hardly covered, and many unique ecosystems in Central Africa were not included. To sustain these sites, the 

AERN should be based on operational sites, seeking secure funding by establishing multiple partnerships. 
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1  Introduction 

The most important aspect of nature to human beings is 
the diversity of life forms and landscapes it creates, i.e., 
biodiversity (Liu et al., 2011). In 1986, Walter G. Rosen 
introduced the term of biodiversity and the United Na-
tions Convention on Biological Diversity signed in 1992 

further promoted this idea (Wilson, 1988; Blackmore, 
2002). Biodiversity is assessed at various levels from 
genes to ecosystems (Liu et al., 2011; Stork and Astrin, 
2014). Biodiversity is vital for human beings, as it pro-
vides important goods and services, such as food, wood 
for energy and construction, plants for pharmaceutical 
production, and many recreational areas (Roda, 2002; 
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Girard et al., 2003; Sales, 2003; Belem et al., 2008; Da 
Silva et al., 2008; Leciak and Bah, 2008; Ren et al., 
2009). 

However, human activities often lead to a loss in bio-
diversity. Indeed, the rapid human population growth, 
urbanization, industrialization, agriculture and tourism 
development are creating and increasing changes in 
ecosystems and introducing hazards to species where 
they previously did not encountered threats (Boahene, 
1998; Casse et al., 2004; Asongu, 2013). Medicinal and 
aromatic plant harvesting, tree logging, extensive over-
grazing, mining, illegal and over-hunting dwindled eco-
systems′ coverage, leading to habitat losses and the ex-
tinction or near extinction of many species. Climate 
change exacerbates biodiversity loss through drought, 
flooding and other climate-related disasters (Sala et al., 
2000; Rarieya and Fortun, 2010; Estes et al., 2013; 
Heubes et al., 2013). In addition, alien invasive species 
contribute to biodiversity loss and remain a topical issue 
in biodiversity conservation (Berglund et al., 2013; 
Rejmanek and Richardson, 2013; Luque et al., 2014; 
Padmanaba and Corlett, 2014; Roy et al., 2014). 

Apart from climate hazards that can wipe out incredi-
bly biological diversity in a short time, most of the other 
threats leading to biodiversity loss emerge rather slowly 
over decades or centuries, making it impossible to sense 
the symptoms with any precision (Kim, 2006). On the 
other hand, the unpredictability of the temporal and spa-
tial scales of most climate-related disasters makes it dif-
ficult to obtain real time data on the phenomenon to 
study its manifestation, consequences and the response 
of biotic and abiotic factors. Therefore, extensive re-
search and careful analyses of relevant data over a 
longer period of time are required for a better under-
standing and the sustainable management of the biotic 
and abiotic components of ecosystems (Kim, 2006). A 
new form of producing and sharing knowledge has 
emerged as an international research collaboration 
known as the Long-Term Ecological Research (LTER) 
Network (Vihervaara et al., 2013). 

The LTER started in the United States of America in 
1980 through establishment of the US Long-Term Eco-
logical Research Network (US LTER Network). The US 
LTER Network was founded by the US National Sci-
ence Foundation (NSF) to support a large and diverse 
portfolio of long-term ecological experiments (Knapp et 
al., 2012). This network consists of 26 sites scattered in 

forest, grassland, desert, freshwater, coastal and other 
ecosystems that span a broad geographic range includ-
ing both climate and human impacts (Robertson et al., 
2012). By increasingly being engaged with diverse 
stakeholders (i.e., land managers, policymakers, and 
decision-makers) at all levels, it provides not only scien-
tists with key places for long-term, biome-specific ob-
servations and experimentation, but also ensures that 
their inquiries are relevant to addressing societal con-
cerns (Driscoll et al., 2012). The sites are closely asso-
ciated with educational institutions and serve under-
graduates, graduates and postgraduates to conduct field 
research, as well as provide environmental training for 
community leaders. Although the US LTER Network 
was not designed to be a single integrated observatory in 
which each site employs standardized instrumentation 
and capacity, cross-sites observation and analysis has 
considerably evolved since 1992 (Robertson et al., 
2012). To date, more than 17 000 peer-reviewed publi-
cations have been generated from the long-term studies 
documenting patterns of inorganic inputs and nutrient 
movement through soils, surface waters, and groundwa-
ter; patterns and control of primary productivity and 
organic matter accumulation; spatial and temporal dis-
tributions of populations representing trophic structures; 
and ecological responses to varying patterns and the 
frequency of site disturbance (Michener and Waide, 
2009). 

The Chinese Ecosystem Research Network (CERN), 
supported by the Chinese Academy of Sciences, was the 
second LTER Network established. Launched in 1988, 
CERN is composed of one synthesis center, 5 
sub-centers and 46 field stations covering cropland, for-
est, grassland, desert, marshes, lakes, bays and urban 
ecosystems. CERN aims to obtain scientific data of 
ecosystem change through monitoring, research and 
demonstrations to provide techniques and scientific 
suggestions to decision-makers for national ecosystem 
management, agricultural production and ecological 
remediation (Fu et al., 2010). While each site has its 
own scientific problems and specific regional charac-
ters, all of the sites are required to perform four com-
mon research areas to ensure cross-site and net-
work-level comparisons: biotic communities composi-
tion and structure; ecosystem productivity, energy flow 
and materials cycles; interactions between humans, en-
vironment and ecosystem; and ecosystem management 
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and acclimation to global changes. With over 2000 sci-
entists, technicians and graduate students engaged in its 
activities, CERN is one of the largest national networks 
worldwide and an important member of the Interna-
tional Long-Term Ecological Research (ILTER) Net-
work created in 1993. The ILTER is a ′network of net-
works′, in terms of a global network of research sites 
(Kim, 2006; Fu et al., 2010; Vihervaara et al., 2013). 

Regarding LTER, Africa is ranked behind other con-
tinents that own national to regional and even continen-
tal scale monitoring networks (Gray and Kalpers, 2005; 
Saidi and Pauw, 2010; Jürgens et al., 2012). However, 
Africa has many programs and projects involving wild-
life conservation and ecosystem monitoring through 
International Non-Governmental Organizations (IN-
GOs) initiatives. These INGOs address biodiversity is-
sues, especially wildlife conservation, and work in part-
nership with countries through local contacts, such as 
Non-Governmental Organizations (NGOs), associations 
and governmental authorities which are site owners. 
Apart from the INGOs, there are initiatives at both na-
tional and regional scales dedicated to the long-term 
monitoring of biodiversity in Africa. Some examples of 
these initiatives are: the Gobabeb Research and Training 
Centre (GOBABEB); BirdLife International; Sahara and 
Sahel Observatory (ROSELT/OSS); Biodiversity Moni-
toring Transect Analysis in Africa (BIOTA-AFRICA); 
South African Environmental Observation Network 
(SAEON); Tropical Ecology Assessment and Monitor-
ing Network (TEAM); and the Global Observation Re-
search Initiatives in Alpine environment (GLORIA) 
(ROSELT/OSS, 2004; Bennun et al., 2005; Gray and 
Kalpers, 2005; Joubert and Trollip, 2011; Jürgens et al., 
2012; Henschel and Lancaster, 2013). 

The African Ministerial Conference on the Environ-
ment (AMCEN) was aware of the challenges of climate 
change and the importance of monitoring in ecosystem 
management. In 2010, it requested the establishment of 
an ′African Ecosystem Research Network′ (AERN) as 
the long-term ecological infrastructure to support sus-
tainable management through sound decisions, for the 
well-being of the African population. The National 
Natural Science Foundation of China (NSFC) is funding 
a collaborative project with the United Nations Envi-
ronment Programme (UNEP) and facilitated by the In-
ternational Ecosystem Management Partnership (IEMP) 
to help build ecological resilience for sustainable de-
velopment in Africa. In this context, this paper is aimed 

to investigate ecosystem monitoring ground sites and 
address their coverage gaps in Africa to provide a foun-
dation in optimizing the AERN ground sites. 

2  Materials and Methods 

2.1  Study area 
Africa is the world′s second-largest continent and covers 
approximately 3.02 × 107 km2, which represents 6% of 
the earth′s total area and 20.4% of the total land area. 
Africa is subdivided into five regions (northern, west-
ern, central or middle, eastern and southern), according 
to the United Nations geographic classification scheme 
(Fig. 1). Regarding this subdivision, the eastern and 
western Africa are almost even in terms of the number 
of countries, and together they have more than 61% of 
Africa′s countries. However, the northern region is the 
widest and covers 27% of Africa′s total area, followed 
by the central region (22%). The southern region is the 
smallest (10% of area) and has the fewest number of 
countries (10%). 

The Koeppen climate classification identifies three 
main types of climate that characterize Africa: tropical, 
temperate and dry. The tropical climate stretches over 
areas located in the western, central and eastern regions, 
while the temperate climate influence is found in every 
region, except the western. The largest part of Africa is 
under a dry climate, and this makes Africa the hottest 
continent on earth (Fig. 1). The mean annual tempera-

ture ranges from –5.0℃ to 32.0℃, with a maximum 

temperature of 49.0℃  during the warmest months. 

There are areas that receive no precipitation during the 
year and others that may have precipitation every week. 

The new harmonized soil map at the continental scale 
for Africa had 29 dominant soil units and showed that 
over 60% of the soil types represent hot, arid or imma-
ture soil assemblages including Arenosols, Leptosols, 
Cambisols, Calcisols, Regosols and Solonchacks/Solonetz 
(Dewitte et al., 2013). Due to the climate and soil pat-
terns, Africa has approximately 114 ecosystems gath-
ered into 9 biomes. The tropical and subtropical grass-
lands, savannas, and shrublands as well as the deserts 
and xeric shrublands are the dominant vegetation types 
covering 79% of Africa (Olson et al., 2001). The conti-
nent has enormous wetlands of international signifi-
cance, including Lake Victoria, the world′s second larg-
est lake. Its mainland harbors between 40 000 and  
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Fig. 1  Geographic location of Africa and distribution of protected areas, biodiversity hotspots and Koeppen climates 

 
60 000 plant species, one quarter of the world′s 4700 
mammal species, more than 2000 species of birds, ap-
proximately 100 000 known species of insects and 
arachnids, and at least 2000 species of fish alongside 
950 amphibian species (UNEP, 2010). Eight of the 
world′s 34 biodiversity hotspots are in Africa, making 
the continent home to an enormous amount of endemic 
species (Conservation International, 2011). 

Although Africa brims with natural resources, it re-
mains the poorest and most underdeveloped continent. 
Its population has increased rapidly since 1950, growing 
from 2.21 × 108 to 1.10 × 109 by 2013. There are a 
greater percentage of females than males, and the popu-
lation remains very young, with more than half of the 
inhabitants less than 25 years of age. The population 
density is null in some parts of the continent, especially 
in the desert where water scarcity makes living impossi-
ble. The western and eastern regions are more populated 
than other regions and account for nearly 50% of the 
area, wherein the population density is above 10 per-
sons/km2. 

2.2  Data collection and processing 
The geographic coordinates of site-based monitoring, 
climatic and biodiversity data were collected from vari-

ous sources and used in this study. 
The geographic coordinates of the ground sites were 

collected from networks that provided free access to the 
location of their sites. The focus was on the following 
networks: BirdLife International; the Global Environ-
ment Monitoring System (GEMS); the Mountain Re-
search Initiative (MRI); the Tropical Ecology Assess-
ment and Monitoring Network (TEAM); the Global 
Observation Research Initiative in Alpine Environments 
(GLORIA); the Sahara and Sahel Observatory 
(ROSELT/OSS); the Biodiversity Monitoring Transect 
Analysis in Africa (BIOTA-AFRICA); the South Afri-
can Environmental Observation Network (SAEON); the 
Gobabeb Research and Training Centre (GOBABEB); 
and the Malawi Long-Term Ecological Research (Ma-
lawi-LTER). For BirdLife International, only the Im-
portant Bird and Biodiversity Areas (IBAs) belonging to 
its African partner countries were considered, and sites 
located in islands were removed, except those in Mada-
gascar. In addition, a few other active ground sites es-
tablished in Africa by China and some African research 
centers were considered. For each network and/or site, 
characteristics such as size, establishment date, targeted 
ecosystems, type of funding, and current implementa-
tion status were collected when available.  
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Climatic data, including mean annual precipitation and 
temperature of high resolution (30 arc-seconds), were 
collected from WorldClim (http://www.worldclim.org), 
which provides scientists with free access to current cli-
matic conditions based on data over fifty years (1950 to 
2000). The precipitation and temperature values were 
extracted from collected raster files for each ground site 
and were used to determine the number of dry months, 
which represents the number of months characterized by 
negative values of precipitation in millimeter minus two 
times the temperature in degree Celsius. 

Biodiversity data were retrieved from the World Da-
tabase on Protected Areas (WDPA), the Conservation 
International Foundation (CI), and the World Wildlife 
Fund (WWF). Data consisted of the protected areas dis-
tribution map (UNEP-WCMC, 2012), biodiversity hot-
spots distribution (Conservation International, 2011) and 
the distribution of biomes in Africa (Olson et al., 2001). 
The location of sites in biodiversity hotspots and/or in 
only protected areas was also noted for all of the con-
sidered ground sites. The assessment of the biomes and 
eco-regions coverage gap was based on the comparison 
of the numbers and the extent of the eco-regions in Af-
rica and those sites that are covered. The identification 
of biomes and eco-regions observatory sites covered 
was done by projecting in the same view both layers of 
eco-regions distribution and sites waypoints, and estab-
lishing a buffer zone of 1 km radius (3.14 km2) around 
sites. We chose the 1 km radius buffer because the circle 
area largely included the wide range of phytosociologic 
inventory plots and the standardized 1 km2 plots often 
used for monitoring. Data treatment and mapping were 
made under ArcMap version 10.1. 

3  Results 

3.1  Network and site distribution across Africa 
According to the literature and information retrieved 
from the considered networks, initiatives similar to the 
LTER started in Africa in 1962 by the establishment of 
the Namib Desert Research Station (NDRS), which un-
derwent several name changes to its current name, the 
Gobabeb Research Training Center, in 1998 (Henschel 
and Lancaster, 2013). After the Convention on Biologi-
cal Diversity was signed in 1992, there was an increase 
in LTER Networks establishment in Africa. Sites were 
progressively installed across the continent by: ROSELT/ 

OSS in 1992 (Aïdoud et al., 2008); BIOTA-AFRICA in 
2000 (Jürgens et al., 2012); SAEON in 2002 (Joubert 
and Trollip, 2011); TEAM in 2008 (www.teamnetwork. 
org); GLORIA in 2011 (www.gloria.ac.at); and MRI in 
2012 (http://mri.scnatweb.ch). 

Approximately 10 networks were aligned with the 
long-term ecosystem monitoring initiatives and together 
they have established approximately 1640 sites. Of these 
sites, only 1089 (66.4%) fulfilled the stated conditions 
and were considered for further analysis. They spread 
across areas characterized by 0 or 12 dry months (humid 
or dry climate) to 1 to 12 dry months (multiple seasons) 
(Table 1). Most sites (94.1%) belong to the BirdLife 
International, the Global Environment Monitoring Sys-
tems (GEMS) and the BIOTA-AFRICA. They targeted 
the entire continent for the implementation of their ac-
tivities, while the others were established for estate sov-
ereignty focusing on ecosystems in a single country 
such as: South Africa for SAEON; Namibia for 
GOBABEB; and Malawi for Malawi-LTER. Others 
were established for specific ecosystems, such as tropi-
cal forests for TEAM and mountain ecosystems for MRI 
and GLORIA. As a result, some networks were absent 
from some African regions. The eastern, southern and 
central regions hosted 9, 7 and 3 networks, respectively. 
Approximately 64% of the sites were embedded in east-
ern and southern Africa, leaving the other regions and 
especially the central region scarcely covered (Table 1). 

3.2  Ground site characteristics and biome cover-
age assessment 
Approximately 24.3% of the sites were established out-
side hotspots and protected areas boundaries, while 
26.2% were located in both hotspots and protected areas 
(Table 2). Many sites lack comprehensive information 
regarding size, setting date, and current implementation 
status. BirdLife International, BIOTA-AFRICA and 
TEAM provides comprehensive descriptions for many 
of their sites, while Malawi-LTER seems to exist in 
name only and had no details on its site. Of the sites, 
30.5%, 27.5% and 28.8% have no information on their 
area, year of establishment, and current functioning 
status, respectively (Table 2 and Table 3). However, 
68.0% had an area greater or equal to 1 km2. Sites were 
created progressively over the years, but the majority 
were created from 2000 to 2005 (68.9%). To date, only 
41.5% were functional. 
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Table 1  Distribution of networks and their ground sites in African regions and site distribution in classes of dry months  
African region Number of dry month 

Network 
Central Eastern Northern Southern Western No data 0 < 3 3–5 6–8 9–11 12

Total

BIOTA-AFRICA  3 12 37 14  2 3 9 20 15 17 66

BirdLife 33 338 100 107 109 13 68 112 219 193 37 45 687

GEMS 2 48 79 108 35 1 8 15 134 74 24 16 272

GLORIA  2 1    2 1    3

GOBABEB    1      1 1

Malawi-LTER  1     1    1

MRI  11  6   6 4 6 1  17

Other  10  1 1  2 1 5 3  1 12

ROSETL/OSS  2 4  6   4 6 2 12

SAEON    10  1 1 3 4  1 10

TEAM 2 6     3 3 2   8

Total 37 421 196 270 165 15 91 141 378 299 82 83 1089

Notes: BIOTA-AFRICA is Biodiversity Monitoring Transect Analysis in Africa; BirdLife is BirdLife International; GEMS means Global Environment Monitoring 
System; GLORIA is Global Observation Research Initiative in Alpine Environments; GOBABEB represents Gobabeb Research and Training Centre; Ma-
lawi-LTER means Malawi Long-Term Ecological Research; MRI is Mountain Research Initiative; ROSETL/OSS represents Sahara and Sahel Observatory; 
SAEON is South African Environmental Observation Network; TEAM means Tropical Ecology Assessment and Monitoring Network 

 

Table 2  Distribution of sites in according to their area and location in hotspots or coldspots of biodiversity 

Area (km2) Biodiversity hotspots and coldspots 
Network 

< 1 1–10 10–100 100–1000 ≥ 1000 Unknown HS & PA HS PA None

BIOTA-AFRICA  66     15 9 20 22 

BirdLife 16 67 148 292 164  207 194 143 143 

GEMS      272 48 120 27 77 

GLORIA      3 3    

GOBABEB      1   1  

Malawi-LTER      1    1 

MRI      17 2 4  11 

Other      12 2 4 2 4 

ROSETL/OSS      12 1 2 5 4 

SAEON      10 3 3 3 1 

TEAM    1 3 4 4 1 1 2 

Total 16 133 148 293 167 332 285 337 202 265 

Notes: HS & PA mean sites located in both hotspots and protected areas. HS means sites located in only hotspots. PA means sites located in only protected areas. 
None represents sites located outside both protected areas and hotspots. Meanings of other abbreviations see Table 1 

 

Table 3  Site distribution according to date of establishment and current functioning status 

Site establishment date Site current functioning status 
Network 

Before 2000 2000–2004 From 2005 Unknown 
 

Closed Functional Unknown 

BIOTA-AFRICA  35 11 20  66   

BirdLife  687     427 260 

GEMS  24 16 232  257  15 

GLORIA   3    3  

GOBABEB    1   1  

Malawi-LTER    1    1 

MRI    17    17 

Other    12   4 8 

ROSETL/OSS 2 4  6    12 

SAEON    10   10  

TEAM   7 1   7 1 

Total 2 750 37 300  323 452 314 

Note: Meanings of all abbreviations see Table 1 
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Regardless of the information gap, the considered 
sites covered the 9 biomes which characterize Africa′s 
landscape. However, although 30% of the sites were 
contained in the tropical and subtropical grasslands, sa-
vannas, and shrublands, the Mediterranean forests, 
woodlands, and scrub, as well as the Montane grass-
lands and shrublands, hosted 32% of the sites even 
though they were not the widest biomes (Fig. 2). Addi-
tionally, the pattern of sites within the biomes showed 
an aggregate distribution (i.e., sites were greatly con-
centrated in some areas of biomes across regions). The 

evidence of pattern was observed in the distribution of 
sites in Africa′s widest biomes. There were fewer sites 
within the tropical and subtropical grasslands, savannas, 
and shrublands in the central and northern Africa than in 
the other regions. There were also fewer sites in the de-
serts and xeric shrublands in the northern and western 
regions. The biome coverage gap appeared to be in the 
central Africa, especially within the tropical and sub-
tropical moist broadleaf forests (Fig. 3a). When limited 
to only functional sites, the coverage gap in the deserts 
and xeric shrublands biome widened (Fig. 3b). 

 

Fig. 2  Proportion of biome′s areas and proportion of contained sites 

 

Fig. 3  Distribution of ground sites in biomes and coverage gap status for all considered sites (a) and for functional sites only (b) 
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4  Discussion 

4.1  Long-Term Ecological Research (LTER) in 
Africa 
Climate change and anthropogenic factors affect the 
entire globe, and Africa could suffer the most from 
global warming. The need for African ecosystems resil-
ience boosting and disaster watch is obvious to enable 
the population welfare, with evident feedback on the 
mitigation of climate change. A LTER Network for 
ecosystems monitoring at local, regional and continental 
scales are relevant to shed light on the drivers of change 
and how they can be influenced to increase ecosystem 
resilience (Yin and Yin, 2010; Chen et al., 2012). Such 
an initiative exists in the US, Asia, and Europe since the 
1980s (Lane, 1997; Fu et al., 2010; Knapp et al., 2012). 
Although the oldest network Gobabeb Research and 
Training Centre (GOBABEB) was established in Africa 
in 1962 and boasts more than 50-year research on the 
Namib (Henschel and Lancaster, 2013), interest in en-
vironmental research in the southern Africa emerged in 
the 1980s. It led to the mushrooming of regional envi-
ronmental research networks since the 1990s, but many 
of the established networks never became active (Saidi 
and Pauw, 2010). The Environmental Long-Term Ob-
servatories Network of the Southern Africa (ELTOSA) 
was established in 2001 by networks from Malawi, 
Mozambique, Namibia, South Africa and Zambia (Hen-
schel et al., 2003). ELTOSA aimed to coordinate the 
regional planning of environmental observatories′ net-
works; facilitate regional research collaboration; stan-
dardize research and data handling protocols; and ensure 
data sharing and dissemination. However, it has been 
inactive and unproductive for much of its existence 
(Saidi and Pauw, 2010). ELTOSA implementation has 
been constrained by funding, and most country scale 
networks exist only in name and lack visibility and in-
formation on their site (see the case of Malawi-LTER in 
Table 2 and Table 3). Only SAEON, which has guaran-
teed funding from South African government through 
the National Research Foundation (NRF), has effec-
tively sustained a long-term implementation (Saidi and 
Pauw, 2010; Joubert and Trollip, 2011). 

BIOTA-AFRICA was launched in 2000 and is sup-
ported by the German Federal Ministry of Education 
and Research (BMBF). It is the first project to initiate a 
long-term biodiversity monitoring network across Africa 

(Jürgens et al., 2012). Its goal was to create scientific 
support for decision makers for conservation planning 
and for a feasible and sustainable management of the 
use of biodiversity. Based on project funds, its activities 
were implemented in three phases until 2010. For most 
of its sites, two phases were implemented, and the long-
est vascular plant data collection was completed in the 
northern and southern Africa (Jürgens et al., 2012). 

Sustainable funding is needed for LTER implementa-
tion that extends over several decades. It could not be 
based solely on project funds, as LTER is known to be 
expensive (Tenhinds, 1984; Bennun et al., 2005; Saidi 
and Pauw, 2010; Joubert and Trollip, 2011). The US 
LTER and the CERN lasted more than three decades 
because they were supported by periodic renewed gov-
ernmental funding (Fu et al., 2010; Robertson et al., 
2012). The United Kingdom Environmental Change 
Network (ECN) was established in 1992. It has 14 
sponsors to finance long-term monitoring implementa-
tion across its 12 terrestrial and 45 freshwater sites 
(Lane, 1997). 

The establishment of AERN should be planned to 
overcome funding disruption through secure fund 
sources by gathering institutions that are willing to con-
tribute to LTER in Africa. However, these institutions 
should also consist of African institutions, to ensure that 
scientists′ inquiries are relevant to addressing societal 
concerns at local, regional, and continental scales (Saidi 
and Pauw, 2010; Driscoll et al., 2012). 

4.2  Ground sites distribution and gaps in ecosys-
tem and biome coverage 
Africa has a huge number of ground site-based ecosys-
tem monitoring heritage. The study considered 1089 
sites spread across various types of climates ranging 
from hyper arid to equatorial. Of these sites, 68.0% have 
more than 1 km2 and 68.9% were established from 2000 
to 2005. Indeed, this time period corresponds to the es-
tablishment of BIOTA-AFRICA (Jürgens et al., 2012); 
the assessment of IBAs (BirdLife International, 2002; 
Bennun et al., 2005); and the SAEON launch (Joubert 
and Trollip, 2011). This shows the very little experience 
of Africa in LTER and justifies the weaknesses and per-
sistent gaps which characterize Africa′s climate infor-
mation system (Archer et al., 2007), as LTER always 
includes investigations on biotic and abiotic factors 
(Lane, 1997; Hobbie et al., 2003; Jürgens et al., 2012; 
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Robertson et al., 2012; Vihervaara et al., 2013). Biodi-
versity conservation is the main concern of any LTER, 
and 75.7% of the sites were located in biodiversity hot-
spots or protected areas. The IBAs were identified to 
ensure the long-term viability of naturally occurring bird 
populations (BirdLife International, 2002; Bennun et al., 
2005). Therefore, they represent the areas of conserva-
tion interest because birds are effective biodiversity in-
dicators, as they require various biotas for their lifecycle 
(Machange et al., 2005; Newman et al., 2007; Hartz et 
al., 2012; Ogden et al., 2014a; 2014b). Although 24.3% 
of the sites were outside both hotspots and protected 
areas boundaries, more than half belonged to BirdLife 
International. It based its IBAs network to shorten gaps 
in protected areas systems which were insufficient to 
preserve the Earth′s biodiversity (Wiens et al., 2009). 
Therefore, such a site is relevant to shed light on diver-
sity and the dynamic of species and habitats currently 
unconsidered in biodiversity hotspots and protected ar-
eas distribution. 

Overall, Africa′s biomes were covered by sites, even 
though 24 and 49 ecosystems were devoid of sites for all 
of the considered sites or the current functional sites, 
respectively. These ecosystems included many unique 
ecosystems located in the central and northern Africa, 
such as the Angolan Miombo woodlands; the northeast-
ern and central Congolian lowland forests; the northern 
and southern Congolian forest-savanna mosaic; and 
South Saharan steppe and woodlands. These uncovered 
ecosystems were embedded in Angola and the Democ-
ratic Republic of Congo, which have been plagued by 
civil wars for decades. The unsecure political status re-
mains the main reason for this gap in their ecosystems 
coverage. Remote sensors could be a useful alternative 
to collect and provide data on uncovered ecosystems in 
less safe African countries, because sensors can collect 
and transfer data without much manpower. However, 
great care should be paid to the calibration and data 
control for good data quality (Taylor and Loescher, 
2013).  

In spite of regional, ecosystem and biome gaps ex-
pressed by ground sites distribution across Africa, there 
were approximately 400 sites currently functional with 
areas equal to or greater than 1 km2, which encompassed 
hyper arid to equatorial climates (Fig. 4). This number is 
9 times more than the number of sites that belong to the 
Chinese Ecosystem Research Network (CERN), and 15  

 

Fig. 4  Distribution of functional sites having an area equal to or 
greater than 1 km2 across number of dry months in a year 
 

times more than that belong to the US Long-Term Eco-
logical Research Network (Fu et al., 2010; Knapp et al., 
2012; Robertson et al., 2012). They were concentrated 
in the southern region (Botswana and South Africa); the 
eastern region (Ethiopia, Uganda and Zimbabwe); the 
western region (Burkina-Faso, Ghana and Nigeria); and 
the northern region (Egypt, Morocco and Tunisia) (Fig. 
5). These countries could be targeted first to build the 
AERN, and then expand the network to the central re-
gion and other countries. 

5  Conclusions 

Ecosystem monitoring is arguably the most important 
tool for discovering unexpected ecological trends and 
detecting the early warning signs of environmental 
harm. This monitoring is essential for Africa, which is 
struggling to overcome many challenges, including food 
security and climate change, to set up a continental scale 
ecosystem monitoring platform for sound ecosystem 
management decision making. In fact, this could pro-
vide decision makers with the necessary guidance for 
both ecosystem and people resilience. 

Africa has a huge legacy of ground site-based eco-
system monitoring. However, many sites lack a com-
prehensive description, and some LTER networks exist 
in name only. In addition, there is an unbalanced distri-
bution pattern of sites which has left central and north-
ern Africa barely covered; and many unique ecosystems 
in the central Africa are not included. 

To sustain the AERN, it should base its establishment 
on functional sites located in the southern, eastern, 
northern and western Africa and then expand its network 
of sites to the central region and other countries. The  
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Fig. 5  Distribution of functional sites across countries in Africa 

 
AERN should seek secure funding through multiple 
partnership establishments, including many with African 
institutions to ensure that scientists′ inquiries are rele-
vant to addressing societal concerns at local, regional, 
and continental scales. 
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