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Summary 
 

This report provides a summary of knowledge of the Miombo ecoregion and highlights the work 
undertaken by Dynamics of the Conservation Estate (DyCe).  The latter was a Luc Hoffmann Institute 
project aimed to evaluate the coverage, effectiveness, connectivity, and ultimately ecosystem 
service supply within state, private and community managed protected areas in the Miombo 
Woodlands ecoregion of southern Africa.  We present here: 
 
a) a synthesis of current social and ecological knowledge on the Miombo ecoregion, 
 
b) results of an analysis of the changes in the PA estate in the Miombo ecoregion,  
 
c) results of an analysis of the effectiveness of protected areas in the Miombo ecoregion 
 
d) results of an analysis of how protected areas have reduced forest loss and forest degradation in 
the Miombo ecoregion.   
 
These results are presented in this report format, and also in a policy brief, and aim to be useful for 

WWF and others working in the region.  WWF has four offices linked to the Miombo ecoregion, 

located in Mozambique, Tanzania, Zambia and Zimbabwe, undertaking numerous projects, some of 

which are transboundary in nature. The projects address pressures around agriculture, energy and 

illegal wildlife trade.  Due to the nature of the work of these offices, we have presented some of the 

work here within the context of ‘landscapes’ within the Miombo ecoregion – which are the units of 

land where WWF undertakes its work. 

The Miombo ecoregion is experiencing increasing levels of landuse change as a result of growing 
human populations and numerous development initiatives. Protected areas in the ecoregion 
attempt to reduce the impacts of these pressures and the DyCe project attempts to elucidate how 
well they do so.  
 
The interconnectedness of the social and ecological systems in the Miombo ecoregion has been 
highlighted throughout this report. Trade-offs and conflicts between many of the stakeholders using 
and benefitting from different ecosystem services (beneficiaries) can feed back on the drivers of 
landuse change and should be central in developing an effective conservation strategy. Researching 
within the SES framework helps to define key challenges and respond to these in a holistic and 
sustainable manner. 
 
The project was able to conclude that existing protected areas help the Miombo ecoregion to fulfil 
the CBD Aichi Target 11 and reduce intense forest degradation. The management of these protected 
areas is moderate, with room for improvement particularly in terms of maintaining the commercial 
value of the conservation estate.   
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The Luc Hoffmann Institute and the Dynamics of the Conservation 
Estate project 
 
The Luc Hoffmann Institute (LHI), an independent research hub at WWF, responds to the pressures 

on biodiversity exerted by global change. In one of its research areas, LHI recognizes that protected 

lands are in a constant state of flux, as some protected areas are downsized, others legally 

abolished, and new protected areas established. These dynamics and their consequences for socio-

environmental systems are necessary to track, as they help to inform efforts by the conservation 

community to sustain biodiversity and human livelihoods.  

The Dynamics of the Conservation Estate (DyCe), a LHI project, aimed to evaluate the coverage, 

effectiveness, connectivity, and ultimately ecosystem service supply within state, private and 

community managed protected areas in the Miombo Woodlands ecoregion of southern Africa – one 

of WWF’s priority places. The goal was to elucidate whether existing areas are functioning properly, 

what conservation values they fulfil, and the extent to which they can benefit species and humans 

alike.  This report represents a summary of the work of that project, following an opening section on 

the general characteristics and features of the Miombo Woodlands of Africa. 

The Miombo ecoregion 
 
The Miombo Ecoregion was recognised as one of the Global 200 Ecoregions of WWF (Olson and 
Dinerstein, 1998) and as one of five High Biodiversity Wilderness Areas by Conservation 
International (Mittermeier et al., 2003).  These values led to the creation of an ecoregional 
conservation programme for the Miombo woodlands that completed much conservation planning in 
the early 2000s, eventually resulting in a conservation plan that is still being implemented by WWF 
today. 

WWF included the Miombo woodlands as one of the 35 eco-regions/priority places of the Global 
Programme Framework (WWF, 2012). A conservation strategy for 2011-2020 was prepared by the 
former Eastern and Southern Africa Regional Programme Office of WWF (ESARPO), which focused 
on eight priority landscapes within the Basin, aiming to “tackle key drivers to biodiversity loss and 
ensure that the Basin and its associated ecological processes remain the life line for people and 
nature for generations to come” (WWF, 2012). Currently WWF’s conservation efforts in the Miombo 
ecoregion are focused on the Zambezi River Basin and the Greater Rovuma Landscape. 

The Miombo woodlands provide a wealth of opportunities for biodiversity conservation, including 
vast forest, woodland and wildlife resources, the potential to further develop current community 
based natural resources management schemes, and a network of existing protected areas with 
tourism opportunities.   
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Fig. 1. The extent of the miombo ecoregion in eastern and southern Africa 

The greater Miombo ecoregion, which is an amalgamation of a number of ecoregions defined by 
Olson et al. (2001), spans 3.6 million square kilometres in central and southern Africa, covering 11 
countries (see Figure 1).  Rolling savanna woodland dominated by deciduous tree species in the 
legume subfamily Caesalpinioideae form extensive stands on gently undulating plains, interrupted 
by grassy drainage lines (dambos) in a regular and repetitive pattern. Timberlake and Chidumayo 
(2011) noted that topography, precipitation and temperature interact to determine the extent of 
the Miombo Ecoregion.  

The miombo is mainly situated on the ancient African plateau at an elevation of 800 to 1250 metres 
above sea level, with eastern parts of the ecoregion, such as the Tanzanian coastal forests, located 
at 200 to 300 metres above sea level. Mean annual rainfall between 600 to 1400 millimetres, 
occurring between the months of November and April, and temperatures in the warm sub-humid 
zone (24-27°C), characterise the climate of the ecoregion.  

The unimodal rainfall pattern with prolonged dry seasons, coupled with the well-developed grass 
layer in the region, exacerbates the frequency of wide-spreading fires, which have both natural and 
human-causes. Fire and pastoralism are believed to have played integral roles in the structuring of 
the Miombo ecoregion through the tens of thousands of years of anthropogenic presence in the 
area.  

The ecoregion homes some of the largest large mammal populations left in Africa, with large 
herbivores including elephant, rhino, buffalo and many species of antelope. Typically, these species 
need to undertake seasonal movements as the region has extended dry seasons and animals often 
need to move around to find food and water.  There are also species of endemic animal and plant 
species across the huge extent of the region, although the density of endemic species is low in this 
region.   
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Currently, the ecosystem services from the Miombo and mopane woodlands support the livelihoods 
of 100 million rural and 50 million urban people, along with others in the region (Ryan et al., in 
press). UNDP’s 2014 Human Development Index (HDI) indicates that most of the countries that form 
the Miombo ecoregion have low human development, using life expectancy at birth, mean and 
expected years of schooling, and gross national income per capita as development indicators. The 
Transparency International Corruption Perceptions Index for 2015 ranks the perceived level of public 
sector corruption on a scale from 0 (highly corrupt) to 168 (very clean), with countries in the 
ecoregion ranking between 15 and 31. 

Rapidly growing human populations and the ensuing demand for land threatens the biological 
integrity of the ecoregion.  However, national institutions in the region struggle with policy 
formation and enforcement of legislation for the management of natural resources, thus creating 
challenges for implementing conservation interventions at the landscape scale. Inadequate human 
and financial resources in the region (WWF, 2012) promotes the allocation of land for large scale 

Box 1: Geomorphology 
The landscape of the Miombo Ecoregion has evolved through pediplanation, a geomorphic 
process occurring in areas that experience a marked dry and wet season. Over time, the 
landscape was shaped by chemical weathering of hill slopes, resulting in old weathered “high 
land” and plateaued erosion surfaces called pediplains (see Figure 2, a digital elevation model 
(DEM) map for the ecoregion). These pediplains can be assigned geological ages according to the 
time in history at which the pediplain’s base level was at sea level. In the Miombo Ecoregion, 
pediplains are predominantly aged between 100 – 24 Ma and 24 – 5 Ma, the African and Post-
African surfaces, interspersed with older pediplains, forming heterogenous plateaus. Major 
rivers of southern Africa wind through these plateaus, thus creating unique and complex surface 
and subsurface hydrology. Coupled with the semiarid climate and strongly seasonal rainfall, 
drainage from the plateaus is poor, thus resulting in the creation of a mosaic of dambos and 
seasonally-flooded grasslands. Generally, the soil is nutrient-poor; however, erosion and other 
geological processes have created soil nutrient and soil moisture gradient patterns, at several 
scales e.g. from plateaus to valleys and surrounding woodlands to dambos, throughout the 
ecoregion. These gradient patterns are a characteristic feature across the landscapes of the 
ecoregion.  

 
Fig. 2. Digital Elevation map of the region, with yellow and green areas of low elevation and brown of higher 
elevations.  
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infrastructure, extractive industries and bio-energy plantations, reducing land available for 
biodiversity conservation. 

Effective and sustainable conservation interventions in the Miombo ecoregion recognise the 
importance of the interrelationships between society and nature. They take a holistic approach, 
recognising the system in its entirety.  

The Social-Ecological System 
The social-ecological system (SES) is a framework whereby social and scientific challenges can be 
addressed with outcomes benefitting both people and nature (Leslie et al., 2014). It is an approach 
that enables the researcher understand the system in its entirety, rather than the sum of its parts. It 
considers how “i) the resource system (e.g. fishery, lake, grazing area), ii) the resource units 
generated by that system (e.g. fish, water, fodder), iii) the users of the system, and iv) the 
governance system jointly affect and are indirectly affected by interactions and outcomes achieved 
at a particular time and place” (Ostrom, 2007).  

By tracking the relationships and their interactions, the SES framework is able to address both 
environmental and social changes and enables broader questions to emerge. For example, land use 
changes, the role of national and global markets, or climate change implications on factors such as 
species composition and productivity can be addressed. Trade-offs and conflicts between many of 
the stakeholders using and benefitting from different ecosystem services (beneficiaries) may feed 
back on the drivers of the aforementioned changes (Ryan et al., in press) and should also be 
considered in an effective SES conservation framework. The identification of beneficiaries is an 
essential component of understanding the SES as a whole.  

Provisioning ecosystem services in the Miombo ecoregion are numerous and closely linked to the 
maintenance of woodlands. In particular, rural communities rely on these for their livelihoods and 
are accustomed to their de facto rights to these resources (Ryan et al., unpublished). Changes to this 
access may result from the breakdown of traditional institutional arrangements leading to open 
access, or the privatisation of land currently under communal management. Local and traditional 
authorities control the use of these natural resources, and changes in this form of governance may 
result in unsustainable use (Ryan et al., unpublished). In other cases, a change in governance may 
improve sustainability, highlighting that due to the great variety of governance systems in the 
Miombo ecoregion, sustainable natural resource management is challenging.  

Commercial agricultural and conservation initiatives, such as logging, sugarcane production, game 
ranching and safari hunting, or payment for ecosystem services schemes, further reduce communal 
access to ecosystem services. Large-scale afforestation is currently proposed for the region, 
associated for instance with conservation or climate change mitigation interests and if this is 
realised, it would affect both the ecological provision of services and social access mechanisms. An 
example of this type of proposal is the World Resources Institute Atlas of Forest and Landscape 
Restoration Opportunities. Such initiatives are controversial in terms of their ecological premises, 
and depending on the nature of their implementation, stand to initiate significant changes in access 
to ecosystem services for local people’s livelihoods. 
 
Working in a social-ecological system the size of the Miombo ecoregion, requires a concerted and 
well-researched intervention; across national boundaries and political groups, and with a detailed 
understanding of the socio-ecological links and potential breaking points. This helps us understand 
why relationships are broken or why conservation tactics are unsuccessful. Weak government 
institutions and mis-governance reduce the potential for sustainable interventions, as does 
inequitable resource access. Common issues include corruption, rent-seeking by government 
institutions or incentives that have negative impacts on biodiversity, such as agricultural pricing 
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policies that encourage land clearance. Other areas are attempting to overcome civil unrest or war, 
which no doubt reduces the allocation of resources to biodiversity conservation.  

The SES framework provides an analytical tool that helps us understand the complexity of the 
Miombo ecoregion - its users, resources and the diverse interactions between them. It gives us the 
ability to better understand trade-offs, benefits and impacts, to discuss governance and its role in 
the dynamics of the system, and helps us to understand the current state of protected areas and 
give insight into future scenarios. Thus, the SES framework is able to consider both social and 
environmental changes, allowing more comprehensive challenges to be addressed.  

Below we provide some details of the social and the ecological systems of the Miombo woodlands 
ecoregion. 

The Social System 
The Miombo ecoregion has a large cultural diversity, with numerous ethnic groups and religions 

(World Bank, 2016). There are more than 120 tribes in Tanzania, more than 100 in Angola and over 

70 in Zambia (Nations Encyclopaedia, 2016). There are also multiple levels of formal government, 

from the nation down to villages.  Governance is thus difficult to define, with regimes including 

tribal, local, sub national and national governments. Eastern coastal areas are dominated by Islam 

and Hinduism (a relic of historical trade routes), and Christianity dominates further inland – a link 

back to European colonialism.  Social systems are complex and intertwined. 

The diversity of peoples and cultures in the Miombo ecoregion are adapted to the availability of 
natural resources as their livelihoods depend on them. Population densities are low and patchily 
distributed due to high wild herbivore densities and low soil fertility (Figure 3), as they have been for 
centuries.  

Fig. 3. Population density in the Miombo Ecoregion 
 
It has been estimated that 100 million rural people and 50 million urban peoples depend on the 
Miombo woodlands for their energy (Ryan et al., in press). Wild foods and construction materials are 
used locally, nationally and internationally and account for 26% of cash and subsistence income in 
rural areas (Ryan et al., in press). Woodfuel consumption is estimated at 48 Tg per year, thus 
releasing almost 22 Tg of carbon in to the atmosphere (Miombo Network, FAO, 2012), but trade of 
woodfuel employs 1.4 and 2.4 million people in the Southern African woodlands (Ryan et al., in 
press). The export of wood products from the region was approximately worth USD 166 million per 
year from 2011-2015 (Ryan et al., in press), but may be far higher due to illegal trade. Around 70-
80% of the of the ecoregion is under small-scale agriculture (Byers, 2001) and therefore a high 
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proportion of the community rely on nutrient cycling, soil erosion regulation and pollination for 
agricultural purposes. Other livelihood practices that rely on the availability of natural resources in 
the ecoregion include pastoralism, fishing and hunting.  

Current rapid population growth and development is placing greater pressure on natural resources 
in the ecoregion, including through the legal and illegal trade of ivory, timber and minerals 
(Timberlake & Chidumayo, 2011). Low per capita income and some of the world’s highest per capita 
population growth rates (Table 1) define much of the anthropogenic presence in the ecoregion. The 
growth of African cities is immense. The African Development Bank has predicted that between 
2010 and 2025 Luanda will grow by 69.3% and Dar es Salaam by 85.2% (African Development Bank 
Group, 2014), which has the potential to have negative consequences for the region’s natural 
resources – especially as these cities are currently largely fuelled using charcoal and wood fuel.  

Country 
Population 
(2015) 

Population 
growth rate (% 
per annum) 

Life 
expectancy at 
birth (2014) 

GDP 2015 
(billion USD) 

Poverty headcount ratio 
at national poverty lines 
(% of population) 

Angola 25,021,974 3.227 52 102.643 36.6 (2008) 

Malawi 17,215,232 3.067 63 6.565 50.7 (2010) 

Mozambique 27,977,863 2.76 55 14.689 54.7 (2010) 

Tanzania 53,470,420 3.13 65 44.895 28.2 (2011) 

Zambia 16,211,767 3.072 61 21.202 60.5 (2010) 

Zimbabwe 15,602,751 2.314 57 13.893 72.3 (2011) 

Table 1: Social statistics for countries in the Miombo ecoregion. The World Bank, 2016. 

Poverty in the region remains high with 40-80% of the population living at USD 1.9 per day in 2014 
(Figure 4, Left, The World Bank, 2016) and most of the region with high percentages of underweight 
children (Figure 4, Right). The mean life expectancy of men and women ranges between 52 years in 
Angola and 65 in Tanzania (UNDP, 2015).  

Fig. 4. LEFT: Poverty head count ratio at USD 1.90 per day (The World Bank, 2016). RIGHT: Percentage of children who are 
underweight as a measure of poverty in the ecoregion 

Woodlands have substantial spiritual value in traditional African belief systems, acting as gravesites 
and dwellings for ancestral spirits, and offering important ceremonial and medicinal value (Ryan et 
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al., in press). Specific tree species can also have ritual importance, such as the use of Parinari 
curatellifolia for rainmaking ceremonies and Gardenia spp pegs for preventing witchcraft related 
illnesses in Zimbabwe (Ryan et al., in press), or baobab species for communicating with ancestors 
and witchcraft practices in Tanzania (Vansteelant, pers. obs.). Age, gender, ethnicity and numerous 
other factors influence spiritual beliefs and traditional knowledge, thus creating further 
heterogeneity in cultural values across the ecoregion (Ryan et al., in press). The dilution of cultural 
belief systems may also undermine the importance of natural ecosystems in maintaining traditional 
Miombo cultures (Ryan et al., in press).  

The complexity of the social-economic system is exemplified by the charcoal industry in Tanzania. 
Approximately 95% of urban Tanzanians use charcoal for cooking fuel and the trade supports more 
than a million jobs (Eaton, 2015). The industry is valued at 650 million USD and has a much larger 
supply chains than Coca-Cola. However, according to the Tanzania Forest Services, more than 70% of 
the trade is illegal, resulting in government losses of about 100 million USD annually (World Bank, 
2009). The environmental and climatic impacts of charcoal production are recognised by the 
government, which is now implementing sustainable production initiatives with benefit sharing 
opportunities. The illegal charcoal trade continues as production is cheaper, but practitioners of 
sustainable interventions recognise the long-term benefits and highlight that sustainable charcoal is 
of higher quality (Eaton, 2015). This example highlights the challenges surrounding continued 
reliance on natural resources and the expectation that natural resources must create some sort of 
benefit for conservation interventions to prevail. 

In Zimbabwe, the mining industry contributed 10.2% to the GDP in 1990, 19.9% in 2009 and in 2013, 
surpassed agriculture and now accounts for over 60% of the country’s total export earnings (Centre 
for Research and Development, 2014). However, issues with governance are putting pressure on the 
continued success of the industry – a similar pattern observed in other African countries. Earnings 
are expected to contribute to national budgets, but much disappears and is allocated to private 
business investments. Regulations intended to reserve lands for communal practices, such as 
farming, are overridden by regulations that give rights to the extractive industries, resulting in 
environmental degradation and dislocation of local communities (Centre for Research and 
Development, 2014). Similar issues have been observed in the illegal surveying and practice of the 
extractive industries in protected areas. 
 

Benefit sharing  
A number of benefit sharing schemes are in place in the Miombo ecoregion.  In Tanzania there are 
pilot projects working with communities in village land forest reserves aiming to use REDD+ finance 
from the voluntary carbon market to enhance benefits of community forestry to local people.  These 
are concentrated in Kilwa and Lindi districts – in coastal miombo habitats.  Tanzania also has 
schemes within their broader focus on Participatory Forest Management - where communities enter 
into agreements for the joint management of forest reserves (termed Joint Forest Management).  
The benefits available to communities are often rather limited in these schemes.  Similar schemes 
are also in place for communities to benefit from logging in village land forest reserves, or from 
hunting and wildlife tourism in Wildlife Management Areas.   

The Ecological System 
Hydrology and soils 
The ecoregion is a catchment area for three major African rivers, the Zambezi, Congo and Kavango 
Rivers (Byers, 2001). The Great Lakes, Lake Malawi/Niassa, and Lake Tanganyika, lie within the 
region, as does the Okavango Delta. The plateaued surfaces of the ecoregion are drained by 
dambos, which cover approximately 10-15% of the headwaters of the Congo and Zambezi and about 
5% in the middle waters of the Zambezi (Byers, 2001). The characteristically poor drainage of the 
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ecoregion, gives rise to expansive wetlands at the headwaters of the major rivers, creating 
important habitat for wildlife and fish (Timberlake & Chidumayo, 2011).  

Rainfall decreases from north to south across the ecoregion, with rainy seasons lasting 
approximately 200 days in the north and 100 days in the south, with significant annual variations in 
duration and amount of rainfall (Timberlake & Chidumayo, 2011) leading to frequent occurrences of 
drought. The inter-annual variation in precipitation is particularly significant in areas with low rainfall 
(see Figure 5), such as the southern parts of Zimbabwe that receive about 400 – 600 millimetres per 
year. 

Fig. 5. Inter-annual fluctuations in precipitation in the Miombo ecoregion. Maps show precipitation in millimetres in 
January (left) and June (right) 2016. 

The soils on the old erosion surfaces, pediplains, are leached and nutrient-poor, whereas valley soils 
are generally richer with higher organic matter, nitrogen and phosphorus content (Byers, 2001; 
Timberlake & Chidumayo, 2011). There is generally an inverse correlation between soil fertility and 
rainfall, with higher plateaus receiving more rain on less fertile soils, and valleys receiving less rain 
on more fertile soil. The relationship is, in part, a result of run-off from escarpments and/or 
plateaus, thus creating the aforementioned soil fertility gradients characteristic of the ecoregion. 
This gradient is also represented at the intermediate scale, e.g. from low soil fertility in woodlands 
surrounding dambos to high fertility in dambos. Termite mounds may create the inverse gradient at 
the small scale, bringing subsoil with a higher clay content to the surface, therefore playing an 
important role in the nutrient cycle. These numerous soil – water processes create heterogeneity at 
different landscape scales and thus a variety of niches for biological communities.  
 

Herbivory and fires 
The inverse correlation between rainfall and soil fertility results in a “tight” nutrient cycle in areas 
with high rainfall, such as plateaus, limiting overall primary productivity. Nutrients are mainly tied up 
in high-carbon woody biomass, infrequently recycled due to limited herbivory and decomposition. 
Productivity of shallow-rooted vegetation is also limited by the seasonality in topsoil moisture, which 
ranges from less than 5% in the dry season to 10-20% in the rainy season.  

Limited productivity favours a low biomass of large bulk-feeding mammals, dominated by mega-
herbivores such as elephant and buffalo, who move and migrate throughout the ecoregion to 
overcome drought. Insects such as caterpillars, grasshoppers and termites, are also important 
herbivores in the ecoregion. Specialist grazers, including Lichenstein’s hartebeest and the sable 
antelope which are endemic or near-endemic to the region, along with smaller browsing antelope, 
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are limited to eutrophic habitats such as seasonally-flooded grasslands, termite mounds and 
dambos.  

The significance of anthropogenic presence is particularly clear in the Miombo Ecoregion, which has 
been inhabited by humans since the Early Stone Age (Timberlake & Chidumayo, 2011). Human 
populations in the area were hunter-gatherers in the Early Iron Age, and were later replaced by 
farmers practicing shifting cultivation and fallowing to overcome low soil nutrient levels, a practice 
still undertaken in the region today. Much secondary growth, such as Brachystegia woodland, is a 
result of recovery from previous clearing by humans. These secondary woodlands help protect soils 
and distribute moisture, and are thus important for the ecological dynamics of the ecoregion. 

The nutrient cycle is also affected by the occurrence of regular and frequent fires, which originate 
from anthropogenic activities such as preparing land for cultivation, collecting honey or making 
charcoal. The fires mainly occur during the dry season, between the months of July and October 
(Chidumayo, 1997) and are fuelled by grass and woody plant leaf litter. Therefore, the intensity of 
fires is related to productivity in the previous rainy season and intensity of grazing. Figure 6 shows 
active fires in the dry season between the 21-27th of September 2016 throughout the ecoregion, 
with very low occurrences in January the same year. Fire is a major “consumer of carbon” and helps 
to redistribute nutrients in the ecoregion (Byers, 2001).  

Fig. 6. Active fires in the Miombo Ecoregion between 11-17th of January and 21-27th of September 2016. 

Vegetation in the Miombo Ecoregion is adapted to the relatively low levels of herbivory and high 
frequency of fires. High-carbon woody biomass above and belowground dominates, often in 
symbiosis with ectomycorrhizae. Reproduction occurs through sprouting and coppicing, specifically 
adapted to frequent fires, drought and herbivory by elephants (Byers, 2001). West (1971) and Furley 
et al. (2008) showed that intense fires repeated during the late dry season over a sufficient number 
of years has the ability to eliminate trees and shrubs from savanna vegetation. Similarly, an inverse 
relationship between amounts of stored carbon and cumulative fire frequency was shown using an 
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information theoretic statistical 
approach, using data collected from 
2001 – 2011 in wet miombo habitat 
in Tanzania (Figure 7. Harris, 
unpublished). Ryan et al. (2011) 
found a similar pattern using 
model/experimental fires, but 
found that fire intensity was more 
important than frequency. 
However, vegetation specifically 
adapted to fires require their 
occurrence for reproduction. These 
factors highlight why fire 
management in the ecoregion is of 
utmost importance for biodiversity 

conservation.  

 
 
 

Fig. 7. The influence of cumulative fire frequency (2001-2011) on carbon stored in wet miombo habitat (t ha-1) as derived 
from an information theoretic statistical approach. The regression line is derived from a univariate generalized linear model. 
From Harris N. (unpublished).  

 

Forest Cover 
Tree cover in the Miombo Ecoregion is high in the north, west and east, and comparatively lower in 
the south where there is less rainfall (Figure 8). Miombo is the vernacular word that has been 
adopted by ecologists to describe woodland ecosystems dominated by trees in the genera 
Brachystegia, Julbernardia and Isoberlinia of the family Fabaceae, subfamily Caesalpinioideae 
(Miombo Network, FAO, 2012). This ‘true Miombo Woodland’ covers approximately 2.8 million 
square km in the southern sub-humid tropical zone from Tanzania and Zaire in the north, through 
Zambia, Malawi and eastern Angola to Zimbabwe and Mozambique in the south (Ribeiro & 
Nangoma, 2014). The revised Miombo Ecoregion (3.6 million square km), to which is referred to in 
this report, is a broader and more heterogenous region covering a large part of south-central Africa, 
with many internal similarities and links and is shown in Figure 1 and 8. Although within the 
geographical extent of the Ecoregion, Afromontane forests and grassland are excluded from the 
biological descriptions of the ecoregion, as their ecology and species composition are very different, 
as are large water bodies such as lakes Kariba, Malawi and Tanganyika (Timberlake & Chidumayo, 
2011). Grasslands, floodplains, dambos and wetlands are however included in this revised ecoregion 
as they are considered to be an integral part of the landscape and ecological function. The flora of 
the revised Miombo Ecoregion, to which is referred in this report, is described below.  
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Fig. 8. Map of forest cover in the year 2000 for the region (Hansen et al. 2013). The Miombo Ecoregion is outlined in red.  

Vegetation types 
The Caesalpinioideae subfamily and a well-developed C4 grass layer are two characteristic features 
of the vegetation of the ecoregion. The Caesalpinioideae subfamily, which includes trees such as 
Brachystegia, Julbernardia, Isoberlinia, Baikiaea, Cryptosepalum, Colophospermum and Burkea, are 
broad-leaved species that are deciduous for a period of the year. Their seasonality is related to 
water and temperature stress and is therefore dependent on the length of the dry season. The 
woodlands are mainly found on nutrient-poor soils at an altitude of 800-1200 metres in the Central 
African plateau, but do also occur at the coastal plains in Mozambique and Tanzania. The woodland 
canopy is from 6 to 20 metres in height and ranges from 20% cover to almost closed-canopy forest.  

From west to east, the ecoregion extends from the upper edge of the Angolan escarpment, to the 
beginnings of the coastal woodlands and forests of Mozambique and Tanzania. These coastal 
woodlands are not considered as part of the true Miombo Ecoregion. The west and southwest 
borders of the ecoregion are the Kalahari Acacia woodlands of Namibia and Botswana, and the 
Highveld grasslands and mixed Acacia woodland in South Africa. To the north is the Guinean-
Congolian moist evergreen forest of the Congo Basin and in the north-east is the dry Acacia-
Commiphora bushland of Tanzania.  

Nine major vegetation or habitat types are found in the greater miombo ecoregion – eight woodland 
habitats and one wetland habitat type. 

- Itigi thicket (15,405 km²) is found in the north east, in Tanzania and Zambia, and further 
south in the Zambezi and Shire valleys. Itigi are dry deciduous forest species (e.g. Baphia, 
Combretum, Bussea massaiensis) and early deciduous shrubs (e.g. Combretum), often in 
patches too small to map. They are of particular conservation interest due to their limited 
presence. 

- Cryptosepalum dry forest (37,908 km²) is located in western Zambia, in the Kalahari sands 
of the upper Zambezi. These evergreen forests, dominated by Cryptosepalum exfoliatum, 
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grow in areas with annual rainfall of around 900 millimetres and are clearly different from 
the moist forests of the Congo Basin. 

- Wet miombo woodland (1,358,175 km²) is species rich, with a canopy usually greater than 
15 metres, dominated by species including Brachystegia floribunda, B. glaberrima, B. 
taxifolia, B. wangermeeana and Marquesia macroura. Tall grasses such as Hyparrhenia and 
shade-tolerant species from the family Rubiaceae are found in the understorey, where 
dominant trees are only briefly deciduous and the canopy is almost completely closed. Along 
the Zambezi, Kafue, Chambeshi and Kilombero Rivers, swamp grasslands and dambos 
characterise the wet miombo woodland. Within the wet miombo woodlands are areas, 
called “chipya”, that are thought to have been established following fire. These areas are 
distinct from true miombo, with tall grasses and evergreen species. Annual rainfall is usually 
more than 1000 millimetres in the wet miombo woodland, which is also characterised as 
having a high rate of carbon storage. Conserving wet miombo woodland would serve the 
dual purpose of watershed protection and carbon storage, with both regional and global 
benefits (Gumbo et al., 2005). 

- Dry miombo woodland (1,214,533 km²) differs from wet miombo in annual rainfall, which is 
less than 1000 millimetres in dry miombo; canopy height, which is generally less than 15 
metres; soils, which are generally more varied than in wet miombo; and floristic diversity, 
which is generally lower than in wet miombo. The dry miombo woodlands are located on 
escarpments as well as on the plateau and coastal plain with seasonal dambos, but no areas 
have significant floodplains or wetlands. Dominant species include Brachystegia spiciformis, 
B. boehmii and Julbernardia globiflora, Acacia along dambos and a herbaceous layer 
consisting of medium to tall C4-fixing grasses. In drier areas, such as on the Kalahari sands of 
central Angola, thickets appearing to be transitional to Baikiaea woodland are found.  

- Burkea – Terminalia woodlands (96,162 km²) are found in the south of the ecoregion at 
over 1000 metres altitude. Annual rainfall is at approximately 600 millimetres with high 
variability and the area shows signs of high human activity. In broad ecological terms, the 
Burkea-Terminalia woodland are similar to dry miombo woodland, but does not contain the 
major characteristic species. Instead, broadleaved species adapted to low-nutrient soils 
including Burkea Africana, Terminalia sericea, Combretum, Pterocarpus and 
Pseudolachnostylis maprouneifolia, and Acacia, Albizia and Peltophorum africanum are 
common. Rocky outcrops are able to support species with moderate water requirements.  

- Baikiaea woodland (260,171 km²) is found in deeper Kalahari sands with annual rainfall 
varying between 500 and 800 millimetres. The deep sand is able to retain moisture, thus 
supporting deep-rooted species including Baikiaea plurijuga, whose canopy height ranges 
from 8 to 20 metres. The woodland supports other deciduous species including Burkea 
Africana, Combretum collinum and Guibourtia coleosperma.  

- Mopane woodland (384,037 km²) is found in nutrient-rich clay soils such as those in the 
valleys of the Limpopo, Save, Zambezi, Luangwa and Cunene. Altitudes range from 300 to 
900 metres with highly variable annual rainfall between 400 to 700 millimetres. Canopy 
from 6 to 18 metres is dominated by Colophospermum mopane, which are deciduous for 
part of the year. The area is species poor, with little grass cover. 

- Acacia – Combretum woodland (103,887 km²) can be differentiated in to two types: One is 
found on the central plateau of eastern Zambia on nutrient-rich soils in dry miombo 
woodland, the other where the central plateau falls away to the Mozambique coastal plain 
and Zambezi valley. Both are characterised as open woodland to wooded grassland. The first 
has a well-developed grass layer and is frequently burned. It is dominated by Combretum 
and Terminalia, mesic Acacia and Albizia species, and species from the families 
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Papilionideae and Bignoniaceae. The other experiences less frequent fires, has a warmer 
climate and a variously more or less well-developed grass-layer, depending on soil depth and 
climate. Dominant species include Acacia nigrescens and Combretum species.   

- Wetland grassland (179,290 km²) consist of stands of papyrus (Cyperus papyrus) or reed 
(Phragmites mauritianus/P. australis) and floating-leaved aquatics, and are found in the 
numerous wetland areas in the ecoregion, such as those in Zambia, Tanzania and Malawi. 
Floodplains are dominated by grasses and sedges and dambos, which consist of open 
grasslands with scattered trees, are rich in phorbes and low-growing woody shrubs. 
 

Biodiversity values 
Endemic plants 
Across the Miombo Ecoregion there are at least 8,500 plant species, of which approximately 50% are 
endemic (White, 1983; Mittermeier et al., 2003). The Miokbo ecoregion as defined here is 
equivalent to the Zambezian Regional Centre of Endemism and is thought to have “the richest and 
most diversified flora and the widest range of vegetation types in Africa” (White, 1983). Nine areas 
of high plant species endemism have been identified by Timberlake et al. (2014), of which the 
Katangan and Huila–Bié areas are probably the richest for endemic species, followed by the very 
extensive Barotse Centre. In another study, Burgess et al. (2005) showed that there is high species 
richness throughout the Miombo ecoregion, based on patterns of richness of collection records 
(Figure 9, Left). The ecoregion is also known for “underground trees”; intriguing species adapted 
specifically to frequent burning, of which 86 out of 98 species listed for Africa are found in the 
Miombo Ecoregion. Numerous other genera are endemic to the Miombo Ecoregion, including 
Bolusanthus, Cleistochlamys, Diplorhynchus, Psedolachnostylis and Viridivia. 

 

Fig. 9. LEFT: Patterns of richness collection records for 5958 plant species across sub-Saharan Africa at one-degree grid cell 
resolution. RIGHT: Richness of records for 121 Red listed threatened plant species. Species richness ranges from blue (low), 
through yellow and orange to red (high). White means no records of relevant plant species are known for that grid cell. 
From Burgess et al., 2005. 

The region also contains approximately 100 threatened plant species, nine of which are Endangered 
or Vulnerable (Timberlake and Chidumayo, 2011). There are also 39 threatened tree species, of 
which 19 are Endangered or Vulnerable (Timberlake and Chidumayo, 2011). A high number of Red 
listed threatened plant species are found in some sections of the Miomo Ecoregion, particularly in 
southern Tanzania (Figure 9, Right) (Burgess et al. 2005). These data are somewhat outdated, but 
there has been no more recent analysis of plant biodiversity patterns in the region. 
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Pressures on flora in the ecoregion are many. Important timber and medicinal species are under 
threat, as are many from harvesting of firewood. Wetland plants are used for trade, and grasses for 
grazing of livestock and wildlife. 

Endemic animals 
Many endemic species are found in the Miombo Ecoregion, including 35 endemic mammals, 51 
endemic birds, 52 endemic reptiles, 25 endemic amphibians and an unknown number of endemic 
invertebrates (Gumbo et al., 2005). Figure 10 (left) by Burgess et al., (2005) shows that total 
vertebrate species richness is comparatively higher than in the rest of Africa. Figure 10 (right) shows 
that the species richness of mammals, amphibians and birds increases from west to east in the 
Miombo ecoregion. For more information on mammals, birds, reptiles, amphibians, fish and 
invertebrates in the Miombo ecoregion, see annex 1. 

 

Fig. 10. Patterns of richness collection records for 3882 

vertebrate species (1,921 birds, 940 mammals, 615 

amphibians and 406 snakes) across sub-Saharan Africa at 

one-degree grid cell resolution (Burgess et al., 2005).  

 
 
 
 
 
 

Challenges for conservation 

The people living in the Miombo ecoregion adapt to the biophysical system, as they have for tens of 
thousands of years. Settlements in the ecoregion are patchily distributed according to the availability 
of natural resources. Practices such as shifting cultivation allow soils and vegetation to recover, and 
the ability to harvest woodland products, practice fishing and hunting, and prosper on 
megaherbivore products and mineral wealth show adaptability and potential for diversified 
livelihood strategies. In the current and future climate regimes, this potential plays a key role in 
reducing the vulnerability of communities in the Miombo ecoregion.  
 
However, current population growth rates are resulting in the unsustainable use of these natural 
resources. Charcoal production, for example, is an overwhelming threat to the status of the carbon-
rich Miombo woodlands, particularly due to the rural to urban trade of the product. The opening up 
of more land for grazing purposes and the shorter fallow cycles in shifting cultivation are reducing 
natural habitats and the ability of soils to recover. Tourism, mining and the legal and illegal trade of 
animal products, which are part of the global market, have the potential to create economic 
inequality in the ecoregion. This can create further challenges for biodiversity conservation by 
undermining the potential positive economic and social impacts that ecotourism can have on 
society. For example, the short-term economic value of canned-hunting may outweigh the long-term 
benefits of preserving wild populations for tourism, particularly when corruption and mis-
governance come in to play.  
 

Forest loss 
Clearance of woodlands in the Miombo Ecoregion has a direct landscape-level implication on 
ecosystem dynamics and biodiversity (see Figure 11 showing forest loss in the ecoregion from 2000-
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2014). The trees prevent soil erosion and maintain nutrient and hydrological cycles. A change in 
hydrology and soil erosion regimes will have direct impacts on species, such as the dambos-
associated orchids, endemic specialist-grazing antelopes or endemic fish – the latter of which would 
have direct impacts on fisheries and the economy of the area. The diversity of nitrogen-fixing fungal 
communities associated with high-carbon trees would be impacted by land-use change, with further 
implications for nutrient cycles. At an even larger scale, there may well be implications for regional 
climate due to the effects of woodland clearance on albedo.  

 

Fig. 11. Forest loss (red areas) from 2000-2014 in the Miombo Ecoregion (outlined in red). Data from Global Forest Watch, 
World Resources Institute. 

The close linkages between the social and ecological systems that have shaped the ecoregion, such 
as disturbance from fires and the evolvement of fire-resistant species, shows that feedback occurs 
from human activities that affect the dynamics of the ecological system, potentially compromising 
its resistance. However, threats to the environmental integrity of the region have a direct impact on 
the livelihoods of the people that depend on the ecoregion’s natural resources. Therefore, when 
designing strategies that aim to conserve biodiversity in the Miombo Ecoregion, the entirety and 
interconnectedness of the SES needs to be recognised. For example, eliminating fires would not only 
threaten the integrity of vegetation adapted to frequent fires, but would also have huge impacts on 
livelihoods by hindering hunting and farmland clearance activities. 

Development Corridors 
Thirty-three development corridors covering 53,000 kilometres have been proposed in sub-Saharan 
Africa with the aim of increasing agricultural production, mineral exports and economic integration 
(Laurence et al., 2015).The corridors include large-scale expansions of infrastructure across the 
continent (Figure 13) and include roads, railways, pipelines and port facilities across the region. The 
corridors are seen to stimulate intra-regional and global trade and present opportunities for land-
locked countries, and thus receive support from organisations such as the African Development 
Bank (Mulenga, 2013). However, by intersecting over 400 existing protected areas and potentially 
disturbing a further 1800, they create challenges for conservation of ecological systems (Laurence et 
al., 2015). Analyses show that the agricultural benefits and environmental costs vary between 
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different development corridors, but that many will result in large-scale immigration for mining, 
large- and small-scale agriculture etc. (Laurence et al., 2015). A large number of the corridors are in 
the Miombo ecoregion, such as the North-South and Limpopo corridors (road and rail), which are 
already active and bisect 34 and 20 protected areas respectively (Laurence et al., 2015).  

 

Fig. 12. Development corridors in sub-Saharan Africa. The status of their completion is indicated as A (already active), F 
(planned for the future) and U (upgrade planned or underway). Figure is from Laurence et al., 2015. 

Ecological Frontiers 
Fifteen years ago Byers (2001) stated that “threats to environmental integrity and well-being in the 
miombo are threats to long-term, sustainable human well-being, and vice versa”. Agriculture, 
grazing, hunting, invasive species, logging, and mining are the most imminent threats identified to 
wilderness areas (Mittermeier et al., 2003). In a region where 70 – 80 % of the land is under small-
scale agriculture, the economy of the people needs to be considered at every step of the 
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conservation planning process. If the benefits from converting forests for cultivation outweigh those 
of using woodland products sustainably, conservation strategies aimed at minimising land-use 
change will render ineffective.  

As an update to the analysis of threats to the miombo, a recent analysis overlaid maps of ecosystem 
assets with maps of future threats to biodiversity conservation, such as potential infrastructure 
development. This allowed the identification of “Ecological Frontiers” areas of high ecological value 
which are under high potential threat from development in Africa (see Figure 12 for the Miombo 
ecoregion) (van Soesbergen et al., 2015). The ecosystem assets included are terrestrial carbon, 
freshwater resources and biodiversity (species richness and range-size rarity). The threats are a 
composite of unexploited oil and gas fields, future mining sites, planned infrastructure, such as 
major roads and the major planned development corridors (see Fig.12). All mapped data were 
normalised to values between 0 and 1 before combining them to produce Figure 13. 

Fig. 13. Composite map of ecosystem assets and potential future threats from development, with Ecological Frontiers 
highlighted in red where the occurrence of both is high (van Soesbergen et al., 2015). The Miombo Ecoregion is outlined in 
black.  The zone of highest conflict within the Miombo region is outlined in red 

In the Miombo Ecoregion, areas with high ecosystem assets and threats (Ecological Frontiers) are 
clustered in the east around Lake Malawi and the Ruvuma landscape between Tanzania and 
Mozambique, Lake Tanganyika and around the lower Zambezi basin (see Ecoregion boundary in 
Figure 12). These areas are important fisheries, species rich wet miombo with high carbon storage 
potential, and also include areas dominated by dry miombo, Acacia/Combretum and mopane 
woodland. In the Ruvuma landscape, significant deposits of natural gas and mineral wealth have 
been discovered and the governments of Tanzania and Mozambique are planning major 
development projects, including transport, agriculture, oil and gas exploration, forest plantations 
and bio-fuel production (Somda, 2013). Timberlake et al. (2014) also identified the Kibondo 
Highlands, part of the catchment area for Lake Tanganyika in southern Burundi and north-western 
Tanzania, and the Lichinga Highlands, part of the catchment area for Lake Malawi in southern 
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Tanzania and north-western Mozambique, as areas important for ecological goods and services such 
as firewood, fishing etc. 

Opportunities for conservation 
Socio-economic threats observed in the Miombo ecoregion can act as a platform onto which 
conservation initiatives can be built. Helping communities recognise that by using the environment 
sustainably, the natural resources with which they are so interconnected will continue to be 
available, is key to building effective conservation strategies.    

At the macro-scale, financial mechanisms, such as Clean Development Mechanisms (CDM) or 
Reduced Emissions from Deforestation and forest Degradation (REDD+), offer the opportunity to 
benefit from the global carbon trade. Such mechanisms act as an important incentive for rural 
communities and nations to practice good environmental stewardship (WWF, 2012). Malawi, 
Tanzania, Zambia and Zimbabwe are UN-REDD partner countries and take advantage of multiple 
benefits provided by REDD+ mechanisms. 

Transboundary Conservation Areas (TBCAs), or Transfrontier Conservation Areas (TFCAs), are able to 
promote landscape level approaches, such as the Niassa-Selous TFCA ecosystem and the Rovuma 
Landscape. International, regional or sub-regional processes and agreements, such as the World 
Heritage sites, protected area networks, South African Development Community protocols (e.g. 
watercourses) and other transboundary conventions are important policy opportunities that can 
help overcome issues surrounding governance in the region.  

At the more local scale there are other opportunities to make Miombo woodland conservation more 
financially attractive.  Local income generating activities, such as beekeeping and others, can help 
conservation in the Miombo woodlands.  Fischer (1993) showed that knowledge gained through 
beekeeping helped to promote conservation of forests in the Miombo ecoregion due to a profound 
understanding of local tree ecology. Similar effects have been observed through income-generating 
opportunities from non-agricultural products, such as wildlife, tourism and forest plantations 
(Timberlake & Chidumayo, 2011). A general increase in awareness and environmental education in 
the ecoregion suggests a positive trend (Gumbo et al., 2005).  

Community Based Natural Resource Management (CBNRM) programmes are being implemented in 
numerous countries throughout the ecoregion, which is considered to be a global model for CBNRM 
(Timberlake & Chidumayo, 2002). WWF’s Miombo Ecoregion Programme, which is hosted by the 
Zimbabwe Country Office, includes demonstrating the value of the CBNRM in the eight programme 
landscapes that cover an area of 1,137,000 square km (WWF, 2012). Initiatives include the 
Community Areas Management Programme for Indigenous Resources (CAMPFIRE) in Zimbabwe, the 
Namibian National CBNRM Programme (Community Conservancies), and the Regional Southern 
Africa CBNRM Programme, from which lessons learned are shared (WWF, 2012).  

The low population density in the ecoregion provides opportunities for expanding existing CBNRMs 
to cover more area (Timberlake & Chidumayo, 2011), thus creating a more holistic approach. Other 
community-based initiatives include Wildlife Management Areas (WMAs) and Village Land Forest 
Reserves (VLFRs) in Tanzania, which are being implemented in the greater Rovuma Landscape 
around the Selous Game Reserve and south to the Rovuma river.  

Other income streams can be realised from sustainable logging and charcoal production.  For 
example, the Mpingo Conservation and Development Initiative (MCDI) is a local Tanzanian NGO 
working to implement Participatory Forest Management (PFM) in southern Tanzania (Springate-
Baginski et al., 2015). In an assessment of participatory governance, it was shown that 
accountability, transparency, open communication, financial and management competence, and 
faithfulness of representation improved through the MCDI PFM programme. Corruption was also 
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shown to decrease, suggesting that conservation interventions involving the local community can 
help to overcome governance challenges in the ecoregion.   

Many of the above mentioned initiatives can be used to try to bridge the development-conservation 
divide and aim to share the benefits from conservation. Other conservation opportunities reconsider 
the governance of protected areas by involving communities in the management of protected areas, 
thus promoting benefit sharing. 

WWF’s work in the ecoregion 
WWF has worked in the Miombo ecoregion for approximately 25 years, addressing conservation 
issues for freshwater, forests, species, protected area networks, livelihoods and education (WWF, 
2012). This work has been carried out with numerous conservation and non-conservation partners, 
leading to interventions including: supporting participatory natural resources management 
approaches; linking conservation delivery and livelihood improvement; facilitating the conservation 
and sustainable use of WWF flagship species; supporting the development of policy and strategy 
frameworks for sustainable bio-energy investments; and facilitating the development of 
environmental flows (WWF, 2012).  
 
The conservation strategy for Miombo woodlands 2011-2020 was prepared by the Eastern and 
Southern Africa Regional Programme Office (ESARPO) to enhance synergies between various WWF 
projects, shifting away from a project approach to a more holistic programmatic approach. It aims to 
“tackle key drivers to biodiversity loss and ensure that the Basin and its associated ecological 
processes remain the life line for people and nature for generations to come” (WWF, 2012). The 
strategy has four strategic programme components: ecological networks and ecosystem integrity, 
sustainable and equitable use of natural resources, responsible fair trade and investment, and 
climate change adaptation and mitigation. The strategy seeks to enhance conservation delivery at 
the priority landscapes by focusing on these strategic components. Work is carried out in ten priority 
landscapes as described by the 2011-2020 WWF Miombo Ecoregion Conservation Strategy (WWF, 
2012): 
 

1. Kavango Zamzebzi Trans-frontier Conservation Area 
The governments of the five riparian states, Angola, Botswana, Namibia, Zambia and Zimbabwe, 
collectively manage the Kavango Zambezi (KAZA) Trans-frontier Conservation Area (TFCA), which is 
to become the largest TFCA in the world. It is situated in the Okavango and Zambezi river basins and 
once finalised, will encompass approximately 287,132 square kilometres of land. Within the area are 
36 national parks and game reserves, a significant number of forest reserves, community 
conservancies, game and wildlife management areas, and open communal areas serving as linkages 
between the conservation areas across the landscape.  
 
Important conservation assets in the KAZA TFCA include approximately half of Africa’s elephant 
population, increasing numbers of black rhino, intact but threatened teak forests and a large 
number of endangered and threatened mammals, birds, reptiles and plants. Furthermore, the 
pristine and untouched wetlands and riparian habitats are found in the Okavango Delta, which is the 
world’s largest Ramsar site.  
 

2. Middle Zambezi-Luangwa Valleys 
The Middle Zambezi-Luangwa Valleys are shaped by Zimbabwe and Zambia. The Mid Zambezi Valley 
is an extension of the African Rift Valley, and the Luangwa Valley, which is located in the eastern 
province of Zambia, is an extension of the Great East Rift Valley. On the Zimbabwe side of the Mid 
Zambezi Valley are three national parks (one of which is a world heritage site), five safari areas, and 
communal lands. On the Zambian side of the Mid Zambezi Valley is a national park and three game 
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management areas. The Luangwa Valley has two major protected areas and several game 
management areas. 
 
Both valleys hold significant wildlife populations, including elephant, hippo, buffalo and impala. Lion 
are found in the Mid Zambezi and wild dog in the Luangwa Valley. A founder population of black 
rhino has been introduced In the Luangwa Valley, which is already an important tourist destination 
and Ramsar site. The Mid Zambezi has two man-made lakes and two Important Bird Areas (IBAs), 
and the Luangwa Valley is home to the Luangwa floodplains, which is a Ramsar site and an IBA. The 
Luangwa Valley also consists of important riverine vegetation, Miombo woodland (e.g. African ebony 
and Natal mahogany) and Mopane woodlands.  
 

3. Upper Zambezi 
The Upper Zambezi landscape starts on the Benguela plateau in Angola, extending through Zambia’s 
western region and finishing in Victoria Falls. The Barotse floodplain, a Ramsar site, lies to the west 
and recharges the Zambezi River before the onset of floods and controls flooding downstream. 
Sioma, Liuwa Plains, West Lunga National Park and the Lukwakwa Game Management Areas are also 
found in the west.  
 
The Barotse floodplain is famous for its fisheries and annual cultural “Kuomboka” ceremony. The 
Liuwa Plains houses Africa’s second largest wildebeest migration between Angola and Zambia. The 
Upper Zambezi has a total of 13 IBAs and a rich diversity of vegetation including grasslands, 
Cryptosepalum dry forests, Baikea woodlands, flooded grasslands and miombo. The diverse 
vegetation is able to support wildlife including Sitatunga, wildebeest and wattled crane, with smaller 
populations of cheetah, lion, roan antelope, wild dog, buffalo, hartebeest and zebra. Freshwater fish 
are found in the area’s freshwater bodies.  
 

4. Zambezi Delta 
Diversity in the Zambezi Delta is high and includes dry miombo, Acacia-Combretum woodlands, 
Acacia woodlands in valleys, coastal Brachystegia speciformis woodlands on the Cheringoma 
plateau, grasslands, swamps, mangroves and other littoral vegetation. As a result, large mammal 
diversity has been high in the past, and is now in recovery following decline during and after the civil 
war. Bird diversity is high and includes a number of localised forest species and important wetland 
bird populations.  
 

5. Bangweulu River Basin 
Located in north eastern Zambia, the Bangweulu River Basin isn’t strictly part of the Zambezi River 
Basin, but does include significant proportions of Miombo woodland and WWF has had long and 
continued commitment to the area. At 11,900 square kilometres, the landscape is one of the most 
diverse in southern Africa and consists of swamp grasslands and the aforementioned Miombo 
woodland. Two national parks, five game-management areas and about 40 forest reserves hold 
considerable biodiversity, including herons, water fowl, black lechwe, shoebill stork and important 
nesting ground for birds and fish alike. The landscape accounts for 20% of Zambia’s annual fish 
production and is important to local traditional fisher communities. Communities also rely on the 
basin for provision of goods and services such as timber, game, fish, charcoal and NTFPs. 
 

6. Malawi-Zambezi Trans-frontier Conservation Area 
The TFCA consists of four protected areas, two national parks and one wildlife reserve in Malawi, 
along with the Lukusuzi National Park in Zambia. The governments in Malawi and Zambia have 
collaborated to develop the TFCA, in which they have established an institutional framework 
consisting of committees and working groups that address issues such as tourism, immigration, joint 
management and security. Project plans have been drafted and approved, and an international 
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treaty approved by Ministers of Environment from both countries was signed on July 7th 2015 (Peace 
Parks Foundation, 2016).   
 
One of the national parks in Malawi, Nyika National Park, along with Vwaza wildlife reserve have 
world heritage status. Traditional land that functions as an ecological corridor connects all the parks 
in the TFCA, which is able to support species such as elephant, hippo, buffalo, wattled crane, 
numerous forest birds and endemic fish species that breed in small rivers.  Brachystegia boehmii 
woodlands and montane grasslands dominate.  
 

7. Lower Shire Valley 
The Lower Shire Valley landscape in Mozambique consists of the valley itself and its surrounding 
stretching in to Malawi. One national park, two wildlife reserves and four forest reserves in Malawi 
are part of the landscape and although no formally protected areas on the Mozambique side are 
included, the area has high biodiversity and the Morrumbala and Chiperone mountains are seen to 
be potential candidates for some protection.  
 
Large human populations and large scale sugar and ethanol production has fragmented the area’s 
rich biodiversity. However, modestly sized protected areas are playing an important role in 
conserving the Valley’s dry forest and thicket vegetation types, with future potential for black rhino 
conservation due to high carrying capacities. Endangered and endemic bird species, as well as small 
mammals and reptiles, are found in the Morrumbala and Chiperone mountains and in Majete 
Wildlife Reserve are elephant and rhino. 
 

8. Lake Malawi/Niassa/Nyasa 
The landscape covers three countries in the following proportions: Malawi 66%, Tanzania 27% and 
Mozambique 7%. The lake has the world’s highest diversity of fish species, with over 800 species, 
90% of which are endemic. Many of these are cichlid species and groups of closely related species 
from which new species are rapidly evolving (species flocks). The landscape includes three national 
parks in Malawi, one in Mozambique and numerous gazetted forest reserves and communal forests 
in Malawi and Tanzania. 18 IBAs are also located in the landscape’s national parks, game reserves 
and forest reserves in Malawi and Tanzania.  
 

9. The Rovuma Landscape 
The Rovuma Landscape, which covers northern Mozambique and southern Tanzania, has the largest 
unfragmented miombo woodland and coastal forest habitats remaining in Africa (WWF, 2016). The 
landscape is home to the largest population of African elephant in East Africa and the second largest 
on the continent. Small-scale agriculture, logging for export and national use, extractive mining and 
industrial agriculture threaten the integrity of the Landscape. WWF is working to maintain the 
connectivity of the Miombo woodland habitat between the Selous Game Reserve in Tanzania and 
the Niassa Game Reserve in Mozambique.  The conservation effort is mainly aimed to benefit 
populations of elephants, but also wild dog and other large mammals. WWF is working with 
governments, the private sector and NGOs in both Mozambique and Tanzania to enhance trans-
frontier action to reduce ivory poaching and illegal timber trade. These actions also aim to 
strengthen community based natural resource management practices, build capacity, enforce policy 
and increase the Landscape’s resilience to climate change. Working with communities to develop 
community managed ‘Village Land Forest Reserves’ and ‘Wildlife Management Areas’ is a major part 
of the work on the ground in Tanzania.  
 

10. The Quirimbas National Park 
The Quirimbas National Park, was declared a national park in July 2002 following strong assistance 
from WWF (WWF, 2016). It covers 7500 square kilometres, in which 1522 square kilometres are the 
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Quirimbas Archipelago that are renowned for their coral reefs, islands, mangroves and abundant 
marine diversity and all 5 protected marine turtles. The inland habitat is miombo woodland with a 
high diversity of birds. 55,000 people live in or around the park and artesanal fishing is an important 
source of food and livelihood. Only 6.2% of the land is occupied by agriculture, but is the main 
contributor to provincial GDP. 
 

Results of the DyCe project 

 
Within the frame of the DyCE project we have (1) researched how the coverage of protected areas 
has changed over time, both across the region and nationally, in order to determine how well the 
ecoregion meets Aichi target 11. We have (2) examined protected area management effectiveness 
using METT analyses from the ecoregion and have (3) used 3 case studies to elucidate the role of 
protected areas in reducing deforestation and forest degradation.  
 

1. Protected Areas in the Miombo Ecoregion 
 

A new approach to tracking protected areas 
For this study a novel approach was used to assess protected area (PA) change in the Miombo 
Ecoregion. Standard practice is to use a single version of the World Database on Protected Areas 
(WDPA) and use that to track PA change over time using a field which records when PAs were 
gazetted. This methodology does have its limitations however, notably when PAs lack this 
information, as is still the case for 25% of PAs in the Ecoregion in 2016. The novel approach used in 
this study instead utilises entire versions of the WDPA, one per year going back to 2006, with one 
year (2008) being absent. The major benefit of this methodology over the aforementioned approach 
is that previous versions include PAs that have since been removed, thus showing what the PA 
estate truly was, or at least was thought to be, in that year. However, this methodology also has its 
limitations, the most important of which is that this time series isn’t in ‘real time’, e.g. a change 
recorded between 2010 and 2011 may not have happened then but rather in the months or years 
previous to that date but are only just being recorded in the WDPA. This time lag in the data is an 
inherited limitation of the WDPA and difficult to ameliorate for such an extensive and complicated 
database.  Area statistics were calculated using the standard approach of dissolving the data to 
remove overlaps and points were buffered according to their reported area. 

Ecoregion coverage 
As of May 2016 there were 1481 PAs covering 23.2% of the Miombo ecoregion. Despite there being 
49 more protected areas in 2016 than there was a decade ago, the total coverage of PAs in the 
Ecoregion has reduced by 34,500 km2. As demonstrated in Figure 14, our understanding of the 
region’s PA coverage has varied over the years, with both annual net gains and losses.  One 
contributing factor to a lower PA coverage in 2016 compared to a decade earlier is the reduction 
recorded between 2013 and 2014. Between these two versions of the WDPA 95 protected areas lost 
all or part of their area, resulting in the 2014 WDPA being 102,000 km2 smaller than in 2013. The 
majority (66%) of this lost area stems from the Luengué hunting reserve in Angola, which remains 
absent from the WDPA but is under review to return. Luengué was removed due to inconsistent 
delineation of its boundary and an unverified source though the area is still protected under the 
Mavinga and Luiana National Parks.  
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Fig. 14. Changes in the protected area estate in the Miombo Ecoregion 2006-2016.  

The May 2016 WDPA indicates that apart from 23 Internationally designated PAs (15 Ramsar sites, 5 
World Heritage Sites and 3 UNESCO Man and Biosphere Reserves) the remaining 1458 protected 
areas are nationally designated. The majority (85%) of protected areas in the Ecoregion do not have 
an IUCN Management Category, with those that do being predominantly IUCN Category VI 
(Protected Area with sustainable use of natural resources), IV (Habitat/Species Management Area) 
and II (National Park). Similarly, 87% of PAs in the ecoregion lack data on their governance. 
Protected areas with a stated governance type are predominantly those governed by federal or 
national ministries/agencies (7%) or individual landowners (2%). Data quality remains relatively poor 
in the Miombo Ecoregion, which adds uncertainty to the analyses and hinders accurate reporting to 
CBD Aichi targets. Improving both the accuracy and frequency of PA data reporting is a priority for 
UNEP-WCMC in the months and years to come. 

National coverage 
There are components of 11 national protected area estates incorporated into the Ecoregion 
coverage statistics shown above. In 2016, the largest contribution of protected area coverage 
originates from the Ecoregion’s second largest nation: Zambia, which adds 287,500 km2 to the 
Ecoregion. Proportionally, South Africa is most protected, with 73% of its 59,000 km2 of Miombo 
Ecoregion area protected. Apart from Rwanda, which has no protected area in its 25km2 share of the 
Miombo Ecoregion, the least protected nations are Angola, Burundi and the DRC, all of which are 
tied at 7% of their area protected, and simultaneously having the three smallest national protected 
area estates by number.  

Protected areas are predominantly designed and gazetted through the lens of a nation’s entire 
protected area estate, therefore South Africa’s proportionally high coverage is more by coincidence 
than design. However, southern Africa is the home to multiple transfrontier conservation areas 
(TFCAs) which aim to address this issue and thereby increasing regional level connectivity and 
conservation efficacy.  Multiple TFCAs overlap the Miombo Ecoregion, the largest of which is the 
Kavango – Zambezi TFCA, which spans five of the Ecoregion’s 11 nations. Other initiatives that go 
beyond the national scale include the Mosi-oa-Tunya / Victoria Falls World Heritage Site which 
straddles the boundary of Zambia and Zimbabwe, making it a true transboundary protected area. 

Every nation in the Ecoregion with protected areas has had some of its PA estate removed over the 
last decade according to the WDPA (Figure 15), most notably in Angola in 2014 with the removal of 
the Luengué hunting reserve and also in Tanzania where 120 forest reserves were removed from the 
WDPA in 2007. Five of the nations in the Ecoregion have both fewer protected areas and less 
protected area coverage in 2016 than they did in 2006, though large-scale reductions in the 
Ecoregion are infrequent (Figure 16). Consequently, the Ecoregion has remained relatively stable in 
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terms of protected area coverage, with newly added protected areas, particularly in South Africa, 
Mozambique and Tanzania going some way to ameliorating the loss. The removal of PAs from the 
WDPA does not necessarily equate to the PAs being degazetted in reality, as demonstrated by the 
Luengué hunting reserve. In addition, there are sites in the Ecoregion which conserve nature but are 
not PAs and therefore aren’t incorporated into the WDPA, e.g. community based natural resource 
management areas (CBNRMs).  

 

Fig. 15. Protected areas in the Miombo Ecoregion (outlined in red).The WDPA indicates that in conjunction to the addition 
of PAs in the ecoregion there has also been the removal of PAs, some of this area has been subsequently re-protected. The 
map only shows protected areas with boundaries, those without (n=233) were omitted.  
 

 

 
Fig. 16. The area added and removed from the WDPA between each year for sites with boundaries.  
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Conclusion  
According to the WDPA, the Miombo ecoregion overall surpasses the CBD Aichi 11 target to have  
17% of terrestrial land and inland waters protected. This is predominantly due to the protected area 
estates of Zambia, Tanzania, Mozambique and Zimbabwe. By reviewing historical versions of the 
WDPA we can see that the ecoregion has experienced fluctuations in its recorded protected areas, 
though the accuracy of these fluctuations is put into question by the infrequency with which 
updated data is received from countries. Regardless, the ecoregion has a relatively stable protected 
area estate which is absolutely vital in conservation efforts regionally. 

 

2. Status and trends in Protected Area Management Effectiveness 
(PAME) 

 
Protected Area Management Effectiveness (PAME) evaluations, can be defined as: “the assessment 
of how well protected areas are being managed – primarily the extent to which management is 
protecting values and achieving goals and objectives” (Hockings et al. 2006). Evaluation of 
management effectiveness is recognised as a vital component of responsive, pro-active protected 
area management. The need for national and regional datasets on protected area management 
effectiveness is reflected in conservation policy. For example, the Convention on Biological Diversity 
(CBD) Conference of the Parties (COP) 10 Decision X/31 calls for “…Parties to…expand and 
institutionalize management effectiveness assessments to work towards assessing 60 per cent of the 
total area of protected areas by 2015 using various national and regional tools, and report the 
results into the global database on management effectiveness”. 

Since the 1990s, a range of methods have been developed and applied to assess Protected Area 
Management Effectiveness (PAME) at both site and system levels. Foremost amongst these is the 
WWF/World Bank Management Effectiveness Tracking Tool (METT), which was built upon the IUCN 
World Commission on Protected Areas (WCPA) framework for the assessment of Protected Areas 
(Hockings et al. 2000; 2004a; 2004b; 2006).  First operational in 2003, the METT is now applied as a 
mandatory part of all Protected Area projects funded by the Global Environment Facility, the World 
Bank and the Critical Ecosystem Partnership Fund (CEPF), and is additionally used by a number of 
countries and other NGOs, for example, World Wildlife Fund (WWF), Conservation International (CI) 
and The Nature Conservancy (TNC).   

Researchers at the University of Queensland, working with the IUCN WCPA and in collaboration with 
UNEP-WCMC, the University of Oxford and the University of Copenhagen, have been working over 
the last decade to compile completed METT assessments into a centralised METT database. 
Currently the METT database contains in the region of 4000 assessments from all around the world. 

Miombo METT Analysis 
As of March 2016, the METT database contained 301 METT assessments from 146 protected areas 
within the Miombo region. To date over 310,000km2 of protected land has been assessed which 
represents approximately 35% of the entire Miombo ecoregion protected area estate (Fig. 17). 
Based on these assessments the overall mean percentage METT score for assessed protected areas 
in the Miombo region was calculated at 47.29%. 
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Fig. 17. Assessed protected areas in the Miombo ecoregion are shown in light green 

Elements and indicators 
The IUCN WCPA framework for protected area management is based on the idea that protected 
area management follows a cyclical process with six distinct stages, or elements (Figure 18) 
Evaluations that assesses each of the elements of Figure 17 (and the links between them) should 
provide a relatively comprehensive picture of management effectiveness. 
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Fig. 18. The IUCN WCPA framework for assessing management effectiveness of protected areas (sourced from Hockings et 
al. 2006) 

From the 301 METT assessments analysed it can be seen that protected areas within the Miombo 
region perform on average significantly better at implementing the context element of the  IUCN 
WCPA management framework compared to the other elements (Figure 19).  Currently within the 
Miombo ecoregion the output and the input elements are the weakest stages of the management 
cycle. When we drill down further to look at the individual questions (also known as indicators) it 
can be seen that indicators associated with the design, demarcation and legal recognition of 
protected area boundaries scored the highest within the METT assessments, whilst indicators 
associated with the adequacy of visitor facilities, the contribution of commercial tourism and the 
security of future funding scored the lowest (Figure 20). 

Fig. 19: Mean percentage METT score for each element of the WCPA management framework within the Miombo 
ecoregion 
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Fig. 20. Mean percentage METT Score for each indicator within the Miombo region 

 

Repeat Assessments 
Approximately 46% of the assessed protected areas within the Miombo region underwent at least 
one repeat assessment with the majority of repeat assessments occurring within Tanzania (69%) and 
Zambia (21%). Based on the assessments results, it can be seen that sites within the Miombo 
ecoregion that underwent repeat assessments showed steady improvements in their mean 
percentage METT scores over time, increasing at an average rate of 4% per assessment (Figure 21). 
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Fig. 21. Temporal trends in mean percentage METT scores following repeat assessments within PAs in the Miombo 
ecoregion 

 

Country breakdown 
METT assessments have been undertaken in eleven countries within the Miombo region, however, 
over half (57%) of the METT assessments submitted for the Miombo region far are from Tanzania 
Figure 22). 

 

Fig. 22. The number of METT assessed protected areas per country within the Miombo region 

The mean percentage METT score varies considerably between countries ranging from just 28.72% 
in Angola up to 57.40% in Zambia (Figure 23). 
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Fig. 23. - The mean percentage METT score for each country within the Miombo region 
 

Conclusion 
Management effectiveness of these protected areas is moderately good, with a mean score of 
47.29%, with lowest scores seen in Angola and highest in Zambia. Management effectiveness in 
repeat assessments showed that scores are improving over time with an average rate of about 4% 
per assessment. Indicators related to design, demarcation and legal recognition of protected area 
boundaries scored high in METT assessments, whereas visitor facilities, the contribution of 
commercial tourism and the security of future funding scored lowest.  
 
Analyses were based on 301 METT assessments, predominantly from Tanzania. In order to improve 
our understanding of management effectiveness in the Miombo ecoregion, further assessments 
needs to be made.  

 

3. The role of protected areas in reducing deforestation and 
degradation: three case studies from key landscapes in 
southern African savannah woodlands  

 
Deforestation and forest degradation accounts for 6 – 17% of global greenhouse gas emissions 
(Harris et al., 2012; van der Werf et al., 2009), and are thought to be the primary source of emissions 
from the African continent (Ciais et al., 2011; Valentini et al., 2014).  
 
Southern and Eastern Africa, which is home to around half of the continent’s population, is 
estimated to be the main source of emissions in the region (Valentini et al., 2014).  These woodlands 
underpin the livelihoods of an estimated 100 million rural and 50 million urban dwellers, many of 
whom live in poverty and rely heavily on the timber, food, medicine and construction materials that 
the woodlands and forests provide (Campbell et al., 2007; Syampungani et al., 2009). Rising demand 
for woodland products is thought to be leading to widespread deforestation and degradation, 
particularly around rapidly expanding urban centres and road networks (Abbot and Homewood, 
1999; Ahrends et al., 2010; Hansen et al., 2013; Ryan et al., 2014).  
 
The establishment of protected areas (PAs) remains the foremost strategy in mitigating against 
extensive forest loss globally, helping to sequester carbon (Andam et al., 2008; Gaveau et al., 2009; 
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Nelson and Chomitz, 2011), reduce biodiversity loss, and maintain the integrity of natural resources 
for human consumption (Geldmann et al., 2013). Several studies have evaluated the extent to which 
protected areas prevent forest loss in tropical forest regions, yet to date very few studies have 
attempted to evaluate whether any of the protected areas in Southern African woodlands are 
effective in this regard (Knights et al., 2014; Pelkey et al., 2000).    
 
In this section of the report we use remote sensed radar (PALSAR) data to: 
 

1. Quantify land cover change (deforestation, forest degradation and (re)growth) from 2007 – 
2010 in and around selected protected areas in southern Africa of particular interest to WWF 
/ Luc Hoffman and identify hotspots of change 

2. Determine whether protected areas are effective at reducing rates of deforestation and 
degradation compared to similar unprotected areas 

Methods 
Study region and protected areas 
We focus on the effectiveness of protected areas within three Worldwide Fund for Nature (WWF) 
priority areas for conservation investment (Figure 24). The first of these is centred on the area 
between the Selous National Park in Tanzania and the Niassa Reserve in Mozambique, which forms 
part of the Greater Ruvuma Priority Landscape (Knights et al., 2014). The second is the Kavango-
Zambezi Transfrontier Conservation Area (hereafter KAZA TFCA) which spans the border regions of 
Angola, Zambia and Zimbabwe (http://www.kavangozambezi.org/). The third and final is the Greater 
Limpopo Transfrontier Conservation Area (TFCA) which straddles the border of Mozambique and 
Zimbabwe and includes the Gonarezhou and Limpopo National Parks (http://tinyurl.com/jc8am3r).  

 

 
Fig. 24. The location of protected areas across the extent of the miombo eco-region along with the broad vegetation type 
as defined by White (1983). The three priority landscapes of (1) Selous-Niassa, (2) KAZA TFCA and (3) Greater Limpopo TFCA 
are also shown within the hatched boxes 

http://tinyurl.com/jc8am3r
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Mapping landcover change in and around protected areas 
Carbon stored in aboveground woody biomass (AGC, tC/ha) was estimated using radar imagery 
obtained from the Phased Array L-Band Synthetic Aperture Radar sensor on-board JAXA’s Advanced 
Land Observation Satellite (ALOS-PALSAR) in the horizontal-send vertical-receive (HV) polarisation. 
We followed the methods described in Ryan et al. (2012) and Ryan et al. (2014).   
 

Detecting change in woody biomass 
In this analysis we used several outcome variables to assess the effectiveness of PAa in reducing 
rates of land cover change. Different types of land use result in different land cover changes, and so 
by assessing PA effectiveness against a range of land cover change metrics we can infer which 
activities such as clearance for agriculture or woodfuel harvesting and changing in PAs.   Our first 
response variable in the analysis is the relative change in AGC stocks between 2007 and 2010 (Ryan 
et al., 2012).  Furthermore, the areas where carbon stocks were reduced over the study period - 
hereafter referred to as forest disturbances - were classified according to whether they were 
symptomatic of deforestation (a reduction in forest area) or forest degradation (reduction in 
biomass density of standing forest) in order to provide information on the potential causes of land 
cover change (LCC) (Ryan et al., 2014). Change maps were resampled from 25m to 1km resolution by 
averaging all pixel values within each cell which was done to reduce the size of the dataset for the 
subsequent analysis.  All maps were created using Python 2.4, QGIS and R statistical software (R 
Core Team, 2014).  
 

PA effectiveness 
In line with similar studies which have examined the ecological impact of protection in other tropical 
forest regions (Andam et al., 2008; Carranza et al., 2014; Ferraro et al., 2011), we use matching 
methods to predict what would have happened to forest carbon stocks in the absence of protection, 
i.e. the counterfactual outcome. By comparing pixels within the PA to similar unprotected areas, we 
aim to derive an unbiased estimate of the effect protection had on the outcome variables above. 
Cells were matched according to set of 6 variables widely considered to affect the probability of land 
cover change (Geist and Lambin, 2002): proximity to roads and settlements (straight line distance, 
km), slope angle, elevation, baseline (2007) forest cover (%) and carbon stocks (tC/ha[CR2] ).  Areas 
of high forest cover and biomass are more likely to be targeted for timber extraction and charcoal 
production as they are likely to contain more trees of harvestable size. Hidden biases in the analysis 
may include differences in forest governance between administrative units (e.g. the enforcement of 
forest protection and access rights), population densities and growth rates, and climate (mean 
annual precipitation and seasonality) (Gaveau et al., 2009; Shah & Baylis, 2015). Unprotected control 
cells were therefore matched within the same 2nd order administrative unit as the PA under 
investigation. Full details of the matching procedure are in McNicol et al, in prep. 

 

Results 

Spatial pattern and rates of land cover and biomass change  

Priority landscape 1:  Selous – Niassa (Tanzania – Mozambique) 
The area around the Tanzanian and Mozambican border exhibited some of the highest rates of 
deforestation and degradation found across the miombo eco-region, with the combined rates of 
deforestation and intense degradation (>50% carbon loss) ranging from 0.85% yr-1 in the regions of 
Ruvuma and Niassa, up to 1.8% yr-1 in Mtwara (Figure 25).  The greatest hotspots of intense change 
were concentrated in Lindi Region and around the cities of Lichinga (Niassa region) and Mtwara. 
Intense losses were also detected around the city of Songea in southwest Tanzania, and in Cabo 
Delgado province in Mozambique. The hotspots of deforestation detected in the northern parts of 
Selous Game Reserve (and a predominantly agricultural area to the east of Selous) are not thought 
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to be the result of intensive human activity, but rather the result of low intensity reductions in 
biomass in areas with an average carbon density close to the forest threshold of 10 tC/hameaning 
that many of these small reductions that passed this threshold were classified as being 
deforestation.  The deforestation rates detected by radar were on average 53% higher relative to 
those from Hansen et al (2013). 
 
Rates of forest degradation were considerably higher than deforestation, ranging from 8 - 13 % yr-1, 
though around half of these loss events were of a very low intensity (<10% AGC loss over the three 
year period) with the remainder of these changes low to moderate intensity disturbances (Figure 4). 
Overall, AGC stocks are thought to be decreasing in the 5 of the 7 administrative regions across the 
priority landscape, with biomass loss rates of 3% in Mtawra and Lindi, though biomass increases 
were detected in Morogoro and Ruvuma.    
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Fig. 25. – Panel (a) shows the locations of large cities (>50k people), district boundaries (thin black lines) and regional 
boundaries (red lines and names) within which matched pixels were extracted for the protected areas analysis and for 
which change statistics are presented in Figure 25. Panel (b) shows the average biomass density (tC ha-1) in 2007 within a 
1km by 1km cell while (c) shows the relative change in biomass (AGC2010/AGC2007) with values <100 indicating areas where 
biomass is decreasing and values > 100 areas where it is increasing. The remaining three panels (d – f) highlight the 
proportion of each 1km2 cell that (d) increased in biomass, (e) been subject to either deforestation or intense degradation, 
and (f) been affected by low intensity degradation (10 – 50% AGC loss). 
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Priority landscape 2: KAZA TFCA (Angola – Zambia – Zimbabwe) 
Compared to the landscapes around Selous-Niassa, changes in land cover and biomass over the 3-
year period were less pronounced in the more remote, less densely populated and relatively low 
biomass landscapes of the KAZA TFCA (Figure 26a&b). Rates of deforestation ranged from 0.28% yr-1 
in North Western Zambia to 1% yr-1 in the Central region, which again, are considerably higher than 
those estimated by Hansen. Forest degradation rates did not exceed 10% yr-1, averaging only 6% yr-1, 
though the majority of these loss events of very low intensity (Figure 26). Hotpots of intense loss 
were detected to the east and west of Kafue National Park, however all of the regions were found to 
have increased in biomass over the study period by an average of 1.5%. 
 

 
Fig. 26.  Panel (a) shows the locations of large cities (>50k people), district boundaries (thin black lines) and regional 
boundaries (red lines and names) within which matched pixels were extracted for the protected areas analysis and for 
which change statistics are presented in Figure 25. Panel (b) shows the average biomass density (tC ha-1) in 2007 within a 
1km by 1km cell while (c) shows the relative change in biomass (AGC2010/AGC2007) with values <100 indicating areas where 
biomass is decreasing and values > 100 areas where it is increasing. The remaining three panels (d – f) highlight the 
proportion of each 1km2 cell that (d) increased in biomass, (e) been subject to either deforestation or intense degradation, 
and (f) been affected by low intensity degradation (10 – 50% AGC loss). 

Priority landscape 3: Greater Limpopo TFCA (Mozambique – Zimbabwe) 
The Greater Limpopo TFCA showed broadly similar patterns to the KAZA TFCA insofar that the area 
affected by deforestation and intense degradation was minimal (Figure 7 & 8), with approximately 
half of the landscape having an aboveground carbon density of <10 tC ha-1 in 2007 meaning these 
areas was not included in our analysis of land use and biomass change.  Higher rates of deforestation 
(1.18 % yr-1) were observed in the more carbon dense areas of Manica province, though the majority 
of these losses were located in more northern parts of region and far away from the protected areas 
in the south (Figure 27). Rates of forest degradation were also comparatively low, with a few clear 
hotspots of low intensity change observable to the South-East of the Limpopo National Park.  
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Fig. 27:  Panel (a) shows the locations of large cities (>50k people), district boundaries (thin black lines) and regional 
boundaries (red lines and names) within which matched pixels were extracted for the protected areas analysis and for 
which change statistics are presented in Figure 3. Panel (b) shows the average biomass density (tC ha-1) in 2007 within a 
1km by 1km cell while (c) shows the relative change in biomass (AGC2010/AGC2007) with values <100 indicating areas where 
biomass is decreasing and values > 100 areas where it is increasing. The remaining three panels (d – f) highlight the 
proportion of each 1km2 cell that (d) increased in biomass, (e) been subject to either deforestation or intense degradation, 
and (f) been affected by low intensity degradation (10 – 50% AGC loss). 



39 

PA effectiveness 
We estimated the extent to which each protected area maintained carbon stocks, and avoided 
deforestation and forest degradation relative to the counterfactual scenario of no protection by 
comparing the difference in each outcome variable (relative change in carbon stocks, deforestation 
rate, intense degradation rate, low to moderate intensity degradation rate) between matched 
protected and unprotected pixels.  

 
Selous – Niassa 
Ninety-eight protected areas were located within the Selous-Niassa conservation landscape, of 
which 64 were able to be matched to allow comparisons to take place.  The vast majority of the 
retained PAs were forest reserves (50), with the remainder Game/Wildlife Reserves (13) with one 
National Park (Quirimbas).  Of these PAs, 17 were found to have increased in biomass (>2%) over the 
3 year period - including the two focal reserves of Selous and Niassa - compared to 36 PAs (56% of 
total), which had lost biomass, with 32 of these losing more biomass relative to 2007 levels 
compared to their matched unprotected cells. 
 
Deforestation rates were -0.29% yr-1 lower inside protected area compared to matched unprotected 
areas. Thirty-three (52%) of PAs exhibited significantly lower deforestation rates (mean effect -0.5% 
yr-1), with a further 23 showing no-significant difference and only 7 PAs an increase. Similar results 
were observed for intense degradation (n lower in PA = 39; higher in PA = 3; effect size -0.29%). In 
contrast low intensity degradation was significantly higher in 23 of the 64 PAs compared to only 13 
where rates were significantly lower, with degradation rates on average +0.31% yr-1 higher inside 
PAs. 
 
KAZA TFCA 
The KAZA Trans-frontier Conservation Area contained the greatest number of protected areas - 256 - 
of the three priority zones, with 241 of these having enough suitable matched cells for 
analysis.  Again, the majority (149) were forest reserves or state forests, although the region also 
comprised a large number of Game/Wildlife Reserves (77) and a relatively large number of National 
Parks (14). In sharp contrast to Selous-Niassa, carbon stocks in 93% of the 241 PAs were found to 
have either increased (63%), or not changed considerably (30%), with only 16 parks decreasing in 
biomass. Deforestation rates inside park boundaries ranged from 0 – 2.6% yr-1, averaging 0.46 ± 
0.38% yr-1, with just over a third of the PAs showing a reduction in both deforestation (mean: -0.31% 
yr-1) and intense degradation (-0.11% yr-1) within their boundaries compared to matched 
unprotected areas, including in 11 of the 14 National Parks, and 47 (deforestation) and 44 
(degradation) of the 137 forest reserves. The majority of the remaining parks showed no significant 
differences in the rates of land cover change compared to their matched unprotected counterparts, 
meaning that when the treatment effect is averaged across all PAs, deforestation rates were only 
lower by -0.06% yr-1 and intense degradation rates lower by 0.01% yr-1. In contrast, rates of low 
intensity degradation were slightly higher (+0.02% yr-1) inside PAs. 
 
Greater Limpopo TFCA 
Eighteen protected areas fell within the boundaries of the Greater Limpopo Trans-frontier 
Conservation Area including four National Parks (Gonarezhou, Limpopo, Zinave and Banhine), ten 
Wildlife Management Areas and three conservancies, with one park (Mahenye) excluded due to a 
lack of suitable matches. All of the protected areas either increased, or did not change significantly 
in biomass over the 3-year period, though 4 of these showed a smaller increase compared to their 
matched areas.  Deforestation rates were on average lower inside the PAs (mean -0.25% yr-1) and 
were lower in all the National Parks except one (Malipati Safari Zone; +0.14% yr-1). Rates of intense 
degradation inside PAs were generally low (0.03 ± 0.22 % yr-1), yet 12 of the 17 parks still exhibited a 
significant reduction (-0.06 yr-1) compared to matched areas. In common with the other two priority 
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zones, the effect of protection on rates of low intensity degradation was more variable, with losses 
significantly higher in 4 of the PAs. 

Discussion 
We find lower rates of deforestation in PAs compared to matched, unprotected areas. This agrees 
with other robust studies of PA effectiveness in Costa Rica (Andam et al., 2008), the Brazilian 
Cerrado (Carranza et al., 2014), Sumatra (Gaveau et al., 2009) and a global analysis (Joppa and Pfaff, 
2011). As with most PAs globally, the strength of this effect is small  (Geldmann et al., 2013) and 
many PAs in our study, particularly those in more densely populated areas, are still experiencing 
significant losses of woodland, even if this rate is lower than it would be without protection. 
 
The effectiveness of PAs on reducing degradation has not been examined previously, primarily 
because of the lack of available remote sensing data on degradation. Our results show that PAs are 
effective at reducing intense degradation, which is typically associated with charcoal production and 
timber harvesting. As with deforestation, this is a relatively weak effect, and many PAs show high 
rates of degradation, albeit lower than unprotected areas. Low intensity degradation was higher on 
average in PAs, an interesting result but one that is not unexpected in the context of the 
management aims of many PAs. Low intensity degradation can occur due to human activities such as 
very selective logging, or wood fuel harvesting, but is also common in areas with substantial 
elephant populations, or where fire is used repeatedly. Given that many of the PAs have elephant 
conservation as an objective it would not be surprising if they had higher elephant densities 
compared to unprotected areas, and this might well account for the higher rates of lower intensity 
degradation in these PAs. 
 
The areas around Selous-Niassa exhibited the greatest rates of land cover change and biomass loss 
of the three priority zones, but also had the highest avoided deforestation. In contrast the more 
remote, and less densely populated landscapes of KAZA TFCA and Greater Limpopo TFCA had very 
small effects of protection on landcover change, and the average effect of protection was close to 
zero for biomass loss, deforestation and intense degradation. Interestingly, for the Selous-Niassa 
PAs, the widespread reductions in biomass within their boundaries above and beyond what was 
observed in matched unprotected areas was not linked to greater deforestation or intense 
degradation rates within park boundaries, but rather greater low intensity degradation. The 
historical success of some PAs was clearly apparent, with PAs in the Selous-Niassa region generally 
containing greater biomass than unprotected areas -  whilst in KAZA and Limpopo this was not the 
case and carbon stocks were similar, suggesting that these more remote PAs have historically 
provided similar outcomes as lands under no protection. 
 
Unsurprisingly, National Parks were the most successful in reducing and/or limiting biomass losses 
compared to matched areas with 85% and 55% of the National Parks included in the analysis 
showing a significant reduction in deforestation/intense degradation, and low intensity degradation 
respectively. Forest reserves, which encompassed the majority of the PAs analysed and are often 
explicitly designed for forest protection, were less effective with only 34% and 18% showing similar 
significant reductions in deforestation/intense degradation and low intensity degradation 
respectively, with the majority (45 - 50%) doing no better than similar lands not under protection, 
though 30% of forest reserves exhibited greater rates of lower intensity degradation.  

 

Conclusions and Recommendations 
 
The DyCe project aimed to evaluate the coverage, effectiveness, connectivity, and ultimately 

ecosystem service supply within state, private and community managed protected areas in the 

Miombo Woodlands ecoregion of southern Africa – one of WWF’s priority places. The overall aim 



41 

was to elucidate whether existing areas are functioning properly, what conservation values they 

fulfil, and whether they benefit species and humans alike. 

Despite fluctuations in recorded protected areas, susceptibly due to infrequently updated data, the 
Miombo ecoregion overall surpasses the CBD Aichi 11 target to have 17% of terrestrial land and 
inland waters protected. The protected area estate is relatively stable, providing a good basis for 
conservation interventions in the ecoregion. 
 
Management effectiveness of these protected areas is moderately good, with a mean score of 
47.29%, which has shown to be improving over time with an average rate of about 4% per 
assessment. Indicators related to design, demarcation and legal recognition of protected area 
boundaries scored high in METT assessments, whereas visitor facilities, the contribution of 
commercial tourism and the security of future funding scored lowest. Analyses were based on 301 
METT assessments, predominantly from Tanzania.  
 
Furthermore, we found that protected areas effectively maintain forest cover by reducing intense 
forest degradation, which is typically associated with charcoal production and timber harvesting. 
Although many protected areas continue to show high rates of forest degradation, these rates are 
lower than unprotected areas.  
 
The effectiveness of protected areas in terms of maintaining forest condition is less certain. 
Specifically, low intensity degradation was found to be higher in protected areas. Anthropogenic 
activities such as selective logging, wood fuel harvesting and selective burning may play a significant 
part in this trend, however a similar trend was noted in areas with substantial elephant populations. 
Protected areas with elephant conservation as an objective may be more significantly impacted by 
elephant-related disturbances of forests, thus increasing records of low intensity degradation.  
 
National Parks were shown to be highly effective at reducing biomass losses, whereas forest 
reserves were significantly less effective and often no better than similar lands not under protection. 
However, these trends are based on data collected over 3 years and may not fully represent the 
effectiveness of different management regimes. Improved information on management inputs and 
outcomes would help elucidate many of the remaining questions.  
 
The dynamics of the Miombo social-ecological system are complex and require dedication to 
comprehend. The wealth of existing knowledge on the Miombo ecoregion lies with field offices and 
the individuals who work in them. Close collaboration with these partners and with stakeholders on 
the ground, has the potential to provide the most up-to-date and useful knowledge on the dynamics 
of the Miombo ecoregion.  
 
Some knowledge has been gathered through the DyCe project, but many ends are left untied. An 

important step in identifying knowledge gaps is to clarify what questions need answers. These might 

include: 

- Where are the landuse change hotspots in the Miombo ecoregion? What biological and 

social indicators can be used to identify these hotspots? 

- What are the major issues that pose threats to the integrity of protected areas in the 

ecoregion? How can these issues be overcome using community-based interventions with 

multiple benefits? 

- How big a threat do the extractive industries and development of infrastructure pose on the 

integrity of the SES? 
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- How can we best prioritise areas that are important for biodiversity and ecosystem services? 

How can the community be involved in preserving these? 

- How do management inputs and outcomes differ between various management regimes?  

The consideration of the SES as a whole throughout the process is essential. Trade-offs and conflicts 

arise and need to be addressed.  

A close network of dedicated stakeholders is needed to make further progress on identifying the 

dynamics of the Miombo conservation estate. The network must work closely with local field offices 

and receive continued support and management. This will help to highlight current challenges and 

prioritise interventions.  

This report has provided a synthesis of current social and ecological knowledge on the Miombo 

ecoregion, challenges and opportunities for conservation, and analysed PA coverage and 

effectiveness. It has provided an overview of the areas prioritised by WWF and the current state of 

the DyCe project. Finally, it gives recommendations and suggestions for further work, from which 

new areas for research can be developed.  
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Annex – Details of biodiversity importance 
Mammals 
Large mammalian herbivores in the Miombo Ecoregion, including elephant, white and black rhino, 
hippo, giraffe, zebra and buffalo, are adapted to low primary productivity and play an important role 
in maintaining the ecological dynamics in the region. Lion, cheetah, leopard, hyena and wild dog, 
along with the populations of herbivores, are central for the tourist industry. 11 areas of high 
diversity of large mammal species and 8 areas of large mammal endemism have been identified by 
Timberlake et al. (2014); overlapping areas are in Luando in Angola; Upemba in the DRC; the Kafue 
Flats,  Bangweulu – Kasanka – Katanga pedicle and Luangwa in Zambia; and Kilombero-Ruaha in 
Tanzania.  

Antelopes in the Miombo Ecoregion are particularly species rich, showing specialisation to the high 
diversity of habitats. Waterbuck, reedbuck, wildebeest and giraffe are limited to certain areas in the 
ecoregion. For example, the endemic Cookson’s wildebeest is found in the Luangwa Valley in eastern 
Zambia, the Masai giraffe in southern Tanzania, and the distribution of the southern reedbuck and 
Bohar reedbuck overlap in the Selous Game Reserve in Tanzania. Lichtenstein’s hartebeest and the 
sable antelope are confined to woodland areas and are considered near-endemic to the ecoregion.  

The movement and migration of mammals is an important component of the ecological dynamics of 
the ecoregion. Seven important areas have been identified by Timberlake et al. (2014), several of 
which are found in Zambia, some in South Africa and one in Mozambique and Tanzania. Maintaining 
the connectivity between these areas is an essential component of the conservation of the Miombo 
Ecoregion, requiring a transboundary and landscape level approach.  

Habitat fragmentation is a major threat. Over the last million years, it is believed that fragmentation 
of wetland grassland has led to the extinction of 8-10 lechwe antelope (Cotterill, 2000). Currently, 
the black rhino, giant sable antelope, white-toothed shrew (Corcidura ansellorum) and climbing 
mouse (Dendromus vernayi) are considered Critically Endangered.  

Although habitat fragmentation continues to play a major role in the reduction of viable 
populations, legal and illegal hunting and trade of animal products is also common. Ivory, horn, meat 
and skins from rhino, elephants and antelope have significant economic importance; however, with 
increasing proceeds from tourism going to local communities, the preservation of wildlife has 
become a major form of land use in some places. 23% of the continent’s population of black rhino, 
29% of white rhino, 42-45% of elephant and most remaining wild dogs are found in the Miombo 
Ecoregion (Timberlake & Chidumayo, 2011). The economic significance of conserving these 
mammals is clear to some, but others continue to be confronted by human-wildlife conflicts that 
cannot be outweighed by the benefits derived from tourism (Timberlake & Chidumayo, 2011).    

Birds 
Most studies of birds in the ecoregion have been national and therefore no full list of bird species 
exists, however 938 species (including subspecies) of passerines are indicated (Timberlake & 
Chidumayo, 2011). Passerines are of particular relevance as they are the largest order of birds, with 
over 6000 species globally. The International Birds Area (IBA) programme launched by BirdLife 
International in 2001 identified approximately 113 IBAs in the Miombo Ecoregion; 14 in Angola, 1 in 
Botswana, 3 in DRC, 22 in Malawi, 3 in Mozambique, 2 in Namibia, 4 in South Africa, 13 in Tanzania, 
31 in Zambia and 20 in Zimbabwe.  

Five areas have been pointed out as important for the movement and migration of bird species by 
Timberlake and Chidumayo (2011). These areas are used by an estimated 100 species of wintering 
birds from the north, 80 species of Afrotropical migrants and many waterbird species, and are 
located in southern Malawi, eastern Zambia, southwestern Tanzania, Angola and central Zimbabwe. 
Some of these areas may overlap with areas important for mammal migration, such as those in 
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Zambia (e.g. the Luangwa Valley) or around Lake Tanganyika, suggesting their potential as important 
areas for conservation interventions that reduce fragmentation, among other impacts.  

The Wattled Crane, of which 90% of the world’s population of 13,000-15,000 birds is found in the 
Miombo Ecoregion, is considered Threatened. The White-winged Flufftail is Endangered, and 
Vulnerable species in the ecoregion are the Lappet-faced Vulture, Cape Griffon, Slaty Egret and the 
non-breeding migrants the Lesser Kestrel, Madagascar Pond Heron, Corncrake and the Spotted 
Eagle.  

Reptiles / Amphibians 
284 species of reptile and 130 amphibians have been recorded from the Miombo Ecoregion, mainly 
located in 10 areas of high reptile and amphibian diversity (Timberlake et al., 2014) in Zambia, DRC, 
Tanzania, the Zambezi Valley, Mozambique, South Africa, Zimbabwe and Barotseland. 52 endemic 
species of reptile and 25 endemic species of amphibians are found in seven areas of endemism, the 
richest of which are Upemba in DRC, Rovuma in Tanzania/Mozambique and Barotseland. 
Threatened reptiles include the Slender-snouted Crocodile in Lake Mweru and the Flap-shell Turtle. 
The Nile Crocodile, which is the largest of the reptiles, is popularly used in the commercial industry. 

Fish 
Lake Mweru and the Luapula River, Lake Tanganyika, Lake Malawi and the upper Zambezi contain a 
high diversity of fish species. Lake Malawi has the highest diversity of fish species in the world, 
exceeding 600 different species with 99 % of these being endemic. Between 90 – 99 % of the fish 
species in Lake Tanganyika and Lake Malawi belong to the family Cichlidae, whose populations have 
been heavily threatened in Lake Victoria due overfishing and deforestation leading to water siltation.  

Fish provide an important food source and play an important economic role in the Miombo 
Ecoregion, particularly in light of diversifying livelihoods in a changing climate. Sport fishing for 
tigerfish around Lake Kariba and in some parts of the Zambezi can provide income and thus 
incentives for the preservation of their habitats. Timberlake et al. (2014) have identified 13 major 
fisheries in the ecoregion, with a potential yield estimated to be over 10,000 tons per annum (see 
table below). With current human population growth rates, it may be necessary to implement 
controls on artisanal and commercial fishing in these areas in the future. 

Water body Estimated annual yield (tonnes) 

Lake Tanganyika 300,000 

Lake Mweru Wantipa 13,000 

Lake Mweru and Luapula River 35,000 

Kamalondo Depression 300,000 

Lake Bangweulu and swamp complex 20,000 

Lake Malawi 100,000 

Lake Malombe 10,000 

Lake Chilwa and Lake Chiuta 20,000 

Kafue Flats and associated reservoirs 17,000 

Barotse floodplain 14,000 



50 

Lake Kariba 35,000 

Lake Cabora Bassa 20,000 

Shire floodplain 10,000 

 

Table: Major fisheries with a potential yield of over 10,000 tons per annum. From Timberlake et al., 2014. 
 

Invertebrates 
Invertebrates in the Miombo Ecoregion are not very well known. Termites, which are an important 
group in the Caesalpinoid woodlands due to their contributions to decomposition and cycling of soil 
nutrients, are particularly species rich in southern Africa, with 106 species in Malawi. Lepidoptera, 
particularly butterflies, are relatively well known. Of the estimated 1300 butterfly species, 90 are 
endemic (Gardiner, 2000) and the most diverse groups are found in the wetter Miombo woodland 
and forest mosaics of northwest Zambia, northeast Angola and the DRC. The mopane worm is an 
important source of protein in the ecoregion. Freshwater molluscs have also been relatively well 
studied within the Zambezi basin (102 recorded species; 23 endemics), but are thought to be more 
diverse in the Congo basin.  

 


