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as future vulnerabilities as a result of climate change. To better understand the current pressures 
facing the GME, a fieldtrip was undertaken in October 2018 whereby key GME stakeholders were 
interviewed. 
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James Okumu. We are grateful for their support on the fieldtrip as well as for their and Siro Abdallah’s 
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EXECUTIVE SUMMARY 
Conservation efforts in developing countries already face a number of challenges, including 
increasing pressure for land and resources from burgeoning populations, and the lack of 
financial and human capacity to deal with these pressures.  Global climate change will add 
another layer to these pressures, and will have indirect as well as direct impacts on the 
biodiversity within and around protected area systems.  Understanding the vulnerability of 
protected areas to climate change helps to identify suitable conservation strategies, and to 
allocate the resources available for adaptation of protected areas most effectively.  In Kenya, 
these efforts will be particularly important in the Greater Mara Ecosystem (GME), an example 
of a major conservation area of national and international importance that already faces a 
number of anthropogenic threats.  Partly protected within the Maasai Mara National Reserve 
(MMNR), the GME is already showing signs of biodiversity loss as a result of a range of 
anthropogenic pressures both within and around the reserve and in its catchment areas.   

The aim of this study was to carry out an assessment of the vulnerability of the GME to climate 
change, and to develop an adaptation strategy, taking current and potential future pressures 
into account. The specific objectives were as follows: 

• To conduct a quantitative assessment of vulnerability to current pressures in the GME; 
• To assess the vulnerability of the GME to climate change, including the estimation of 

the potential impacts of climate change on the biodiversity and residents of the GME; 
• To produce an adaptation strategy with appropriate adaptation interventions for the 

GME; and 
• To facilitate a stakeholder workshop for purposes of discussing the proposed 

adaptation strategy and obtain stakeholder feedback. 
 

The assessment of current pressures in the GME was compiled using a desktop literature 
review, analysis of existing satellite data, global climate projections (WorldClim Version2 and 
CMIP5) and modelled vegetation and species distributions (by Conservation International and 
others), and a short site visit involving interviews with stakeholders.  

The vulnerability assessment was structured loosely on a framework developed by the authors, 
modified to accommodate the available socio-economic data for the MMNR and conservancies 
that influences the adaptive capacity of these managing authorities. These methods are 
described in more detail in the relevant sections of the report. 

Adaptation options available for conservation practitioners were compiled based on a desktop 
literature review and refined for the GME. Adaptation recommendations were then validated 
at a workshop of key GME stakeholders. 

 

Study area 

The GME forms the Kenyan section of the Serengeti-Mara Ecosystem which is well known for 
its annual wildebeest migration. About a third of the GME is protected in the MMNR, and much 
of the remainder falls within a number of conservancies around the MMNR. The entire 
ecosystem is dependent on the Mara River system which rises to the north of the GME in Kenya 
and drains into Lake Victoria.  The GME covers approximately 4 500 – 6 650 km2 within the Mara 
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River Basin, which has its headwaters in the Mau Forest.  The GME is dominated by grassland, 
especially within the MMNR.      

The study area falls within the County Government of Narok, which is also responsible for the 
management of the MMNR with support from Kenya Wildlife Service (KWS).  Outside of the 
MMNR, the balance of the GME is private land deeded mostly to members of the Kenyan Maasai 
community.  The majority of these communities have formed conservancies in which part of 
the land is managed for wildlife.  These are supported by Maasai Mara Wildlife Conservancies 
Association (MMWCA), a non-governmental organisation. The Mau Forest areas are partly 
managed by the Kenya Forest Services, and partly by the County Government. 

 

Current management of the Greater Mara Ecosystem 

The Mara Triangle portion of the MMNR has been protected since 1948, with the remaining 
portions added from 1961 and brought under the control of the Trans Mara and Narok County 
Councils.  Since 2000, the Mara Triangle has been managed separately by the Mara 
Conservancy, while Narok County Council manages the rest.  In recent years, a number of 
studies have highlighted concerns about the condition of the Serengeti-Mara Ecosystem and its 
wildlife populations.  A draft management plan bringing stricter regulation was produced in 
2009 but has not been signed off.   

The areas to the east of the MMNR are occupied by Maasai communities who traditionally focus 
on pastoralism for their livelihoods.  Originally nomadic pastoralists, the mobility of Maasai 
herders was limited by the new government’s land privatisation policy that saw the 
development of group ranches after 1968.  This led to sedentarisation of the Maasai to some 
degree, and introduction of new activities such as cultivation. Conservancies were introduced 
in 2006 and have grown to 13 group conservancies and one community conservancy, and two 
more are in the pipeline.  While a whole group ranch is known as the conservancy, only part is 
set aside for wildlife.  The conservancies still contain about 100 000 people in 13 500 
households.  Typically, each conservancy has one or more private tourism partners which have 
lease agreements for the rights to maintain a lodge and/or have exclusive wildlife viewing 
access.  The Maasai Mara Wildlife Conservancies Association (MMWCA) was formally 
established in 2013 to support the Mara conservancies.  New legislation is also playing a role.  
This includes the devolution of government to the counties in 2010, the Wildlife Conservation 
and Management Act of 2013 which recognises conservancies as a mechanism for conservation 
management, and the Community Land Act of 2016 which enhances protection of community 
land tenure rights.  Legal recognition of conservancies requires a management plan. 

Water resources management in the Mara Basin involves 23 voluntary Water Resource User 
Associations (WRUAs), representing small-scale farmers, pastoralists, schools, commercial 
farms, tourist lodges and other businesses.  The source area is within the Mau Forest Complex, 
which is undergoing deforestation and degradation. 

 

Current threats to the Greater Mara Ecosystem 

Based on the literature and discussions, the following were identified to be among the key 
existing and emerging proximate threats to the ecological integrity of the GME, all of which will 
likely also be affected by climate change: 
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• Ecological imbalances as a result of largescale reductions in herbivore biomass and 
poaching of keystone species, and a lack of co-ordinated action or scientific 
management of the system, including burning practices; 

• Uncontrolled tourism, which results in congestion and disturbance of wildlife, especially 
those on migration, as well as damage to the environment and infrastructure, all of 
which reduce the tourism experience and reputation of the park; 

• Displacement of wildlife by livestock as a result of increasing livestock numbers and 
declining wildlife numbers; 

• Degradation and loss of habitat both within and particularly surrounding the reserve, 
due to overgrazing, lodge construction, vehicles and alien plants, some of the 
degradation taking the form of thornbush encroachment into rangelands; 

• Illegal hunting for ivory or horn, bush meat, cultural reasons or as retaliation, with 
elephant poaching highlighted as a significant problem;  

• Increased disease transmission between domestic animals and wildlife as a result of the 
increased mixed livestock and wildlife use of both protected areas and group ranches; 

• Water abstraction by the increasing population and cultivation in the catchment areas 
and sedimentation and pollution from poorly managed human activities; 

• Uncertainty over whether the communities will renew conservancy agreements which 
are up for renewal in a few years, due to the fact that many members do not perceive 
strong benefits from the arrangement; and 

• Dwindling park management finances, at least partly due to external effects on tourism 
in Kenya as a whole, but also potentially as a result of the management of wildlife and 
tourism within the MNNR and conservancies. 
 
 

Expected changes in climate 

The GME has two rainy seasons, with the short rains occurring during November to December 
and the long rains from March to June. Mean annual rainfall increases from the drier southeast 
(877 mm/year) to the wetter northwest (1341 mm/year). There is very little seasonal variation 
in mean and maximum monthly temperatures.  Average annual rainfall has increased by 3.5% 
between the period 1980 – 1994 and 1995 – 2010. There has been no change in mean annual 
maximum temperature over this period but mean annual minimum temperatures have 
increased by 9%. 

Changes were considered for the entire Serengeti-Mara ecosystem. By 2050, the entire area is 
expected to experience an increase in mean annual temperature, with the highest increase 
expected for the Mau Forest Complex and southern Serengeti.  The same areas are also 
expected to experience an increase in total annual precipitation, with the highest increase 
expected for the southern Serengeti and the conservancies.  The GME can expect average 
annual temperature to increase by 10%, with increases in both maximum and mean monthly 
temperatures for all months of the year.  Rainfall is expected to be 1% lower during the July to 
October dry period and 16% higher during the November to June period, with an overall annual 
precipitation increase of 13%.  The projected increase in precipitation is expected to have a 
relatively benign impact on average freshwater flows in the basin.  However, an increase in both 
the incidence and magnitude of flood and drought events is expected. 

 



 

 
 viii  

Expected ecological response 

Based on a fairly coarse resolution (55km X 55km grids) dynamic global vegetation model 
(DGVM), the GME is predicted to experience a thickening or densifying of wooded area, largely 
a result of increased CO2 fertilisation and other drivers such as a change in the fire regime.  

Modelled species distributions for 43 amphibian, 20 reptile, 215 mammal and 566 bird species 
occurring in the GME indicated that 54 of the 844 species (6%) may find the future climate of 
the GME unsuitable, while 101 of the 793 species (13%) in the MMNR will no longer find the 
MMNR climatically suitable by 2050. The GME and MMNR may also gain 36 and 42 species, 
respectively, provided migration into the area is possible.  The species that can no longer survive 
in the MMNR or GME will have to move east to track their niche climate, but much of these 
areas are under cultivation with high human and livestock population densities.  Improved 
conservation in the conservancy areas will therefore be critical to their survival. 

 

Expected changes in socio-economic pressures 

Apart from the potential climate change impact on the biodiversity within the GME, the climate 
may also impact on a number of socio-economic factors, such as altering tourism demand, 
damaging infrastructure or impacting peoples’ livelihoods, all of which could potentially have 
knock-on effects on biodiversity.   

Little is known about tourist preferences in the study area, but it stands to reason that a 
reduction in predictability of the wildlife migration could impact negatively on tourism demand.  
None of the charismatic species are expected to experience range shifts out of the park, 
however.  Comfort levels in terms of climate are not expected to deteriorate by 2050, and the 
study area is already a malaria risk area. 

The MMNR and current conservancies have 11.9% of buildings (tourism infrastructure as well 
as Maasai community dwellings and village infrastructure) at risk of flooding.  These are 
expected to be at increased risk under climate change. 

Activities of local communities may pose the greatest risk for wildlife as their livelihoods are 
increasingly under pressure from hot and dry conditions and they are forced to encroach into 
protected areas for grazing and harvesting of natural resources. This could lead to deteriorating 
attitudes towards wildlife due to increased human-wildlife conflict. 

 

Strategies for increasing resilience of the Greater Mara Ecosystem 

Strengthening of conservation measures to secure biodiversity and natural capital should form 
the basis of a holistic strategy to increase the resilience and effectiveness of the MMNR and 
conservancies in light of all existing and future impacts.  Strategies should include: 

1. Working with communities to promote community-led conservation initiatives that 
enable and secure migratory corridors to the east of the MMNR, and which diversify 
rural livelihoods; 

2. Restoring degraded areas, potentially creating job opportunities in the process through 
government restoration programmes; 
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3. Better regulation of tourism activities, such as limiting development and use of riparian 
areas, limiting tourist densities, enforcing driving regulations and banning radio 
communications among tour guides; 

4. Managing the Serengeti-Mara ecosystem as a trans-frontier park so as to benefit from 
joint scientific understanding and better co-ordination; 

5. Reducing stocking density and improving rangeland management within the 
conservancies using effective incentive measures; 

6. Securing and protecting wildlife corridors, through incentives-based initiatives and/ or 
easements; 

7. Securing environmental flows along the Mara River through better environmental 
protection of source and catchment areas, sustainable rangeland management and 
conservation farming methods, protection of buffer areas next to rivers, and adequate 
sanitation and treatment of waste water; 

8. Strengthening direct species management for species at high risk; 

9. Improving the monitoring of biodiversity throughout the GME in order to timeously 
identify areas or species in need of action; 

10. Develop an overarching spatial management plan; and 

11. Promote rainwater harvesting and climate-compatible alternative livelihoods to 
improve resilience of communities within the GME. 

 

In the short term, there needs to be better enforcement of conservation policies and habitat 
restoration in the GME through improved management.  In the medium term, there needs to 
be more protection across the GME and the establishment of an overarching management plan, 
and in the long term, efforts should be made to establish the Serengeti-Mara Ecosystem as a 
trans-frontier park. 
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1 INTRODUCTION 

1.1 Background 

Conservation efforts in developing countries already face a number of challenges, the most 
notable of which are the increasing pressure for land and resources from burgeoning 
populations, and the lack of financial and human capacity to deal with these pressures.  Global 
climate change will add another layer to these pressures, as weather patterns and temperatures 
change, and rainfall becomes less predictable.  If conservation efforts are to succeed, they will 
need to be realigned to accommodate these changes. 

Typically, planning for climate change involves determining in what way and to what extent a 
system would be vulnerable to climate change, and the designing appropriate adaptation 
measures to mitigate the risks (Figure 1).  Such assessments are increasingly being carried out 
at national and subnational scales, but seldom have they focused on the protection of 
biodiversity.   

Vulnerability is defined by the IPCC as, “a function of a system’s exposure and sensitivity to 
climate hazards and its capacity to adapt to their adverse effects” (IPCC 2001). Understanding 
the vulnerability of protected areas to climate change would help to identify suitable 
conservation and expansion strategies, and to allocate the resources available for adaptation of 
a protected area system most effectively (Hannah et al. 2002; Hansen et al. 2010; Arau`jo et al. 
2011; Eakin and Luers 2006; Füssel and Klein 2006; Glick et al. 2011). 

 

 
Figure 1.  The steps for developing climate change adaptation strategies for protected areas.    

Source: Glick et al. (2011). 

 

Most of this work has been carried out in developed country contexts.  However, the problem 
of assessing vulnerability and developing adaptation strategies for conservation in developing 
country contexts is likely to be far more challenging.   In conservation areas in which there is 
already significant pressure aside from climate change, it is very important to consider the 
existing pressures and how these might be exacerbated by climate change.   
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The Greater Mara Ecosystem (GME) in Kenya is an example of a major conservation area of 
national and international importance that already faces a number of anthropogenic threats.  
Partly protected within the Maasai Mara National Reserve, the GME is already showing signs of 
biodiversity loss as a result of a range of anthropogenic pressures both within and around the 
reserve and in its catchment areas.  

 

1.2 Aim of the study 

The aim of this study was to carry out an assessment of the vulnerability of the GME to climate 
change, and to develop an adaptation strategy, taking current and potential future pressures 
into account. The specific objectives were as follows: 

• To conduct a quantitative assessment of vulnerability to current pressures in the GME; 
• To assess the vulnerability of the GME to climate change, including the estimation of 

the potential impacts of climate change on the biodiversity and residents of the GME; 
• To produce an adaptation strategy with appropriate adaptation interventions for the 

GME; and 
• To facilitate a stakeholder workshop for purposes of discussing the proposed 

adaptation strategy and obtain stakeholder feedback. 
 

1.3 Study approach 

The assessment of current pressures in the GME was compiled using a desktop literature review 
and a short site visit. The visit included interviews with a selection of stakeholders including 
conservancy management, reserve management, and third party stakeholders within the 
Kenyan conservation community. Analysis of global datasets was also conducted, specifically 
with regards to human and livestock population densities and vegetation representation and 
change over time. 

The climate analysis made use of WorldClim Version2 and CMIP5 climate data, the same global 
climate models on which the climate impact models were based. For the estimation of climate 
impacts on the MMNR and GME, we made use of the outputs from ecological response models 
developed by Conservation International and other independent researchers, which included 
species distribution models and a dynamic global vegetation model. For the climate impact on 
tourism demand, we made use of the method developed by the authors in a previous study. 

The vulnerability assessment was structured loosely on the framework developed by the 
authors and altered only very slightly to account for the available socio-economic data for the 
MMNR and conservancies that influences the adaptive capacity of these managing authorities. 
These methods are described in more detail in the relevant sections of the report. 

Adaptation options available for conservation practitioners were compiled based on a desktop 
literature review and then refined for the GME. Adaptation recommendations were then 
validated at a workshop of key GME stakeholders. 
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The results of the desktop study and initial draft of the recommendations was presented at a 
workshop held in Nairobi early in February 2019 (see Appendix 1).  The outcome of the 
workshop as well as feedback received on a draft of the report were used in finalising the report. 

 

1.4 Structure of the report 

The report is structured as follows: 

• Chapters 2 and 3 provide an overview of the Greater Mara Ecosystem, the systems 
within which it is situated, and the management elements within it.  A brief description 
of the way in which these systems are managed is also provided.  

• In Chapter 4, we discuss a range of already-existing threats to the ecological integrity 
and future economic value of the Greater Mara Ecosystem. 

• In Chapter 5, we provide a detailed description of the past and present climate of the 
system, and how this is predicted to change by 2050.  These descriptions include a 
qualitative consideration of how the river system flows of the area are likely to change, 
and the overall implications for water supply. 

• In Chapter 6, we summarise data from global models on how these changes are likely 
to affect biodiversity of the system, showing the predicted shifts in biodiversity patterns 
in the broader area.  We also consider the possible impacts on malaria. 

• In Chapter 7, we estimate the potential socio-economic impacts of these climate and 
ecological changes, focusing on infrastructure, tourism and on the land-based livelihood 
activities of the local residents of the GME.  We explain how these impacts could further 
threaten the perseverance of the biodiversity of the system as a whole.  

• In Chapter 8, we consider the potential adaptation options that could alleviate the 
threats to the system over the next 30 years.  
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2 STUDY AREA 

This study focuses on the Kenyan part of one of Africa’s, and indeed the world’s, most important 
ecosystems, the Serengeti-Mara Ecosystem of East Africa, which is well known for its annual 
wildebeest migration (Figure 2).  The bulk of this system is protected within Tanzania’s Serengeti 
Nature Reserve.  Within Kenya, about a third of the Greater Mara Ecosystem (GME) is protected 
in the Maasai Mara National Reserve (MMNR), and much of the remainder falls within a number 
of conservancies around the MMNR. The entire ecosystem is also dependent on the Mara River 
system which rises to the north of the GME in Kenya and drains into Lake Victoria (Figure 2).   

 

 
Figure 2.   Geographical location and context of the Serengeti-Mara Ecosystem. Arrows show migration 

pattern based Maasai Mara Wildlife Conservancies Association. Source: This study.   

 

 

The Serengeti-Mara Ecosystem supports the most diverse migration of grazing mammals on 
Earth. Indeed, the migration of the massive herds of wildebeest has recently been proclaimed 
the seventh worldwide wonder (USAID, 2017; Figure 2).  The system is characterised by a strong 
rainfall gradient, ranging from over 1 000 mm per year in the north-west to 450 mm per year in 
the rain shadow of the Ngorongoro Highlands to the south-east (Boone et al.,  2006).  The 
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rainfall gradient is mirrored by a vegetation gradient, with short-grass plains to the southeast, 
mid-grass plains and acacia woodlands in the central Serengeti, and tall grasses in the north.  
Wildebeest, zebra, and Thomson’s gazelle migrate within the Serengeti-Mara Ecosystem. New 
grazing growth and rainfall are the dominant drivers of the migratory pattern, a natural pasture 
rotation system having evolved in relation to seasonal rainfall patterns (Boone et al., 2006; 
Ogutu et al., 2008; Bohrer et al., 2014). The GME, although only a quarter of the total ecosystem 
area, is crucial to the survival of the entire system because it provides forage for wildlife during 
critical points in the dry season. Furthermore, as much as 25% of wildlife in Kenya has been 
estimated to be within the GME (Amoke et al., 2015).   

The Greater Mara Ecosystem (GME), covering approximately 4 500 – 6 650 km2 (depending on 
definition; MMWCA, 2017; Norton-Griffiths, 2007), is the Kenyan portion of the Serengeti-Mara 
Ecosystem which extends into Tanzania.  This area comprises the MMNR and the adjacent areas 
which include a number of conservancies.  The whole GME falls within the Mara River Basin.   

Based on land cover data in 2014 (SLEEK 2014), the GME is dominated by open grassland (Table 
1).  The vegetation composition of the MMNR is slightly different from that of the surrounding 
conservancy areas in that it is almost 90% grassland, whereas more than a quarter of the area 
under conservancies is wooded grassland habitat.  There is very little forest or cropland in the 
entire study area. 

 

Table 1. The percentage cover of different vegetation types in the MMNR and the conservancies. 

 Open  
grassland 

Wooded 
grassland Forest Cropland 

GME 77.2 20.2 2.3 0.3 
MMNR 89.9 9.2 0.8 0.0 
Conservancies 68.1 27.5 4.3 0.1 

 
 

Administratively, the GME falls entirely within the County Government of Narok.  The County 
Government is responsible for the management of the MMNR, with support from Kenya 
Wildlife Service (KWS), a national institution mandated to govern the wildlife resources of the 
country (Wildlife Conservation and Management Act 2013).  Outside of the MMNR, the balance 
of the GME is private land deeded mostly to members of the Kenyan Maasai community 
(MMWCA, 2017).  The majority of these communities have formed conservancies in which part 
of the land is managed for wildlife.  These are supported by Maasai Mara Wildlife Conservancies 
Association (MMWCA), a non-governmental organisation (Figure 3). 

 

 



    
 

 
 6  

 
Figure 3.  The governance structure of the Greater Mara Ecosystem. The MMWCA is an umbrella 

organisation for the conservancies and does not report to government. Kenya Wildlife Services 
is responsible for all human-wildlife conflict in the country but does not manage the wildlife 
within the reserve or the conservancies. Source: This study. 

 

The GME lies within and is dependent on the Mara River Basin.  The Mara River Basin covers an 
area of 13 834 km2, 65% of which lies in Kenya and the remaining 35% in Tanzania (Mutie et al., 
2006; Figure 2 on page 4). The Mara River rises in the Mau Forest in Kenya and flows into Lake 
Victoria in Tanzania, a distance of roughly 400 km. Numerous tributaries flow into the Mara 
River, including the Talek and Sand, that, like the Mara, flow within the GME. The Mau forest is 
the source of 12 rivers and stores rainwater in the wet season, gradually releasing it during the 
dry season. The forest is also an important elephant nursery, providing relative shelter and 
safety to nursing mothers (Jones, 2010).  The Mau Forest Complex is made up of 22 forest 
blocks; 21 of which are managed by the Kenya Forest Service (KFS), while the other, namely the 
Maasai Mau Forest Reserve, is managed by the Narok County Government (pers. comm. Mr 
Joseph Kathiwa, WWF).   

 

 

Figure 4. The Mara River within the MMNR. Photo: Jane Turpie 
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3 CURRENT MANAGEMENT OF THE GREATER MARA ECOSYSTEM 

3.1 The Maasai Mara National Reserve 

The extent of formal protection within the GME has changed over time. The Mara Triangle, a 
520 km2 area between the Siria Escarpment, the Tanzania border and the Mara River was 
declared a National Game Reserve in 1948 and shooting was regulated (MMNR, 2009). In 1961 
the reserve was brought under the direct control of the Narok County Council and its borders 
extended east of the river to encompass an 1 813 km2 area. In 1984 three sections were 
removed and the Maasai Mara National Reserve (MMNR) was reduced to its present size of 
about 1 510 km2. In 1995 the control of the reserve was divided between Narok County Council 
east of the Mara River and the Trans Mara Country Council west of the Mara River. In 2001 the 
Mara Conservancy (an NGO) was formed to manage the Mara Triangle. The MMNR does not 
fall under Kenya Wildlife Services which manages all other national protected areas, although 
they are an important stakeholder being the custodians of all Kenya’s wildlife. 

As its name suggests, the MMNR is unique amongst Kenya’s protected areas in its role as a 
cultural and natural heritage of the Maasai. The purpose that the MMNR serves is not simply to 
provide a sanctuary for wildlife and revenue generation through tourism, but also as a living 
and vivid testimony to the Maasai’s traditional conservation-compatible and wildlife-tolerant 
pastoralist livelihood (MMNR, 2009). Since the Maasai communities’ traditional land use 
practices are responsible for the preservation of the reserve’s exceptional natural resources in 
the first place, it is also important that the benefits that are now being derived from these 
resources are first and foremost channelled back to these communities. 

A draft MMNR Management Plan was produced in 2009. The plan was developed to direct the 
management of the reserve for the period 2009 to 2019 (see Appendix 2).  Central to the draft 
plan was the proposed Zonation and Visitor Use Scheme which addressed issues related to 
excessive tourism.  However, this plan is yet to be approved or implemented. In fact, it has not 
changed since the draft in 2009 despite it nearing the end of the planning period. One can only 
assume that the plan has not been approved yet because certain individuals are benefitting 
from the current, largely unregulated setup. 

In recent years, a number of studies have highlighted concerns about the condition of the 
Serengeti-Mara Ecosystem and its wildlife populations. Poaching, droughts and the lack of 
migratory corridors are causing wildlife declines, despite cattle and settlements being 
prohibited in the protected areas.  Species counts conducted between 1989 and 2003 within 
the MMNR found that several species had declined at an alarming rate in the reserve, with 
losses of the 15-year period being as high as 95% for giraffes, 80% for warthogs, 76% for 
hartebeest and 67% for impala (Jones, 2010). Although there was no change in the numbers of 
lion over almost the same period (1991-2002; Amoke et al., 2015), there has since been a likely 
40% decline in the lion population over the last 15 years (MMNR draft management plan 2010). 
Concerns have also been raised over the lack of growth in the reserve’s black rhino population, 
and the long-term health and viability of the area’s population of cheetahs. In addition, the roan 
antelope and greater kudu are now extirpated from the MMNR itself (MMNR, 2009).  The area 
now faces a new threat in the form of climate change. 
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3.2 The Maasai Mara Conservancies 

3.2.1 Background 

The areas to the east of the MMNR are occupied by Maasai communities who traditionally focus 
on pastoralism for their livelihoods.  In the past, these communities lived a nomadic lifestyle in 
order to deal with the inter-annual variation in rainfall patterns of the area (Bedelian, 2012).  
This adaptive strategy required the movement of livestock across large areas in search of water 
and fodder.  

Following the independence of Kenya in 1963, the mobility of Maasai herders was limited by 
the new government’s land privatisation policy that saw the development of group ranches, 
through the Land Group Representatives and Land Adjudication Act of 1968.  This gave defined 
groups of Maasai formal and legal tenure of land (Bedelian, 2012). The rationale for the 
privatisation policy was to prevent the ‘tragedy of the commons’, so evident in the region, by 
incentivising the Maasai communities to invest in range improvement and to reduce the 
number of livestock grazed.  This ignored the cultural incentive to maximise numbers of 
livestock.  The privatisation process presented opportunities for land grabbing by corrupt 
committees, Maasai elites, political leaders and outsiders expropriating the largest and best-
placed Maasai lands (Bedelian, 2012).  Land ownership has provided opportunities for new 
income streams, such as leasing land for cultivation, selling land, and capturing returns from 
wildlife. 

3.2.2 The establishment of conservancies 

A conservancy land lease model was introduced in the former Koyiaki and Lemek group ranches 
(Figure 5) in 2006. This differed from any previous conservation model or wildlife association in 
the Mara as individual landowners were offered a fixed monthly lease payment based on the 
size of their land, removing the potential for committee-led corruption. Groups of landowners 
partnered with tourism operators to form a conservancy, an area of privatised Maasai 
rangeland set aside primarily for wildlife and tourism but with some controlled livestock grazing 
allowed. The tourism operators manage the conservancy and put up high-end tourism camps 
(Bedelian & Ogutu, 2016).  Planned infrastructural development, including construction of 
tourist facilities, require approvals from both the Narok County Government as well as the 
National Environment Management Authority (NEMA), particularly the Environmental Impact 
Assessment (EIAs) reports (pers. comm. Mr Joseph Katiewa, WWF Kenya).  
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Figure 5. The former group ranches of the Greater Mara Ecosystem with the first conservancy areas 
developed in the Koyiaki and Lemek group ranches. The pink-shaded areas are the conservation 
areas within the group ranches.  Source: Bedelian (2012). 

 
 

To date, 13 operational group conservancies and one operational community conservancy have 
been established (Figure 6).  Under the community conservancy model the land is not sub-
divided while under the group conservancy model it is (pers comm. Mr Daniel Muli, MMWCA). 
These operational conservancies are at various stages of development and cover 1 394 km2, 
which amounts to 31% of the GME (MMWCA, 2018).  It is erroneous to claim, however, that it 
increases the total protected area coverage from 33% to 64% of the GME, since only a part of 
each conservancy is set aside for wildlife protection.  The contribution of the conservancies is 
explored in more detail below.  The conservancies contain approximately 13 500 households, 
with an estimated 100 000 people (MMWCA, 2018). Another two new conservancies are in the 
pipeline (pers. comm. Mr Daniel Muli, MMWCA). 

The typical structure of the conservancy model is that the tourism partners guarantee the lease 
payments regardless of visitor numbers, and their camps have exclusive wildlife viewing access 
to the conservancy for lease agreements of up to 15 years (Bedelian, 2012).  
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Figure 6. A map of the established conservancies in the GME. Source: MMWCA (2017) 

 

The exact nature of the conservancy arrangements differs from one conservancy to the next.  
Although established with the same intent, each conservancy is however unique. In some 
instances, landowners set aside all their land for conservation and move onto land outside of 
the GME, while for others they remain on the land set aside for conservation but practice 
sustainable range management, such as the Enonkishu Conservancy (pers. comm. Ms Rebekah 
Karimi, Enonkishu Conservancy). In other instances, each landowner is provided with two pieces 
of land, the one is set aside for conservation and the other is set aside for livestock rearing and 
settlements, such as the Mara-Siana Conservancy.  As another example, the Mara North 
Conservancy (MNC), established in 2009, serves as a partnership between twelve camp-owners 
and 800 landowners and works in close partnership with the Maasai Mara Wildlife 
Conservancies Association (MMWCA, see below; Løvschal et al., 2018). Ecotourism is a key 
priority, and the area is managed to ensure wildlife abundance and diversity. Like most other 
conservancies, the MNC limits for settlements and fencing, and has livestock grazing 
management plans. Thanks to these policies, the savanna environment is still rich in wildlife, 
with many large mammals. It is a unique tourist destination as well as a developing livestock 
enterprise.  

With the proliferation of conservancies in the GME (Figure 6), the MMWCA was formally 
established in 2013 to fill a critical niche as an overall umbrella body for the Mara conservancies 
(see Appendix 2 for a summary of their conservation action plan). The MMWCA is receiving 
government support to achieve their mandate, largely through new pieces of legislation that 
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have come into force in the past few years, creating an enabling environment for the 
conservancies movement in Kenya (Amoke et al., 2015):  

• In August 2010, Kenya adopted a new constitution which incorporates comprehensive 
provisions for democratization, including the devolution of government to 47 counties.  

• The Wildlife Conservation and Management Act of 2013 acknowledged that a high 
proportion of wildlife in Kenya exists on community land, and legally recognized 
conservation as a viable land use and conservancies as a mechanism for conservation 
management. The Act is based on the principals that incentives and the right policy 
framework can help mobilise communities to be effective stewards of wildlife.  

• The Community Land Act was passed in late 2016, further strengthening the viability of 
conservancies by strengthening community land management and administration 
institutions, and enhancing protection of community land tenure rights.  

To be legally recognised as a conservancy in Kenya, a conservancy management plan is required 
and MMWCA is working closely with conservancies to develop these and in return are paid an 
annual levy based on the occupancy of tourism partners supporting each conservancy. Currently 
11 management plans have been developed and approved by Kenya Wildlife Services but are 
still awaiting gazette by government (pers. comm. Mr Daniel Muli, MMWCA). However, it is 
largely unknown if there will be any tangible benefits to legally being declared a conservancy 
apart from the security for tourism investments on a formal land use. However, there are 
discussions around waiving the tax on conservancy revenue generating activities, such as 
tourism activities, abattoirs, etc.  These five-year management plans include a carrying capacity 
assessment for the conservancy and detail what is to be done over the next five years in terms 
of livestock, tourism, vegetation and wildlife. In general, the plans include a maximum carrying 
capacity of one head of cattle per five acres and one bed per 350 acres (pers. comm. Mr Daniel 
Muli, MMWCA), neither of which seems to be regulated. 

Each conservancy has established a management company comprised of key stakeholders, 
largely the tourism operators and representatives of the landowners, who employ staff to 
manage the conservancy. These management companies receive support from the MMWCA 
for which they pay an annual levy based on the occupancy of tourism partners supporting each 
conservancy. Apart from these levies, tourism operators also pay taxes to the national 
government on revenue generated. These taxes partly pay for services from KWS who deal with 
all human-wildlife conflict in the region, including in the reserve too. The conservancies 
surrounding the MMNR provide habitat for the majority of the wildlife residing in the GME, yet 
receive none of the revenue from the reserve fees paid at the MMNR gates. Only five percent 
of the tourism proceeds generated from the MMNR is returned to the MMNR for operational 
budget (pers. comm. Edward Nkoitoi, MMNR Senior Warden). 

 

3.2.3 Present-day livelihoods and population densities 

Most households within the Mara conservancies remain primarily dependent on livestock for 
their livelihoods, accounting for ~55% of annual household income in the former Koyiaki group 
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ranch region (Bedelian & Ogutu, 2016). Livestock densities are in the order of 1.5 cattle per km2, 
1.1 sheep per km2, and 1.9 goats per km2 (FAO 2005).  

Because pastoralist activities have become increasingly constrained in geographic terms over 
the last few decades, the adaptive capacity of the grazing system is likely to have been 
dramatically reduced.  This means that the Masaai are likely to have become far more prone to 
shocks brought about by rainfall variation to which they can no longer adapt.  Thus, the Maasai 
have had to diversify into alternative livelihood activities in order to mitigate these risks.  These 
include cultivation (~1%), and tourism (~30% of which is from land lease fees; Bedelian and 
Ogutu, 2016). In 2017, lease fees paid to conservancy landowners totalled ~$3.5 million, a 
significant contribution to local economic returns (MMWCA, 2018).  

 

3.3 The Mara River Basin 

The responsibility for water resources management in Kenya involves Water User Associations 
(WRUAs), which are voluntary organisations run by the water users themselves (WWF, 2017). 
This was a result of the Water Act of 2002, which introduced local level participation in water 
management to ensure sustainable water use. In the Mara Basin, water users include small-
scale farmers, pastoralists, schools, commercial farms, tourist lodges and other businesses.  

Initially the WRUAs covered large areas of land but in 2009 it was decided to split the region 
into six separate WRUAs. These WRUAs were further split after 2009 when the government 
issued guidelines for WRUA formation, stipulating that all WRUAs must cover an area of less 
than 200km2. There are 23 WRUAs on the Kenyan side of the Basin.  

A particularly important and over-exploited area within the basin is the Mau Forest Complex. 
Most of the forest areas are under the management and responsibility of the Kenya Forest 
Service with the exception of the Maasai Mau forest which is a Trust Land Forest under the 
management of the Narok County (Kenya Government, 2009). There are no national parks 
within the Mau Forest Complex, but part of the area is within Forest Reserves, which are 
managed for forestry production. Realising the importance of the forest for the GME, a special 
task force was established by the Prime Minister of Kenya in 2008 to identify solutions to the 
degradation of the complex, which was spearheaded by Kenya Wildlife Service (Owino, 2009).  
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4 CURRENT THREATS TO THE GREATER MARA ECOSYSTEM 

4.1 Overview 

Climate change has the potential to exacerbate many of the current threats faced by 
conservation practitioners (Coldrey et al. in prep), making it important to better understand 
these threats in the GME. Going forward, management plans will need to consider the way in 
which current threats will be modified and extended under a changing climate if conservation 
agencies are going to succeed in their long-term mandates.  This section draws on the literature 
and discussions with key informants to describe some of the main threats to the ecological 
integrity of the GME. 

Several studies have been carried out in this regard.  In a study by Kiringe et al. (2007) in which 
200 protected area officers across Kenya were interviewed to gauge the severity of threats 
facing Kenya’s protected areas, the most severe threat factors were considered to be trade in 
bush meat, poaching, human-wildlife conflict, human population growth and settlement 
encroachment, and a loss of migration corridors and dispersal areas. Furthermore, the 
protected area most susceptible to the majority of the threat factors, and therefore the most 
vulnerable, was the MMNR. The specific issues facing the MMNR, according to their study, were 
surrounding land use changes, wildlife poaching, bush meat hunting and negative tourism 
impacts.  Machogu (2014) also highlighted concerns about human-wildlife conflict, loss of 
vegetation cover, increased mortality and changes to migration of some wildlife animals, 
destruction of wildlife habitat and disruption of wildlife’s feeding and breeding patterns in the 
GME.  

In a recent study, the Maasai Mara Science and Development Initiative (MMSDI), a number of 
key challenges were identified during a stakeholder workshop in 2015.  These were broadly 
grouped into (1) land use and climate challenges; (2) ecosystem challenges; (3) political and 
economic challenges; and (4) human and cultural challenges (Table 2).   

 

Table 2.  Summary of the key challenges faced by the GME.  Source: MMSDI 2015 

Land use and climate challenges 
Climate change 
Land use and land tenure challenges 
Human wildlife conflict 

Ecosystem challenges 

Biodiversity loss 
Deforestation 
Water decline 
Soil degradation 

Human and cultural challenges 

Decline in cultural heritage 
Lack of community involvement 
Gender dynamics 
Lack of environmental education 
Health risks 
Population growth 

Political and economic challenges 

Governance issues 
Slow economic development 
Economic structure degradation 
Infrastructural development 
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Based on the literature and discussions, we identified the following to be among the key existing 
and emerging proximate threats to the ecological integrity of the GME, all of which will likely 
also be affected by climate change: 

• Ecological imbalances; 
• Uncontrolled tourism; 
• Displacement of wildlife by livestock; 
• Degradation and loss of habitat; 
• Illegal hunting;  
• Increased disease transmission between domestic animals and wildlife; 
• Water abstraction, sedimentation and pollution; 
• Uncertainty over whether the communities will renew conservancy agreements; and 
• Dwindling park management finances. 

 
These proximate threats and their drivers are discussed in more detail below. 
 

4.2 Ecological imbalances and management responses 

Largescale reductions in herbivore biomass and poaching of keystone species has undoubtedly 
led to changes in the ecological balance of the ecosystems of the GME.  These imbalances lead 
to problems such as higher than usual grass biomass at the end of the main grazing season, 
which in turn has led to the need for more intensive and costly management of the reserve 
using measures such as controlled burning.  All of these measures carry increased risk, due to 
imperfect knowledge, including of how the neighbouring ecosystems in Serengeti are being 
managed.  There is no co-ordinated action between the Kenyan and Tanzanian conservation 
authorities in the management of this connected ecosystem.  In a situation where ecological 
balance has been upset by anthropogenic factors, both non-interference and human 
interference in the absence of sound scientific knowledge carry increasing risk of negative 
ecological impacts.   

 

4.3 Uncontrolled tourism 

Excessive and uncontrolled tourism development is threatening conservation in the GME as the 
construction of an excessive number of lodges and permanent tented camps are creating 
artificial barriers that are difficult for the animals to get around which affects the migration of 
wildebeest and zebra herds. In some places back-to-back tourism facilities have created a “hard 
edge” along the reserve’s border, preventing wildlife movements, while in others they occupy 
important wildlife habitats (such as riverine forest) or potentially reduce wildlife migratory and 
dispersal areas. Apart from the fragmentation of the landscape affecting ecosystems and 
species, unplanned and mass tourism is deteriorating the tourism product as a whole as there 
are just too many tourists during the peak migration season, resulting in serious degradation of 
the international brand of the GME as a tourism destination. Furthermore, the presence of 
many safari vehicles contributes to soil erosion in areas accessible to off-road driving, as well as 
generating noise pollution which can bother the animals (Figure 7). The use of radios by tour 
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guides to alert each other of sightings also results in high densities of vehicles around animals 
as well as speeding to reach others’ sightings. During this study we witnessed a near collision of 
a speeding tourist bus with a line of migrating wildebeest crossing the road, as well as vehicles 
having little regard for animals or other tourist experiences.  

 

 

Figure 7.  Vehicles around a sighting of a cheetah in the MMNR. Photo: Kevin Coldrey. 

 

4.4 Displacement of wildlife by livestock  

Ogutu et al. (2016) show that, owing to the myriad of threats facing Kenya’s rangelands, such 
as recurrent drought, land-use changes, changed settlement patterns, illegal hunting, and 
livestock incursions into protected areas, almost all wildlife species in rangelands have declined 
by about 70% during the period 1977 to 2016. Whilst the Serengeti-Mara population of 
Wildebeest has remained largely stable since 1977, declines of the Loita population (within 
conservancies in the GME) of 70%, have occurred between 1977 and 2009 (Figure 8; Amoke et 
al., 2015).  
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Figure 8.  Wildlife and livestock population trends in the GME. Source: Aerial Survey by Department of 

Resource Surveys and Remote Sensing 

 

Cattle numbers across all of Kenya’s rangelands decreased by 25% in the same period (1977 to 
2016), while small stock (sheep and goats) increased by 76.3 percent (Ogutu et al., 2016). 
Furthermore, the contribution of wildlife to the total herbivore biomass in Kenya dropped by 
more than half, from 22.4% in 1977 to 1980 to 11.0% in 2011 to 2013. This resulted in livestock 
biomass becoming 8.1 fold larger than wildlife biomass in 2011 to 2013, compared to 3.5 fold 
in 1977 to 1980, implying that livestock were replacing wildlife (Figure 9). In a study by Bedelian 
and Ogutu (2016) on livestock counts in the GME specifically, for the period 1977 to 2014, 
results show that cattle numbers increased by 0.8% in the GME while small stock increased by 
235%, both figures are much higher than the national average.  

The recent increase in small stock is due to several trends: some landowners benefitting from 
conservancy income use their profit to buy more livestock, specifically small stock which are 
less regulated by conservancy management plans (Ogutu et al., 2016); the rapid increase in 
human settlements in the Mara has also expanded the market for goat meat; living standards 
have improved which have resulted in increased expenditures on medicine, food and school 
fees for which small stock serve as an increasingly important source of petty cash as they are 
more readily sold compared to cows that are more expensive; with increased droughts due to 
climate change, small stock have proven a more resilient source of income (Løvschal et al., 
2018). There are now more than twice as many small stock as there are cattle in the GME. 
Furthermore, a study by Ogutu et al. (2016) indicates that livestock biomass within the MMNR 
has increased from 2% of total livestock and wildlife biomass in the 1970s to 23% in the 2000s. 
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Figure 9. Herbivore biomass trends across the whole of Kenya. Source: Ogutu et al. (2016). 

 
 

4.5 Degradation and loss of habitat  

Habitat loss and degradation have been observed both within the reserve and the surrounding 
conservancy areas. Through remote sensing analysis, Machogu (2014) found a decrease in 
vegetation cover across the entire landscape, including forest cover, and an increase in 
agricultural land cover from 1975 to 2011.   

Within the MMNR, there has been loss of forest area due to the construction of lodges, and 
invader plant species have been increasing as a result of introduced species to tourist facility 
gardens (Mose, 2017).  

Alien invasive plants are also increasingly a problem. According to Witt et al. (2017), 25% of the 
245 alien plant species identified in the GME were considered to have established self-
perpetuating populations in areas away from human habitation. Witt et al. predict that in the 
absence of efforts to contain, or reverse the spread of invasive alien plants, the condition of the 
area will deteriorate, with severe negative impacts on migrating large mammals.  

The changes have been particularly severe outside the reserve. The contrast between the 
natural vegetation condition in the MMNR and that within the non-core conservancy areas is 
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stark, with overgrazing having resulted in extensive denuded areas as well as areas of woody 
vegetation encroachment outside of the MMNR and core conservation areas (Figure 10).  

 

 

 

Figure 10.  Large areas of the GME are characterised by bare ground or encroaching thornbush. 
Photos: Jane Turpie 

 

 

The sub-division of group ranches and the allocation of title deeds has resulted in increased 
fencing and cultivation of land in the GME. According to Løvschal et al. (2018), the period 2014 
to 2016 has seen rapid and accelerated expansion of fencing in the GME (Figure 11 and 12).  
This impacts the mobility of migrating herds who utilise the entire GME. Land is becoming 
increasingly fragmented, negatively impacting livestock and wildlife mobility and making areas 
under cultivation inaccessible to wildlife. This fragmentation, coupled with increasing human 
and livestock populations, means that wildlife and the Maasai communities are competing for 
space. According to Ogutu et al., (2016), the main drivers of fencing in the GME are wheat and 
maize cultivation plus human population growth and settlement expansion.  
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Figure 11. The ratio of fenced to unfenced area in the GME over time. Source: Løvschal et al. (2018). 

 
 

 
Figure 12. Fences registered on satellite images between 1985 and 2016. Source: Løvschal et al., (2017) 

 
 

The dense fencing in the Pardamat Community Conservation Area (in Figure 10), formerly 
known as Block 3, is a result of this area having been set aside for the resettlement of Maasai 
when declaring formal conservancies (pers comm. Dr Irene Amoke, Kenya Wildlife Trust). This 
has resulted in the area being the most populous in terms of both humans and livestock 
(MMWCA, 2018). It is classified as a conservation area as it is holistically managed to 
incorporate humans, livestock and wildlife.  
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The maps of the conservancies, such as Figure 6, are misleading as it looks as though the 
majority of the landscape has been set aside for conservation when in fact the situation is very 
different. Within each conservancy is a core conservation area where limited grazing takes place 
and which is enforced by the tourism operators. Outside of these core areas, livestock grazing 
areas are often overstocked, badly degraded and fenced. Although considered to be a part of 
the conservancy, these areas offer little or no protection to wildlife. Although wildlife is found 
within the non-core areas, they are unlikely to be deriving much benefit from them other than 
as a movement corridor.  

In order to investigate whether conservancies had had any positive impact on the Mara 
ecosystem, we mapped the changes in landscape condition in the GME and surrounding areas 
over the past 15 years based on satellite data, using the software trends.earth (Figure 13). This 
was mapped at a coarse scale (250m). The selected algorithm used MODIS satellite annual 
measures of Normalised Difference Vegetation Index (NDVI) as a surrogate for measuring 
productivity. The map created examines the trajectory of change in NDVI between 2001 and 
2015, whilst controlling for differences in rainfall. The resulting map shows the rainfall-adjusted 
change in NDVI per year, where negative numbers indicate a decrease in land productivity and 
positive numbers indicate an increase in land productivity.   

 

 

Figure 13. The productivity changes of the land for the period 2001 to 2015. Negative numbers (in red) 
indicate a decrease in land productivity, whereas positive numbers (in green) indicate an 
increase in land productivity. Source: Based on data from trends.earth. 
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The majority of land within the MMNR has seen an increase in productivity over the period, but 
there are significant areas within the MMNR that have been degraded.  Much of this is located 
in areas where it is likely due to livestock encroachment.  Indeed, the reserve management 
indicated that cattle are still entering the reserve despite enforcement through patrolling which 
they believe is sufficient (pers. comm. Mr Moses Kuyioni and Mr Edward Nkoitoi, County 
Government of Narok). Making managing this process more challenging is that the Maasai argue 
that if they can’t graze in the reserve then they don’t want wildlife in their rangelands. Apart 
from grazing resources, the Maasai enter the reserve to utilise the natural water points, as there 
are few water points for livestock within the conservancies. These forays into the reserve for 
resources are heightened during the seasonal dry periods, especially during droughts. There 
are, however, fewer cattle in the reserve during the migration as the Maasai are reportedly 
fearful of Malignant Catarrhal Fever being transmitted by wildebeest during the birthing period, 
to which cattle are susceptible.  Other areas within the reserve where degradation seems to 
have occurred are along the main rivers where tourist lodges and camps have been established 
and where migration river crossings draw tourist vehicles, eroding those areas.   

Most of the observed degradation has taken place on land now registered as conservancies.  
However, large parts of some conservancies have experienced an increase in productivity, 
especially in the north. This finding is corroborated by Enonkishu Conservancy management 
who stated that they had witnessed an improved vegetation cover from 20 to 80% since 
establishment in 2009 (pers. comm. Mrs Rebekah Karimi, Enonkishu Conservancy). The 
conservancies in the east have largely experienced a decrease in productivity, although many 
of these conservancies have been established more recently such as the Mara-Siana 
Conservancy established in 2016. In some instances, conservancies have experienced both an 
increase and a decrease in productivity across the conservancy land. This is likely a result of 
grazing being restricted to a smaller area while livestock numbers have not been reduced 
proportionately.  The area around the town of Talek, which is not in any conservancy, has 
experienced a particularly high level of degradation. Interestingly, the Pardamat Community 
Conservation Area (the most populous in terms of humans and livestock, as well as the most 
densely fenced ‘conservation area’) has largely experienced an increase in productivity which 
could be a result of MMWCA and WWF’s involvement in holistic rangeland management in the 
area. Alternatively, it could be a result of a change from degraded grassland to better condition 
grassland or cropland within the fenced plots.  Increases in productivity outside of the non-core 
conservation areas may also be a result of woody vegetation encroachment, a result of 
overgrazing in these largely unrestricted areas. Further research is required to interpret the 
trends found in more depth.  

However, when compared to the results of a degradation hotspot mapping exercise of the Mara 
River Basin by the WWF Kenya Fresh Water Program (2019; Figure 14), the NDVI analysis closely 
resembles the degradation hotspot map generated by WWF Kenya through the use of models 
and observation data. The study used GIS empirical soil erosion modelling techniques, mainly 
the Revised Universal Soil Loss Equation (RUSLE), to simulate soil erosion hotspots in the basin, 
considering not only vegetation cover but also rainfall erosivity, population density, a slope 
factor and soil erodibility. A key difference between the two however, is the land cover 
condition within the MMNR which, based on the WWF hotspot map, is severely degraded while 
the satellite data suggests that the MMNR has largely seen an increase in productivity. 
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Figure 14. Land degradation hotspot map for the GME. Source: WWF Kenya 

 

 

4.6 Illegal hunting of wildlife  

Illegal hunting and trapping of wildlife for ivory or horn, bush meat, cultural reasons or as 
retaliation is a severe threat to wildlife populations in the GME.  This accounts for approximately 
70 000 to 129 000 deaths of Wildebeest in the Mara-Serengeti Ecosystem alone each year 
(Rentsch and Packer, 2012). In the case of elephants, incidences of illegal killing occur 
predominantly outside the MMNR. Most elephant deaths outside of the MMNR are due to 
poaching, compared with 30% inside the MMNR (Figure 15; Poole and Granli 2015). 

According to the MMNR draft management plan (2010), of the poaching within the reserve, 
activities are primarily located within the Mara Triangle section, often emanating from Tanzania 
where elephants and rhinos are targeted for commerce, as well as other smaller wildlife species 
susceptible to snares.  Community members from Tanzania frequently hunt illegally in the Mara 
ecosystem as they get lighter sentences from the Kenyan courts once apprehended (MMNR 
2010).  In addition, some poaching is by Maasai, despite the consumption of bush meat being 
considered taboo. According to a 2009 survey of Mara communities, an estimated 61% of Trans 
Mara and 38% of Narok South District households stated they had utilized bush meat in the past 
(BEAN, 2009). Bush meat is largely harvested using snares and removal programs remove 
thousands of snares every year from the area. The species which are most in demand are 
wildebeest, buffalo, zebra, impala, Thomson’s gazelle, hippopotamus, and bushbuck. Poaching 
is at its peak during the prolonged periods of the annual Mara-Serengeti migration. For years, 
bush meat harvesting has been perceived as a purely subsistence activity but BEAN believe that 
the growing market has given rise to a viable commercial operation.  
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Figure 15.  Proportion of elephant mortality that is attributed to illegal poaching across the GME. PIKE is 

the proportion of illegally killed elephants. Source: Poole and Granli (2015). 

 

 

Historically, young warriors killed lions as part of their traditional rite of passage to reach 
manhood (known as olamayio). However, the Maasai claim they are learning that lions are more 
valuable alive than dead, as they bring in money from tourism and wages, which can be used to 
provide food and education. 

Wildlife are also killed in retaliation for or to reduce the threat of human-wildlife conflict such 
as predation of livestock. Lion densities in conservancies are 14% higher than in the MMNR 
(MMWCA, 2018), likely a result of the increased number of easy prey in the form of cattle and 
small stock. Human-wildlife conflict (HWC) is a major threat to the peaceful coexistence of the 
Maasai and the wildlife of the GME. The competition for space and resources has created 
increasing amounts of HWC which erodes people’s goodwill and willingness to accept wildlife 
on their land. According to a survey in the area, HWC is on the rise in some conservancies owing 
to reduced grazing areas and population growth (Nielsen, 2018). HWC is predominantly 
characterised by predation of livestock by predators, as well as elephant raids of croplands. This 
often leads to retaliation killing of wildlife, however, the penalty for killing wildlife in the GME 
is severe, with two Maasai facing jail sentence for killing a lion a few years back (pers. comm. 
Mr Ali, WWF Kenya). In some areas crop cultivation is not practised any more owing to elephant 
raids. Kenya has legislation covering compensation for livestock killed or loss of human life or 
injury from wildlife, with compensation having been revised in the Wildlife Conservation and 
Management Act of 2013 to increase compensation to avoid retaliation killings of wildlife. 
However, compensation is not always received (pers. comm. Mr Joseph Kathiwa, WWF Kenya).  
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4.7 Increased disease  

Increased human and wildlife interactions in the GME has also resulted in an increased risk of 
disease transmission from domestic animals to wildlife and vice versa. In a study by Gakuya 
(2012) on cheetah diseases in the MMNR, the results indicate that as much as 12.5% of the 
cheetah population has been diagnosed with sarcoptic mange and a higher concentration of 
infected animals were found along conservancy boundaries where there is significant 
interaction between wildlife and domestic animals.  

In a study by Pangle and Holekamp (2010) on the impact of pastoralist grazing on hyena 
mortality and behaviour, their results suggest that human activities related to pastoralism are 
having measurable effects on hyena mortality, and that hyenas appear to be responding to this 
threat by modifying their behaviour. In a study by Richmond-Coggan and Richmond-Coggan 
(2016) on the impact of human interference on other vulnerable species population dynamics, 
the results suggest that Maasai community activities are having an impact on species behaviour. 
The study indicates that declines in lion abundance were located in areas where the threat of 
retribution for livestock predation were high and in areas closer to the MMNR border.  

 

4.8 Water abstraction and pollution 

Rapid deforestation in the Mau forest region in recent decades, a result of illegal encroachment 
and logging, has resulted in 32% loss of forest cover, leading to faster runoff of rainwater and 
greater rates of erosion, which in turn have led to changes in the hydrological regime of the 
upper tributaries, including higher and more frequent flash floods and lower and more 
prolonged low flows (Mango et al., 2011). Digital analysis of remote sensing images has shown 
that between 1973 and 2000, forests and shrubland in the Mara River Basin have reduced by 
32 percent and 34 percent respectively. In addition, simulation results have shown that 2000 
land cover data produces higher flood peaks and faster travel times compared to the 1973 land 
cover data (Mutie et al., 2006). 

Leaving the Mau Forest, the rivers flow through areas densely populated by human settlements 
(Jones, 2010). In this region, the Amala and Nyangores rivers provide a primary water resource 
for local communities, particularly during the dry seasons; however, they are increasingly 
impacted by degradation of riparian forests through cultivation and livestock watering, 
increasing rates of extraction for irrigation, and development of urban centres that lack 
sufficient facilities for sewage treatment or solid waste disposal. The two tributaries join to form 
the Mara River in a more arid region in which annual rainfall is below 1000 mm. Here, the Mara 
river becomes the only permanent source of flowing water, providing a critical resource for the 
pastoralist Maasai community for watering of their livestock and for wildlife inhabiting the 
surrounding savanna grasslands (Jones, 2010). The importance of access to water was 
illustrated in 1993 when during a severe but short-term drought it is estimated that around 
400 000 wildebeest died (Thirgood et al., 2004). However, high livestock density and resulting 
overgrazing on this fragile land have led to declines in grassland cover, bringing rapid runoff and 
high sediment loads into the Mara river. Reductions in river flow are likely to affect the 
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migration cycle of wildebeest in the region, as well as leading to further conflict between the 
downstream Maasai users and the communities illegally harvesting from within the forest.  

Water quality is affected by wastewater discharges from urban areas and tourism facilities, as 
well as by non-point pollution and sedimentation from agriculture (WWF, 2017). Pollution is 
mainly associated with pesticide use on farms, and is probably responsible for the 
disappearance of part of the flora, but also the disappearance of insects and birds. Some people 
have reported a kind of skin discoloration among hippos in rivers where the current is low. The 
harvesting of sand from the Mara river is also a significant issue affecting water quality as it 
results in sedimentation downstream. The sand is used for the construction of houses in the 
nearby regional town of Narok and more recently is being transported for market in Nairobi. 

Although there are considerable issues with regards to water, WWF have been integral in the 
establishment and registration of all WRUAs in the Mara. Some successes of the WRUA are: 

• Protection of riparian land and water sources, removal of eucalyptus trees and 
cultivation of native species.  

• On-farm measures to reduce soil erosion, such as buffer strips of napier grass.  
• Transformation of bare, degraded land through agro-forestry.  
• Reduced illegal disposal of waste in rivers.  
• Reduced conflict over water resources, particularly between the pastoralist 

communities and the safari hotels and lodges on the Sand River tributary.  
• Reduced illegal abstraction. 

 

4.9 Uncertainty over future of conservancy agreements 

The majority of conservancy agreements are up for renewal in 2025, with no guarantee of a 
democratic decision to renew (pers. comm. Mr Daniel Muli, MMWCA). However, if a landowner 
decides to abstain from renewing, he or she needs to justify to the conservancy committee. This 
is similar to the Maasai law requiring landowners interested in selling to justify to the 
community the reason for selling. Selling land to outsiders is considered a last resort for the 
Maasai. The MMWCA are however concerned about the impending renewal decisions for a few 
of the conservancies and much work is being done to engage with the communities now to 
secure their further cooperation in conservation (pers. comm. Mr Daniel Muli, MMWCA). 

The sustainability of the conservancies hinges on their ability to generate tourism revenue for 
the continued payments of land lease fees to the Maasai who need to weigh the benefits of an 
additional and alternate income stream with the cost of reduced grazing land. The tourism 
lodges and camps within the conservancies have a growing reputation for a very different and 
high value tourist experience compared to the mass model of the MMNR, increasing their 
demand. This is predominantly based on the low tourist densities, controlled by number of beds 
per hectare, and strict code of conducts for operators, such as quality of safari vehicles and 
guide training. However, in return for the land lease fees received from tourism partners, the 
Maasai landowners are required to adhere to certain restrictions on land use activities. These 
restrictions include establishing settlements, livestock grazing, land sales, cultivation, fencing, 
any land development, or any collection of natural resources such as firewood or stones. These 



    
 

 
 26  

restrictions limit the available grazing land and hampers mobility (Nielsen, 2018) and results in 
the same number of livestock now grazing on smaller parcels of land which speeds up the 
vegetation degradation process, making the model potentially unsustainable.  

In a survey of Maasai community members of the impact of the conservancy models on their 
livelihoods, many members argued that the payment received from the conservancy was not 
enough to compensate for livestock not being allowed to graze in the conservancy, especially 
during dry periods (Nielsen, 2018). However, some responders argued that the resting of the 
conservancy areas allowed for better grazing when open to the members and that the addition 
of artificial water points benefits their livestock. In these ways, conservancies can be viewed as 
an important drought coping and risk mitigation strategy, helping reduce pastoral vulnerability. 

Conservation benefits of the conservancy model include that the land leases slow the sale of 
land to outsiders, a particularly dangerous activity as outsiders are largely interested in fencing 
their land for cultivation, creating a fragmented landscape. The re-grouping of individual plots 
into conservancy parcels leaves the rangelands intact and open for wildlife. 

 

4.10 Dwindling park management finances  

Any risk to reserve finances or the sustainability of the conservancies pose a risk to the 
conservation mandate of both the MMNR and the conservancies. Both are reliant on tourism 
revenue to finance conservation operations. Tourism demand is susceptible to political tension 
in Kenya. When Kenya was plagued with post-election violence in 2008, tourism revenue 
dropped 56% (Korir et al., 2013). Furthermore, since 2013 security in Kenya has been erratic, 
with several terrorist attacks in recent years discouraging international travellers from visiting 
the country and the Mara, posing a significant risk to tourism revenue.  

Tourism demand is also heavily reliant on the migration which is affected by the success of the 
rains in both the Serengeti and the Mara, with the Mara receiving less migratory animals in 
years with above-average rainfall in the Serengeti.  

 

4.11 Summary 

It is clear from the threats described above that the challenge in conserving the GME’s 
biodiversity is the need to balance the needs of the wildlife and those of the Maasai 
communities. Although historically the two co-existed in a peaceful relationship, this has 
changed as a result of the modernity of the Maasai culture and the privatisation of communal 
land. In fact, the two main drivers of threats identified are land use change and livestock growth 
(Figure 16).  
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Figure 16. The current threats to the GME. Source: This study. 
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5 EXPECTED CHANGES IN CLIMATE  

5.1 Current climate of the Serengeti-Mara Ecosystem 

When considering the climate change impacts on a specific area such as the GME, it is also 
important to understand how these changes in climate relate to important neighbouring areas 
such as the Serengeti and the Mau Forest Complex. This is because the biodiversity and 
hydrological processes for an area are often dependent on changes in climate in other areas, 
such as the migration being dependent on the relative climate changes for the whole Serengeti-
Mara Ecosystem or the Mara River flows being dependent on the change in climate for the Mau 
Forest catchment area. For this reason, we have extracted and summarised climate data for the 
whole region encompassing the Serengeti National Park in the south, the MMNR and 
conservancies in the centre and the Mau Forest Complex in the north (Figure 17). The variation 
in mean monthly temperature and total annual precipitation across this large area is 
considerable, largely a result of the variation in altitude (Figure 2 on page 4). 

 

 
Figure 17.  Historical mean monthly temperature (°C) and total annual precipitation (mm) for the period 

1970 – 2000 across the Serengeti-Mara Ecosystem. 

 
 

5.2 Current climate of the Greater Mara Ecosystem 

5.2.1 Rainfall and temperature 

The GME has two rainy seasons, with the short rains occurring during November to December 
and the long rains from March to June (Figure 18; Ogutu et al., 2008). Mean annual rainfall 
increases from the drier southeast (877 mm/year) to the wetter northwest (1341 mm/year) 
(Ogutu et al., 2011). These seasons are associated with the location of the Inter-Tropical 
Convergence Zone (ITCZ) and connected Hadley circulations. The ITCZ moves northward over 
this region between February and May, and southward again between October and December. 
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Inter-annual rainfall variability for the region is also associated with Indian Ocean sea surface 
temperature anomalies. 

 

 
Figure 18. Historic average monthly precipitation (mm) for the Greater Mara Ecosystem for the period 

1970 – 2000. Source: Based on data from WorldClim Version2. 

 

 

There is very little seasonal variation in mean and maximum monthly temperatures (Figure 19), 
with only a slight dip in temperature during the drier June, July and August months. 

 

 
Figure 19. Historic average monthly mean and maximum temperatures (°C) for the Greater Mara 

Ecosystem for the period 1970 – 2000. Source: Based on data from WorldClim Version2. 
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5.2.2 Observed change in rainfall and temperature 

Based on meteorological data for the GME, average annual rainfall has increased by 3.5% 
between the period 1980 – 1994 and 1995 – 2010. There has been no change in mean annual 
maximum temperature over this period but mean annual minimum temperatures have 
increased by 9%. 

 

5.2.3 El Niño Southern Oscillation and extreme weather events 

The El Niño-Southern Oscillation (ENSO), through its influence on the ITCZ and the Indian Ocean 
sea surface temperature, plays a dominant role in the variability of east African rainfall, with 
ENSO events often resulting in droughts and floods in the region (McHugh, 2005).  ENSO affects 
the short rainy season, with little evidence to support an ENSO effect on the long rainy season 
(Hulme et al., 2001).  During a warm ENSO event (El Niño), the ITCZ shifts downward and is 
accompanied by an increase in the intensity of rainfall in East Africa. The Indian Ocean sea 
surface temperature response is less well understood but it results in drier than average 
conditions over eastern equatorial Africa.  Historically, the ITCZ impact has been more dominant 
than the Indian Ocean sea surface temperature response and warm ENSO events have largely 
been associated with above-average rainfall in eastern equatorial Africa (Hulme et al., 2001).  
However, depending on which system dominates, a warm ENSO event can either result in 
above-average precipitation when the atmospheric channel dominates or it can result in below-
average precipitation when the Indian Ocean sea surface temperature response dominates. It 
is important to note here that not all ENSO events are followed by a rainfall response in Africa.  
It must also be noted that the above-average rainfall does not necessarily result in flooding and 
the below-average rainfall does not necessarily result in droughts.  There are many factors at 
play when considering an ENSO event’s influence on extreme weather in Africa such as the 
strength of the ENSO event, the initial atmospheric and ocean conditions at the onset of the 
ENSO event, as well as climate dynamics in the recent past that would influence the severity of 
extreme events, such as the soil moisture content carried over from preceding seasons.  

 

5.2.4 Hydrology 

The 395 km long Mara River flows from 2932 m altitude at its source in the Mau Escarpment to 
1134 m at Lake Victoria (Mutie et al., 2006). Rainfall in the catchment varies with altitude, with 
mean annual rainfall ranging from 1000 to 1750 mm in the Mau Escarpment, 900 to 1000 mm 
in the middle rangelands and 700 – 850 mm in the lower Loita Hills and around Musoma. Rainfall 
seasons for the Mara River Basin headwaters (in the Mau Forest Complex) are bimodal, with 
the main rainy seasons being from April to September, and again in November and December 
(Figure 20).  
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Figure 20. Historic average monthly precipitation (mm) in the Mau Forest Complex for the period 1970 – 

2000. Source: Based on data from WorldClim Version2. 

 
 

5.3 Emissions scenario and time period 

Although some effort is being made globally to curb greenhouse gas emissions, up to at least 
2014, emissions have been just above the Representative Concentration Pathway (RCP) 8.5 
scenario, considered the worst-case scenario (business-as-usual, with no efforts to reduce 
emissions) by the IPCC (Sanford et al., 2014). Owing to the consensus that the climate change 
we experience over the next few decades will be largely due to the accumulation of past 
emissions (Glick et al., 2011), and given that measured trends have been tracking this scenario 
most closely, the RCP 8.5 scenario was used in this study.  Furthermore, because near-term 
projections of climate change scenarios tend to have a higher degree of certainty, a relatively 
short time horizon of 2050 was used. Apart from the uncertainty inherent in longer time frames, 
the choice of 2050 limits the magnitude of divergence between the different RCPs (Figure 21). 

 

 
Figure 21. A graph depicting global average surface temperature change projections (relative to 1986-2005) 

under different emissions scenarios. The red solid line is RCP 8.5 and the blue solid line is RCP 
2.5. The black solid line is the historical emissions pathway. Source: IPCC AR5 2014. 
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5.4 Future climate of the Serengeti-Mara Ecosystem 

The entire area within the boundaries of the Serengeti National Park, the MMNR, the 
conservancies and the Mau Forest Complex is expected to experience an increase in mean 
annual temperature, with the highest increase expected for the Mau Forest Complex and 
southern Serengeti (Figures 22, 23 and 24).  The same areas are also expected to experience an 
increase in total annual precipitation, with the highest increase expected for the southern 
Serengeti and the conservancies (Figures 22, 23 and 24). 

 

 
Figure 22.  Projected mean annual temperature (°C) and total annual precipitation (mm) for the period 

2040 – 2060 across the Serengeti-Mara Ecosystem. Source: Based on data from CMIP5. 

 

 
Figure 23.  Projected anomalies (change between the projected values and the historic values) for mean 

annual temperature (°C) and total annual precipitation (mm) for the period 2040 – 2060 across 
the Serengeti-Mara Ecosystem. Source: Based on data from CMIP5. 
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Figure 24.  Projected anomalies for mean annual temperature (%) and total annual precipitation (%) for the 

period 2040 – 2060 across the Serengeti-Mara Ecosystem. Source: Based on data from CMIP5. 

 
 

5.5 Future climate of the Greater Mara Ecosystem 

Climate projections indicate that the GME can expect to experience an average annual 
temperature increase of 10.2%, with increases in both maximum and mean monthly 
temperatures for all months of the year (Figure 25).  These same models indicate lower rainfall 
during the July to October dry period (-1.1% for the period) and higher rainfall during the 
November to June period (16.4% for the period), meaning higher rainfall during both historic 
rainy seasons and a total annual precipitation increase of 13.1%.  

 
 

 
Figure 25. Projected mean and maximum monthly temperature change (%) and monthly precipitation 

change (%) for the Greater Mara Ecosystem for the period 2040 – 2060. Source: Based on data 
from CMIP5. 
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5.6 ENSO and extreme weather events 

It is argued that the ENSO will primarily be influenced by climate change via a warming of the 
oceans (Trenberth, 2012), which will impact on the strength of the easterly trade winds creating 
the conditions required for the onset of warm ENSO events (Collins et al., 2010). However, other 
studies show that trade winds could strengthen thereby contributing to the conditions 
associated with the onset of cold ENSO events (La Niña) (L’Heureux and Lyon, 2013). Despite 
the uncertainty of how a warmer climate will impact the conditions for the onset of either a 
warm or cold ENSO event, most scientists agree that ENSO will be impacted by a changing 
climate through changes in the amplitude or frequency of ENSO events. In other words, 
regardless of whether a warmer climate leads to more warm ENSO events or more cold ENSO 
events, there is consensus that a warmer climate will lead to more ENSO events in total with 
the potential for more extreme events in both directions: flooding and droughts.  Hulme et al. 
(2001) suggest that the Indian Ocean sea surface temperature response to ENSO is likely 
impacting on the model results as this process is not well simulated in global climate models. 
Because of this failure in the models to simulate past ENSO events, Hulme et al. argue that trying 
to predict the impact of climate change on African rainfall variability under ENSO events will not 
yield any useful results. For this reason, predicting the frequency and magnitude of extreme 
weather events associated with ENSO (droughts and flooding) has not been attempted in this 
study. Instead it is assumed that more of each of these types of weather events can be expected 
in the future. In recent decades the Mara has experienced recurrent droughts, with particularly 
severe rainfall deficits occurring in 1984, 1993, 1999-2000, 2005-2006 and 2008-2009 (Ogutu et 
al., 2008; Ogutu et al., 2011). 

 

5.7 Hydrology 

The climate projections for the Mara River Basin headwaters (the Mau Forest Complex area) 
indicate that the April to September wet season will remain largely unchanged (an increase of 
0.2% for the period), while the November to December wet season will get substantially wetter 
(19.1%). Furthermore, February and March are predicted to become substantially wetter 
(28.1%), in effect extending the April to September wet season out to February to September 
(Figure 26). Total annual precipitation is projected to increase by about 6%. 

The results of an analysis by Mango et al. (2011) indicate that any further conversion of forests 
to agriculture and grassland in the Mara River Basin headwaters is likely to reduce dry season 
flows and increase peak flows, leading to greater water scarcity at critical times of the year, as 
well as exacerbating erosion on hillslopes.  In terms of climate change, simulated runoff 
responses to climate change scenarios were non-linear, suggesting the basin is highly vulnerable 
under high (+25%) and low (-3%) extremes of projected precipitation change, with little impact 
on annual water yields or mean discharge under median (+7%) projections (Mango et al., 2011). 
Therefore, despite the projected annual increase in precipitation of ~7% (median of GCMs used 
by Mango et al.), climate change is not likely to have a significant impact on runoff.  In that 
study, increases in precipitation were apportioned largely to increased evapotranspiration in 
the area, according to the Soil Water Assessment Tool (SWAT) model used.  In contrast, Dessu 
and Melesse (2012), who also used SWAT to model runoff under climate change scenarios, 
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estimated that runoff could be more than doubled during both the short and long rainy seasons, 
with little change during the dry season. The conflicting results of these studies can be 
attributed to the difference in precipitation projections used as an input into the SWAT model: 
Dessu and Melesse (2012) used GCM projections of between 30 and 50% increase in 
precipitation during the wet season and largely no change during the dry season, while Mango 
et al. (2011) used GCM projections of between 7 and 13% increase in precipitation during the 
wet season and a marginal increase during the dry season. The climate projections used in this 
study are more aligned to those used by Mango et al. and it is therefore assumed that the 
projected increase in precipitation as a result of climate change will have a relatively benign 
impact on freshwater flows in the basin. However, this does not take into consideration the 
potential effect of ENSO on rainfall variability which could result in more frequent flood and 
drought events in the future. 

 
 

 
Figure 26. Historic and projected monthly precipitation (mm) for the Mau Forest Complex. Source: Based 

on data from WorldClim Version2 and CMIP5. 
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6 EXPECTED ECOLOGICAL RESPONSE 

Climate change is predicted to become a major threat to biodiversity in this century, impacting 
individual species through to ecosystem functioning (Williams and Jackson, 2007; Dawson et al., 
2011; Foden et al., 2013; Moritz and Agudo, 2013; Scheffers et al., 2016). To survive, plants and 
animals subjected to climate change need to either adapt to their new environment or shift 
their distributions.  Some species may be able to survive by dispersing into new areas with a 
climate suitable to their specific climatic niche.  However, this option may be restricted by 
anthropogenic or natural barriers such as cultivated land, mountain ranges or water bodies. 
Furthermore, the shifts in vegetation can entirely change the ecosystem structure and 
functioning of areas (Gonzalez et al., 2010). These ecological shifts will exacerbate the challenge 
of conserving these species and ecosystems in the GME. 

In a survey of 300 households and 100 MMNR staff to establish the perceived impact of 
observed climate change on animal and plant species, an overwhelming 99.5% of local 
community and MMNR staff respondents held the opinion that climate change had already 
impacted on MMNR animals, while 94.5% held the opinion that climate change had already 
impacted on MMNR plant species (Manono 2015). The consensus on impacts observed were 
highest for changes in wildlife breeding grounds (99% of respondents), increased animal deaths 
(98.8%), changes in migration patterns (98.5%), changes in animal populations (98.5%), and 
changes in migration routes (98%) for animals, while for plants it was changes in plant species 
distribution patterns (99.3%), changes in plant species composition (99%), changes in plants’ 
adaptation strategies (99%), changes in plant species diversity (98.5%), emergence of alien plant 
species (98.3%) and changes in vegetation cover (97.8%). In all cases, the vast majority of 
respondents attributed the observed changes in ecology to climate change which is unlikely to 
be the case.  However, it must be noted that the respondents are not well educated, and are 
neither well versed in ecology nor climate change. Indeed, it might be difficult for respondents 
to distinguish climate change effects from the effects of other pressures, something which is 
typically assessed using detailed monitoring data and careful statistical analysis. 

 

6.1 Vegetation changes 

Using a dynamic global vegetation model (DGVM), specifically developed for Africa by 
Conservation International (2018), the potential change in biome-level vegetation by 2050 was 
computed. DGVMs are dynamic in that processes important for plant functioning are simulated, 
such as elevated CO2 levels. These models simulate the distribution and functioning of groups 
of species with similar ecological and physiological behaviour and the interactions among them. 
The rates at which processes fundamental to plant functioning occur are simulated, allowing 
rates of change to be evaluated (Moncrieff et al., 2015). This is a significant advance on climate 
envelope models as the dominant biome during periods of intermediate rainfall can more easily 
be modelled. Climate envelope models assume that each biome has a climate niche or range 
and pattern of temperature and rainfall values within which it occurs and by projecting future 
temperature and rainfall, the climate suitable area can be mapped for each biome (Driver et al., 
2012). 
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It must be noted here that the DGVM is at a coarse resolution (55km X 55km grids) and considers 
only broad biome-scale vegetation (desert, C4 grassland, C3 grassland, C4 savanna, C3 savanna, 
woodland and forest). The modelled output for current biome representation does not 
represent the current vegetation well: it indicates a roughly equal split between woodland and 
forest, whereas the fine scale land cover data suggest that open grassland is more prevalent 
(77%) than wooded grassland (20%). Nevertheless, the results point towards a thickening or 
densifying of wooded area, largely a result of increased CO2 fertilisation and other drivers such 
as a change in the fire regime. Interestingly, there is no difference between the results for the 
MMNR and the results for the GME, but this could be attributed to the coarse scale of the 
model. 

The projected increase in woody vegetation cover in the GME will be exacerbated by 
overgrazing of livestock in the region and here the effects will be seen more in the conservancies 
than in the MMNR. For more information on woody encroachment in the conservancies, see 
section 4.5 ‘Degradation and loss of habitat’ on page 17 and 18. 

 

6.2 Animal species  

In climate change studies, the future distributions of species are modelled using species 
distribution models (SDMs) which are based on the climate niches of their historical 
distributions.  Conservation International (2018) have estimated changes in distribution by 2070 
of about 20 000 fauna species globally.  This study has made use of the output maps for the 43 
amphibian, 20 reptile, 215 mammal and 566 bird species from this list that are found in the 
GME. The species distribution models are climate niche models and do not consider habitat, 
natural or anthropogenic barriers to range changes, hydrology or inherent potential for 
adaptation to climate change. 

One method for assessing how vulnerable an area is to climate change is to compute the species 
turnover (change in species composition) for the area as a result of climate-related shifts in 
distribution into or away from the area.  In this study, we estimated the change in distribution 
of species that currently occur within the GME, to compute the percentage loss and gain of 
species, based on climate suitability, at the scale of both the MMNR and the GME.  The results 
indicated that the MMNR is expected to have 101 of the 793 species assessed no longer finding 
the MMNR climatically suitable by 2050, while the GME is expected to have 54 of the 844 
species assessed no longer finding the GME climatically suitable by 2050 (Table 3). The lower 
species loss for the GME compared to the MMNR provides good justification for making sure 
that the conservancies continue to operate into the future.   

In terms of species gain, the GME is expected to become climatically suitable for a further 42 
species, while the MMNR is expected to become suitable for a further 36 species (Table 3). 
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Table 3. The number and proportion of animal species from four major taxa considered that would (1) no 
longer find the GME and MMNR climatically suitable by 2050, and (2) find the GME and MMNR 
climatically suitable by 2050. 

Loss 

  Total assessed Amphibians Reptiles Mammals Birds Total 

  No. No. % No. % No. % No. % No. % 

GME 844 6 14.0% 3 15.0% 10 4.7% 35 6.2% 54 6.4% 

MMNR 793 4 10.5% 4 20.0% 23 11.1% 70 13.3% 101 12.7% 

            
Gain 

  Total assessed Amphibians Reptiles Mammals Birds Total 

  No. No. % No. % No. % No. % No. % 

GME 844 7 16.3% 2 10.0% 12 5.6% 21 3.7% 42 5.0% 

MMNR 793 7 18.4% 1 5.0% 11 5.3% 17 3.2% 36 4.5% 
 

 

A further concern is the impact of climate change on the migration pattern of wildebeest and 
other migrating species as they track grazing opportunities (Boone et al., 2006).  An indicator of 
a potential change in migration patterns is the comparable projections of precipitation for the 
GME and the Serengeti National Park.  As indicated in Figures 27 and 28, the trends in 
precipitation projections are similar in the two sections of the ecosystem.  However, one could 
argue that the relatively higher increase in dry season rainfall (June to October) for the Serengeti 
National Park could spell trouble for the GME as this could reduce the need for the migrating 
species to move into the GME. 

 
 

 
Figure 27. Historic and projected average monthly precipitation (mm) for the Serengeti National Park. 

Source: Based on data from WorldClim Version2 and CMIP5. 
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Figure 28.  Historic and projected average monthly precipitation (mm) for the Greater Mara Ecosystem. 

Source: Based on data from WorldClim Version2 and CMIP5. 

 
 

Another important consideration for the future of the GME is where species are likely to migrate 
to as they track their niche climate.  Using the available SDMs for the GME, Figure 28 illustrates 
the patterns of species richness for the 844 animal species considered, as well as the projected 
species richness patterns of the same species under three different climate models for 20701 
(model ac, bc, and cc).  The species that were assessed were those occurring within the GME, 
and so the area of highest species richness for those species obviously includes the study area, 
but also extends south and north of this.  However, under the future climate scenarios, the area 
of highest species richness for this same set of species shifts significantly to the east, and outside 
of the protection of the MMNR and current conservancies (Figure 29).  This pattern is also 
reflected for the component groups. 

  

                                                           
 
 
1 The ecological response models were run using three global climate models to show the variation and range in 

results depending on which future climate one uses as an input. 
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All species (n=844) 

 
Amphibians (n=43) 

 
Reptiles (n=20) 

 
Mammals (n=215) 

 
Birds (n=566) 

 
Figure 29.  Current geographic variation in species richness for 844 animal species occurring in the GME, 

followed by the projected species richness pattern of those same species for each of three 
climate models used. Areas of highest richness are indicated by dark red, with areas of lowest 
richness indicated by dark blue. Source: Based on modelled species distributions from 
Conservation International.   
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6.3 Speed of climate change and species range shifts 

In terms of conservation, it is important to begin protecting those areas where species are likely 
to migrate towards in the future, in this case largely to the east of the current MMNR and 
conservancy boundaries. The first consideration however, is whether the speed at which the 
climate is changing across the landscape will allow for species migration. Climate velocity tells 
us how fast species need to migrate over the surface of the earth to maintain constant climate 
conditions. To calculate analogue-based forward climatic velocity, climate is categorized into 
types, and the straight-line distance is measured between a site’s current climate type and the 
nearest site with the same climate type under future climates (Hamann et al., 2015). This 
represents the rate at which an organism currently at a location must move to find future 
suitable climate or in other words the ability of resident species and ecosystems to persist 
regionally. It is considered an indicator of macro-refugia: areas of lowest climate velocity that 
will offer a refuge to species in the future. Species inhabiting a site with high forward velocity 
are potentially threatened with extinction.  

Comparing actual species dispersal rates with climate velocity rates for an area allows one to 
know whether those species will be able to track their climate niche over time. The IPCC (2014) 
has estimated the average speeds for which different taxonomic groups can migrate over the 
landscape (Figure 30). Plants and trees have the slowest dispersal rates, a fraction of a km per 
year, while split-hoofed mammals have the highest dispersal rates, roughly 9km per year on 
average.  

The analogue-based forward climatic velocity for the GME was mapped using climate velocity 
data from Conservation International (2018; Figure 31). It can be seen that the climate velocity 
within the MMNR and conservancies is low, indicating that most species (perhaps even plants 
and trees) will be able to track their climate niche as they migrate towards the east of the GME. 

 

 
Figure 30.  The maximum average speed at which species can move (km per year). Source: IPCC (2014). 
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Figure 31. The analogue-based forward climatic velocity for the Greater Mara Ecosystem. Red areas 

indicate the highest rate of change. Source: Based on data from Conservation International. 

 

 

A further consideration is the status of the area the species are migrating towards. The land 
cover and human and livestock population densities for the area of highest future species 
richness (the black outlined section in Figure 32) was computed. In 2014, the land cover 
consisted of 33.3% open grassland, 46.7% wooded grassland, 7.3% forest, and 12.7% cropland 
(SLEEK, 2014). There are 365 710 people living in the area, resulting in 51.7 people per km2 
(CIESIN, 2017). Livestock densities have been estimated to be 1.2 cattle per km2, 1.6 goats per 
km2, and 2.2 sheep per km2 (FAO, 2005). When compared to the current conservancies, the 
proportion of the area under cropland is much higher (12.7% compared to 0.3% in the 
conservancies) and human population density is much higher too (51.7 people per km2 
compared to 16 people per km2 in the conservancies). Livestock densities are similar in both 
areas (cattle density in the conservancies is 1.5 cattle per km2, sheep density is 1.1 sheep per 
km2, and goat density is 1.9 goats per km2). 
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Figure 32. The area of highest projected species richness of the species currently occurring in the GME, 

indicated by the solid black outline. Source: Based on modelled species distributions from 
Conservation International. 

 

 

The higher population density in the area has had a considerable impact on the productivity of 
the land, with this area having experienced major productivity declines over the period from 
2001 to 2015 relative to other areas (taking rainfall differences into account; Figure 33).  

 

 
Figure 33. The productivity changes of the land for the period 2001 to 2015. Negative numbers (in red) 

indicate a decrease in land productivity, whereas positive numbers (in green) indicate an 
increase in land productivity. Source: Based on data from trends.earth.  
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7 EXPECTED CHANGES IN SOCIO-ECONOMIC PRESSURES  

Apart from the potential climate change impact on the biodiversity within the GME, the climate 
may also impact on a number of socio-economic factors, such as altering tourism demand, 
damaging infrastructure or impacting peoples’ livelihoods, all of which could potentially have 
knock-on effects on biodiversity. Each of these will be dealt with separately below. 

 

7.1 Tourism revenues 

In general, climate change is predicted to impact nature-based tourism in several ways, with 
the potential to reduce demand and impede management from meeting its conservation 
mandate: 

• By shifting the ranges of charismatic species outside of protected area boundaries 
(Pearson and Dawson, 2003; Hijmans and Graham, 2006). These charismatic species are 
an important reason for tourists visiting these areas (Di Minin et al., 2012).  

• By increasing temperatures and other climate variables which results in reduced tourist 
comfort levels (de Freitas, 2003; Fisichelli et al., 2015; Markham et al., 2016; Coldrey 
and Turpie, in prep.). 

• By affecting the distribution of disease carrying vectors such as the malaria transmitting 
mosquito (Markham et al., 2016). Malaria risk acts as a deterrent to tourism demand 
as it affects the destination decision of travellers (Naude and Saayman, 2005; Rossello 
et al., 2017). The spatial limits of malaria and other diseases are sensitive to climate 
factors and are predicted to expand their ranges under a warming world (Rogers and 
Randolph, 2000; De Souza et al., 2012; Caminade et al., 2014). 

 

In the same survey study by Manono (2015) as mentioned in section 6 above, local residents 
were also asked about the impact of climate on tourism activities. The vast majority of 
respondents (94.5%) held the opinion that tourist activities in the MMNR have been affected 
by climate change owing to death of wildlife and therefore the reserve’s primary attraction.  
Again, however, the respondents were not really qualified to answer questions of this nature, 
as they are not tour guides.  Unfortunately, tourism statistics to verify this have not been 
forthcoming from the county authorities. 

 

7.1.1 Loss of charismatic species in the GME 

A list of charismatic species for the region (n = 14), adapted from Lindsey et al. (2007) to 
accommodate those that are found within the GME, was used and the same species loss 
methodology applied to determine the potential charismatic species loss for the GME: 
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1. Cheetah (Acinonyx jubatus) 
2. Black wildebeest (Connochaetes gnou) 
3. Nile crocodile (Crocodylus niloticus) 
4. Spotted hyena (Crocuta crocuta) 
5. Black rhinocerus (Diceros bicornis) 
6. Giraffe (Giraffa Camelopardalis) 
7. Hippopotamus (Hippopotamus amphibious) 
8. African Elephant (Loxodonta africana) 
9. Wild dog (Lycaon pictus) 
10. Lion (Panthera leo) 
11. Leopard (Panthera pardus) 
12. Warthog (Phacochoerus africanus) 
13. Meerkat (Suricata suricatta) 
14. Buffalo (Syncerus caffer) 

 

The results indicate that neither the GME nor the MMNR itself would be expected to lose any 
of the charismatic species listed above based on climate changes alone.  There is also the 
potential for a change in the migration pattern owing to climate change, which also has the 
potential to alter tourism demand.  

 

7.1.2 Change in comfort levels 

The Tourism Climate Index (TCI) was used to calculate the comfort rating of the GME for each 
month of the year based on the TCI rating system (Table 4) and the seven climate variables that 
influence a tourist’s comfort (Mieczkowski, 1985; Table 5).  

 

 

Table 4. The tourism climatic index (TCI) rating system. Source: Mieczkowski (1985) 

Numeric value 
of index 

Description of comfort 
level for tourism activity 

90 - 100 Ideal 
80 - 89 Excellent 
70 - 79 Very good 
60 - 69 Good 
50 - 59 Acceptable 
40 - 49 Marginal 
30 - 39 Unfavourable 
20 - 29 Very unfavourable 
10 - 19 Extremely unfavourable 
Below 9 Impossible 

 
 



    
 

 
 46  

Table 5. The components of the tourism climatic index (TCI). Source: Mieczkowski (1985) 

Subindex Variable(s) 
Daytime comfort index Maximum daily temperature (°C) 
  Minimum daily relative humidity (%) 
Daily comfort index Mean daily temperature (°C) 
  Mean daily relative humidity (%) 
Precipitation Precipitation (mm) 
Sunshine Daily duration of sunshine (hours) 
Wind speed Wind speed (km/h) 

 

 

To calculate the change in TCI that may deter tourists from visiting a PA, the proportion of 
months for which the TCI score changed from above 50 (‘Acceptable’ and better) to below 50 
(‘Marginal’ and worse) was computed (Amelung et al., 2007). The results indicate that during 
the baseline period (1970 – 2000), the GME had all 12 months of the year scoring higher than 
50 and that in 2050, the GME will still have all 12 months of the year scoring higher than 50. 
Therefore, no impact on tourism demand from a change in tourist comfort levels is expected. 
In fact, the TCI scores for each month went up. 

 

7.1.3 Malaria risk 

Caminade et al. (2014) estimated the change in range of the malaria-carrying mosquito.  Their 
results provided an indication of the change in suitability of the GME for malaria transmission 
by 2050.  This suggests that by 2050, more of the GME will be considered climatically suitable 
for malaria transmission but this should not alter tourism demand as the area is already 
considered a malaria risk area. 

 

7.1.4 Summary of tourism impact 

Based on the results of each component, there would probably be no significant change in 
tourism demand up to 2050 based on climate alone or shifts in distributions of charismatic 
species.  However, reduction in predictability of the wildlife migration could impact negatively 
on tourism demand. 

 

7.2 Infrastructure 

Infrastructure is susceptible to climate change-induced extreme weather events, such as 
flooding, sea-level rise and associated storm surge, and increased incidence of fires (Nicholls, 
2014; Markham et al., 2016; Davis-Reddy and Vincent, 2017). Damage to infrastructure in 
protected areas leads to a loss of tourism revenue as well as the financial burden of replacing 
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or repairing damaged infrastructure (Biggs et al., 2014). The increased financial burden will 
place pressure on management, undermining their ability to meet their conservation mandate. 

Buildings at risk of flooding within the MMNR and current conservancies were assessed using 
point of interest (POI) data from OpenStreetMaps and the World Resources Institute’s (WRI) 
flood hazard model, based on Ward et al. (2013). For flood risk, the proportion of buildings lying 
within the flood zone of the 1-in-100-year flood return period was computed. The flood hazard 
model used is based on current and historic flood events and has not been projected, implying 
an under-estimation if we assume that the risk of a 1-in-100-year flood will increase in the future 
owing to more erratic precipitation and the return period may reduce to a timeframe more 
meaningful on a human lifetime scale. 

The results indicate that the MMNR and current conservancies have 1329 buildings (tourism 
infrastructure as well as Maasai community dwellings and village infrastructure) already at risk 
of flooding out of a total of 11 196 buildings, a proportion of 11.9%. These are expected to be 
at increased risk under climate change. 

Using the same methodology but for settlement (bomas) and accommodation data provided by 
Dr Irene Amoke of the Kenya Wildlife Trust, 189 bomas are at risk of flooding out of a total of 
1197 mapped bomas in the current conservancies, equivalent to 15.7%. For tourist 
accommodation, 29 lodges and camps are at risk of flooding out of a total of 69 mapped tourist 
lodges and camps in the MMNR and current conservancies, equivalent to 39.1%. This is largely 
a result of tourist facilities having been developed along the Mara River and tributaries to 
provide tourists with good views and shade from the forest vegetation found along the river 
ways. 

 

7.3 Neighbouring communities 

Local communities living in and around protected areas are heavily dependent on the 
surrounding ecosystems, which are becoming increasingly affected by climate change (Lemieux 
et al., 2010; Belle et al., 2016). The ability of protected areas to meet their conservation 
mandate may be jeopardized by the need of local communities to harvest additional resources 
as the climate changes and their own areas become less productive (van Wilgen and McGeoch, 
2015). Because rural communities are typically disproportionately affected by the negative 
impacts of climate change, as they are more dependent on climate-sensitive sectors and they 
have less capacity to adapt (Turpie and Visser, 2013), during periods of adverse weather, 
reliance on protected area resources increases (Advani, 2014). This increase in illegal and 
unsustainable harvesting of protected area resources gives rise to conflict between managing 
authorities and neighbouring communities. To assess how vulnerable protected area resources 
are (both the MMNR and the conservancies) to increased harvesting during times of adverse 
weather, the population living in the drought and flood hazard regions of the MMNR and 
current conservancies was computed. A 10 km buffer around the MMNR and current 
conservancies was added as communities living within this area are also likely to harvest 
resources from within these protected areas. The drought hazard map was sourced from Carrão 
et al. (2016), and the same flood hazard map used for the infrastructure assessment was used. 
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The results indicate that 142 528 people living within the potential resource harvesting zone are 
living in drought and flood prone areas out of a total of 175 789 people, equivalent to 81.1%. 

Apart from a potential increased reliance on protected area resources, climate change may also 
result in increased human-wildlife conflict as animals migrate towards the east of the GME to 
track their niche climate, moving into more populated areas outside of the conservancies. 
Furthermore, owing to increased incidences of drought, climate change may increase the 
competition between livestock and wildlife for scarce fodder and water resources in the GME, 
bringing more people and livestock into contact with wildlife, increasing the risk of predation 
and disease transmission.  

Drawing on a WWF-led survey on the impacts of already-experienced climate change on Maasai 
communities (Climate Crowd Survey, 2017), the following points were made with regards to 
biodiversity impacts experienced: 

• Increased instances of human-wildlife conflict, mainly involving elephants due to growing 
competition for water and grazing resources; 

• Respondents noted that several species of wildlife have moved out of the area or their 
numbers have declined; 

• Habitat encroachment and degradation is increasing as people bring livestock into parks, 
relocate to other areas, and venture further away from settlements in search of water 
and firewood, including into forests; and 

• More frequent interactions between livestock and wildlife increases the risk of disease 
transmission. 

Furthermore, the apparent trend towards a warmer and drier climate was said to have impacted 
communities in the following ways: 

• Reduced availability of freshwater (90% of respondents) and firewood (24%); 
• Death and malnourishment of livestock due to water scarcity and less pasture (90%); 
• Increased prevalence of diseases such as typhoid and malaria among humans (44%); 
• Increased prevalence of foot and mouth disease and vector-borne ‘Nagana’ in livestock 

(36%); and 
• Crop failure due to insufficient or unreliable rainfall (11%).  

Left to their own devices, communities are said to be responding to the above impacts by: 

• Selling livestock to avoid losses during drought; 
• Fencing off land to protect privately owned pasture; 
• Creating conservancies that can be used for livestock grazing during periods of drought; 
• Traveling further for firewood including into forests and parks, borrowing/purchasing 

wood from neighbours, and transitioning to charcoal fuel to cope with decreased 
firewood availability; 

• Starting small businesses to earn additional income; 
• Constructing boreholes, piping water and harvesting rainwater; 
• Changing grazing practices, namely where livestock graze; 
• Switching to more resilient livestock breeds; and 
• Migrating to areas that receive more rainfall or more pasture or clearing nearby forested 

land for settlements/farming/pasture. 
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7.4 Summary of potential climate impacts 

Climate change has the potential to disrupt and change key ecological processes within the 
GME, with a key concern being the altering of species distributions as they endeavour to track 
their niche climates. Higher levels of CO2 in the atmosphere will also speed up the shift from 
open grassland to wooded grassland, a trend already witnessed in the conservancies as a result 
of overgrazing. Apart from the ecological responses to climate change, there are key socio-
economic impacts that need to be considered as these too have the potential to affect the 
conservation actions of MMNR and conservancy management. 

Climate change also has the potential to exacerbate many of the current pressures faced by the 
GME including water quality and flow changes (changes to the rainfall regime), human-wildlife 
conflict (competition for scarcer resources), migration pattern changes (rainfall and vegetation 
growth changes), unsustainable harvesting and use of natural resources, including poaching 
(resource supply declines and livelihoods under pressure), and tourism product decline 
(discomfort and loss of attractions) (Figure 34).  It is interesting to note that climate change will 
not directly impact the two main drivers of current pressures, being land use change and 
population and livestock growth.  It may, however, influence livestock growth through changes 
in tourism demand which would see communities investing in livestock as a risk mitigation 
strategy or through prolonged droughts resulting in livestock death and therefore reduced 
livestock numbers. However, it is unknown whether the Maasai would purchase more livestock 
as a risk mitigation strategy. 

 
 

 
 
Figure 34.  The impact climate change could have on the identified current pressures facing the Greater 

Mara Ecosystem. Source: This study. 
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8 STRATEGIES FOR INCREASING RESILIENCE OF THE GME 

8.1 Contextual overview 

In the climate context, the term adaptation refers to human activities intended to exploit 
beneficial opportunities or to minimize the actual or expected harmful effects of climate change 
on natural or human systems (Parry et al., 2007).  

The IUCN guide to climate change adaptation for protected area managers (Gross et al., 2015) 
draws the distinction between anticipatory and reactive responses to climate change impacts, 
arguing that anticipatory responses are preferable.  An example they provide is the following: 
“A decision to relocate a facility or road from a floodplain following a major flood constitutes a 
reactive adaptation action, while an anticipatory action would be a decision to avoid building 
there in the first place, or recognizing that flooding of an existing road is inevitable and moving 
it in advance”. Although this would be the best strategy, it may not always be feasible in terms 
of available resources. As Glick et al. (2011) explain, “The choice of whether to focus 
conservation efforts on the most vulnerable, the most viable, or a combination of the two, will 
of necessity be based not only on scientific factors, but also social, economic and legal values”.  

In a review of the conservation adaptation literature, Mawdsley et al. (2009) grouped 16 
strategies, ranging from human infrastructure changes to improved natural resource 
management, into four broad categories, namely: land and water protection and management; 
direct species management, monitoring and planning; and law and policy (Table 6). 

Tingley et al. (2013) argue that it is important not to assign too much weight to climate change 
in conservation priorities because of the uncertainties in climate change projections, as well as 
not being able to fully comprehend how systems may respond.  Indeed, there are many 
uncertainties when it comes to predicting the ecological response to climate change, and 
conservation authorities are often faced with many more immediate threats to their 
conservation mandate (Van Wilgen and Herbst 2016). 

Nevertheless, in the GME, climate change will exacerbate and extend the already-severe threats 
to biodiversity in both the MMNR and conservancies.  Thus, strengthening of conservation 
measures to secure biodiversity and natural capital should form the basis of a holistic strategy 
to increase the resilience and effectiveness of the MMNR and conservancies in the light of all 
existing and future impacts.  In fact, climate change provides a perfect opportunity for 
conservation authorities to garner international climate finance. Examples of conservation 
adaptation activities supported by international climate finance mechanisms is ecosystem-
based adaptation (EbA), which promotes the restoration and rehabilitation of degraded 
ecosystems for the benefit of rural communities, and reduction in emissions from deforestation 
and forest degradation (REDD+). EbA and REDD+ not only build the resilience of socio-ecological 
systems but also reduces non-climatic stressors and assists in maintaining ecosystem 
functioning, limiting the potential for maladaptation. 
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Table 6. Sixteen conservation strategies grouped into four broad categories. Source: Adapted from 
Mawdsley et al. (2009) 

Land and water 
protection and 
management 

(i) increase extent of protected areas (increases habitat and potential refugia 
protection) 

(ii) improve representation and replication within protected area networks 
(representation attempts to build a more comprehensive portfolio of protected areas, 
whereas replication attempts to conserve multiple examples of each ecosystem type) 
(iii) improve management and restoration of existing protected areas to facilitate 
resilience 

(iv) design new natural areas and restoration sites to maximize resilience (establishing 
new PAs along elevational gradients to assist species range shifts) 

(v) protect movement corridors, stepping stones, and refugia (specifically targeting 
areas that would assist species dispersal under climate change) 

(vi) manage and restore ecosystem function rather than focusing on specific 
components (maintenance of aspects of ecosystem function) 
(vii) improve the matrix by increasing landscape permeability to species movement 
(increasing landscape connectivity and permeability to species movement outside of 
PAs) 

Direct species 
management 

(i) focus conservation resources on species that might become extinct 
(ii) translocate species at risk of extinction 
(iii) establish captive populations of species that otherwise would go extinct 

(iv) reduce pressures on species from sources other than climate change (reducing 
other pressures may provide species with the flexibility to adapt to climate change) 

Monitoring and 
planning 

(i) evaluate and enhance monitoring programs for wildlife and ecosystems 

(ii) incorporate predicted climate change impacts into species and land-management 
plans, programs and activities 

(iii) develop dynamic landscape conservation plans (the plan should include a desired 
future condition for the land matrix, based on predicted shifts in distribution of species 
and other ecosystem components) 

(iv) ensure wildlife and biodiversity needs are considered as part of the broader 
societal adaptation process 

Law and policy (i) review and modify existing laws, regulations and policies regarding wildlife and 
natural resource management 

 
 

Some of the potential measures to strengthen the GME are discussed below. 

 

8.2 Recommended strategies 

8.2.1 Promote the conservancy model 

From the species range analysis, it can be seen that areas to the east of the MMNR should 
receive major attention in terms of strengthening and expanding conservation efforts.  This 
would largely be through the conservancy model but could also include strategic expansion of 
the protected area to incorporate critical migratory corridors. This would have to be done with 
the support of communities such as through easements.  The area to the east of the MMNR and 
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conservancies is more highly populated than the current conservancies and the proportion of 
cropland to natural vegetation is high. To incentivise communities in this area to participate in 
wildlife management, which could require the removal of fences, may require additional 
benefits and most certainly will require education and sensitisation of the benefits of engaging 
in conservation. There has been talk of government waiving the tax burden for commercial 
enterprises on conservancy land and this is likely a good first step to creating additional benefits 
(largely through the increased land lease fees that tourism operators will be able to pay land 
owners). 

 

8.2.2 Restore degraded areas 

Large parts of the conservancies are severely degraded, as well as certain areas within the 
MMNR, both of which require restoration. Furthermore, the area to the east of the 
conservancies will likely require restoration to make the landscape more amenable to wildlife. 
Although a cost burden, there is an opportunity to create employment for the local 
communities through restoration programmes such as the government-led programmes in 
South Africa. These programmes rely on human capital rather than machinery to restore and 
rehabilitate degraded ecosystems. Apart from building ecosystem resiliency, this approach also 
provides an alternative source of income for local communities.  However, it is only likely to be 
successful if well managed. 

 

8.2.3 Better regulation of tourism activities 

Although the condition of the vegetation in the MMNR is far better than in the conservancies, 
there has been considerable degradation along river systems, a result of uncontrolled tourism 
development within riparian buffer zones and unregulated tour operators degrading these 
areas in pursuit of the best migration views at river crossings. To help restore these areas, buffer 
zones along the rivers should be off limits to all tourist activities. This has already been 
addressed in the MMNR draft management plan (2010) but needs to be passed into law to be 
effective. Degradation is also noticeable along the border of the MMNR and the conservancies. 
One can only assume that these areas are being utilised by livestock owners who are taking 
advantage of the slack enforcement by MMNR rangers. Furthermore, tour operators should be 
more regulated by MMNR rangers and the use of radios by tour guides should be banned as it 
results in speeding in the reserve as well as too many vehicles at each sighting which disturbs 
the animals.  

 

8.2.4 Manage the Serengeti-Mara Ecosystem as a trans-frontier park 

To alleviate the potential ecological imbalance as a result of uncoordinated management 
activities on the Kenyan and Tanzanian side of the larger ecosystem, such as controlled burning, 
the larger ecosystem should be managed as a trans-frontier park. This would allow for 
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management and adaptation activities to be coordinated for the efficient and effective 
management of the larger system. 

8.2.5 Reduce stocking density and improve rangeland management within the 
conservancies 

Within the conservancies, the single biggest threat to conservation is overgrazing.  It is already 
evident that stocking rates are unsustainable, leading to massive degradation across large parts 
of the landscape.  Already, the majority of conservation-focused donor funding in the GME has 
been channelled towards implementing rangeland management practices to little or no 
immediate effect (pers. comm. Ms Rebekah Karimi, Enonkishu Conservancy).  However, there 
are some examples of successful interventions which could be scaled up across the entire GME. 

Various approaches to conservation-oriented rangeland management have been implemented 
in the conservancies of the GME, although up to now, there appears to have been a strong focus 
on cattle, while largely ignoring the rapid increase in the population of sheep and goats.  For 
example, in the Enonkishu Conservancy, cattle ownership is limited but grazing is allowed 
throughout the conservancy (see Box 1), while in the Mara North Conservancy, cattle ownership 
is not limited, but certain areas are set aside primarily for wildlife, but which can be used for 
grazing during the driest part of the year (see Box 2).  The impacts of the different approaches 
have not been properly evaluated, but the discussions and satellite data suggest that the former 
model has been more successful.  This could be due to a combination of the grazing 
management approach and the level of external support enjoyed by the Enonkishu 
Conservancy.  Furthermore, both our observations and the satellite data suggest that in the 
latter model, the main grazing areas outside of the areas set aside for wildlife are degrading 
rapidly, and this may be partly a result of the arrangement, since livestock are not reduced, but 
only shift their distribution.   

 

Box 1. Restricted grazing rights in Enonkishu Conservancy (based on key informant interviews) 

In 2009, the Enonkishu Conservancy was established, but instead of limiting grazing within a core 
conservation area, the conservancy limited the number of livestock each household could keep on 
conservancy land. In return, livestock owners could graze the entire conservancy area. This has forced 
landowners to move a portion of their livestock to land owned outside of the GME. Then, in 
collaboration with WWF, the conservancy introduced a rotational grazing scheme in 2015, based on 
carrying capacity estimates and forage assessments for 13 zoned areas (grazing blocks). Since then, 
vegetation cover has reportedly improved from 20% to 80% (pers. comm. Ms Rebekah Karimi, 
Enonkishu Conservancy; corroborated by NDVI assessment), resulting in the carrying capacity 
increasing from 350 to 800 in the past three years.  This is still far below the approximately 2000 cattle 
that were grazing this area before the conservancy was established. What made this arrangement even 
more appealing was that Enonkishu Conservancy also ran their own abattoir which allowed livestock 
owners to receive a fair price for cattle that were at slaughter age.  In 2017, a grazing fee was 
introduced in which landowners pay a fee per head of cattle to graze in the conservancy (capped at 
800 head of cattle) and for which they receive free herders, veterinarian services, field rangers for 
security, night guards and predator-proof mobile bomas. This has been well received by livestock 
owners who are paying considerably less for these services and fetching better prices for mature cattle 
than before the new management arrangement.  
 
Unfortunately, owing to the limited demand for meat and the challenges with transporting meat out 
of the region, the abattoir was closed in 2017 and mature cattle are taken to the local market instead. 
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This means that livestock being sold are not necessarily removed from the GME, as it is not guaranteed 
that the new owners will slaughter the mature cattle. Indeed, they are likely to breed with them owing 
to the relatively good condition of these animals. Furthermore, although this model is appealing, it is 
currently not self-sustaining as the management costs are higher than the revenue generated from 
grazing fees and tourism royalties. For such a system to work, it needs ongoing support and funding 
from an outside NGO, as is the case for Enonkishu Conservancy.   

 

 

Box 2. Core conservation area model of the Mara North Conservancy (Source: Løvschal et al., 2018) 
In 2013, the Mara North Conservancy (MNC) implemented a rotational grazing model. The grazing 
model divides the conservancy into zones based on community proximity, core conservation areas 
without grazing zones, camp locations, and watering-points. Each zone is divided into smaller sub-
zones, with cattle rotated every week.  Grazing banks are established on the core conservation 
peripheries, set aside for the dry season. Conservancy edges are left unmanaged, and grazing is 
allowed all year round.   
 
MNC has also launched a number of ongoing smaller-scale initiatives focused on cattle.  For instance, 
the Obel Foundation has funded a mobile boma: a livestock enclosure made of metal fencing that can 
be easily moved.  Regular movement of herds is expected to reduce overgrazing and trampling, 
allowing areas to recover sooner.  Another initiative is breeding programs and live weighing, which aim 
to transform cattle into a more stable monetary source.  In an effort to improve the genetics, breeders 
are working with the Maasai community to introduce new types of higher-quality beef breeds.    

 

 

An approach that reduces overall livestock densities to levels that are both sustainable (for 
people and the land) and accommodate wildlife is intuitively preferable than one which simply 
reduces the grazing area available to the same number of animals.  However, since households 
are inclined to hold on to their livestock, requiring a reduction in livestock numbers carries a 
significant risk of people moving their excess animals elsewhere, and through this, exporting 
overgrazing problems to areas outside of the conservancy.  This is known as “leakage” in the 
environmental policy literature. However, with sufficient external support, a livestock reduction 
model such as that used in Enonkishu has the potential to work across the GME, which would 
help to reduce such leakages, at least within the targeted broader GME conservation area. A 
livestock reduction program would require the sensitisation and education of Maasai 
communities to the perils of overgrazing and this should be conveyed in a way that highlights 
the negative impacts of overgrazing on Maasai livelihoods. One such method is to use the 
ecosystem service narrative to explain that rangeland degradation negatively impacts the other 
benefits that the Maasai receive from intact ecosystems, such as flood attenuation, water 
supply, healthy livestock, etc. 

Even better would be a system where livestock numbers are reduced and core wildlife areas 
are maintained which are strategically planned over the extent of the GME in order to secure 
connectivity of the whole area through a system of wildlife movement corridors. These 
movement corridors should attempt to link the existing migratory corridors with the existing 
core conservation areas in the conservancies. Mapping of wildlife migratory corridors and 
dispersal areas in the GME has already been done as part of Kenya’s ‘Vision 2030’ (Gordon et 
al. 2017; Figure 35). Efforts should be made to map the core conservation areas within the 
conservancies to identify viable linkages. 
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Figure 35. Wildlife migratory corridors across Kenya’s southern rangeland ecosystems, including the GME. 
Source: Gordon et al. (2017). 

 

Better management of the grazing areas as well as core wildlife areas would expand the tourism 
potential of the area.  This does mean that tourists would encounter areas where livestock occur 
alongside wildlife.  However, this has been shown to have little to no impact on tourism 
profitability if managed appropriately (Keesing et al., 2018).  In fact, Keesing et al.’s results 
indicate that moderate densities of livestock in wildlife habitats could provide ecological 
benefits for wildlife by reducing tick abundance and increasing forage quality.  

The MMWCA is also currently implementing the ‘Taking the Bull by the Horns’ initiative, where 
better quality livestock breeds are being introduced in exchange for poor quality livestock (pers. 
comm. Dr Irene Amoke, Kenya Wildlife Trust).  However, instead of exchanging one poor quality 
head of livestock for one good quality head of livestock, the initiative aims to exchange more 
poor quality livestock for one good quality livestock, thereby reducing the number of livestock 
in the GME.  This initiative is focused on improving household livelihoods in an impoverished 
area, and will help to improve livestock resilience to climate change by introducing breeds that 
are more drought tolerant.  Although this study supports this approach, this mechanism alone 
would not be sufficient to significantly improve the area’s contribution to conservation, since it 
does not necessarily result in reduced livestock numbers over the medium term, and could even 
lead to increased livestock. 

Our suggestion is to explore the expansion of the Enonkishu model in conjunction with more 
protection for core movement corridors for wildlife, possibly through easements.  Working at 
scale would have a number of significant advantages, including reduction of leakages, and 
reviving the potential for implementation of an abattoir and meat marketing.  The MMWCA 
provides an institutional home for scaling up conservation approaches to the system as a whole.   
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Scaling up the Enonkishu model would mean finding a suitable mechanism for limiting livestock 
numbers that could work across a large number of conservancies.  One such example, and that 
for which the MMWCA is currently exploring, is introducing tradable grazing permits in the 
GME. In this type of system, the relevant authority determines the carrying capacity for an area 
and then distributes permits totalling this amount to different users. These permits can be 
traded and their price is determined on the open market but the amount of permits will not 
change unless the authorities decide to issue more.  Alternatively, if the authorities feel that the 
old standard needs tightening, they can buy some permits back, and hold them out of the 
market.  Permits can also be bought up by environmental organisations or the private sector. 
This is an efficient solution in that it is reflecting society's willingness to pay for environmental 
quality.  Usually there are checks in place to prevent any one permit holder from holding too 
large a percentage of permits. The biggest problem with applying the system is usually in 
deciding the initial allocation of permits.  This is probably best done by buying out excess 
animals and then issuing permits according to remaining livestock holdings.  Permits should also 
be designed to cover all kinds of stock, e.g. issued on a Large Stock Unit (LSU) basis (where 
typically about 6 small stock units are equivalent to 1 head of cattle). 

For a tradable permit system to be successful, willingness and ability within the community to 
buy and sell grazing rights is required.  In Zimbabwe, a study to determine the feasibility of a 
tradable grazing rights system indicated that 75% of large herd owning households are willing 
to pay for grazing rights while 89% of the households with small cattle herds are willing to sell 
their grazing rights (Guveya 2012).  This is relevant to Kenya as livestock in the communal areas 
in Zimbabwe are kept as a store of wealth and for subsistence objectives, which is the same as 
in Kenya. 

Tradable grazing permits seems to be a viable option for the GME which would allow 
environmental organisations and other affected parties to buy-out grazing permits in order to 
remove livestock from the system2.  However, the willingness to trade grazing rights in the GME 
is unknown and may be impacted by the individual reasons for keeping livestock.  If 
implemented with government support, however, with MMWCA being the implementing 
partner, it has the potential to reduce the number of livestock to carrying capacity across the 
whole GME.   

The process of implementing a livestock reduction system will take time and the non-core areas 
in the conservancies will continue to degrade rapidly. We therefore suggest that the same 
employment-led restoration programme as detailed in section 9.1.1 be applied within the non-
core conservation areas within the conservancies. 

 

                                                           
 
 
2  Note, this is not the only mechanism by which livestock stocking densities can be reduced.  Other options 

include regulation and payments for ecosystem services.  However, regulation would not lead to a cost 
minimising solution and is more prone to corruption, and payments for ecosystem services carries a very 
high risk of failure through rent seeking behaviour, as it amounts to subsidisation.   
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8.2.6 Stricter protection of wildlife corridors 

The process of implementing a large-scale system to retard degradation and restore degraded 
ecosystems will take time, perhaps degrading further before conditions get any better. This is a 
concern for important wildlife corridors within the conservancies. We suggest strongly that 
these important areas be mapped and then formally protected, potentially through an 
expansion of the MMNR in the way of easements or community-led incentive based 
conservation.  If these areas are already in a degraded state, then these are the areas that 
should be prioritised for restoration activities. 

 

8.2.7 Secure environmental flows along the Mara River 

The Mara River is a critical source of drinking water not only for the downstream Maasai 
communities, livestock and wildlife, but also for a large proportion of the Kenyan population, 
as well as neighbouring countries.  The increasing rates of sedimentation and pollution in the 
catchment areas are already causing conflict between downstream and upstream communities.  
Climate change has the potential to alter the natural flows of the system as well as increase the 
demand for water abstractions, both of which will put further strain on the availability of year-
round flows.   

Securing the quantity and quality of water flows required to sustain the Mara River within the 
GME will require both limitations on the abstractions of water from the system, and measures 
to secure or improve flows, including:  

• Protection of the natural vegetation (mostly forest) within its upper catchment area to 
ensure sufficient infiltration of rainfall into the ground to maintain low flows further 
down the catchment,  

• Implementing (through regulation and/or incentives) sustainable rangeland 
management and conservation farming methods throughout the catchment, which are 
designed to minimise soil erosion; 

• Maintaining natural vegetation buffers around all streams and rivers to reduce the 
washing of sediment and nutrients into the river system during rainfall events; and 

• The adequate supply and maintenance of sewage treatment systems within the 
urbanised areas of the catchment; 

As water demand increases, so these catchment management measures will become 
increasingly important. Understanding the effects of these measures and determining how 
much water can be abstracted from the system can be done through the application of 
environmental flow methods (Petts, 1996; Tharme, 2003; Acreman and Dunbar, 2004; 
Arthington et al., 2006). 

All of these measures need urgent attention within the Mara River Basin.  A particular concern 
which requires immediate attention is deforestation within the Mau Forest Complex of the 
upper catchment area.  Conservation of this forested area needs to be elevated and forest 
restoration projects should be implemented, especially where forest areas have been 
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encroached by cultivated land around settled areas. There are no national parks within the Mau 
Forest Complex, but part of the area is within Forest Reserves, which are managed for forestry 
production.  However, such state-run forestry areas have failed to adequately protect forests 
from overexploitation in many parts of East Africa.   

Many initiatives have been put in place to try and rectify this situation and slow down forest 
loss (Kenya Government, 2009; Owino, 2009; Olang and Kundu, 2011).  In recent years, these 
have tended to involve the devolution of forest ownership rights to local communities and/or 
systems of payments for ecosystem services (e.g. under the UN’s REDD+ programme)3 to 
encourage a reduction to sustainable levels of exploitation.  Given the high rate of failure of 
these types of initiatives (Angelsen et al., 2012; Fletcher et al., 2016), it would be prudent to 
protect at least part of this forest area at a stricter level, such as a national park, where woody 
resource exploitation is forbidden.  According to a study by Pfeifer et al. (2012), formally 
protected forest areas in Kenya have experienced much less deforestation than non-protected 
forest areas.  Furthermore, the most successful category of protected areas for curbing 
deforestation in East Africa are national parks, where firm restrictions on resource use and 
strong law enforcement are applied.   

Investing in the upgrading of protection level of the Mau Forest Complex would be an 
investment in the future water security for millions of Kenyans faced with an uncertain water 
future as a result of climate change, and not just the future water supply of the GME. Some of 
these views are shared by the Ministry of Environment and Mineral Resources (2012), who 
suggest that all water catchment areas need to be restored, conserved and sustainably 
managed in order to address degradation. The main interventions they recommend are: 

• promoting afforestation; 
• controlling and/or banning livestock grazing, logging and charcoal production in critical 

water catchment areas; 
• mapping out critical water catchment forest areas where the destructive use of forests 

should not be allowed; and 
• assisting communities living adjacent to indigenous forests to establish their own wood 

lots on their private land. 
 
We further recommend that communities who have settled illegally within the Mau Forest 
boundaries be resettled outside of the critical catchment area and the land that has been clear-
felled for cultivation receive special attention in the form of reforestation. 
 
To help fund this costly exercise, the Kenyan Government should apply for funding from the 
international climate finance mechanisms, an avenue for which is ecosystem-based adaptation 
(EbA) project finance.  Restoration and protection of ecosystems to secure water supply is one 
of the strongest forms of EbA, and could apply to the full suite of measures listed at the 
beginning of the section.  

                                                           
 
 
3  REDD+ stands for “reducing emissions from deforestation and forest degradation”. with the plus sign 

signifying that it is managed in such a way as to generate co-benefits for society and biodiversity. 
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Although the activities listed above will likely address and retard many of the pressures facing 
the Mara River Basin, additional downstream measures can also be taken such as removing 
settlements within riparian buffer zones and regulating any future developments, developing 
and regulating a water abstraction policy based on available water determined by rainfall in the 
catchment, and implementing a progressive water fee structure whereby heavy water users are 
taxed more on water usage. However, water and catchment management are mired in 
governance and political issues that need to be sorted out before new water policies can be 
developed (Kenya Ministry of Environment and Mineral Resources, 2012).  

 

8.2.8 Strengthen direct species management 

Given that the climate velocity for the GME is low, the majority of species should be able to 
migrate fast enough across the landscape to remain within their climatic niche. This is not 
necessarily true of the water-dependent species such as amphibians.  For these species, 
prolonged droughts may alter their habitat entirely, potentially requiring direct species 
management, the most effective activity of which is to deepen, de-silt or re-profile ponds 
(Sutherland et al., 2018).  This may be an important approach in the western and southern 
regions of the MMNR and conservancies where suitable amphibian habitat is predicted to shrink 
owing to the change in climate. However, maintaining environmental flows for the Mara River 
should limit the need for this intervention. 

Furthermore, riverine habitat should receive special attention in terms of adaptation activities, 
such as enforcing the riparian buffer zone, to assist other water-dependent and riverine 
vegetation-dependent species. 

 

8.2.9 Improve the monitoring of biodiversity 

Further to our recommendation of managing the Serengeti-Mara ecosystem as a trans-frontier 
park, monitoring and planning for the wildlife that inhabit the entire ecosystem should be done 
as a cross-border exercise and all conservation activities should be coordinated so as to alleviate 
detrimental activities in isolation. 

A further intervention would be to establish climate and species distribution monitoring across 
the GME which will act as an early warning system for surprises in ecological responses. 
Monitoring at this scale will allow for the identification of vulnerable species that may require 
direct species management in the future. Furthermore, the IUCN, through the Biodiversity and 
Protected Areas Management (BIOPAMA) project, will be making funding available to African 
countries for biodiversity monitoring. The first call for funding proposals will commence mid-
way through 2019. 
 

8.2.10 Develop an overarching spatial management plan 

There should be one overarching management plan for the GME, tying together the MMWCA 
plan for the conservancies and the Narok County Government plan for the MMNR. This will then 
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result in only one spatial plan for the GME that is considered from a holistic point of view and 
for which all entities operating within the GME are accountable to. This overarching 
management plan would then need to dovetail with the proposed Serengeti-Mara trans-
frontier management plan.  

Both the overarching management plan for the GME and the proposed Serengeti-Mara trans-
frontier management plan should include details on the potential climate change threats and 
adaptation activities for the region.  These management plans should be informed by a broader 
Narok County spatial plan that sets out the norms and standards for development across the 
Narok County, including the GME.  The spatial plan should pay special attention to 
developments along river systems and should at the least include the establishment and 
regulation of riparian buffer zones to avoid both future damage from flood events and 
destruction of key forest habitat areas.  The establishment of a broad spatial plan for the whole 
County is therefore a priority. 

 

8.2.11 Promote rainwater harvesting and climate-compatible alternative livelihoods 

The resources of both the core conservation areas of the conservancies and the MMNR are 
already being highly utilised, largely illegally, by communities, especially during periods of 
drought.  The resources in highest demand are fodder for livestock and water for both Maasai 
communities and their livestock.  Although a reduction in livestock numbers to the carrying 
capacity of the non-core conservation areas in the conservancies should limit any need for 
additional fodder and securing environmental flows of the Mara River Basin should limit any 
need for additional water points, rainwater harvesting and storage at a household level, for use 
during the dry season by both Maasai communities and their livestock, is recommended and 
would assist livestock owners during the difficult times and keep them and their livestock out 
of the conservation areas. 

In the Mau Forest Complex, the Ministry of Environment and Mineral Resources (2012) argue 
that alternative livelihood interventions need to be implemented in communities neighbouring 
the Mau catchment area. The main interventions they recommend are to: 

• promote and encourage alternative livelihoods, such as bee-keeping, butterfly farming, 
mushroom farming, establishment and management of small-scale tree nurseries, on-
farm woodlots, community-based production and marketing of handcrafts, and 
operating local eco-tourism groups; 

• establish a market for the above; 
• increase area under irrigation to improve efficiency and food security; 
• promote the use of non-wood forest products; and 
• develop appropriate livestock management strategies. 

 
Furthermore, the Ministry recommends the promotion of non-biomass generated energy, 
especially in rural communities, such as solar and biogas, as well as promoting the use of energy-
saving appliances. 
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8.3 Priorities for adaptation 

In developing a set of priority adaptation options, we have remained cognisant of the feasibility 
of the adaptation activities, as well as trying to limit any potential for maladaptation (incurring 
costs to little effect). 

 

8.3.1 Short-term: Better enforcement of conservation policies and habitat restoration in 
the GME through improved management 

Of highest priority is the restoration and rehabilitation of the degraded areas in the GME and 
to curb further degradation by reducing the number of livestock to the carrying capacity of the 
non-core conservation areas of the conservancies.  Restoration and rehabilitation could be 
implemented through employment-driven programmes that will also provide alternative 
sources of income for local communities.  

With regards to the reserve, MMNR management needs to increase enforcement of reserve 
policies, such as keeping livestock out of the reserve and enforcing tour operators to adhere to 
stricter regulations, especially along riparian buffer zones.   

In order to secure the sustainability of the conservancy model, government support is required.  
The proposed waiving of corporate tax on conservancy land is supported by this study and is 
one measure that will contribute to higher land lease fee payments to Maasai landowners. 
Further incentives should be explored as the conservancies become increasingly important for 
wildlife in the future. 

Climate and species distribution monitoring across the GME is also a priority as this will act as 
an early warning system for surprises in ecological responses and monitoring at this scale will 
allow for the identification of vulnerable species that may require direct species management 
in the future. 

 

8.3.2 Medium-term: More protection across the GME and the establishment of an 
overarching management plan 

In the medium-term, the priority should be to increase protection across the GME. This should 
include the upgrading of protection levels for the Mau Forest Complex, the protection of 
important migratory corridors and links to core conservation areas in the conservancies through 
the expansion of the reserve, and to increase the conservation area in the GME through the 
expansion of the conservancy model further east.  

To manage this process from a holistic perspective, an overarching management plan should be 
developed that combines the MMWCA plan for the conservancies with the Narok County 
Government plan for the MMNR. 

To assist water-dependent species in the GME, as well as ensuring downstream water supply 
for Maasai communities and livestock, upstream water management of the Mara River Basin is 
required and should be approached through the environmental flow framework. 
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8.3.3 Long-term: Trans-frontier conservation management 

In the long-term, efforts should be made to establish the Serengeti-Mara Ecosystem as a trans-
frontier park where monitoring and planning can be done as a cross-border exercise, limiting 
the potential negative effects of management responses in isolation. 

 

8.4 Recommendations for further research 

We argue that the core conservation areas within the conservancies, where some level of 
wildlife protection and restricted grazing takes place, need to be mapped and studied in detail. 
These islands of protection should be connected with the further protection of movement 
corridors that also take important migration and dispersal routes into account.   
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10 APPENDIX 1. WORKSHOP AGENDA AND PARTICIPANT LIST 

 

 

Table 7. The participant list for the validation workshop in Nairobi. 

 Name Organisation 
1. Jared Lumbasi KWS  
2. Jane Wamboi KWS  
3. Samwel Senteu Narok County Government-Wildlife & Tourism Dept 
4. Mark Karbolo WRUA 
5. Kimaita Hilda JKUAT 
6. Irene Amoke Kenya Wildlife Trust 
7. Kevin Gichangi WWF-Kenya 
8. Angela Muturi JKUAT 
9. Gordon Mumbo USAID 
10. Peter Sena Siana Conservancy 
11. Jackson Mpario Oloisukut Conservancy 
12. Fabian Musila SIDO 
13. Jacob Tukai TWF 
14. Yussuf Wato WWF-Kenya 
15. William Ojwang WWF-Kenya 
16. Nancy Githaiga WWF-Kenya 
17. Peter Muigai WWF-Kenya 
18. Pauline Wanjiku JKUAT 
19. Joseph Kathiwa WWF-Kenya 
20. Irene Mwaura WWF-Kenya 
21. Philip Odhiambo WWF-Kenya 
22. Kevin Coldrey Consultant 
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11 APPENDIX 2. SUMMARY OF THE MMNR DRAFT MANAGEMENT PLAN 
(2009) 

11.1.1 Zonation and Visitor Use Scheme 

To address the issues related to excessive tourism, and to attract premium paying tourists, it 
set out a plan for new zoning and fees that would restrict certain tourism activities to certain 
zones (Figure 36): 

 

 
Figure 36. Proposed tourism zones. Source: MMNR management plan 2010. 

 

11.1.1.1 The Mara River Zone 

A 1.5 km strip either side of the Mara River was proposed as an ecological zone to minimise 
disturbance of the riverine forests, rhino breeding areas and wildebeest crossing points. It 
would be proactively managed to support wildebeest crossings but used by both premium and 
budget tourists. No off road driving and no new tourism accommodation, or expansion of 
existing facilities. 

11.1.1.2 High Use Zone 

Proactively managed to provide high-quality wildlife viewing with minimal congestion. Covers 
all intensively used parts of the MMNR. Improved road and track network to enhance visitor 
experience. New tourism attractions and stopping points. No off road driving and no new 
tourism accommodation, or expansion of existing facilities. 

11.1.1.3 Low Use Zone 

Premium visitor use zone with minimal management interference and providing a sense of 
wilderness and adventure. Covers parts of the MMNR that have low visitor use. Minimal 
management interference and limited track network. New fee structures optimise revenues 
and support premium tourism product. Only 4WD and off road driving allowed. New eco-
lodges and eco-camps to be developed with some special campsites to be closed. 
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11.1.2 Ecological Management Programme 

This programme sets out a list of conservation targets (Figure 37) focusing on the key species 
and habitats that are represented in the reserve, as well as the system-level features that are 
critical to the reserve: 

• Black rhino protection 
• Roan antelope and greater kudu reintroduction plan 
• Maintaining the characteristic habitat mosaic through fire management and herbivory 
• Maintaining the Mara river flow through catchment management (early warning 

system and water user’s association collaboration) 
• Enhancing research and monitoring 
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Figure 37. The ecological management programme conservation targets. Source: MMNR management plan 

2010. 

 

11.1.3 Tourism Management Programme 

This programme aligns with that of the Zonation and Visitor Use Scheme, and includes a number of 
management actions to implement important aspects of this scheme: 

• Enhance the tourism product on offer in the High Use and Mara River Zones, while also 
reducing the environmental impacts of intense visitor use in these areas, through 
improvements to the area’s visitor attractions, amenities and infrastructure 

• Improve the regulation of visitor activities across the entire MMNR, with the aim of 
improving the quality of the visitor experience while reducing the environmental impacts 
from visitor use. This will be achieved by clarifying and disseminating visitor regulations, 
establishing dedicated tourism staff for the reserve, and measures to improve management 
of migration river crossings, which come under intense visitor pressure at key times of the 
year 

• Improve the standards of visitor accommodation facilities, including actions to support the 
rationalisation of the number and management of special campsites in the area 

• Improve tourism management systems needed to address escalating tourism management 
challenges over the years ahead, and to support the successful implementation of the Visitor 
Use & Zonation Scheme, and in particular the new complexities to area management that 
this scheme implies 

 

11.1.4 Community Outreach and Partnership Programme 

This programme aims to capitalise on and strengthen the special relationship between the MMNR and 
its neighbours, as a crucial foundation for the long-term conservation of the reserve, as well as the 
GME. 
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• Establish or enhance the management-community communication mechanisms, and 
improve community awareness and appreciation of the reserve through both outreach 
activities and the development of a new MMNR Education Centre 

• Improve the array of community benefits from the MMNR, including direct financial 
benefits, employment opportunities, and enhancing tour operator social responsibility 
programmes, as well as the development of tourism attractions in the wider ecosystem 

• Reduce human-wildlife conflict around the MMNR, in particular strengthening the financial 
sustainability of the existing “consolidation scheme” and expanding its coverage around the 
entire MMNR, as well as the piloting of more innovative conflict prevention techniques, such 
as the development of “predator proof bomas” and the establishment of a “lion guardian 
scheme” 

• Enhance conservation-compatible land use and development in the GME, with a particular 
focus in areas neighbouring the MMNR, through support for community conservancies and 
cultural village associations, as well as to support regulation and management of trading 
centres on the MMNR’s boundary 

 

11.1.5 Protected Area Operations Programme 

This programme sets out a framework designed to strengthen the effectiveness and complementarity 
of management operations within the MMNR, as well as collaboration with key stakeholders in the 
wider Mara-Serengeti Ecosystem. 

• Harmonise management systems and strengthen internal collaboration between the two 
sections of the reserve, through for example, the establishment of an internal management 
committee 

• Improve the effectiveness and efficiency of security operations to protect visitors and 
natural resources in and around the reserve 

• Address critical MMNR human resource requirements 
• Address the issues of the MMNR road network and set out a series of actions designed to 

ensure that all new developments are supporting the development of the tourism product 
set out on the zonation scheme, and/or to enhance the security of the area 
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12 APPENDIX 3. SUMMARY OF THE MMWCA CONSERVATION ACTION 
PLAN (CAP) 

12.1 Conservation targets 

The MMWCA has developed a CAP for the area of the GME that falls outside of the MMNR (Amoke et 
al., 2015) and, in developing this plan, has set out 8 conservation targets: 
 

1. Elephants 
a. Maintain the status of GOOD by conserving their habitat, movement space and grass 

availability. 
2. Lions 

a. Maintain the status of GOOD by conserving their habitat, improving connectivity 
within the ecosystem and conserving their prey base. 

3. Wildebeest 
a. Raise the status to GOOD (from FAIR) by conserving their migration routes and 

calving area as well as improving grass quality and availability. 
4. Grasslands, forests and woodlands 

a. No net loss of all key habitats in terms of area of the GME; No net reduction in 
connectivity indices for all key habitats; No net loss of landscape heterogeneity in 
the GME; Maintain both the species and structural diversity represented within the 
woodland, forest and grassland habitats. The three major habitats of the GME 
savannas were selected as conservation targets, given that they represent the 
Serengeti-Mara ecosystem spatial heterogeneity, one of the most important factors 
in driving ecosystem processes, which results in the seasonal movements of vast 
numbers of wildlife. 

5. Water 
a. Raise the status to GOOD (from FAIR) by improving water quality; Raise the status to 

GOOD by maintaining minimum flows in dry season. 
6. Maasai culture 

a. Raise the status to GOOD (from FAIR); reduce fencing; reduce household livestock 
numbers to sustainable range (50-100); increase the number of people wearing their 
traditional clothing. 

7. Tourism 
a. Raise to the status of VERY GOOD (from FAIR); reach sustainable tourism density; 

increase occupancy; improve facilities’ ecological footprint. 

 

12.2 Conservation Strategies 

Conservation strategies are the response to the most critical threats identified. Through the 
management, reduction or abatement of these threats, it is expected to improve the viability of 
conservation targets. These have been taken directly from the MMWCA CAP. 
 
Strategy 1: Land Use Planning for a Long-Term Functional Ecosystem 
Strategy 2: Sustainable Grazing and Beef Production 
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• By December 2017, sustainable grazing plans for conservancies and community areas with 
sustainable stocking rates, are developed and implementation has started 

Strategy 3: Preserving the Maasai Culture 
Strategy 4: Harmonious Coexistence of People and Nature 

• By December 2018, reduce dependency on charcoal by 40% and encourage the use of 
alternative energy sources 

• By December 2018, specific measures are in place to maintain year round flow of surface 
water 

• By 2018, understand and have in place measures to adapt or/and mitigate climate change 
impacts across the greater Mara ecosystem 

o Develop and implement a research program on the impacts of climate change across 
the GME 

Strategy 5: Financial Sustainability 
• By December 2016, livestock enterprise(s) are established with the purpose of raising 

income for the Conservancies in the medium-term 
• By December 2018, the potential of the Mara Ecosystem forests, bush lands and grasslands 

will be assessed in order to develop initiatives based on carbon credits 
• By December 2017, achieve county or/and national government financial support and 

legislative framework for conservancies 
• By 2020, the conservancies are implementing a Mara-wide conservancies tourism strategy 

to maximise tourism income while maintaining solid conservation practice 

Strategy 6: Zoning proposal 
In order to achieve the objectives of this plan and enhance the long-term viability of conservation 
targets, a zoning proposal has been developed encompassing 6 zones. It is expected that the proposed 
definition of zones and geographical location, will be ground-truthed during the first year of the CNR-
CAP implementation, in order to be gazetted and to inform the planning processes at the larger scale 
(namely, the Greater Ecosystem Plan, and the Narok County Spatial Plan). 
 

12.3 Goals 

GOAL 1: By 2020, operationalize a robust ecological and social monitoring system to improve adaptive 
management of habitat and protection of biodiversity. 

• By December 2017, in conjunction with conservancy management and communities, deter-
mine and test ecological and social indicators for the monitoring system. 

• By mid-2018, coordinate the implementation of monitoring plans in each conservancy, and 
has established suitable databases for information management.  

• By December 2018, create a mechanism within conservancy management plans to incorpo-
rate monitoring data and adapt management practices accordingly.  

GOAL 2: By 2020, support conservancies to secure at least 80% of conservancy land for conservation 
use, with a focus on maintaining contiguous landscapes 

• By December 2017, test at least one mechanism and develop a way forward, building on 
existing analyses of a financing mechanism to support conservancy land purchases for con-
servation. 
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• By 2020, with conservancy governance bodies and landowners, register 80% of leases across 
at least 6 conservancies and enforce registration in order to reduce land sales to non-
conservation uses by 80%.  

GOAL 3: By 2020, catalyze and support conservancies to optimize and diversify sustainable revenue, 
increasing overall revenue by 20%. 

• By December 2018, facilitate the incorporation of sustainable grazing practices across at 
least 6 conservancies. 

• By December 2017, facilitate the development of Mara Conservancies’ cattle enterprise 
through piloting in Pardamat Conservation Area. 

• By 2020, facilitate the roll out of Mara Conservancies’ cattle enterprise across at least 5 con-
servancies. 

• By 2020, alternative conservancy income streams contribute an additional 20% to 
conservancy revenue in at least 6 existing conservancies (measured against 2016 baseline).  

GOAL 4: By 2020, strong governance, management and benefit sharing mechanisms for 10 con-
servancies are in place leading to renewal of leases 

• By December 2017, support at least 6 conservancies to implement efficient and effective 
conservancy governance mechanisms. 

• By December 2018, Narok County government recognizes conservancies as a vehicle for 
community development and utilizes conservancies as a mechanism for social service deliv-
ery. 

• By December 2018, at least 4 conservancies have agreed to and established a single man-
agement conservancy structure, with the same number having created reserve funds to 
cover lease fees in low revenue years. 

• By December 2020, transparent benefit sharing mechanisms are in place across at least 10 
operational conservancies, and financial benefits to landowners have increased by at least 
10% over a 2016 baseline (excluding existing contractual agreements).  

GOAL 5: By 2020, foster land use planning that prioritizes conservation land use while providing 
appropriate zoning for social and economic development. 

• By December 2017, facilitate the participatory development of 4 conservancy management 
plans that comply with the Wildlife Conservation and Management Act, 2013, and its cor-
responding regulations, and support the conservancy membership to effectively implement 
and monitor the management plans. 

• By mid-2017, formalize a partnership with KWS to develop and implement the Mara Ecosys-
tem Plan, which is to be completed during 2018. 

• By end of 2017, partner with Narok County to develop and implement an interim zoning plan 
based upon MMWCA mapping and recommendations for the greater Mara ecosystem. 

• By December 2019, Narok County Spatial Plan recognizes and implements conservation as a 
land use.  

GOAL 6: By 2020, facilitate the establishment and management of conservation areas in critical 
wildlife corridors adjacent to existing conservancies in order to protect habitat function. 

• By December 2016, complete the mapping and defining of the greater Mara ecosystem, 
including identifying the critical wildlife areas to prioritize for establishment of additional 
conservation areas, buffers and corridors. 
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• By December 2018, working with partners, raise funds to cover the full cost of initial 5-year 
lease payments for up to three additional identified critical areas, including Pardamat phase 
2, Narok road buffer corridor, and one additional important wildlife corridor identified 
through Mara ecosystem mapping, while developing alternative funding for subsequent 
years. 

• By December 2020, establish Pardamat as a strong and thriving Conservation Area with 
MMWCA financial support phased out by end of 2020. 

GOAL 7: By 2020, improve public and government support for the Mara conservancies and wildlife 
conservation as a land use 

• By December 2017, develop and implement a communications and advocacy campaign to 
raise awareness of the benefits of conservancies and shift attitudes towards supporting wild-
life conservation and conservancies. 

• By December 2018, improve public and government support for the Mara Conservancies, 
against the late 2016 media perceptions baseline survey.  

GOAL 8: By 2020, catalyze and coordinate technical expertise and funding to pilot projects that 
address critical environmental and social challenges across the region of the Mara Conservancies. 

• By December 2017, coordinate existing partners (community organizations and NGOs) 
around the Mara with the aim to catalyze a Mara focused education entity to be launched in 
2017 with buy-in from all relevant parties, to consistently improve school outcomes. 

• By December 2017, leverage partnerships to pilot waste management initiatives in the 
Mara, building on lessons learnt from the waste recycling initiative in Aitong, and collaborate 
with county government and existing partners (community organizations and NGOs) to 
replicate this model around the Mara. 

• By December 2017, develop screening criteria to identify high priority environmental and 
social challenges faced by conservancy members, and engage partners to implement pilot 
projects to address those challenges. 

• By December 2017, catalyze the creation of a Mara outreach family planning programme, 
with the aim to influence population growth across the region. 

• By mid-2018, engage partners to work with conservancies to provide vocational training to 
30% of landowner families’ youth with the objective of enabling them to acquire jobs. 

• By December 2018, mobilize grassroots, government and NGO networks to support con-
servancy forest protection activities, sustain existing forest cover in operational Mara Con-
servancies, and utilize alternative energy sources across the greater Mara ecosystem. 

• By December 2018, empower and increase engagement of women, girls and youth in the 
development of conservancy management plans and county-wide natural resource manage-
ment planning, with at least 30% of participants in each conservancy and county planning 
process being youth and/or women.  

GOAL 9: By 2020, establish MMWCA as a high functioning organization in order to effectively execute 
MMWCA’s 2017 - 2020 strategy 

• By December 2017, establish a fully operational Mara Base as a hub of operations, and a 
centre from which the organization can catalyze and coordinate other stakeholders within 
the Mara. 

• By 2018, deliver on at least 80% of agreed annual individual staff performance benchmarks. 
• By 2019, achieve financial stability, with a diversified funding base and no single donor pro-

viding more than 40% of the total organizational budget. 
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• By December 2017, establish a monitoring & evaluation system to support donor reporting 
and track impact over time. 

• By December 2018, improve the effectiveness of the MMWCA conservancy council by creat-
ing efficient processes and structures, and building the necessary capacity for engagement. 

• By December 2018, improve the efficiency and effectiveness of the MMWCA Executive 
Committee (Board) by creating efficient processes and structures, and building the 
necessary capacity for engagement. 

• By 2019, strengthen requisite plans, processes and structures at operational and organiza-
tional levels, attaining an ODA index of 75%. 

• By 2020, implement communication strategy, enhancing its brand perception index by 15% 
against an early 2017 baseline (baseline to be developed).  
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