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OVERVIEW OF THE ISSUES:
NATIONAL CONTEXT, DRIVERS AND POLICY ISSUES
The practice of animal husbandry among mobile peoples makes habitation of the world’s more
marginal and variable climatic zones possible (Galaty and Johnson 1990). Pastoral livestock herders, who
subsist wholly or in part upon their animals, can make efficient use of available resources in ASAL by
using livestock to convert grasses and browse into animal protein to be consumed by people (Pratt and
Gwynne 1977; Dyson-Hudson 1980; Lamprey 1983). Livestock serve many roles in pastoral society: as
both the means and outcomes of production, as sources and objects of labor, as values, and as social,
cultural and capital goods (Galaty and Johnson 1990). Pastoralists have adapted to the inherent and
historical risk of climate variability in ASAL. However, land excisions and other restrictions on resource
access present new risks that decrease resilience and system stability. Depending on regional economic
activity, expansion of national parks and other protected areas actually may reduce both the degree of
wildlife conservation as well as local human welfare (Johannesen 2006). Climate change is expected to
increase variability, further amplifying these risks.
Human land-use strategies simultaneously shape and are shaped by ecological patterns and
processes, with wider linkages to political and economic drivers (Burnsilver et al. 2003). The drivers of
land use changes are ultimately population growth, economic expansion, social and environmental human
displacement, and poverty. The complex contexts of change must be thoroughly considered, or
implications and cause and effect may be misinterpreted. Drivers are both additive and interactive,
creating a complicated set of outcomes for people, their livestock, the physical and vegetative
environment, and wildlife. All of these forces influence the current trend of land-use change, creating a
context for the pastoral land-use and policies.
Pastoralists have used the arid and semi-arid lands (ASAL) of Tanzania for millennia (Spear and
Waller 1993). Because Tanzanian pastoralists share landscapes with wildlife, the policies that generally
have the greatest impact on them are those that protect wildlife, either directly through wildlife policy, or
indirectly through land use policy and land tenure decisions that are usually made at the national level.
Land tenure and conservation policies form an important context for contemporary pastoral land-use
patterns, as well as for household economics and livelihoods. These in turn have strong implications for
ecosystem integrity and sustainability. Feedbacks between pastoralist land use, as well as some other
types of land use, and wildlife populations are often negative. One such land use is cultivation, which is
increasingly used by pastoralists and others on the Tanzanian landscape.
Pastoral land use has been widely contested since before the creation of Serengeti National Park,
the Nation’s first national park, in 1951. While extensive livestock herding as practiced by traditional
pastoralists is now generally accepted as being compatible with wildlife (Nelson 2000), cultivation in
these ecosystems is still not believed to be consistent with wildlife conservation goals (McCabe 2003;
Boone et al. 2006). Lambin et al. (2003) found that as 60,000 hectares of Serengeti-Mara rangelands
were converted to mechanized agriculture during the period 1975-1995, the total wildlife population
simultaneously declined by 58%. Lambin’s study determined that land conversion to agriculture was
driven by markets and national land tenure policies, while associated changes in wildlife numbers were
driven by the location of cultivation in critical wildlife resource areas. In the Tarangire-Manyara
Ecosystem (TME) of northern Tanzania, several forces have acted to disrupt historical ecosystem
function, and possibly sustainability, thereby increasing the vulnerability of both wildlife and human
populations. Wildlife in and around Tarangire National Park (TNP) had documented declines from 19882001, with wildebeest declining by 88%, hartebeest declining by 90%, and oryx declining by a full 95%
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in just those thirteen years (TAWIRI 2001). Newmark (2008) surmised that this is related to the
expansion of agriculture adjacent to TNP, and many wildlife managers concur. Recent research,
however, suggests that some level of cultivation does not have as large an impact on wildlife distributions
as might be assumed, since some migratory species impacts are limited to area loss and do not extend
beyond the cultivation boundary, while others actually utilize cultivated fields for forage or cover (Lynn
2010b).
Changes in pastoralist access to grazing landscapes are occurring throughout Tanzania as a result
of governmental policies, political boundary and land tenure changes, livelihood diversification and land
use changes by both others and pastoralists themselves. Traditional social networks and institutions may
break down as communities become less involved in decisions regarding land management, and as
decisions made at a higher level replace or obfuscate these traditional networks and institutions of
common use. Some of the most influential changes include the creation of protected areas and
wildlife/land use policies, the villagization program of the 1970’s, and the expansion of area under
cultivation. Land tenure, land use and wildlife regulations of many forms aim to protect natural resources
from human use and destruction. In Tanzania, all land and all wildlife belong to the state to be held in
trust for the Country’s citizens. Population growth also interacts with these changes to impact the per
capita land base.
National Wildlife Policy
Current wildlife policy’s state ownership and control of wildlife resources perpetuates the
“wildlife-first” philosophy of old-school biodiversity conservation (Shauri 1999)1. This signifies distrust
in local populations’ ability to manage wildlife, and disenfranchises them of true control of this resource
through ownership. In addition, the Tanzanian Wildlife Policy of 2008 includes provisions that the
President, after consulting the relevant local authorities, may use discretion to “declare and prescribe
regulations to govern the management of any area of Tanzania” to be a protected area (Tanzania Ministry
of Wildlife 2009, Part IV). The status of any area that contains wildlife at any time during the year is, in
effect, at the discretion of the President and the Minister of Wildlife.
National Parks
The most stringent restrictions on pastoral land use and access are implemented with the creation
of national parks, since this class of protected area involves eviction of local residents and a moratorium
on consumptive use of natural resources. Throughout the world national parks have been established
based on western ideologies in non-western systems, generally with the aim of preserving an ecosystem’s
local floral and faunal biodiversity in a ‘pristine’ state relatively untouched by human exploitation or
occupation (Leader-Williams and Albon 1988), and to provide space for interacting and mutually
dependent non-human species (Callicott et al. 1999). But this protectionist ideology did not take into
account that many ecosystems now protected (or partially protected) from human use actually evolved
with land uses that helped to shape the very ecosystems that the policies were developed to protect. In
addition, the loss of access to resources and restrictions on land use that come with the creation of a
national park can restrict livelihood options of local pastoralists and other people. As a result, many of
the areas outside of protected areas of Tanzania have been plagued with poor relations between local
people and land management decision-makers since colonial times.
Upon the creation of a national park, the displacement of local people creates a direct problem for
the evictees as they are re-located, and also a secondary problem for the residents of the area into which
they are moved as local population density, and hence pressure on the local natural resource base, is
1

A new Wildlife Policy Act of 2008 has been created since the Wildlife Policy Act of 1998, but this statement
remains relevant.
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increased. In addition, competition and conflict may ensue if cultural groups are juxtaposed on the
landscape. Because PAs are frequently designed to protect key resources such as permanent water,
grazing areas, and other resources that pastoralists historically shared with wildlife, the removal of these
areas from pastoral use represents both a loss of area and a reduction in available options. As accessible
area is decreased in heterogeneous landscapes with patchy resource arrangements and availability, access
to heterogeneity decreases as well (Boone et al. 2000). New options or new locations may be less able to
provide resources of sufficient quantity and quality for livestock herd maintenance compared to historical
land-use zones. The concentration of pastoralists’ livestock in either smaller areas or in seasonally
inappropriate areas taxes the vegetative resilience of these areas, and people’s ability to cope with
sporadic drought may be marginalized. In addition, traditional ecological knowledge of the historical
land use base is lost (Goldman 2003).
Wildlife Management Areas
The planned establishment of conservation-oriented Wildlife Management Areas (WMAs)
presents one of the most sensitive recent conservation initiatives of northern Tanzania (TANAPA 1994;
Severre 2000; TWWG 2002; Goldman 2003; Igoe 2006; Lynn 2010b). WMAs are intended as a measure
of protection for wildlife outside of established national parks, and were officially proposed as the
community-based wildlife management centerpiece of the Wildlife Policy of Tanzania in 1998. The three
primary goals of WMAs are to 1) promote wildlife conservation in wildlife habitat buffer zones outside
core protected areas, 2) give management responsibility of these areas to local communities, and 3)
ensure tangible benefits from wildlife conservation for 3.5 million people in local communities (Severre
2000). However, the true degree of local participation in and benefit from this program is under debate as
the creation process is extremely bureaucratic and approval of proposals ultimatelyresides with the
Tanzanian government (see Igoe 2006; Goldman 2009).
Villagization
Villagization (‘Operation Imparnati’ in Swahili) was implemented by the Tanzanian government
during the period 1973-76. This program’s goal was to settle pastoralists into centralized villages with
government representatives and schools. Like many modern political efforts to impose boundaries of any
form onto the landscape, villagization disregarded customary land rights, existing land-use patterns and
management practices, and culture (Igoe and Brockington 1999; Igoe 2003). One of the major tasks of
Operation Imparnati’ was to encourage cultivation in the hopes that peasant contribution to the national
economy would increase, making the land more productive and valuable to the national economy than it
was under subsistence livestock herding (ole Parkipuny 1979; Jacobs 1980; Ndagala 1982), but the ability
of the pastoral landscape to produce a predictably abundant crop and reliably support livelihoods was not
considered. The past encouragement of cultivation in the 1970s also creates confusion for the more
recent discussion of restricting cultivation.
Cultivation
The area of the landscape being cultivated is increasing in many areas of Tanzania, by both
traditional agriculturalists as well as by pastoralists and others who are diversifying their livelihood
options to produce either homegrown food or a cash crop. There are physical and institutional limits to the
amount of space available for cultivation. In the pastoral zone, grazing pastures must be left open for
livestock, and local rules are negotiated regarding where cultivation can and cannot take place (Lynn
2010b). In many pastoral areas village governments are allocating land to individuals in the form of 99
year leases since in Tanzania all land is property of the State and cannot be legally owned by individuals.
Fragmentation of the landscape may isolate individuals as resources within parcels run out and routes to
widespread resources of the former commons become blocked.
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LARGE-SCALE COMMERCIAL CULTIVATION EASEMENTS
Large-scale commercial cultivation easements have been awarded to outside, and often foreign,
investors in northern Tanzanian highlands. These farms have commandeered important water and grazing
resources from pastoral use, not surprisingly claiming lands with the earliest and highest rainfall. This
has not only reduced the grazing area for both livestock and wildlife, but it has led to a significant loss of
early, predictably-good grazing pastures and reserves. Additionally, now that cultivation has become a
common household activity for pastoralists, the areas that are most suitable and productive for this
enterprise are no longer available for Maasai use.
SMALL-SCALE CULTIVATION BY PASTORALISTS
Baxter (1975) outlined three general categories of pastoralists: 1) ‘pure’ pastoralists who do not
cultivate, 2) those people who consider themselves pastoralists but rely upon other means to supplement
their pastoral production, particularly cultivation, and 3) people who rely primarily upon agriculture for
subsistence, but maintain strong pastoral values. Many pastoralists, particularly Maasai pastoralists of
northern Tanzania and southern Kenya, are now cultivating. In northern Tanzania cultivation by Maasai
began in the late 1960’s, and the area being cultivated by Maasai is increasing both as younger
generations begin cultivating for their own families, and as seasoned cultivators expand the size of their
fields through mechanization.
IN-MIGRATION OF SMALL-SCALE AGRICULTURALISTS
An increasingly important segment of the cultivating population is being formed by small-scale
agriculturalists who are moving into drier zones as space in wetter agricultural areas runs out. In 20022003 after the creation of the new Manyara Region, non-residents were encouraged to move into
Simanjiro, an area that had been inhabited primarily by Maasai pastoralists for hundreds of years.
Typically, agriculturalists sub-lease plots from Maasai who do not have the labor, cash, or know-how to
cultivate large plots that they may have been allocated by their village. These outsiders are also often
hired by Maasai to cultivate in key areas that they are attempting to secure from the threat of protected
area expansion or other external land acquisition threats.
Analyses by Burnsilver et al. (2003) have demonstrated that some areas of the landscape are, over
time, more productive than other areas despite variation over time. But productivity is just one of many
important system qualities that can be concentrated in particular areas of the landscape. Other system
qualities that are or can be consistently more available in defined areas include high-mineral soils, high
quality forage (for grazing or browsing), higher elevation early rainfall zones, and permanent water.
Within large regions of low productivity, the small proportion of the landscape that is highly productive is
extremely important to regional biodiversity and critical for the survival both of local endemic species
and of widespread species that depend on these refuges during critical times of the year. (Huston 2005).
Key resources are also critical to maintenance of livelihoods in these regions. For cultivators, soil texture
and quality are highly variable across landscapes, making some areas more conducive to cultivation
success. When desirable landscape attributes for one type of land-use overlap with the desirable attributes
for another, then conflict can occur. In semi-arid Tanzania, the portions of the landscape that receive the
greatest, most predictable, or earliest rainfall are important reservoirs of rare resources or rare reliability
that are under demand by multiple land uses, and tend to be a source of contention.
In Tanzania, particularly in the northern tourist circuit, the problem of how to balance
conservation and sustainable land management with meeting resident human welfare needs has been
debated fiercely. Conflicted areas across the northern region include Simanjiro (Borner 1985; TANAPA
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1994; TCP 1998; Igoe and Brockington 1999; van de Vijver 1999; Voeten and Prins 1999; Goldman
2003; Igoe 2003; Kallonga et al. 2003; Igoe 2006; Cooke 2007; Hansen and DeFries 2007), the
Ngorongoro Conservation Area (ole Parkipuny 1981; Mascarenhas 1983; Arhem 1985; Makacha and
Frame 1986; Homewood and Rodgers 1991; McCabe et al. 1992; McCabe et al. 1995; Perkin 1995;
Kijazi 1997; Perkin 1997; Smith 1999; Lynn 2000; Boone et al. 2002; Galvin et al. 2002), the Loliondo
Game Controlled Area (LGCA) east of Serengeti National Park (SNP) (Smith 1999; Lynn 2000;
O'Malley 2000), the western side of SNP (Hilborn 1995; Sinclair 1995), and Mkomazi Game Reserve
(Mustafa 1997). Pastoral areas of central and southern Tanzania are less studied, but also present difficult
cases of balancing local livelihoods with conservation interests.
August et al. (2002) suggest that carefully constructed zoning regulations can prevent destructive
land-uses in sensitive ecosystems. However, political decisions that are made at a higher-than-local level
divide communities from nature conservation, and may partition the landscape along new, and not
necessarily ecologically-relevant, lines (Goldman 2003). In highly variable non-equilibrial ecosystems,
strict land-use zoning regulations may prove counter-productive as they restrict the efficient tracking of
resources by wildlife and domestic livestock. Compression of pastoral territory has resulted in declines in
wealth and the ability of families to survive on cattle alone; thus land loss and poverty can be seen as
closely correlated (Cooke 2007), and a proportion of cultivation expansion, though not all, can be
attributed to these changes.
In order to be locally appropriate, land-use policies and development interventions need to be
designed with the fundamental spatial and temporal dynamics of target system resources in mind so that
interventions and policies facilitate rather than constrain local strategies of access (Ellis 1988). If not
made in a collaborative manner, the bureaucratic requirements of politically-made land-use decisions may
in essence take community lands out of the control of local people to put them under the control of district
authorities (Goldman 2003).

IMPACTS OF CLIMATE VARIATIONS ON PASTORAL ECONOMIES AND
RANGE OF ADAPTATION STRATEGIES
In Tanzania, the relationship between land-users and governmental and non-governmental
agencies is characterized by debate regarding the impacts of land-use on the landscape, wildlife, and
biodiversity in general. In many areas conflict has arisen among land-users and between land-users and
land managers, since the consequences of changing land-use are felt by people, their livestock, vegetation,
and wildlife alike. But climate and ecological conditions also affect land users, as different land uses
require appropriate ecological conditions to achieve success. As climate variations ranging from shortterm droughts to long-term climate shifts occur in East Africa, the ability of people to maintain their
livelihoods in their traditional lands using traditional methods is likely to be impacted, particularly when
these fluctuations are layered with other livelihood stresses (Lynn 2010a; 2010b).
Arid to semi-arid rangelands cover approximately one-third of the Earth’s land surface (Galaty
and Johnson 1990). Rangelands encompass vegetation formations that range from grassland with or
without shrubs, bush, woodland, and savannas. The term “rangeland” recognizes the spatial, temporal
and ecological continua across which these habitats occur in arid and semi-arid lands, as well as the often
transitory state of the systems themselves (Homewood 2004). Vegetation structure varies from 100%
grass cover, through woodlands with up to 80% canopy cover, to pastures within dense forest (Lambin et
al. 2001). A combination of disturbances from spatially and temporally variable rainfall, to fire, grazing,
browsing, and other disturbances and land-uses create a dynamic and patchy rangeland landscape (Ellis
1988; Ellis et al. 1991; Behnke and Scoones 1993; Ellis and Galvin 1995; Swift et al. 1996). Some
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rangelands may be determined either edaphically or climatically (Sankaran et al. 2005), however the
activities of resident and migratory wild grazers and browsers along with those of people and their
livestock also impact vegetative structure. In fact, research has demonstrated that, rather than being a
source of widespread degradation in tropical rangelands, grazing livestock actually serve to maintain
these areas (Oba et al. 2000).
Rainfall is a dominant driver of ASAL land cover and constrains human land-use (Ellis and
Galvin 1994). Temporal rainfall patterns influence the balance of crop cultivation and pastoral land-use,
as well as the degree of integration of these two land-uses. Whereas a unimodal rainfall regime favors
agriculture due to a more concentrated and predictable growing season, a bimodal pattern of rainfall in
ASAL, such as that found in Tanzanian rangelands, favors pastures, woody plants, and pastoral land-use
(Ellis and Galvin 1994). In most African semi-arid savannahs, rainfall is highly variable and a major
determinant of inter-annual variability of crop and livestock yields (Mace 1993; Ellis and Galvin 1994).
As such, the more arid areas tend to be inhabited by the more purely pastoral people (Lamprey 1983).
This makes possible the exploitation of areas that are too marginal for most other uses (Galaty and
Johnson 1990).
Nomadic pastoralism is the dominant land use over one eighth of the Earth’s land surface, and
was once even more extensive (Lamprey 1983). In ASAL, traditional land-use practices are adapted to
track temporal and spatial fluctuations in the availability of local resources, and as a result the impact that
people have upon the ecosystem is spread across a large, contiguous area (Ellis and Swift 1988; McCabe
et al. 1988; Coughenour 1991; Ellis et al. 1991; Behnke 1994; Ellis and Galvin 1994; Ellis and Galvin
1995; Scoones 1995; Swift et al. 1996; Coppolillo 2000; Coughenour 2008). Pastoralists traditionally
reduce risk from spatio-temporal variations in resource availability through a multitude of adaptations.
These include livestock movement and migrations to track forage and water availability, herd
diversification to multiple species (spreads risk across species), and social programs such as stock
associations and wealth re-distribution from wealthy to poor (Potkanski 1999).
Pastoralism has existed in East Africa since sometime between 3000 BC (Spear and Waller 1993)
and 2000 or more years ago (Lamprey 1983; Homewood and Rodgers 1984). While the early Maasai of
Tanzania and southern Kenya did cultivate at times in addition to herding livestock, a series of droughts
in the eighteenth and nineteenth centuries reinforced specialized Maasai livestock herding under the
difficult conditions (ibid). Historically, complex pastoral exchange networks insured against catastrophic
losses by scattering herds amongst far-flung associates (ibid). Access to other resources was maintained
through multi-cultural exchange and networks outside of Maasai society (ibid). These relationships and
semi-permeable social and ethnic boundaries became the primary control of access to critical resources
(ibid). These negotiated relationships still exist today, but new policies, education, development,
modernization, and climate change in the form of suspected increasing variability and more frequent
extremes, have all influenced trajectories of change for Maasai.
Pastoralists typically employ multiple herd management techniques to buffer their losses in
difficult times. For instance, Maasai pastoralists of Tanzania herd a mixture of cattle, goats and sheep.
These complementary herd species allow livestock to take maximum advantage of available resources in
different ecological niches, similarly to wild species assemblages (Lamprey 1964; Campbell 1981; Swift
et al. 1996). Mixed herds also ensure that the herd owner is buffered against species-specific disease
outbreaks (Lamprey 1983; Galaty and Johnson 1990; Reid et al. 2008). The ratio of species herded
depends on cultural preferences, environmental parameters and the personal choices of the herders
themselves (Cooke 2007). In years following drought, the proportion of livestock held in the smallstock
(sheep and goat) herd will increase because smallstock reproduce at 2-4 times the rate of cattle, one to
four kids per year as opposed to one birth every year and a half to two years for cattle (Lynn, unpublished
data; Dahl and Hjort 1976; de Leeuw et al. 1991)), so they are particularly useful and important after
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droughts and other disasters. Goats are frequently sold for cash, given as gifts, or slaughtered for food or
ceremony because the amount of money and food generated by a single goat is optimal for day to day
transactions.
Herd size is opportunistically increased during good years in anticipation of future losses
(Campbell 1981; Sandford 1982; Galaty and Johnson 1990; Swift et al. 1996). While herd size can vary
significantly from year to year based upon conditions, the herd structure of cattle herds is remarkably
predictably managed to consist of a large proportion of females, in accordance with the aims of a
enterprise focused on milk production. African Zebu (Bos indicus) is the tropical humped, small-statured
cattle breed herded by the Maasai (Lamprey 1983). This breed of cattle is more tolerant of drought
conditions than western breeds, can be moved quite long distances, and can go without water for two to
three days (Pratt and Gwynne 1977, p.147). But drought can be catastrophic even for Zebu herds, and the
increase in rainfall variation and extremes that may result from climate change in East Africa would be
difficult to recover from.
Ecosystem function and sustainability of the Maasai livestock grazing system is dependent upon
the availability of adequate land to distribute wet and dry season grazing pressure. If the landscape
becomes fragmented or habitat area is lost, pastoral movement becomes restricted to smaller areas in
which resources may be inadequate, unpredictable or not diverse enough. Historically when rains failed
in one region herders were able to use social networks to negotiate a temporary move to more distant
areas with green pastures (Spear and Waller 1993), but when areas are blocked from use or boundaries are
established these moves may prove impossible. Pastoral mobility allows pastures that have been grazed
to recover before they are needed again, but sedentarization and movement restriction do not allow this
recovery and can therefore lead to changes in pasture quality (Cooke 2007; Coughenour 2008; Reid et al.
2008) as well as livestock condition and survivability (Ellis and Swift 1988).
Pastoral access to communal lands is based on complex social, cultural, and historical norms and
conditions that historically have maintained flexible access to resources across space and time (Turner
1989; Ostrom 1990; Burnsilver et al. 2003). Pastoralists access temporally and spatially-variable forage
and water through reciprocal rights to common pool resources that may belong to other people (Galvin
2009). Exchange of resource access among spatially separated groups provides a mechanism of access to
external resources that can buffer populations against widespread, catastrophic shocks that even regular
movement regimes do not have the capacity to accommodate. The creation of social alliances through
marriage, friendships, family, and distribution of livestock to those in need within these groups also serve
to buffer households against severe events (Galaty and Johnson 1990). Alliances are called upon in times
of hardship to re-build herds that have been devastated, but as the spatial scale, magnitude and frequency
of drought increase, these buffers become less effective and recovery more difficult.
Today, cultivation by pastoralists, while bringing this land use to a more marginal and variable
environment, increases the number of available options for food production, thereby increasing
adaptability and resilience to livelihood threats. Mace (1993) created a model to ask when pastoralists
will improve their livelihoods by diversifying into cultivation and, if they do, whether they should store
the surplus grain or invest it in their livestock. The purpose of this exercise was to identify strategies that
could maximize long-term survival. The resulting model indicated that for subsistence herders,
diversification into cultivation was based on need, or the inability to meet minimum household production
requirements from livestock alone. Herd recovery after a die-off can take years, with each year’s growth
potential dependent on population at the start of the year. Cultivation each year is independent of the
preceding year, and therefore acts as an important livelihood safety mechanism despite years where loss is
incurred (Lynn 2010a).
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Because of the inherent environmental uncertainty of semi-arid rangelands that stems from shifts
in resource availability across time and space, these areas are by definition non-equilibrial systems
(DeAngelis and Waterhouse 1987; Ellis and Swift 1988; Westoby et al. 1989; Behnke and Scoones 1993;
Behnke 1994; Perrier 1994). In non-equilibrial systems, frequent and unpredictable system shocks (such
as drought) prevent wild and domestic animal populations from reaching a constant “carrying capacity”,
the point at which resource limitations spur competition for forage and water and density-dependent
effects come into play. Extensive use of the landscape is crucial to accessing widespread but necessary
resources in non-equilibrial systems. This pattern of use historically held true both for wild animals and
for people and their domestic livestock.
People and animals have co-evolved with intact, unfragmented rangelands in most of the drylands
of the world, where pastoral economies have existed for thousands of years (Hobbs et al. 2008). Pastoral
land uses reflect intimate knowledge of these landscapes, and the spatial and temporal complexity of
pattern, process and the interactions between them that are inherent to these ecosystems (Coughenour
1991; Scoones 1995; Goldman 2003). Ellis and Swift (1988) concluded that in the pastoral Turkana
ecosystem of northern Kenya, access to important spatially expansive resources allows local pastoralists
to persist through periods of extreme stress with minimal degradation and famine. If these resources were
not available, then the human and livestock populations would need to be maintained at much lower
levels in times of stress in order to avoid extensive livestock losses and famines. Pastoralists access
temporally and spatially-variable forage and water through reciprocal rights to common pool resources
that may belong to other people (Galvin 2009). Exchange of resource access among spatially separated
groups provides a mechanism of access to external resources that can buffer populations against
widespread, catastrophic shocks that even regular movement regimes do not have the capacity to
accommodate.
Land tenure and land-use changes have precipitated fragmentation in these extensive pastoral
rangeland systems (Galvin 2009). Fragmentation of once contiguously intact rangelands spatially isolates
portions of the landscape, leading to compartmentalization of important components of the environment
(Boone and Krohn 2000; Coughenour 2004; Hobbs et al. 2008; Reid et al. 2008; Galvin 2009). The
actual physical arrangements of landscapes and the manifestations of change (such as fences, cultivation,
or political boundaries) that are occurring within them are highly variable from place to place. But the
reduction in the scale of landscape access and heterogeneity that results from fragmentation presents a
real challenge to pastoral livestock and resident and migratory wildlife to access all ecosystem
components necessary for individual survival and maintenance of populations.
In recent years it has become more widely recognized that the need of pastoralists for large
grazing areas is complementary with the needs of many of the wild ungulates that share the pastures
(Nelson 2000). The idea of pastoral livestock compatibility with wildlife has, as a result, become more
acceptable. However, cultivation in these systems is still not believed to be consistent with wildlife
conservation goals (McCabe 2003). Natural restrictions on wild ungulate distributions may include
factors such as forage abundance, water availability, competitive or facilitative interactions with other
wildlife or livestock, and risks of predation (Sinclair and Norton-Griffiths 1982; Sinclair and Fryxell
1985; Fryxell 1995). But in addition to natural restrictions on distributions, since most large-bodied
wildlife species range widely over diverse landscapes, human land-use within those landscapes may affect
access to resources (Sundaresan et al. 2008; Groom and Harris 2010).
When planning landscape policy, multiple stakeholders make different demands on the landscape
and hold different perceptions of the benefits that landscapes must deliver to society (Termorshuizen and
Opdam 2009). Maintenance of populations, species, ecosystems, and the flows of goods and services to
humans is going to require increasingly active management as a result of landscape transformations
(Vitousek 1997). Changes in landscape structure may also make these areas more susceptible to extreme
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events. Measurable indicators and knowledge about how they relate to ecological, social, and economic
values and benefits are necessary (ibid). In order to reduce the impact of land-use disturbances on native
species composition, population sizes and community structure, planners and managers generally aim to
1) maintain corridors between tracts of native habitat, and 2) retain the largest sizes of remnant patches
that is possible (August et al. 2002). These two key management principles of maintaining habitat area
and connectivity are basic tenets of conservation biology that are directly transferrable to pastoral
landscape use and management.
Spatial isolation in grazing ecosystems limits the ability of people and both wild and domestic
animals to exploit heterogeneity in vegetation (Coughenour 2008; Hobbs et al. 2008; Reid et al. 2008). It
also limits the ability of people and animals to access spatially and temporally variable water resources.
The exclusion of key, predictable resources from use is particularly damaging during times of intense
stress when those resources are absolutely needed. In addition to limiting access to resources,
fragmentation can also potentially increase vulnerability of these groups by decreasing options to avoid
risks such as drought, disease, fire and flood. In effect, pastoralists are forced to reconfigure former
highly functioning and resilient social-ecological systems into sub-optimal systems that may compromise
the long-term sustainability and persistence of each and every system component.
By limiting access to resources, fragmentation potentially can increase vulnerability of wildlife
and livestock (and hence people) by decreasing options to avoid risks such as disease, fire and floods. In
effect, as a result of the loss of critical resources to conservation protections, pastoralists are forced to
reconfigure the former highly functioning and resilient social-ecological systems into less optimal
systems that may compromise the long-term sustainability and persistence of all system components. The
process of enacting protections for one component, such as wildlife, acts to disrupt the integrity of the
ecosystem as a whole, having disproportionately negative effects on other components (Lynn et al. 2010).
While historic pastoral land-use did not include extensive or long-term cultivation by pastoralists
themselves, it did involve trade with agriculturalists to obtain grain foods (Spear and Waller 1993). Over
recent decades, pastoralists in many of the more productive semi-arid areas of East Africa have begun to
cultivate. As opposed to the existing grass and browse that must be converted to milk and meat by
foraging livestock, cultivation may serve to increase the ability of inhabitants to acquire resources
sufficient to support their families by providing another energy pathway for human subsistence. In
addition, since livestock are allowed to forage in the fields after harvest, they benefit from the new
landscape arrangement, while simultaneously depositing and concentrating livestock-generated nutrients
in cultivated areas, possibly increasing crop productivities. But there is a question as to the amount of
profit (food and/or cash) that can be generated by cultivating in semi-arid rangelands. What is clear is
that cultivation may affect the accessibility and availability of resources in semi-arid landscapes.
Many of the actions that result in fragmented landscapes are intended to enhance human welfare,
and at times measurable enhancements in people’s livelihoods and well-being are realized (Hobbs et al.
2008). However, there are also many cases of landscape fragmentation that have resulted from the
placement of political boundaries, land tenure arrangements, or the creation of protected areas to protect
wildlife and natural resources that have not served to benefit local livelihoods. Whatever the rationale
behind the change in landscape arrangement and access in multi-sector social-ecological systems,
multiple users may be impacted differentially, and the implementation of mechanisms to improve
resilience in one sector may actually increase vulnerability in another (Lynn 2010a; 2010b).
Pastoralists can sometimes thwart the negative implications of somewhat permeable
fragmentation (not habitat loss) through the herding of livestock around barriers that wildlife may be less
able to circumvent, and therefore are theoretically less susceptible to negative implications of habitat
conversion than wildlife species. But the loss of habitat to alternative land uses poses a risk to both
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domestic and wild species. In addition, while cultivation forms clearly discrete patches on the landscape,
the perception of cultivation by wildlife may not be so black and white; the matrix around cultivation may
not be unvaryingly suitable, it may rather contain gradients of suitability that are perceived differently by
different species.
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RESEARCH AND PILOT PROJECTS IN TANZANIA [IN PROGRESS]
Overview of research or pilot projects in Tanzania: Agriculture and pastoralism/pastoralist adaptation
•
•
•
•
•
•
•
•
•
•
•
•
•

CSU: S. Lynn, Nicole Smith – NCA/LGCA
CSU: S. Lynn – Simanjiro
CSU: Eli and Linda - Serengeti
CSU: Sarah Day Maissoneuve – Ruaha
PSU: Maureen Biermann – NCA/Serengeti
UNC: Amy Cooke, Simanjiro
CU: Mara Goldman, Simanjiro
Oxford: Hassan Sachedina, Simanjiro
CU: Alicia Davis, Nicole Smith, E.B. O’Malley (Simanjiro, NCA, LGCA)
CU/UF: Terry McCabe, Paul Leslie, Tim Baird, Mike Binford, Abe Goldman (Simanjiro)
NGOproj: Maliasili: (Fred Nelson)
NGOproj: Ujamaa CRT (Maanda Ngoitiko)
NGOproj: Engiteng (www.engiteng.org)

CASE STUDY: CULTIVATION, LIVELIHOODS AND WILDLIFE
CONSERVATION IN THE TARANGIRE-MANYARA ECOSYSTEM
The 20,000 km2 Tarangire-Manyara Ecosystem (TME) of northern Tanzania is an ecosystem
comprised of management zones that range from two strictly protected national parks – Tarangire
National Park (TNP) and Lake Manyara National Park (LMNP) – to the largely unregulated (at the
national level) pastoral village lands of the Simanjiro Plains east of TNP (Figure 1). But these protected
areas cover only 15% of the ecosystem. As noted by (Gamassa 1995), “The Tarangire River that bisects
TNP from north to south is the only source of water for wildlife in the dry season. From the dry months
of June to October wildlife congregates in the park for grazing and watering.” During the wet season a
large proportion of wildlife disperse out of the Park and into the Simanjiro Plains to access widely
available forage and water resources in the village lands.
What is often not recognized by the wildlife management stakeholder group is the fact that to this
day the Tarangire River and associated swamps remain the only predictably perennial water source in the
whole of Simanjiro. Prior to the creation of TNP, pastoral livestock followed the same seasonal
migration as wildlife. Creation of the Parks eliminated these key dry season resources from the Maasai
pastoral repertoire. Cultivation by commercial investors who were awarded large land allocations in
more mesic areas of Simanjiro in the 1980s and 1990s further reduced options for pastoralists (Igoe
2006). Disenfranchisement of extensive and historically important forage and water resources has limited
the capability of local Maasai pastoralists to endure prolonged and severe droughts (J. Ellis, personal
communication). In recent decades, Simanjiro Maasai have diversified their livelihoods from pure
pastoralism into mixed pastoralism, cultivation and gem trading. Gem trading activities are important
because of the contribution they make to land use change through cash inputs.
Wealth that is being generated through new diversification initiatives in the East African region
has in some cases undermined some Maasai social relationships through a widening gap in social
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stratification; impacts are differentially negative for the poor because the options available to the poor are
so few, and the poor can only afford to act on them primarily out of necessity or desperation (Thornton et
al. 2007; Galvin 2009). It is possible that the Simanjiro wealth gap is widening as a result of cultivation
in this marginal area. Many regions of low food security [such as Simanjiro] rely on local agricultural
production to provide their food supply, with local producers both consuming and selling their food
products in local markets (Brown and Funk 2008).
The increase in cultivation by both outside commercial interests and by Maasai themselves has
precipitated a change in landscape composition, and likely associated landscape function. The reason that
land-use change in this area is so interesting is that migratory wildlife spend greater than six months of
any given year outside the protected areas during the wet season, grazing alongside domestic livestock in
the ‘unprotected’ pastoral rangelands. Since forage inside park boundaries is insufficient to sustain these
wildlife year-round, maintenance of wildlife access to these pastures has been a focus of Simanjiro
conservation initiatives for decades. At the same time, these pastures sustain pastoral livestock herds and
support intermittently-successful dryland cultivation by both locals and outsiders. A research project was
developed to simultaneously investigate the degree of benefit that people realize from cultivation, and to
measure the impact that cultivation has on wildlife distributions (Lynn 2010b). Results from such a study
could potentially present an opportunity to ease conservation-livelihood conflict by presenting objective
evidence upon which to make management decisions.
In Simanjiro, land allocations are occurring mainly to prevent government interference in landuse and expropriation of grazing pastures and water resources to expand protected areas. Very few
Simanjiro households are pure pastoralists (as defined by Baxter 1975)), since nearly all households that
took part in this study were cultivating in 2003. In all three study villages newly allocated plots have
become smaller over time as space becomes more limited. In some of the villages of Simanjiro, all
available land has already been allocated to individuals (McCabe 2006, personal communication), so
future generations of herd owners will need to subsist off of sub-divided plots inherited from their fathers.
Cultivation has not only become an important part of Simanjiro household economy and food
production, but is also becoming part of the cultural identity and one measure of Simanjiro Maasai wealth
J.T. McCabe, personal communication).2 Simanjiro Maasai were encouraged to begin cultivating as part
of Operation Imparnati (Igoe 2006), since cultivation was seen as a more ‘proper use of the landscape’
(M. Goldman, personal communication). This changed the face of the landscape, as well as that of
household economies. As people began cultivating, labor resources were diverted away from livestock
herding to planting, weeding, guarding, and harvesting of the fields. This meant that it was necessary for
households to remain sufficiently proximal to their fields in order to tend to them. The number of mobile
people and distances that could be traveled in search of livestock forage and water was at times restricted
by the needs of the fields and available labor.
The area under cultivation has continued to increase. At the time of this study nearly every
informant in the study cultivated at minimum a small garden, with most cultivating several acres. A few
wealthier Maasai households have been able to invest in fields of 50-100 acres or more. The financial
implications of cultivation are many. In good years with good timing, adequate rainfall and minimal pest
destruction (by both wildlife and insects), losses are small and net income from cultivation in either food
or cash is positive. Many years, however, rains are late or fail, the timing of the planting is wrong, or
2

During the time of this study 2003 few individuals mentioned cultivation as an indicator of wealth, only
livestock and children were counted. However in 2006 during fieldwork conducted by J.T. McCabe,
cultivation was mentioned as one of the means through which individuals could attain wealth, in addition
to the more traditional measures of number of livestock and number of children that I encountered in
2002-2004.
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crops are destroyed by pests. Some years all of these occur at once. In these years most households are
left with a total loss of their planting investment. Unfortunately, poor conditions for cultivation usually
mean poor conditions for livestock, leaving households with weak and dying livestock, little or no grain,
high grain prices, and low livestock prices. This combination can wreak havoc on household economies.
While many Simanjiro residents farm to alleviate poverty and hunger, even those who do not
need to farm for food are encouraged to do so by the local village government to protect the land from
outsiders (Cooke 2007). Cooke discusses how, unlike economic diversification which is a decision based
on household and family group needs, the decision to subdivide land and [strategically] cultivate is
collectively made at the sub-village and village levels (Cooke 2007). The development of conservation
zones to protect wildlife has unintentionally forced land use choices that may be detrimental to wildlife
preservation in critical areas outside protected areas (ibid).
In the early 1990s Maasai from Simanjiro became active in the tanzanite gem trade (McCabe
2007, personal communication), normally acting as traders or middlemen. Tanzanite is the most common
gem that is traded by enterprising Maasai. Tanzanite is found only in the village of Mererani in northern
Tanzania. Tanzanite was discovered in 1967, and the tanzanite mines were opened in Mererani soon
after. Herd owners that want to try gem trading will typically sell a sheep or goat for cash to purchase
rough stones for resale. Success at this venture is based largely upon the individual’s skill at recognizing
a good stone without any formal training combined with a good bit of luck.
Approximately 50% of study households participated in gem trading, most breaking even or
making a small profit. Gem trading has become an important cash source in Simanjiro, despite the fact
that many individuals give up because the effort is not worth the individual profit. Only 2% of
interviewees gained a very large gem trade profit. While these individuals invest in large-scale village
projects such as shops, dams, schools, and dispensaries, the purchase of a tractor is the means through
which one person’s profits have the greatest potential to impact land use change across an entire village as
purchased tractors are rented to other villagers to cultivate their own plots.
Nearly all respondents (96%, n=171) indicated that they used a tractor to cultivate their fields in
2003, the year the interviews were conducted, with the remainder using either a hand-plow or oxplow.
Although tractors were available as early as the 1960’s, tractors purchased with gem trade profits increase
availability, allowing individuals to cultivate larger plots at their initial onset of cultivation (i.e. they ‘start
bigger’). Nearly all respondents who traded gems ranked this activity as their least important income
source. However, the cumulative value of gem trading to some of these households cannot be
overestimated, and the contribution to land use change through tractor purchases and subsequent rentals
appears to be quite important. Maasai with resources to hire a tractor to plow their fields are more likely
to have large fields than if they had to plow by hand or with an oxplow. Most respondents estimated that
they would be able to plow only two to three acres without a tractor, in contrast to the actual average of
13.5 acres per household.
Available cash appears to be the factor most limiting household plot size, as most interviewees
indicate they would plow more acres if they “became lucky”. The implications of this are important. 45%
of respondents indicated that they plan to cultivate their entire land allocation, 45% plan to divide their
allocation between cultivation livestock, and only 2% plan to use their allocation exclusively for livestock
(Table 2.5). The mean acres (2003) cultivated by the 39 respondents who would “cultivate it all” was
14.6. The mean land allocation assigned to these interviewees was 35.8. Cultivating the entire allocation
would more than double the current area under current household cultivation. At this time the gem trade
is the most likely source of resources adequate to reach this goal.
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This study also found that cultivation profits for Maasai in Simanjiro were largely positive,
raising some below-subsistence pastoralists above the subsistence threshold and others toward it (Lynn
2010a; 2010b). Resilience is increased as a product of both intermittent food production and a quick
potential food pulse following drought while livestock populations recover. Cultivation success is
correlated with herd wealth in two villages, but data from a third village showed widespread crop failures
across the entire wealth gradient. This demonstrates that success is also highly variable across space,
likely due to uneven rainfall.
With cultivation becoming an important land use option for Maasai pastoralists in Simanjiro, it
also became important to study the implications of cultivation for wildlife. The repercussions of
landscape fragmentation for wildlife have been the subject of debate for at least two decades, with much
of the discussion focusing on negative impacts. Research suggests, however, that at the boundaries of
individual cultivated plots the implications of cultivation for wildlife may not be as great as managers
sometimes assume they are, since transects along a distance-to-cultivation gradient showed no difference
in wildlife densities along the gradient; cultivation may actually facilitate use of the landscape by some
wildlife (Lynn 2010b) (Table 1). Cultivation at the small-scale household level acts as another element
of heterogeneity and patchiness that some species, primarily predators and small-bodied resident and
migratory herbivores, appear to perceive positively for hiding, hunting and/or foraging. Larger-bodied
zebra and wildebeest do appear to avoid areas of high cultivation intensity at a larger landscape scale,
with higher densities of these species found in areas with less cultivation, so this facilitation was not
supported at larger landscape scales where plots of cultivation cover a large proportion of the landscape
(ibid).
It appears as though concentrating cultivated plots in large clusters on the landscape would allow
subsistence farming to continue with potentially minimal impact on wildlife distributions beyond the edge
of the clusters. Wildlife will likely avoid the areas of dense cultivation, leading to less human-wildife
conflict, and both wildlife and livestock would have larger areas of contiguous pasture available for
grazing in the remaining landscape. Clustered plots would also mean less edge, and therefore lower
probability of wildlife intrusions with effective guarding. Negative impacts of cultivation for wildlife
would be concentrated in cultivation-designated areas, while maintaining this important land use option
for local Maasai pastoralists. The combination of weak land rights and expectations of further land
dispossession, however, encourage dispersed cultivation as a means to claim land ownership. In addition,
cultivation risk to patchiness of rainfall may be accentuated through a clustering arrangement unless areas
of low variability can be targeted for cultivation.
Maasai pastoralists of Simanjiro bear layers of risk by relying on three livelihood sectors that
form pillars of risk mitigation: traditional pastoralism, cultivation, and gem trading (Figure 3). If
stability of any of these pillars of support is compromised, the system may destabilize from the weight of
layered risk. Future land use and conservation policies may either present an additional layer of risk,
further restricting mitigation options (thereby increasing vulnerability), or provide an additional support
for pastoral livelihoods by assisting with risk mitigation (thereby increasing resilience) (Figure 2.9).
Strictly limiting cultivation by pastoralists will remove a subsistence alternative. Negotiating multiple
land use options, including the limited use of protected resources such as the permanent water and early
rainfall zones within TNP (in the case of the TME) during drought, may help communities mitigate risks
associated with a highly variable climate and uncertain futures. To reduce pastoral vulnerability to
change, policymakers need to give local pastoral stakeholders the authority to make land use decisions,
incorporate objective predictions of both wildlife and human impacts to best maintain system resilience,
and assure benefits from management of natural resources to local people.
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NEXT STEPS: URGENT NEEDS TO PROMOTE
ADAPTATION IN PASTORAL ECONOMIES
There are several research and development needs that, if undertaken in the course of the next
five years, may help to alleviate the strain presented by contemporary changes to Tanzanian pastoral
livelihoods. Widespread fundamental issues that need to be addressed are: 1) existing political
boundaries, such as those for national parks, excise key resources such as water and forage reserves from
pastoral access, 2) conflict and antagonism between local livelihoods and conservation interests due to the
“wildlife first” approach to conservation that provides little to no land tenure security for pastoralists who
share their village landscape with wildlife, 3) a lack of wildlife benefits combined with high wildlife costs
for local people on the village landscape, 4) regional climate change that may lead to an increase in
variability and more frequent extreme rainfall events of drought and flood that make recovery from events
more difficult, 5) landscape changes resulting from cultivation have the potential to create barriers that
fragment the landscape and impact pastoral access to key resources on village landscapes, 6) pastoral
population growth increasing the density of the human population on a finite landscape with limited and
variable available resources.
One of the roadblocks to improving the pastoral situation is a lack of effective dialogue between
conservation and land use decision makers and the land users themselves. Dialogue is not only limited,
but there is also insufficient relevant information to be used toward decision making. Research to
investigate perceptions of risk and options for adaptation both on the part of pastoral populations across
the ASAL of Tanzania, and on the part of natural resource and wildlife conservation decision makers,
would help to identify key concerns and areas of highest risk from the perspective of all landscape
stakeholders. Baseline information would help to target future research, development and livelihoodsupporting projects, but would also assist with mapping out the impacts of potential projects for other
sectors and stakeholders. Identifying stakeholders and the most effective roles for stakeholder NGOs,
governmental offices, and local populations to take in assessing and addressing pastoral livelihood risks is
another important groundwork step that is often bypassed. Collaboration amongst the various actors is
largely nonexistent. Not only does this potentially waste resources through redundancy and inefficiency,
but it also creates an air of competition where collaboration, or at least dialogue, is necessary.
The current wildlife policy’s lack of a declaration to secure the land tenure rights of pastoralists
who share village landscapes with wildlife greatly increases the apprehension and risk of pastoralists to
further village land losses to protected area expansion. These risks do nothing to improve the tolerance of
villagers for conflicts with wildlife, and harm what was once a largely respectful attitude toward wildlife
on the part of people. While protected areas and restrictions on land use may bring benefits to national
economies, local people are the ones who bear the brunt of the cost of wildlife through crop losses,
livestock predation, and loss of human lives (Nelson 2000). Negotiated flexibilities in protected area
access during extreme droughts and explicit local control over natural resources located on village lands
and the financial benefits of these resources, including wildlife, may improve the value of wildlife for
local people and increase their tolerance of the costs incurred for sharing the landscape with them. From
the local perspective, conflicts with wildlife on village lands are difficult to reconcile with local loss of
control and options when it comes to use of natural resources.
Cultivation is having a dramatic impact on the Simanjiro landscape that will likely impact
resource access by both wildlife and livestock. The pattern of land conversion being concentrated in
known wildlife corridors, combined with the rate at which change is occurring, is indicative of defensive
cultivation to secure land tenure. Not only do these changes portend potentially negative consequences
for wildlife, but if the density of cultivation increases across large portions of the landscape, they may
also prove to be maladaptive by threatening the sustainability of the livestock sector that Maasai
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pastoralists have nurtured for millennia, and that is so suited to this semi-arid ecosystem. Continued rapid
change may actually undermine the very foundation of local pastoral livelihoods and culture. Land use
planning at the local level using up-to-date and relevant research may help to prevent this from
happening, as past local land management regulations have done, but land tenure insecurity is leading to
cultivation to secure land rights despite a recognized potential for negative consequences.
Recognizing that traditional knowledge is not enough to address the contemporary risks to
Tanzanian pastoral livelihoods is an important first step to being able to be proactive in approach rather
that strictly reactionary (Biermann 2010). Some Tanzanian organizations and many individuals recognize
this. Maasai Women Development Organization (MWEDO), an organization that works with Maasai
pastoral women, is attempting to reduce vulnerability by promoting sustainable livelihoods through
women’s education, economic development and public health (ibid). In Simanjiro, the building of
schools has increased exponentially in the past six years, largely funded through payments by local
residents who want their children to go to school (T. Baird, unpublished data). This indicates a drastic
shift in the valuation of education in less than a decade.
These community-level actions in support of education function to increase adaptive capacity by
presenting options to the children who go to school, which feeds into the security of entire families.
While this does not directly address the uncertainties presented by a changing climate, land tenure
insecurity and conflicts with natural resource conservation, it does indicate that people are aware that
circumstances are changing (see Biermann 2010) outside the realm of historical experience and that new
approaches must be developed in order to adapt to this new ecosystem context.
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FIGURES AND TABLES

(a)

(b)

Figure 1. Location of the Tarangire Manyara Ecosystem (TME) in Africa (a), and
location of study area villages with respect to Tarangire National Park (TNP) (b).
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Figure 2. Spatial and temporal scales of select drivers of pastoral land
use and livelihood change in Simanjiro, Tanzania, and associated levels
of social organization.
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Table 1. Summary response table representing species responses to cultivation via: 1.
Concentration in the interior versus exterior of cultivation, and 2. Concentrations along
the 1km gradient of distance to cultivation boundary represented by both legs (fine scale)
and zones (coarse scale). ‘+’ indicates greater interior vs. exterior concentration, ‘-‘
indicates lower concentration, and ‘0’ indicates statistically equal concentrations.
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Figure 3. Future land use and conservation policies are in a position to
either mitigate or multiply existing layers of vulnerability
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