THE ECOLOGY AND CHANGES OF THE AMBOSELI
ECOSYSTEM
RECOMMENDATIONS FOR PLANNING AND CONSERVATION

David Western

Amboseli Conservation Program
At
African Conservation Centre
Nairobi

A report submitted to:
The Task Force for Developing the Amboseli Ecosystem Plan

September 14th 2005
Revised 5th April 2007

1

INTRODUCTION
This report is prepared for the Amboseli Task Force responsible for
presenting an integrated landuse plan for the Amboseli ecosystem. The
landuse plan aims at fostering sustainable development in south-eastern
Kajiado while ensuring the conservation of wildlife in Amboseli National
Park and the larger ecosystem. The Task Force, chaired by the Amboseli and
Tsavo Group Ranch Conservation Association (ATGRCA), was convened in
March 2004 by a workshop of some 70 landowners, community leaders,
Kenya Wildlife Service, government agencies and non-government
conservation organizations. The Task Force was charged with submitting a
draft plan to the workshop representatives in 2005. Several technical
committees were established to assist the Task Force with the plan.
This report was submitted to the Science Committee and Planning
Committee at the request of the Task Force. The report presents the broad
conclusions of long-term animal and vegetation monitoring conducted by the
Amboseli Research and Conservation Project, and recommendations for
conserving the Amboseli ecosystem and Amboseli National Park. Together
with technical contributions from other projects and subcommittees, the
findings and recommendations will be jointly discussed by the Science and
Planning Committees under the Task Force prior to the final draft plan being
prepared by the Planning Committee.
The information in this report is submitted by the Amboseli Conservation
Program (ACP). A substantial amount of the data and results have already
been published in scientific and technical reports made available to KWS.
These published results should be used as a basis for planning. Given the
short notice and urgency of completing a draft plan, this report can do no
more than summarize the key research findings relevant to the planning
process for the Amboseli ecosystem and Amboseli National Park.
The evidence presented here shows that Amboseli National Park and, to a
lesser extent, the large ecosystem, is already under severe threat and has lost
much of its biodiversity. Plans are urgently needed to arrest and reverse the
trends. I have therefore highlighted only those salient features and processes
that govern the biological diversity, ecological integrity and resilience of the
ecosystem. If the key ecological elements of Amboseli can be conserved in
the face of the main threats identified in this report, there will little need for
corrective management. If not, the level of planning and management
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needed to sustain Amboseli’s productivity and diversity will be
insurmountable.
Changes in human livelihoods and settlement patterns and the implications
for the Amboseli ecosystem have been published earlier in United Nations
Environmental Program’s Africa Environment Outlook: Human
Vulnerability to Environmental Change. The report entitled,
Environmental Change and the Vulnerability of Pastoralists to Drought:
The Maasai in Amboseli, Kenya (Western and Nightingale, 2004) is included
as an addendum to make the findings and recommendations available to the
Task Force.

METHODS AND DATA SOURCES
Animal counts
The data in these reports comes from the long-term ecological monitoring
program of the Amboseli Conservation Program.
Data on the numbers and distribution of wildlife, livestock and human
activity in relations to environmental variables in the Amboseli Basin were
collected by ground and aerial counts beginning in 1967. Similar data for the
Amboseli ecosystem and its links to adjoining ecosystems were collected in
the course of the Ilkisongo Monitoring Program based on aerial counts
started in 1973 (Western, 1976a, Western, 1976b).
Counts of the Amboseli Basin cover 600km2. The counted area includes the
388km2 of Amboseli National Park and adjoining bushland areas to the north
and south. The Basin numbers in this report treated as Park numbers, given
the close correspondence. The Ilkisongo counts cover approximately
8,500km2. This area spans the entire migratory range of ungulates moving
out of the Amboseli Basin during the rains and portions of overlapping
ecosystems in all directions. The expanded area shows how the movement of
the Amboseli migrants changes in response to drought cycles and human
activity over time and in relation to adjacent ecosystems. The expanded area
includes the Kaputei Section of Maasailand to the north, Chyulus Hills to the
northwest, Tsavo West National Park to the east, Kilimanjaro to the south,
the Ngaserai area of Tanzania to the southwest and the Matapatu Section of
Maasailand to the west.
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Habitat monitoring and vegetation dynamics
A baseline vegetation map of the study area was compiled in December
1967, based on Poore’s (1966) “successive approximation” technique.
Twenty eight vegetation zones were distinguished from the aerial photos and
ground surveys on the basis of species composition, structure and cover. The
zones were mapped on the 1967 series 1:50,000 aerial photos as a first
approximation (Western, 1973). Each vegetation zone and its boundaries
was checked and adjusted by ground verification, then redrawn on a
1:50,000 UTM grid map of the region. The dominant plant species in each
habitat were collected and identified at the National Museums of Kenya
Botany Department. The composition of each zone was determined
qualitatively by visual discrimination and by using step-point transects
through representative areas. The results of the field surveys gave a firstapproximation vegetation map of the study area.
Further refinements to vegetation boundaries were made over the following
six months, during the course of regular monthly ground transects and
aerial sample counts (Western, 1973, 1976a). The corrected boundaries
proved to be robust for the purposes of studying large mammal distribution
and movements in relation to environmental factors (Western, 1973, 1975).
It soon became evident, however, that the vegetation zones were changing
rapidly in some case, especially the woodlands. A separate study of the
woodland changes was undertaken (Western and van Praet, 1973) and
regular adjustments made to the vegetation map to reflect the changing
composition and boundaries. Habitat changes were subsequently mapped
every 5 years, based on field notes, aerial photos and aerial mapping flights
in a light aircraft.
Some of the 28 vegetation zones mapped in 1967 proved too small to justify
separate categorization. These zones were merged with similar larger zones,
as described below, giving a total of 22 zones. Three new vegetation zones
were recorded after 1967, giving a total of 25 over the 52-year study period.
The 25 zones were later aggregated into 8 major habitats, based on
physionomic type and animal utilization assessed in the course of
monitoring animal distributions and movements (Western, 1973).
A retrospective vegetation map was drafted for 1950, based on 1:20,000
scale aerial photos taken that year by British Royal Airforce and made
available through the British High Commission in Nairobi from archives in
the UK. The 1967 aerial photos and vegetation map was used to identify and
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demarcate vegetation zones on the 1950s aerial photos. Numerous photos
taken by professional photographers, wardens and visitors were consulted to
check that the demarcated zones in 1950 were similar in composition to the
habitats distinguished in the 1967 vegetation survey.
GIS Mapping
The baseline 1:50,000 vegetation maps were scanned into Geographical
Information System (GIS) UTM grid format. Each 5-year map was georeferenced separately. The transformed images were loaded into Arc View,
digitized using polygons and each given a numeric code associated with a
particular vegetation zone. The boundaries for each vegetation zone were
traced with a recorded error of 0.1%. The area of all vegetation zones was
calculated for each time interval and analyzed in Excel for statistical
significance of changes in all vegetations zones and 8 habitats.
Habitat diversity
Habitat diversity was calculated from the vegetation zones and habitat maps
for the period 1950 to 2002 using the Shannon-Weiner index. The area of
each zone and habitat used in calculating the index for each time interval
was calculated from the GIS mapping analysis.
Pasture monitoring
Biomass and structural composition was measured at 13 permanent
monitoring plots located across the 8 major habitats in 1976, then expanded
to 19 plots in 1980. Each monitoring plot was marked by a stone cairn and
later GIS referenced using a roving beacon, giving accuracy of <1m. At each
plot herb-layer biomass was monitored every four to six weeks along 12
transects radiating out from the cairn (Western and Lindsay, 1984). The total
plot area measured approximately 300m2. Herb layer cover was measured
along each transect using the pin-intercept technique. Herb layer height was
measured with a meter ruler. Total herb layer dry biomass was estimated
using the product of cover and height measurements, based on the formula
y=29.03x + 3.34 where y=biomass and x=height. Species composition of the
herb layer was measured every one to two years at the peak plant growth
using the same methods. Shrub and tree composition was measured
simultaneously at each plot was measured using the exclusion quadrat
methodology and an allometric equation to calculate biomass from plant
height and canopy diameter measurements. Species composition analysis is
not included in this report.
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Vegetation dynamics
A number of studies under ARCP look at the vegetation dynamics in the
Amboseli Basin. Several of these studies have been published and more
detailed work on woodlands, swamps and other studies are in preparation.
TRENDS IN WILDLIFE AND LIVESTOCK POPULATIONS
The long-term monitoring program provides a large amount of data on the
numbers, trends and spatial distribution of 15 species of large mammals at
varying intervals and spatial scale. It provides similar data for livestock and
human activity. The intervals and scales range from small fixed plots within
the eight major habitats in which animals and pasture conditions are
measured monthly, to monthly aerial total counts of the keystone species in
the dry season concentration area. At the largest scale, the monitoring
includes seasonal or inter-annual counts of the larger group ranches, the
ecosystem and significant portions of adjoining ecological regions and
national parks.
The data include numerous counts and distribution maps for each species at
various scales. Some of the data has already been published elsewhere. I will
focus this report on the main species trends and the large-scale dynamics
relevant to these levels.
By way of illustration, Figure 1 presents counts for two migratory grazers,
zebra and wildebeest, and two non-migratory browsers, Grants gazelle and
impala for both the Amboseli Basin (essentially the park) and the Amboseli
ecosystem.
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The distinction between migratory grazers and sedentary browsers has a
strong bearing on the structure and dynamics of the Amboseli ecosystem
(Western, 1975). The distinction is used in this report for the purposes of
highlighting the most significant ecological characteristics of Amboseli. The
reasons are explained more fully in Wildlife and Livestock Distributions
(next section).
Animal numbers in the Amboseli Basin oscillate considerably on a monthly
basis, reflecting seasonal migrations into and out of the dry season
concentration area. Numbers for the ecosystem fluctuate somewhat less
seasonally but nonetheless show considerable longer term variation,
reflecting both the high inter-count variance typical of the aerial sampling
methodology used and some movement to and from adjacent ecosystems,
depending on the distribution of rainfall.
Taking the variability into account, the overall trends in Figure 1 indicate
that zebra numbers have increased steeply in the ecosystem and less sharply
in the park. Wildebeest numbers have oscillated considerably and show no
overall trend in either the park or ecosystem. Grant’s gazelle has stayed
relatively stable in both the park and ecosystem. Impala numbers have
decline precipitously to extinction point in the park and to a lesser extent
across the ecosystem.
The trends in the numbers of each wildlife species, livestock and human
habitation are summarized for the ecosystem in Table 1 and the basin in
Table 2. Linear regression models were fitted using the Prais-Winsten
Generalized Least Squares method. The direction and significance of the
trend for each species over the last 32 years is shown.
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Table 1. Trends in numbers for the Amboseli ecosystem for the period
1973 to 2005.

AMBOSELI ECOSYSTEM
Species
Zebra
Wildebeest
Kongoni
Tommy
Grant
Impala
Oryx
Eland
Buffalo
Elephant
Giraffe
Cattle
Shoat
Ostrich
Donkey
Gerenuk
Rhino
Warthog
Kudu
Waterbuck
Maasai huts used
Maasai huts unused
Thatch huts
Tin huts

t - Value
7.483
1.274
-4.426
-1.073
-1.253
-2.817
-0.791
-3.257
1.058
2.67
-0.769
2.914
1.197
1.607
-2.408
-1.945
-2.594
-0.841
-3.208
-1.935
3.76
0.865
8.047
5.449

P Value
0.000
0.212
0.000
0.292
0.220
0.009
0.435
0.003
0.299
0.012
0.448
0.007
0.241
0.119
0.022
0.061
0.015
0.407
0.003
0.063
0.001
0.427
0.000
0.000

Trend and Significance
+ ****
+
-****
-***
-***
+
+**
+**
+
+
-**
-*
-**
-***
-*
+****
+
+****
+****

Significance values are P<0.1 (*), P<0.05 (**), P<0.01 (***) and
P<0.001(****).
For wildlife, the ecosytem the counts show a significant increase in zebra
and elephant and significant decreases in kongoni, impala, eland, gerenuk,
rhino and kudu. For the pastoral community the counts show a significant
increase in cattle and decrease in donkeys. The counts also show the overall
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number of Maasai settlements increasing for used traditional huts and for
thatch and tin huts.

Table 2. Trends in numbers for the Amboseli Basin for the period 1973
to 2005
Amboseli Basin
Species

t - Value

p- Value

Trend and Significance

Zebra

3.070

0.005

+***

Wildebeest

0.918

0.366

+

Kongoni

-3.284

0.003

-***

Tommy

-3.299

0.003

-***

Grant's

-1.366

0.182

-

Impala

-3.831

0.001

-****

Oryx

-0.498

0.622

-

Eland

-2.132

0.041

-*

Buffalo

0.301

0.766

+

Elephant

4.796

0.000

+****

Giraffe

-2.005

0.054

-*

Cattle

0.650

0.109

+

Shoat

1.454

0.156

+

Ostrich

2.174

0.038

+*

Donkey

-0.988

0.331

-

Gerenuk

0.028

0.978

+

Rhino

-2.410

0.022

-*

Warthog

1.106

0.278

+

Kudu

-2.069

0.047

-*

Waterbuck

2.294

0.029

+*

Maasai huts used

3.869

0.001

+****

Maasai huts unused

0.417

0.680

+

Thatch huts

-2.069

0.047

-*

Tin huts

2.369

0.024

+*

The Amboseli Basin counts show significant increases in zebra, elephant
ostrich and waterbuck and a significant decrease in kongoni, Tommy,
impala, eland, giraffe, rhino and kudu. For the pastoral community, occupied
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Maasai settlements have increased significantly, including traditional
settlements, thatch huts and tin huts..
The ecosystem and Amboseli Basin counts can also be group according to
animal guilds to illustrate changes in wildlife grazers, browsers, mixed
feeders and in livestock. The results are summarized in Table 3.

Table 3. Trends in feeding guilds and production for Amboseli
ecosystem and Amboseli Basin

Amboseli Ecosystem Numbers
Feeding Guild

t - Value

p - Value

Trend direction & Significance

Grazers(W)

4.035

0.000

+****

Browsers(W)

-1.747

0.091

-*

Mixed Feeders(W)

3.807

0.001

+****

Wildlife Total

3.055

0.005

+***

Livestock Total

3.564

0.001

+****

Amboseli Ecosystem Production
Feeding Guild
t - Value
Grazers(W)
4.727
Browsers(W)
-1.502
Mixed Feeders(W)
3.243
Wildlife Total
4.862
Livestock Total
3.683

Amboseli Basin/ Park Numbers
Feeding Guilds
t - Value
Grazers(W)
1.623
Browsers(W)
-3.344
Mixed Feeders(W)
3.564
Wildlife Total
1.551
Livestock Total
1.627

p - Value
0.000
0.143
0.003
0.000
0.001

p - Value
0.115
0.002
0.001
0.131
0.114

Trend direction & Significance
+****
+***
+****
+****

Trend Direction and Significance
+
-***
+****
+
+
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Amboseli Basin/ Park Production
Feeding Guilds
t - Value
Grazers(W)
1.755
Browsers(W)
-3.314
Mixed Feeders(W)
4.993
Wildlife Total
2.843
Livestock Total
1.538

p - Value
0.089
0.002
0.000
0.008
0.134

Trend Direction and Significance
+*
-***
+****
+***
+

Table 3 shows that for the ecosystem, there has been a significant increase in
overall numbers of wildlife, and for grazers and mixed feeders. There has
been a downward but insignificant decrease in browsers. Livestock numbers
and production have both increased significantly in the ecosystem. Changes
in production for each of these groups match the changes in numbers, except
that the production figure for browsers showing a significant negative
decrease..
For the Amboseli Basin, the trends all lie in the same direction as the
ecosystem, but a more pronounced decrease in browsers and insignificant
increase in livestock. Wildlife numbers overall have not increased in number
but show a highly significant increase in production. This largely reflects the
strong increase in mixed feeders, dominated by elephants..
The Basin counts were used to derive a Shannon-Weiner index of diversity.
The best fit regression was found to be y = -6E-05x + 3.10, r2 = 0.22, P =
0.064 for the period 1973 to 2000.
WILDLIFE AND LIVESTOCK DISTRIBUTIONS
In the interests of summarizing many hundreds of distribution maps, a few
examples of individual species are presented, then aggregated into guilds
and all-species range maps distill the key ecological features of the park and
ecosystem.

12

Figure 2 shows the distribution of zebra, wildebeest, Grant’s gazelle and
impala summarized by wet and dry season counts for the last 30 years.
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Several points are relevant to
planning. First, the two migratory
grazing
species,
zebra
and
wildebeest show large differences in
wet and dry season distribution.
They share the same dry season
concentration area centered on the
Amboseli Basin and, to a lesser
extent, the swamps to the east of
Amboseli
(Namelok,
Kimana,
Lenker and Soit Pus). Wet season
ranges overlap extensively and lie
mainly north and northwest of
Amboseli. Dry season ranges are
far smaller than wet season ranges.
They are also highly predictable.
This predictability makes it easier
to locate and plan for the
conservation of the dry season
range of Amboseli’s migratory
ungulates. Wet season ranges are
far larger and vary greatly in
location, depending on the distribution of seasonal rains. This makes it hard
to define a clear-cut wet season range or to demarcate meaningful corridors
between dry and wet season ranges.
Second, the two browsers, Grant’s gazelle and impala, show little seasonal
variation in distribution compared to the migrants. Grant’s gazelle is
widespread, impala more confined to the woodland areas along the highland
fringes and low-lying swamps of the ecosystem.
To determine the core range for the Amboseli ecosystem, all counts for all
seasons for all species are combined into a single composite distribution map
(Fig. 3). The contour map gives a good statistical measure of the areas
essential for maintaining the migratory species over extremes of climate
over three decades, rather than narrow connecting corridors between
seasonal ranges. The composite will be used as the basis of defining the
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Minimum Viable Area (MVA) for the Amboseli Park and ecosystem used
as the basis of planning in this report.
Figure 3. Contour map of the consolidated distribution for all species
and all seasons 1973 and 2002.

An explanation for the differences in grazer and browser distribution and
movement has been documented previously (Western, 1975). The
differences and ecological significance has proved robust over the last 30
years.
At the level of Amboseli National Park, the migratory grazers show highly
seasonal movements in and out of the Amboseli Basin. The migrations have
been linked directly to seasonal rainfall and water availability (Western,
1973). In short, the Amboseli Basin, and the national park in particular, is a
seasonal refuge that sustains migrants through the dry season. The harsher
the drought, the greater the concentration of ungulates in the park and basin
(Western, 1973). The swamps are the habitat of last refuge and effectively
serve as a drought refuge (see Animal-Plant Interactions, below).
The flux in zebra and wildebeest numbers is not so pronounced at the
ecosystem level and does not correlate with seasonal rainfall. This is because
the ecosystem encompasses the seasonal range of both species and the
migrants in general. There is, nonetheless, some evidence that numbers in
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the ecosystem vary according to the distribution of rainfall in the adjacent
ecosystems relative to Amboseli. This indicates that Amboseli is not entirely
a closed ecosystem. It is sufficiently closed, however, that long-term
oscillations in animal populations overall are broadly predicted by drought
and rainfall cycles. Aggregated for all wildlife herbivores, production is
related to rainfall over the previous one year with the best fit regression y = 5.2206x + 3929.8, P = 0.0272, where y = wildlife production, x = rainfall
lagged by one year.
This implies that drought intensity, whether caused by natural cause or
human impact (see below), will directly affect wildlife abundance. The nonmigratory browsers, in contrast to the migratory grazers, show no significant
seasonal change in numbers within the Amboseli Basin (Western, 1975).
Because most of the browsers are territorial, distributions change little
through the season.
Livestock movements of pastoralists associated with the Amboseli Basin
follow the same seasonal movements in relation to rainfall shown by
migratory grazers. Numbers are inversely related to rainfall over the
previous 40 to 50 days (Western, 1975). As with wildlife, oscillations in
livestock population at the ecosystem level are similarly related to drought
and rainfall cycles, but more weakly so (y = -3116x + 14.829, P = 0.077,
where y = logged livestock production and x = log rainfall lagged by one
year.). This indicates that the ecosystem is more open for livestock than
wildlife. Given that cattle are moved as far as Wakwapi areas in Tanzania
during droughts, the weaker correlation is to be expected.
Traditional Maasai settlements are linked directly to livestock movements so
it is not surprising that the distribution and movement of traditional Maasai
pastoralists shadows that of wildlife too (Western, 1973). Human
populations, in contrast, have not fluctuated with rainfall. To the contrary,
they have climbed steadily regardless of rainfall cycles (see Change in
Human Activity, below).
In summary, between 1967 and the mid-1990s, livestock and migratory
wildlife shared much the same dry and wet season range and the same
drought refuges in the Amboseli swamps. This traditional pattern largely
prevails today, despite major changes in human activity across the
ecosystem. The increase in human activity and change in lifestyles is,
however, disrupting this traditional pattern at an accelerating pace. These
16

changes and the threats to the integrity of the ecosystem and the viability of
Amboseli and other national parks in the region are taken up under the
section Changes in Human Activity below.
HABITAT CHANGE
The following section is a synopsis of an article in preparation on changes in
the vegetation zone and habitats in the Amboseli Basin between 1950 and
2002. The article quantifies the area changes in 25 vegetation zones and 8
major habitats of the Amboseli Basin and gives GIS maps of the
distributional changes by 5-year intervals. A description of the vegetation
zones listed under the eight major habitats is given in the appendix. The
following description summarized the findings.
Maps of the distributional change in 25 vegetation zones and 8 major
habitats mapped in the Amboseli Basin for 1950 and 2002 are given in
Figure 4.
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Figure 4. Changes in vegetation zones and habitats in the Amboseli
Basin.
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Figure 5. Changes in the area of each habitat within the Amboseli Basin
for the period 1950 to 2002.
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The changes can be summarized as follows:
The dense woodland shows a steep decline to extinction by 1987. Open
woodland initially increased as the dense woodland shrank, then declined
steadily throughout the following 35 years and continued through 2002.
Grasslands increased sharply in area between the 1950s and 1970s, then
slowed but continued to expand steadily through the turn of the century.
Sueada-Salvadora shrubland first appeared as distinctive vegetation zone in
1967 and expanded rapidly to the 1980s. In subsequent years it began a slow
contraction. Dense bushland declined steadily from the 1950, losing half its
area before leveling off in the 1990s. Open bush lands expanded steadily
from 1950 to 1967, and then slowed to a steady increase in the following
decades. The permanent swamps expanded to twice their size between 1950
and 1967, and then fluctuated until the early 1990s when they showed a
second major expansion. The swamp-edge habitat fluctuated in area between
1950 and 2002 but showed no overall trend.
The changes have resulted in a steady decline in the habitat diversity. Figure
6 shows the change in habitat diversity, measured using the Shannon-Weiner
Index, for the period 1950 to 2002.
Fig. 6. Habitat diversity index for the Amboseli Basin over the last half
century.
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After a small initial increase in diversity associated with the opening up of
the dominant dense woodlands, habitat diversity has been in steady decline
for the over 35 years with no sign of reversal.
Conclusions
Results of the long-term habitat monitoring show that extensive changes
have taken place in and around Amboseli National Park over the last half
century. The aggregate changes can be simplified into three major patterns.
.
 Woodlands contracted from 30% of the area to less than 10% and
have been replaced Suaeda/Salvadora scrub and grassland.
 Denser bushlands fringing the Amboseli Basin have been thinned and
supplanted by open bushland.
 Permanent swamps increased 3.5-fold in area and have spread
northeast across the basin towards the lowest drainage point, the
seasonal Lake Amboseli.
At a finer scale, there has been a large turnover and spatial flux in the 25
vegetation zones Most significant has been the loss of several of Amboseli’s
distinctive vegetation zones. Five of the 25 zones (20%) of the zones went
extinct over the 53 year period. Three more zones shrank by over 95% and
are on the verge of extinction, totaling nearly a third of all vegetation zones.
The vegetation zones that are extinct or threatened are mostly associated
with the woodlands.
The vegetation changes are consistent with the trends documented earlier by
Western and Van Praet (1973) and more fully by Western (1973). Based on
aerial photography, Western (1973) showed a 75% decline in Acacia
xanthophloea woodlands between 1950 to 1967 and projected the
disappearance of the woodlands in the following decade. Western and van
Praet (1973) concluded that woodland loss and replacement by xeric scrub
and halophytic grasses was largely due to salinization of the Amboseli basin,
triggered by increasing rainfall and a rising water table. The concentration of
elephants in the protected area was considered a catalytic factor at the time,
rather than a primary cause of the large scale and rapid habitat changes.
Western (1973) later showed that the demise of the Acacia x. woodland was
symptomatic of a widespread shift to drier (xeric) vegetation in the
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Amboseli Basin. The overall trend towards more xeric vegetation has
continued.
The salinization hypothesis proved unsustainable during the severe droughts
of the 1970s. The hypothesis predicts that woodlands should regenerate as
water tables and salinity levels drop. Instead, woodland loss accelerated.
Western and Maitumo (2004) subsequently showed through a 20-year multifactoral experiment based on selective herbivore exclusion that elephants
alone accounted for woodland changes. Neither climate nor salinity were
significant factors. Adding to the negation of a climate-based hypothesis,
Altman et al (2002 publication of the long-term rainfall records shows that
there has been no significant rainfall trend over the last 30 years.
Until the mid-1980s changes in the size of the main Amboseli swamps were
linked to regional changes in seasonal and long-term rainfall. The expansion
of the Enkongo Narok-Simek swamp in the late 1950s was attributed by
wardens at the time to tectonic movements. More likely, the increase stems
from a decadal increase in rainfall (Lamb, 1966) that led to a rise in water
table across the entire Amboseli Basin and an expansion of Longinye
Swamp as well as Enkongo Narok-Simek (Western, 1973). The contraction
of the swamps in the 1970s corresponded to severe drought. However,
further expansion after the late 1980s does not correspond to any significant
increase in overall rainfall. The expansion and extensive seasonal flooding
was associated with one swamp, Longinye. Other swamps showed no such
increase. Professor Mifflin, in a consultancy report to KWS in 1993,
attributed the expansion and flooding of the Longinye Swamp to internal rechanneling associated with vegetative changes.
Other observations add weight to this view. Expansion in response to rainfall
lagged by several weeks after the onset of the rains in the 1970s, then
abruptly shifted to a lag of a few hours in the early 1990s. Furthermore,
many small swamps have emerged in the former woodland areas since the
1970s and the structure and composition vegetation has changed
considerably. The tall sedges have been heavily grazed down (see Pasture
Trends). Tall dominant sedges such as Cyperus immensus have been
replaced by small sedges.
A plausible explanation is that the loss of deep-rooted transpiration with the
extinction of the woodlands, coupled with the depletion of dense sedge, has
resulted in an elevated water table, swamp eruption and extensive seasonal
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expansion. A high-level electric fence designed to test this hypothesis by
experimentally excluding elephants from an Ilmarishari swamp has shown
recovery of the tall sedge swamp and some evidence of contraction since
established in 2002. The ecology of the swamps is subject of a Ph.D. study
by Sunita Sarkar under ARCP.
PASTURE TRENDS
Pasture biomass is a good measure of the food available to wildlife
herbivores and livestock. The long-term records of 19 permanent plots
distributed between the 8 major habitats of the Amboseli Basin and National
Park give a direct measure of fluctuations and trends in pasture biomass.
Figure 7 shows the fluctuations and trends since 1976, measured by
deviations from the long-term norm.

Figure 7. Graph of the plant biomass deviations for 1976 to 2005
Monthly Percentage Deviation From overall Plant Biomass Mean in the whole of Amboseli Region
1976-2005

100

0

Time

24

Jul-05

Oct-04

Jan-04

Jul-02

Apr-03

Oct-01

Jan-01

Jul-99

Apr-00

Oct-98

Jan-98

Jul-96

Apr-97

Oct-95

Jan-95

Jul-93

Apr-94

Oct-92

Jan-92

Jul-90

Apr-91

Oct-89

Jan-89

Jul-87

Apr-88

Oct-86

Jan-86

Jul-84

Apr-85

Oct-83

Jan-83

Jul-81

Apr-82

Oct-80

Jan-80

Jul-78

Apr-79

Oct-77

Apr-76

-100
Jan-77

Percentage Deviation

200

Two recurrent patterns are evident, one short-term measured in months, the
other long term measured in decades.
The short-term oscillations in pasture biomass are related to seasonal rainfall
patterns and levels. The best fit regression for standing crop biomass (y)
aggregated for all 19 pasture plots is predicted by rainfall (x) over the
preceding 6 months (y = -.012x + 6777, P= 0.0007). The six months
periodicity corresponds to a full growth and decay cycle of pasture linked to
the two rains each year--Masika (April-May) and Vuli (SeptemberNovember). The link with rainfall over a longer period falls progressively in
significance and no correspondence is found between rainfall and long term
major drought cycles (Fig. 7). The longer-term oscillations correspond to a
cycle of ten years or so and are best fitted by a 5th order polynomial equation
given in Fig.7.
From analyses in preparation for publication, it is evident that these major
droughts are driven in large part by oscillations in large herbivore grazing
pressure rather than rainfall. It takes several years for wildlife and livestock
numbers to recover from a severe drought to the point of depleting biomass,
particularly the capital reserves built up in the Amboseli swamps during
years of low herbivore use of the basin and national park. The depletion of
the drought reserves lowers the threshold for the next drought. This finding
is important in assessing the threats to Amboseli National Park and
ecosystem (see Changes in Human and Wildlife Activity, below).
Pasture monitoring suggests that the standing mass of pasture has been
declining steadily in Amboseli over the last 30 years through prevailing
drought cycles. The gradual decline is shown graphically in Fig. 8.
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Figure 8. Decline in pasture availability in the Amboseli Basin over the
last 30 years.
Total Plant Biomass over Time
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The decline in pasture biomass (t=-1.758, p=0.08) is largely due to the
reduction of tall sedges in the Amboseli swamps (See under Habitat
Change, above). Given the importance of swamps as drought refuges for the
ecosystem and park, there is little doubt that this is causing an overall loss of
ecological resilience in the Amboseli ecosystem and national park in
particular.
ANIMAL-PLANT INTERACTIONS
The Amboseli Conservation Program includes studies of herbivore-plant
interactions. A considerable amount of this data has been published and
should be used in the planning process. Here I summarize the main features
of animal-plant interaction relevant to ecosystem and park level planning. I
focus on selected findings that show the significance of certain ecological
processes to the productivity and diversity of the large ungulate community.
I consider the following process to be the most important conservation
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targets for maintaining the integrity, diversity and resilience of the national
park and ecosystem.
Seasonal movements within the ecosystem
As indicated under the sections on numbers and distributions, livestock and
migratory wildlife populations are closely tied. The fluctuations in livestock
and wildlife numbers in the Amboseli Basin (r = 0.65, P<0.0001, N=32) and
ecosystem (r = 0.63, P<0.0001, N =32) are closely correlated, as shown in
Fig. 9). Population fluctuations in both populations for the Amboseli Basin
and ecosystem are in turn correlated with antecedent rainfall. These close
correlations show that livestock and wildlife are entrained ecologically by
pasture and water availability in much the same way and share a common
ecosystem.

Fig. 9. The relationship between livestock and wildlife numbers in the
Amboseli ecosystem.
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Seasonal movements in relation to habitat within the Amboseli Basin
Wildlife and livestock also show remarkably parallel seasonal movements in
relation to habitats within the Amboseli Basin. Figure 10 shows the relative
abundance of wildlife and livestock numbers in relation to the main
Amboseli habitats and seasons prior to the creation of Amboseli National
Park (early 1977). The progressive movements from bushland during the
rains onto the Amboseli grasslands early dry season, into the woodlands late
dry season and swamps during the droughts is strikingly similar. They
diverged only after the enforcement of the national park legislation in 1977
when livestock were confined to bushland areas north and south of the basin,
creating an ecological separation.
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Figure 10. Pre- and post-park movements of livestock and wildlife
through habitats by season.

The reasons for the parallel movements of livestock and wildlife at both an
ecosystem and Amboseli Basin level can be explained largely by optimal
grazing strategy and feeding allometry (Western, 1991). Migrants moving
seasonally between wet and dry season ranges gain energetically by
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selecting forage of higher digestibility. The successional use of habitats
along a quality gradient within the Amboseli Basin during the dry season
(Western and Lindsay, 1984) also increases digestible forage intake. The
seasonal migrations and movements between habitats within the basin is
consistent with size-structured theory of foraging strategies (Western, 1991).
The net effect of seasonal migrations and grazing succession through
habitats is to raise herbivore production and population sizes. Preliminary
results in preparation suggest migrations are likely to raise large herbivore
production in Amboseli 30% to 50% higher than in sedentary herds confined
to the national park. The benefits of migrations apply to livestock as well
wildlife.
Habitat and animal diversity
There is strong evidence and a good theoretical basis to suggest that the loss
of animal diversity over the last 30 years is directly related to the loss of
habitat diversity. Habitat specificity has earlier been shown to vary widely
among herbivores (Western, 1973). Some species, including eland, impala,
kongoni and giraffe are largely confined to specific habitats. Others, such as
wildebeest, zebra, Grant’s gazelle and livestock range across a wide variety
of habitats. We can expect that a loss of habitat will therefore lead to a loss
of herbivore diversity. This is borne out by the highly correlated losses of
large herbivore and habitat diversity over the last 30 years (Fig. 11).
The link between large herbivore and habitat diversity is reflected in the
pattern of large herbivore losses. Habitat loss is largely associated with a
loss of woody habitats and expansion of grassland habitats (Table 5). We
can therefore expect the browsing species, confined largely to woodland and
bushland habitats, to have declined significantly. This is the case. The
browsers have declined significantly in Amboseli over the last 30 years and
more significantly in the park than the ecosystem (Table 2). Habitat specific
species such as impala, gerenuk and eland show the largest declines. These
changes cover the period 1973 to 2002. If the losses are compared to the late
1960s when woodlands were far more extensive, the losses are more
marked. Lesser kudu, bushbuck and dikdik have all but disappeared from the
park. Giraffe numbers are down from over 100 to fewer than 10 and kongoni
numbers from some 200 during the dry season to an occasional migrant.
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Figure 11. Pearson’s Correlation between habitat diversity and wildlife
diversity, using the Shannon-Weiner index for the period 1973-2002.
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The loss of habitat in Amboseli is therefore of great concern, given the
importance of Amboseli in conserving biodiversity. The losses are not
confined to large mammals. A study comparing the species of birds present
in the park in the 1977 and 2001-2004 is presently being prepared for
publication. The preliminary results shown by feeding guild in Fig…
demonstrate a large loss of bird species. In total, 43% of bird species have
disappeared from the national park. The losses are largely associated with
the loss of woodland habitat and changes in swamp composition. The results
suggest that the loss of biodiversity in Amboseli may well be far higher for
other taxa than it is for large herbivores.
Animals also have a direct bearing on habitat composition and diversity. So,
for example, Western (1989) showed that plant species richness is related to
elephant density and distance from the park. The two most important
keystone species in Amboseli (livestock-human complex and elephants) play
a large role in the structure and dynamics of Amboseli’s vegetation and in
turn on animal species richness (Western and Maitumo, 2004).
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Eco-climatic gradient and species richness
The rich tapestry of habitats in Amboseli, caused by discharge from
Kilimanjaro, plays a primary role the ecological dynamics and in
maintaining species richness of the ecosystem and park. There is, however,
yet a larger scale that contributes to and maintains the ecology and richness
of Amboseli. This is the eco-climatic gradient along the uplifting caused by
Kilimanjaro, the Chyulus Hills and other surrounding massifs. The
orographic effect of these mountains and the ecological gradients ranging
from high altitude Afro-montane habitats to lowland semi-arid grass and
bushland creates one of the richest aggregations of species on the African
continent. The ecological linkages along this steep climatic and biotic
gradient are fundamental to maintaining species diversity and the ecological
integrity of the region. Fragmentation of this gradient would profoundly
impoverish the interlinked biomes making up the gradient and buffering the
Amboseli ecosystem from climatic change.
CONSERVATION PRIORITIES, THREATS AND MITIGATION
MEASURES
A draft plan for the Amboseli ecosystem should avoid too much detail and
prescription if it is to garner the wide support it needs to succeed. It is more
important at this stage to reach agreement on the process, principal
objectives and institutional framework for the plans, then move on to finer
detail as confidence builds and better science and planning is needed. The
process, commissioned by stakeholders’ workshop through the Task Force
and its subcommittees, has been agreed. In the interests of defining the
principal objectives of the plan and an institutional mechanism for its
implementation, the following framework is adopted in assessing
conservation priorities, threats and mitigation measures:
First, define the Minimum Viable Area that defines the Amboseli ecosystem
and park. The MVA concept is presently being updated by KWS to define
Kenya’s priority conservation network for conserving biodiversity. The
director of KWS has indicated Amboseli should be the first ecosystem to
adopt the MVA as the basis of planning.
Second, within the MVA, identify the Minimum Critical Processes (MCP)
necessary for maintaining the integrity, diversity and resilience of Amboseli
ecosystem and park. By integrity, I mean the ability of the ecosystem to
sustain its biodiversity with minimum management.
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Third, identify the key threats to the Minimum Viable Area and Minimum
Critical Processes.
Fourth, recommend how these threats can be mitigated through planning and
management.
Fifth, given the ecosystem-wide planning and many different jurisdictions
and interests involved, suggest to the Task Force the sort of institutional
arrangements best suited to carry out and the plans and carry on developing
further plans.
THE MINIMUM VIABLE AREA FOR THE AMBOSELI
ECOSYSTEM
Defining an MVA without detailed long-term data on animal distributions
over several wet and dry cycles would be more a case of judgment than
analysis. As is it, the ecological monitoring provides many counts over 30
years and three wet-dry cycles of all large herbivores. With the exception of
a recent expansion of elephant range into Tanzania, the counts extend well
beyond the migratory range of Amboseli’s herbivores. Amalgamating the
counts and plotting the probability contours for varying percentages of all
animals provides a sound quantitative basis for assessing the MVA for the
Amboseli ecosystem.
Figure 12 shows the MVA for wildlife in the Amboseli ecosystem based on
the 50%, 80% and 95% contours. Much the same area would apply to
pastoral livestock populations centered on the Amboseli Basin.
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Figure 12. Range map for all species over all count; 1973-2005.

The map shows clearly that, taken year round, the Amboseli National Park
boundaries capture some 50% of all wildlife numbers in the ecosystem. The
park boundaries do not however accommodate a large portion of the wet
animal numbers. Ideally, the 95% contour gives the safest MVA for
maintaining the Amboseli ecosystem allowing for wet and dry cycles. The
80% contour describes a more significant core area that precludes most
agricultural and settlement areas, includes the wet and dry season ranges and
makes allowance for the variability in rainfall distribution.
The Amboseli ecosystem does not, however, stand in isolation. Certain
species in the Amboseli ecosystem move in from population centres in
adjacent ecosystems. So, for example, the core distribution of kongoni is in
the Chyulu Hills during the dry season. Amboseli’s kongoni population has
gone extinct during big droughts and been recolonized by the Chyulu
population during wet years. Many of Amboseli’s species, particularly
eland, oryx, impala and reedbuck, would become extinct if links to the larger
metapopulation in the Chyulus, Kaputei, Tsavo, Kilimanjaro, Ngaserai and
possibly the rift valley were severed. These extra-ecosystem linkages are
necessary to buffer Amboseli against extreme droughts and climatic change.
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Two other external linkages are particularly pertinent since they constitute
processes integral to the viability of the Amboseli ecosystem. These include
the water Kilimanjaro-Chyulu catchments system that provides recharge for
the swamps and rivers within the Amboseli ecosystem and the eco-climatic
gradient creating and sustaining the biodiversity of the highland-lowland
complex in the region. These external spatial connections and processes
linking Amboseli to adjacent areas collectively make up the Amboseli
“metaecosystem” indicated in Figure 13.
Figure 13. The Amboseli meta ecosystem based on the critical linkages
between the Amboseli ecosystem and adjoining ecosystems and
protected areas.

MCP for Amboseli park and ecosystem
The MVA defines the spatial extent of the Amboseli ecosystem and the links
the surrounding landscape needed to prevent its ecological isolation and
degradation. Even with the area conserved, it will not be possible to
maintain Amboseli’s biological diversity, integrity and resilience to change
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unless a number of vital processes are themselves sustained. These are
referred to as the Minimum Critical Processes. If these processes are
sustained, conservation planning will avoid a cascade of disruptions and the
need for intensive management. If not, the disruptions will call for expensive
and intensive micro-management with no assurance of success and little
semblance of the natural ecology that shapes Amboseli and attracts visitors.
To identify the Minimum Critical Processes, I use an Ecosystem Viability
Analysis in simplified form, given the urgency of the planning purposes. An
EVA is the equivalent of a Population and Habitat Viability Analysis for an
ecosystem. It defines the key external, internal processes as well as the subsystems of the ecosystem and that govern diversity and resilience. Details
can be found in Western and Gichohi (1992). The general framework for
evaluating the Minimum Critical Processes is shown in Fig.
Figure 14. A framework for identifying the Minimum Critical Processes
for the Amboseli ecosystem (Western and Gichohi, 1992).
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The following MCPs are identified for the Amboseli ecosystem:
External processes
 The Kilimanjaro-Chyulus water catchments.
 The eco-climatic gradient governing landscape diversity.
The two processes also define external linkages noted in defining
Amboseli’s spatial connections to adjacent ecosystems (Fig.13).
Internal processes
 Large scale migrations between wet and dry season. The migrations
are essential for sustaining large herds and their resilience in the face
of rainfall patchiness, disease and predation.
 Drought refuges. The lowland swamps and highland forests sustain
large herbivores through population bottlenecks.
 Habitat diversity. Amboseli’s mixed habitats created by varied water
and soil conditions account for its primary species richness.
 Grazing succession. The interaction of herbivores in relation to forage
within and between habitats creates a subsystem that creates local
heterogeneity and secondary species richness.
 Community structure. The wide spectrum of body sizes and feeding
guilds among Amboseli’s large mammals is crucial to sustaining
species richness and patchiness. This implies preventing severe loss or
extinction of large mammal species.
 Keystone species. Elephants and pastoral livestock have a large
influence on the ecological dynamics of the Amboseli ecosystem.
Their numbers, mobility and interactions play a large role in shaping
habitats and habitat mosaics that underpin species richness, especially
in Amboseli National Park.
CHANGES IN LIVESTOCK AND HUMAN ACTIVITY
Pastoralists and their livestock have been an integral part of the Amboseli
ecosystem for three thousand years or more. Throughout this period,
Amboseli retained its species richness, despite the dominance of livestock.
The explanation in large part stems from pastoralists adopting migratory
seasonal movements that mimic that of wildlife. In recent decades, this mode
of pastoralism has changed and continues to do so at an accelerating pace.
These changes create a host of threats. A detailed report on the changes in
human-livestock activity and the threats and opportunities they pose to
Amboseli, wildlife and pastoralism itself, is given in the UNEP AEO report
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attached. The key points relevant to immediate planning priorities are as
follows:
 Livestock numbers have fluctuated with drought cycles but there has
been a modest increase in numbers and production since the 1960s.
 Sheep and goat numbers have increased proportionately more than
cattle due subsistent pastoralists entering the market economy.
 Human activity and settlements have increased steadily in the
Amboseli ecosystem and surrounding regions since the 1960s.
 There has been progressive sedentarization by pastoralists, measured
by the decrease in seasonal settlements and increase in thatch and
tin-roofed huts.
 Shambas have spread steadily down the rainfall gradient from higher
to lower elevations. In the lowlands, where rainfall is too low to
support farming, settlements and farms have spread along the
swamps and Loterish River east of Amboseli. The spread in shambas
from 1973 to 2005 is shown in Fig. 16.
 Meat and commercial poaching has increased in the Amboseli
region in recent years. The main centres of poaching have spread
across the Chyulu Hills from the east and the settlement areas in
eastern Kaputei.
 Human-wildlife conflict has increased sharply with settlement and
farming. The greatest conflict centres on the permanent swamps and
rivers lying between Amboseli and Tsavo--traditional drought
refuges for wildlife and pastoral livestock.
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Figure 15. Maps illustrating the spread of Shambas between 1973 and
Agricultural activity
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KEY THREATS AND RECOMMENDED MITIGATIONS
The implications of the changes in human activity over the last three decades
for both the pastoral community dependant largely on livestock and for
wildlife have been documented in the UNEP Africa Environment Outlook
report. The report also makes it clear from the Maasai perspective that the
many of the changes in human activity, such as the transition to a market
economy, farming and settlement reflect conscious choices by individual
families in the interests of better opportunities and diversified lifestyles.
The social, economic and demographic changes underway among herders
offer better lives for many if not most Maasai, given the collapse of
traditional subsistence economy in the face of population growth and land
pressures. Neither the AEO nor this report addresses the opportunities
opened up for the majority of Maasai by development. In as much as most
changes represent conscious choices and will diversify landuse in the
Amboseli region for families unable to survive entirely by traditional
livestock practices, they are likely to improve their welfare and offer a way
out of poverty. In the long run social and economic development is likely to
relieve the pressure on land.
On the other hand, many pastoralists who remain herders out of choice or
necessity face deeper poverty. As outlined in the AEO report, the changes,
especially land allocated for farming in the highland and swamp drought
reserves, as well as subdivision and sedentarization of the drier lands, will
decrease the mobility, herd-holdings and drought resilience of herding
families. The same pressures also pose a major threat to wildlife in the
Amboseli ecosystem and national park.
The AEO report recommends ways in which the threats to the pastoral
community can be reduced and the productivity and resilience of the herding
community maintained. Because both livestock and wildlife depend on the
same ecological factors of space, mobility and accesses to drought reserves
for their productivity and resilience, these recommendations are equally
pertinent to reducing the threats to wildlife. The AEO report covers these
recommendations. I will therefore only touch on the main threats to wildlife
and biodiversity and recommendations for minimizing the threats. The
evaluation focuses on the threats to diversity, integrity and resilience of
Amboseli using the Minimum Viable Area and Minimum Critical Processes
as a framework.
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Threats to the Minimum Viable Area of the Amboseli ecosystem
Internal threats
1) Farming, settlement and subdivision which threaten the dispersal areas
south of the park and the wildlife route to and from the Kilimanjaro forest.
 Solution: Keep the areas immediately south of the park open and
unfenced by establishing grazing associations fostering livestock
mobility and grassbanks. The grassbank should ideally be
established along a Kilimanjaro corridor (see solution 9).
2) Settlement along the Loitokitok Pipeline that threatens to severe
migrations between Amboseli and Mbirikani dispersal areas as well as
access to the Chyulus.
 Solution: Retain non-settled areas north and south of Mbirikani,
allowing seasonal and drought movements of livestock and
wildlife between Mbirikani/Chyulus.
3) Subdivision, shambas and fences around Namelok and Kimana threatens
continued wildlife and especially elephant movements to and from
Amboseli.
 Solutions: Maintain corridors between Kimana, Namelog and
Amboseli delineated by elephant movements (Details to be
provided by the Amboseli Elephant Research Program).
4) Farming and irrigation of the Kimana and Lenker Swamps threaten to cut
off access these two drought refuges critical to livestock and wildlife
populations on Kimana, Kuku and Mbirikani Group Ranches. The wildlife
refuges and tourism facilities on all three ranches are also threatened by the
loss of both swamps.
 Solution: Establish water associations of down stream users aimed
at legally enforcing river flows and wetland regulations to
establish grassbanks and drought refuges available to association
members and wildlife.
5) Water extraction and farming of the Loleterish River which threatens to
dry up the riverine habitat and Soit Pus Swamp, an important drought refuge
at the base of the Chyulu Hills connecting the Tsavo, Kuku and Mbirikani
wildlife populations.
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 Solution: Establish water associations of down stream users aimed
at legally enforcing river flows and wetland regulations to
establish grassbanks and drought refuges available to association
members and wildlife.

External threats
6) Chyulu Hills. The loss of forest cover on the upper Chyulus, as well as
farming and settlement on the lowers slopes, threaten to severe the
ecological link with the Amboseli ecosystem.
 Solution: Establish grassbanks that double as wildlife reserves
and tourism enterprises under a landowners’ association.
Association members would have access to the grassbank and
dividends from wildlife profits based on the terms of membership.
7) Tsavo West. Settlement and farms along the corridor at the base of the
Chyulus threatens to severe wildlife movements that connect Tsavo West to
Amboseli through Kuku and Mbirikani Group Ranches.
 Solution: Establish grassbanks that double as wildlife reserves
and tourism enterprises under a landowners’ association.
Association members would have access to the grassbank and
dividends from wildlife profits based on the terms of membership.
8) Selengei. Subdivision and settlement on Selengei threatens to severe the
link between the Amboseli and Eastern Kaputei populations of migratory
herbivores.
 Solution: Establish or lease a grassbank connecting Eastern
Kaputei and Amboseli.
9) Kilimanjaro. Farming and fencing threaten to sever the last remaining link
in the ecological gradient running down the northern face of Kilimanjaro to
Amboseli as well as an elephant and ungulate corridor between the montane
forest and lowlands.
 Solution: Establish an elephant-wildlife corridor between
Amboseli and Kilimanjaro forest. The corridor could be used as a
grassbank by members of a grazing association (see Solution 1),
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perhaps held as a conservation easement by a conservation
organization.
10) Ngaserai. The loss of water down the Ngaserai furrow has led to slump
in dry season wildlife numbers, reducing the flow of animals to and from
Amboseli. Poaching has also been heavy in the borderland region.
 Solution: Reestablish a water source at Ngaseri Furrow to restock
wildlife populations from Amboseli. Establish a grassbank and a
wildlife sanctuary for ecotourism under Maasai associations.
Monitor wildlife populations and curb poaching through
community scouts linked to wildlife authorities either side of the
border and the Amboseli-Tsavo Community Scouts Association.
11) Rift Valley. Land subdivision in Matapato threatens wildlife movements,
especially elephants, west to the rift valley.
 Solution: Link up the South Rift Landowners’ Association with
the Amboseli-Tsavo Association, aimed at exploring the prospects
for a connecting tourist route between Magadi and Amboseli,
establishing ‘stepping-stone” grassbanks and wildlife refuges and
coordination of community scout activities.
12) Water catchments. Water off take from the rivers and swamps fed by the
Chyulus and Kilimanjaro threatens the drought refuges vital for livestock
and wildlife in the Amboseli metaecosystem. Off take also threatens habitat
diversity created in large part by gravitational water flow from Chyulus and
Kilimanjaro.
 Solution: Establish water associations of down stream users aimed
at legally enforcing river flows and wetland regulations to
establish grassbanks and drought refuges available to association
members and wildlife.
Threats to the Minimum Critical Processes in the Amboseli ecosystem
The following MCPs are singled out for the Amboseli ecosystem:
13) Migrations. Subdivision, settlement and sedentarization threaten the
seasonal migrations between wet and dry season areas as outlined in threats
1 to 5 above.
 Solutions: see 1-5 above
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14) Drought refuges. Land subdivision, farming and settlement threaten
highland and swamp drought refuges critical to wildlife and livestock in the
Amboseli ecosystem. Heavy wildlife grazing pressure on the national park
swamps is also lowering biodiversity and resilience to drought.
 Solution: Establish grassbanks that double as wildlife reserves
and tourism enterprises under a landowners’ association.
Association members would have access to the grassbank and
dividends from wildlife profits based on the terms of membership.
In Amboseli National Park, create temporary swamp exclosures
similar to that at Ilmarishi to establish plant and animal refugia
in the face of herbivore pressure.
15) Habitat diversity. Heavy grazing and browsing pressure threatens to
impoverish Amboseli National Park’s biological diversity yet further than it
has already.
 Solutions: Establish woodland refugia similar to the Ol Tukai
exclosure while exploring ways to reduce elephant pressure on the
park. Recommendations for how this might be done were
formulated at a workshop convened by KWS in 1997.
16) Grazing succession. The loss of habitat diversity and heavy
concentrations of permanent settlements north and south of the Amboseli
Basin is truncating the seasonal grazing succession of wildlife and livestock
alike (Fig. 10). This in turn threatens the herbivore-plant interactions that
create local heterogeneity and secondary species richness.
 Solution: A system of shifting temporary refugia in the woodlands
and swamps would partially restore the grazing succession in the
short term. The threat cannot, however, be solved in the long term
without reestablishing seasonal elephant movements and reducing
their pressure on the park.
17) Community structure. The black rhino is already extinct in the national
park. A number of species are threatened by habitat loss, range loss and
poaching. These include kongoni, impala, giraffe, reedbuck and bushbuck.
The loss of community structure (the spectrum of body sizes and feeding
guilds) is likely to see a reduction in the patch dynamics created by
herbivore-plant interactions (see 16) and in turn species diversity.
 Solution: Protect and restore threatened species through species
plans aimed at restoring habitat, reduction of poaching and
reduction of human-wildlife conflict. Species plans should be
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based on the individual threats and integrated into the overall
ecosystem management plans.
18) Keystone species. The numbers, mobility and interplay of elephants and
livestock played a key role in shaping habitats and species richness of
Amboseli, especially the national park. An increase in the numbers and
progressive sedentarization either side of the park boundary has contributed
significantly to Amboseli’s loss of biological diversity. This trend is likely to
continue.
 Solution: Reestablish elephant migrations drawing on the
recommendations of the 1997 Serena workshop. Explore ways of
keeping open space within the ecosystem for livestock seasonal
and drought movements using landowner and grazing
associations. This calls for early discussion among landowners
prior to land subdivision of the non-arable portions of the group
ranches.
INSTITUTIONS FOR SUSTAINING AMBOSELI PARK AND
ECOSYSTEM
The following observations and suggestions are intended to open up
discussion among Task Force members of the most appropriate institutional
framework for adopting and implementing the planning recommendations.
More importantly, there is need of a new institutional setup to continue the
collaborative process begun by the Task Force and progressively refine
plans and management as circumstances change and more intensive
intervention is needed.
By law, KWS is the custodian of the national park and of all wildlife in the
ecosystem. The Maasai group ranch members, and increasingly private
individuals, are the legal owners occupying the bulk of the ecosystem.
Neither party has complete jurisdiction over the ecosystem in all aspects of
wildlife, much less the resources it depends on. Many of these resources are
equally critical to livestock, farming and settlement.
It stands to reason that it is in the interests of KWS to work closely with the
group and individual landowners to conserve the diversity, integrity and
resilience of Amboseli National Park. It also stands to reason that it is in the
interests of the landowners to work closely with KWS on the matter of
sustaining wildlife on their land and to their benefit—and for the benefit of
the ranching community.
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Amboseli National Parks biological diversity is already in steep decline. It
will continue far more if cut off from the ecosystem. Wildlife numbers
would decline by over a half, elephant populations would be unsustainable
and a large number of mammals, birds and other species would go extinct.
Similarly, wildlife across the ecosystem would largely disappear without
access to Amboseli National Park. The park boundaries were designed with
the idea in mind that because Amboseli could not survive biologically as two
separated parts of a larger integrated ecosystem; the integration could and
should be achieved by collaboration between the national park authorities
and landowners.
KWS and the landowners, under law, are the two “competent authorities”
with the most direct legal standing over wildlife and the resources they
depend on within the Amboseli ecosystem. It therefore falls largely to these
two parties to work out the elements of a collaboration needed to develop
and conserve the Amboseli ecosystem.
There are, however, many other parties which have either legal standing in
the Amboseli ecosystem or an interest. These include the various
government ministries and agencies responsible for water, livestock
development, agriculture, planning and provincial and district
administration. They also include the tourism industry, conservation
organizations and community-based organizations among other private
sector interests.
Given the special interest government has assigned Amboseli in designating
it a national park, and the international commitment it has made to conserve
wildlife and biodiversity by establishing the area as a biosphere reserve,
Kenyans as a whole and the international community at large also have a
legitimate interest in Amboseli.
These varying and overlapping legal and special interests in Amboseli can,
to some extent, be accommodated by the existing institutions, given more
flexibility in the way they operate. So, for example, KWS can reestablish an
advisory committee for its mandated role within the park and a joint
committee with landowners to address wildlife outside the park. These
voluntary arrangements have, however, proved ineffective and overly
dependent on the good will of individual wardens. Similarly, the Amboseli
Tsavo Group Ranch Association, set up in 1993 to integrate and coordinate
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the wildlife interests of landowners, stalled due to group ranch politics and
mismanagement of donor funds.
There is every indication that a different institutional setup of landowners,
KWS and conservation bodies can work, given a clear mandate, sufficient
authority and clear lines of responsibility and accountability. A good
example is the Amboseli Scouts Association. Governed by a board of
trustees, the association has successfully recruited scouts from every group
ranch in the Amboseli ecosystem, provided good training, uniforms,
equipment and a work program for anti-poaching and human-wildlife
conflict resolution. Based on verifiable indicators, the scouts have done an
outstanding job curtailing poaching. The association has, consequently, won
financial backing from the tourist industry, donors and NGOs. It has also
worked extremely closely with KWS, group ranches, hoteliers, research
programs and conservation programs.
Given the need for collaboration between landowners, KWS and other
interest groups in conserving Amboseli Park and ecosystem, there are
grounds for establishing an Amboseli land and/or ecosystem trust. The
trust’s jurisdiction would lie primarily in the two principal “competent
authorities,” the group and individual landowners and KWS. It role would be
to oversee the planning and management of the ecosystem natural resource
assets, especially wildlife and the health of waters, land and habitat. It would
take over full responsibility for planning and managing common pool
resources on behalf of the competent authorities. The board should include
other key government and private sector interests to give it scope, authority
and credibility. The board would in turn establish a management body to
carry out the policies and plans of the trust. The management body would be
responsible for executing the plans and strategies of the trust based on
transparent procedures and performance measures.
The trust could also establish technical and advisory committees to assist its
work. These might include development, fund-raising, technical advisory
and education committees. The trust could raise financial support for its
activities, establish endowments funds to underwrite the costs of
administering, conserving and monitoring the ecosystem and set up
conservation easements, drought refuges and grassbanks on behalf of its
members. Yet another function would be to buy land from members for
retention for the ecologically compatible uses by its members. Finally, the
trust could also establish a grazing association among landowners to reach
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agreements on livestock movements and use of grassbanks to maintain
livestock production and drought resilience. The association could also
establish a producer technical and marketing service for members.
Given the world recognition Amboseli commands, there is little doubt that
such a trust could generate the financial and other support it would need to
management and conserve the common pool resources of the Amboseli
ecosystem and national park.
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APPENDIX
DESCRIPTION OF VEGETATION ZONES, AMBOSELI BASIN
Habitat 1: Grasslands
a) Dry grasslands
Zone 1: Alkaline grasslands dominated by Sporobolus marginatus,
Sporobolus homblei and Sporobolus spicatus.
Zone 4: Aeolian grasslands dominated by Chloris rocksburghiana, Eragrostis
tennuifolia, Aristida keniensis and Sporobolus marginatus.
b) Seasonally flooded grasslands
Zone 2: Alkaline seasonally-flooded lake grasslands dominated by Odyssea
jaegeri and Sporobolus spp.
Zone 3: Seasonally flooded lake bed with a transient flush Drackbrockmania
somaliensis annual grass after rains, otherwise barren during the dry season.
Zone 19: Dense stands of tall Sporobolus consimilis grass on seasonally
flooded pans.
Zone 23: Flood plain grasses dominated by Sporobolus consimilis,
Sporobolus fimbriatus, Sporobolus marginatus and Pennisetum mezianum.
Habitat 2: Dense Woodlands
Zone 5: Dense Acacia xanthophloea woodlands with Azima tentracantha and
Salvadora persica understory.
Zone 7: Dense regenerating stands of Acacia xanthophloea with Trianthema
tetracantha and Pluchia dioscordis understory in open glades.
Zone 16: Dense Acacia xanthophloea with Phoenix reclinata palm
understory and small isolated swamps.
Zone 17: Acacia xanthophloea stands with prolific Solanum incanum
undergrowth. Otherwise similar to Zone 22.
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Habitat 3: Open woodlands
Zone 6: Sparse Acacia xanthophloea woodlands dominated by Salvadora
persica, Azima tetracantha and Sueada monoica understory.
Zone 8: Acacia tortilis woodland with scattered Balanities glabra trees and
an understory dominated by Salvadora persica and Azima tetracantha.
Zone 11: Acacia tortilis open woodlands with Azima tetracantha and
Salvadora persica understory.
Zone 25. Phoenix reclinata palm with scattered remnant Acacia xanthophoea
and small to medium sized swamps.
Habitat 4: Dense bushlands
Zone 9: Acacia drepanolobium woodlands with sparse Balanties glabra trees
and an understory dominated by Azima tetracantha.
Zone 14: Heavier Acacia mellifera and Commiphora cover otherwise similar
to Zone 12.
Zone 15: Denser bushland dominated by Commiphora glabra and Acacia
mellifera.
Habitat 5: Open bushlands
Zone 10: Acacia mellifera and Acacia nubica with scatted Balanites glabra
on volcanic clays and boulder fields.
Zone 12: Acacia mellifera and Commiphora species bushlands thinly
scattered across grasslands dominated by Aristida keniensis, Chloris
rocksburghiana and Eragrostis aspera with forbs dominated by
Serciocomopsis pallida.
Zone 13: Open Acacia mellifera and Acacia numbica bushlands with
scattered Maerua spp. and Cordia gharaf. Herb layers similar to Zone 12.
Habitat 6: Swamp edge
Zone 20: Dense Solanum incanum thickets around the swamp margins with
mixed forbes of Withania somnifera, Abutilon spp, Acyranthes aspera and
Triplocephalum holstii. (This was formerly zone 22 in Western (1973). It
incorporates zones 18, 19, 23, 24, 28, 29 of Western 1973).
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Zone 24: Swamp efdge grasslands dominated by Cynodon dactlyon. This
zone only emerged as zones 22 receded in the mid-1970s. (This is the same
as 29 in earlier maps—a post-67 new zone not given in Western 73).
Habitat 7: Permanent Swamp
Zone 18: Permanent swamp dominated by Cyperus immensus in shallower
areas and Cyperus papyrus in deeper water. Swamp margins dominated by
Cyperus merkii and Cyperus laevatigus.
Habitat 8: Shrubland
Zone 22: Dense robust Salvadora persica scrub with Azima tetrancantha,
trianthema tetracantha and localized Suaeda monoica. (This was 26 in
Western (1973).
Zone 21: Suaeda monoica, Salvadora persica and remnant Azima tetracantha
shrub with heavy localized patches of Dicliptera albicaulis herb and
Sporobolus consimilis grass. The shrubs have been heavily browsed and
coppiced since the mid-1980s.
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