


Vegetation of 
the N gOI·ongoro 
Conservation 
Area, Tanzania 
by Dennis J. Herl oeker and 
Herman J. Dirsehl 

Canad ian Wildlife Scrvice 
Report Series - Number 19 



Issued under the authority of the 
Honourable Jack Davis, PC, MP, 

Minister of the Environment 

John S. Tener, Director 
Canadian Wildlife Service 

@Crown Copyrights reserved 
Available by mail from 
Information Canada, Ottawa, 
and at the following 
Information Canada bookshops: 

Halifax 
1735 Barrington Street 

Montreal 
1182 St. Catherine Street West 

Ottawa 
171 Slater Street 

Toronto 
221 Y onge Street 

Winnipeg 
393 Portage Avenue 

Vancouver 
657 Granville Street 

or through your bookseller 
Price: $1.25 
Price subject to change without notice 
Information Canada 
Catalogue No. CW65.8/19 
Ottawa, 1972 

Design: Gottschalk+AshLtd. 

Cover photo by H. J. Dirschl. 
Ngorongoro Crater as seen from the 
conservation area headquarters. Crater 
Highlands in background. 



Contents 

7 The authors 26 Lake Eyasi- Kakesio area 

7 Acknowledgements 26 Lake Eyasi nats 

7 Perspective 26 Lake Eyasi Escarpment 

7 Abstract 28 Misigio Escarpment 

7 Resume 28 Vegetation of exposed slopes 

7 German abstract 28 Vegetation of canyons 

7 Swahili abstract 28 Kakesio-Endul en area 

8 Introdu ction 29 Empakaai Crater 

9 History of vegetation description in 29 Vegetation of th e crater walls 
the Ngorongoro Conservation Area 29 Vegetation of the crater floor 

9 Methods 29 Ngorongoro Crater 
10 Use of map colours and vegetation 30 Phys ical environment 

formulae 31 Vegetation 
11 Limitations of the survey 31 Grassland 
11 Description of principal physiographic 32 Herbaceous swamp 

units and vegetation 
32 W oodland 

11 W estern Plains 
34 Moist evergreen forest 

11 Eastern Serengeti Plains 
34 Bush communities 

13 Sale Plain 
35 References 

14 Sand dunes north of Oldupai 
37 Appendix 

Gorge 
Vegetation map- inside back cover 

15 Balbal Depression 
15 Sand dunes north of the Balbal 

Depress ion List of tables 

15 Doinyoogol Hills 9 Table 1. Vegetation classification used 

16 Oldupai Gorge 
fo r mapping and description. 

11 Table 2. Physiographic divisions of the 
16 Western section of the gorge 
17 Eastern section of the gorge 

Ngorongoro Conservation Area. 

17 South fork tributary List of figures 
18 Crater Highlands massif 

8 Figure 1. Geographic location of the 
19 Western wall of the Crater Ngorongoro Conservation Area in East 

Highlands Africa 
19 Major vegetation types of 

exposed slopes 

21 Vegetation of canyons 

22 Montane areas 

22 Montane forest and bush 
vegetation 

24 Montane heath 

24 Highland plateau 
24 Melinda grasslands 
25 Ngorongoro- Misigio- Endulen 

grasslands 

5 



fi eld camp in the Eastcrn Scregenli Pl ai ns du ring 
lhf'vcgelatioll su rvey. Left to right: H. 1. Dirschl , 
P. ole Sayaici, D. 1. Hcrlockc r. Photo by II. 1. 
Dirschi 

G 



The authors 
Dennis J. Herlocker graduated from the 
University of Washington (B.Sc. in forest­
ry) and Oregon State University (Master of 
Forestry). Now a graduate student in the 
Range Science Department of Texas A & M 
University, he is supported by a grant from 
the Caesar Kleburg Program in Wildlife 
Ecology. From 1964 to 1967, Mr. Herlocker 
was a U.S. Peace Corps volunteer, posted 
to the Ngorongoro Conservation Unit as 
assistant conservator (forests). He is now 
at the Serengeti Research Institute at Sero­
nera, Tanzania, where he is studying the 
ecology of the woodland communities of 
Serengeti National Park. 

Herman J. Dirschl is a graduate of Onta­
rio Agricultural College (B.S.A.) and the 
University of Saskatchewan (M.Sc., Ph.D.). 
At present he is senior environmental ad­
viser to the director of the Environmental­
Social Program, Northern Pipelines, a com­
ponent of the Federal Task Force on North­
ern Oil Development. He is a past regional 
chairman of the Canadian Society of Wild­
life and Fishery Biologists, and a member of 
several other scientific and professional so­
cieties. Dr. Dirschl had been a research 
scientist with the Canadian Wildlife Service 
for 10 years, until May 1972, concerned 
mainly with studies of the ecological im­
pact of resource development on natural 
environments and with multiple land use 
management. From October 1965 to Sep­
tember 1966, he was seconded to the Cana­
dian International Development Agency 
and posted to the Ngorongoro Conservation 
Unit where he designed an integrated ma­
nagement and development plan for the 
conservation area. 

Acknowledgements 
Many persons, too numerous to mention 
individually, helped in various ways to 
make this project a success. We are grateful 
to them all. 

Special appreciation is d~e S.A. ole Sai­
bull, former conservator of Ngorongoro, 
who authorized the work and freed the 
senior author from other duties to under-

take this study. We also thank WJ. Egge­
ling of the United Kingdom Nature Con­
servancy who, in his capacity as a member 
of the minister's advisory board on the 
Ngorongoro Conservation Area, provided 
moral support and many helpful sugges­
tions throughout the study. PJ. Greenway 
and J.B. Gillet of the East African Herbar­
ium, Nairobi, kindly identified numerous 
plant specimens. P. ole Sayalel assisted in 
part of the field work. 

We are grateful to ].S. Tener, director of 
the Canadian Wildlife Service, for assist­
ance in obtaining funds to publish the 
manuscript from the Canadian Interna­
tional Development Agency. 

Perspective 
The vegetation of an area represents an 
integrated picture of all environmental 
influences, past and present. A map showing 
the distribution of vegetation types enables 
one to recognize environmental differences 
in different parts of an area and determine 
the productive potentials of various land 
uses. The vegetation map at the back of this 
report, combined with an understanding 
of the processes that have contributed to 
the distribution of types, is thus a valuable 
tool for the integrated land use and ma­
nagement planning required for the Ngoro­
ngoro Conservation Area. 

Abstract 
This report presents and discusses a map of 
vegetation types in the Ngorongoro Con­
servation Area, Tanzania, East Africa, as 
a tool in land use planning. 

Resume 
Cette etude presente et analyse une carte 
des familles de plantes des territoires de 
conservation du Ngorongoro, du Tanzania, 
de I'Afrique de l'Est comme un outil dans 
la planification des sols. 

Zusammenfassung 
1m Rahmen dieses Berichts wird eine Karte 
der Vegetationstypen im Ngorongoro­
Naturschutzgebiet in Tansania (Ostafrika) 

als niitzlicher Beitrag zur Planung der 
Bodennutzung vorgelegt und erortert. 

Kumbukumbu 
Taarifa hii inaonyesha na kueleza ramani ya 
mimea ya aina mbalimbali katika mboga za 
Eneo la Kuhi fadhiwa la Ngorongoro 
katika nchi ya Tanzania, Afrika ya Masha­
rika, kama mfano katika mipango ya matu­
mizi ya ardhi. 
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Introduction 

The Ngorongoro Conservation Area (Fig. 1) Hgurc 1 

Figure 1. Geographic location of the Ngorongoro 
Conservation Area in East Africa 

is the first land unit in East Africa, and one , ___________________________________ , 
of very few in the world, which is ad min· 
is tered for full y integrated development of 
various forms of land use-conservation of 
soils, natural vegetation and wild li fe, pro­
tection of watersheds, production a flive­
stock and cultiva ted crops, and tOlll"ism- in 
harmony with desirable social development 
of the Maasai and other residen t peoples . 

Rational development of natural re­
sources on a multiple use basis requ ires that 
individual landscape units be allocated to 
the most suitabl e forms of usc. Th e in­
herent biological productivity of th e units 
and the relevant social and economic re­
quirements (Dirschl , 1966) are important 
factors in al10cating land use. An under­
standing of the main biophysical processes 
that operate with in the area is thus a pre­
requisite for deta iled land use planning and 
management. 

The nature and distribution of th e exist­
ing vegeta tion are usefu l clues to the pre­
vai ling biophysical inAuences and to the 
modifying effecls of past and current hu­
man use, and provide an index to th e pro­
ductivity of the various landscape units. 
The vegetation map (inside back cover) and 
supporting descriptive detail presented here 
can thus serve as essential tools for th e 
multiple land use planning and develop­
ment of the Ngorongoro Conserva ti on Area. 
It can also be valuable to future ecological 
studies of the area. 
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Historyof 
vegetation 
desm-iption in 
tlIe N gorongoro 
Consel-vation 
AI-ea 

The vege tat ion of the land included in th e 
conservation area has been stud ied s ince 
the beginning of this centu ry. Uhlig (194.2) 
explored the geology of the Great Rift and 
described and photograph ed landscape fea· 
tures along the eastern edge of th e area in 
1907. Jaeger (1911, 19B) dealt with many 
faceLs uf the uatural hisl.o ry of the Crater 
Highlands, including broad fea tu res of th e 
vegetation . 

Descriptions of th e montane fores t vege­
tation on Olmoti Mountain and the Nort h· 
ern Highlands Forest Reserve are in the 
files, for 1930, of the Tangan yika Fores t 
Department (H. R. Herring, uT/published 
dala). 

Gillman (1949) published a vegetation 
map of Tangan yika based essenti all y on 
ph ysiognomic features, at a scale of 
1 :2,000,000. 

Pearsall (1956) described th e vegetat ion 
ofSerengeti National Park, which then in. 
cluded the present Ngorongoro Conser va­
tion Area, for th e Fauna P reservation So­
ciety of the United Ki ngdom . But he did 
not deal with the Kakesio- Endul en area 
which lay outside th e nat ional park . Th e 
Tanganyika Fores t Department reported 
some observations on th e distribution and 
status of Juniperu sprocera (Afr ican Pencil 
Cedar) fores t in the Crater Highlands in 
1958 (R. C. S teele, llllpublished data). The 
Ngorongoro Conservat ion Authority (1960) 
included in its draft management plan a . 
general description of the composition and 
distribution of woodland and fores t com­
munities, by 1. Polla rd. Anderson and Tal­
bot (1965) examined soil-vegetat ion rela· 
tionships of the Serengeti Plains grasslands. 

Dirsch l (1966) summarized pertin ent 
data from these reports, Herl ocker pre­
pared th e accompan ying reconnaissance 
vegeta tion map at a scale of 1 :250,000. 

The information accumu la ted since 1907 
was considerable but insu ffi cienl. W e, 
th erefore, carried out a sys temat ic and 
comprehensive su rvey of the vege ta ti on 
cover in th e conserva t ion area, from Jan. 
uary 1966 to Ju ne 1967. 

MetlIods 

T his vegetat ion stud y is essentiall y based were fur ther di vided int o "species.types" 
(see Klichler, 1967 :282) accord ing to the 
dominant plan ts of th e main s tra ta . Table .1 
lis ts the exact specifi ca tions used. 

on the con cepts of Prall, Greenway and 
Gwynn c (1966) who rega rded the ph ys iog­
nom ic dis tin ction be tween woody and 
gramin oid vege tat ion as th e most significant 
feature in classifying East African range­
lands for land use purposes. 

Th e labora tory and fi eld procedures for 
prepari ng the vegetat ion map and th e de­
script ive deta il were as follows : 

Th e vege ta ti on c1assifi cat ion is based on 1. Aer ial ph otographs were essenti al 
because th e area 'was la rge (ca. 8,300 km l 

or 3,200 sq. miles) and inaccessible . The 
only available photographs had been taken 
in 1957- 58 and ranged in seale from 

a combina tion of ph ys iognomic and flori s tic 
criteria . \Ve recognized five primary phys iog­
nomi c vegetat ion classes : grassland, her­
baceous swamp, bush, woodland and forest. 
Each was subdivided into two or more 
secondary classes according to heigh t or 
density of th e upper s tratum, and these 

1 :4.0,000 to 1 :50,000. 
2. The mapping unit s were at. first de­

lineated through' interpretat.ion of s tereo 

Tuble 1, 
Vegc tat ion classifi cation used for mapping and 
dcscription 

Primary 
physiognomic 
catego ri es 

Fores t 

Woo(lland 

Bus hl and 

Grassland 

Vegetation 
categor ies uscd 
for mapping 

Moist evergreen 
forest 

Dryevergrcen 
fores t 

High woodland 

Low wood land 

Deciduous 
bushl and 

Specifications and defin itions 
'free cover with closed canopy of one or more s trata > 15 III (50 ft) 
tall; main ly evergreen 
Spec ies-rich and stru cturall y complex forest of highl and slopes 
and plateaus 
Forest dominat ed by Juniperus procera; now confin ed to steep 
upper slopes of the hi ghest moun tain s 

T rce cove r with one or, rarely, two discont inu ous st rata ; 
mi ni mum crown cover 21 pe r cen t ; usuall y deciduous 

Tree > 9 III (30 fl) tall 

Trees < 9 m tall 
Upper stratum of wood y pla nt s of low stature with multipl e stems. 
Minimum crown cover 21 per cent 
Bushl and , composed of main ly deciduous shrubs in dry locat ions 

Highland evergreen Secondary scrub resulti ng from di stu rban ce by fire or grazing of 
bushland moist evergreen forest 

Montane hea th Shrub vegetation above th e tree li ne of th e highest pea ks, 
domi na ted by Arlemisiaa/ra and Erica arhorea 

Tall grassland 
Medium grassland 

ShOft gra ssland 

Continu ous gra ss co\'cr in which wood y vegetati on has a crown 
cover of < 20 per cent 
Crass cover> 150 em (5 ft) tall 

Crass cover 60- 150 cm (2- 5 fl) tall 
Crass co vcr < 60 em (2 ft) tall 

Highland tu ssock 
grassland 

Crassland dominated by the tussock.forming grass Ele/l sincjaegcri , 
and occurring on highland slopes and pl ateaus; probably favoured hy 
frequ ent fires and heavy grazing 

Herbaceous 
swamp 

Heed swamp 

\~! e t meadow 

Herba ceous vegetation of depressional sites waterlogged a t least 
pari of the year 
Vegetation dominated by emergen t aq uat ics of perm anent ly 
waterl ogged loca tions 
Cram in oid vegetation of seasonall y waterl ogged locati ons 
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pairs of aerial photographs. Because of the­
small scale of the photos used, these units 
were broad and mainly reflected topographic 
positions and gross physiognomic differ­
ences between the vegetation of adjacent 
units. 

3. Examples of all initial mapping units 
differing in tone, texture and stereo appear­
ance were examined in the field. The units 
could then be divided into smaller, physiog­
nomicallyand compositionally more homo­
geneous mapping units. Experience in the 
field indicated that the woody vegetation 
could be easily categorized into secondary 
physiognomic vegetation classes (Table 1) 
both on the ground and by photo interpreta­
tion. But grassland could be categorized 
from aerial photos into three height classes 
only after considerable field experience, 
when it could be accomplished indirectly 
by examining geographic and topographic 
positions. 

4. The vegetation of a representative 
number of the final mapping units was then 
sampled to determine community structure 
and species composition. 

Representative woodland and bush stands 
were sampled by the point-centred quarter 
method (Cottam and Curtis, 1956). A 
transect of 50 points was run in each com­
munity sampled and the nearest tree and 
shrub recorded in each quadrant of each 
point. By this means, the relative density 
of each woody stratum was determined and 
the two highest ranking species were listed 
as dominants. 

5. Woody communities were further 
categorized according to three crown cover 
classes applied to the overstory: low (0-20 
per cent), medium (21-60 per cent) and high 
(61-100 per cent). The cover determina­
tions were made by using plastic overlays of 
crown closure scales· on aerial photographs. 

J These consist of a photographic print of 10 succes­
sive steps in crown closure for crown diameters of 
10, 20, 30 and 40 feet at scales of 1 :30,000 and 
1:40,000. They were developed for Herlocker by 
R. C. Aldrich of the Pacific Southwest Forest and 
Range Experiment Station, U.S. Forest Service, 
Berkeley, California. 
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6. Vegetation formulae indicating.struc­
ture (strata of different life forms), dom­
inant species and the cover class of each 
stratum were subsequently constructed for 
each mapping unit. 

7. The outlines of the mapping units 
were transferred from the aerial photo­
graphs to uncontrolled mosaics, at a scale 
of 1 :50,000, and then traced. The map was 
then photographically reduced to 1:125,000 
and colour coded. 

Use of map colours and vegetation 
formulae 
Individual units on the map accord with 
the colour scheme as provided in the le­
gend with the appropriate vegetation for­
mulae. Colours signify the physiognomy 
of the uppermost vegetation stratum which 
exceeds 20 per cent cover. The main mon­
tane vegetation categories are distinguished 
by colour from the more prevalent plains 
vegetation. 

The following three examples explain 
the nature of the vegetation formulae. 

Example 1 : At.. 
Se,Je. 

Sm,Oma 

The map colour would signify that low 
woodland of medium cover density ( .. ) is 
the life-form of the upper stratum. Acacia 
tortilis is the dominant species in the upper 
stratum; Sansevieria ehrenbergiana and 
Justicia elliotii are the dominant species in 
the bush stratum which falls into the low 
cover class (.); Sporobolus marginatus and 
Digitaria macroblephara are the dominant 
species in the grass layer. 

Example 2: Age. 
Ag,Pm 

The map colour would signify medium 
grassland. Acaciagerrardii, with a crown 
cover of 20 per cent or less, occurs over 
medium grassland which is dominated by 
Andropogon greenwayi and Pennisetum 
mezianum. 

Example 3: AI :. 
Li, L.. 

The map colour would signify high wood­
land. Acacia lahai, with n crown cover above 
60 per cent (:.), is the dominant tree species. 
Lippia spp. and Lantana spp. are the 
dominant shrubs in the lower vegetation 
stratum which falls into the medium cover 
class. 



Lbnitations of 
the survey 

Time was limited. The Northern Highlands 
F ores t Reserve remained entirel y unmapped. 
Three parts of the conservation area were 
inadequately sampled: (I) the Naiobi Em­
pakaai Crater-Kerimasi Mountain area in 
the northeastern corner, (2) the mountain 
peaks above approximately 2,600 m in ele­
vation, and (3) the extreme southwestern 
portion of the area. Few field checks could 
be made in these three areas. Our field expe­
rience elsewhere enabled us to use aerial 
photos to delineate community types. 

Conversely, we conducted an intensive 
survey of the grass, swamp and bush com­
munities on the floor of the Ngorongoro 
Crater both because access was much easier 
and because we might facilitate the inten­
sive use of that caldera for field research by 
various disciplines. 

The information on the relative abund­
ance and species composition of the ground 
stratum in the Kakesio-Olpiro area is liable 
to error because we visited it during the 
dry season only. 

Finally, a photographic mosaic is a map 
made from numerous aerial photographs, 
each of which possesses some degree of dis­
tortion. We can correct the mosaic to eli­
minate these distortions if we know the 
exact horizontal distance between such 
points as mountain peaks, lakes and human 
settlements. Unfortunately, few exact dis­
tances were available. The distortions 
introduced into the vegetation map resulted 
in local gaps and changes in scale, parti­
cularly toward the edges of the mosaic cover­
age. The map may not be strictly accurate 
in shape, area and location of units and 
other features but it does give a meaningful 
picture of the relative location, distribu­
tion pattern and extent of the various 
vegetation types within the Ngorongoro 
Conservation Area. 

Description of 
principal 
physiographic 
units and 
vegetation 

We have divided the Ngorongoro Conser­
vation Area into broad physiographic areas 
(Table 2) which are easily recognizable on 
the ground and within which such main 
environmental influences as climate, drain­
age and soils are fairly uniform. We shall 
now summarize the environmental factors 
for each area and discuss the major vegeta­
tion units. For grasslands, individual types 
are described; but for forest, woodland and 
bush areas, which tend to have a more com­
plicated structure, a general account is 
given with emphasis on the broader aspects 
of the prevailing community types. 

Dirschl (1966) provides additional in­
formation on the area's geology and drain­
age. Sayalel (1965) gives a good account of 
the movements of some of the resident Maa­
sai graziers. 

Western plains 
The western plains-lying west of the Crater 
Highlands and north of the woodlands 
whose edge roughly parallels the Kakesio­
Endulen automobile track-cover about 50 
per cent of the conservation area. The 
plains comprise the Eastern Serengeti 
Plains, the Balbal Depression, Oldupai 
Gorge, the Sale Plain and the Doinyoogol 
Hills. 

Eastern Serengeti Plains 
The Eastern Serengeti Plains vary topog­
raphically from the level central portion 
around Oldupai Gorge, where elevations 
are 1,350-1,550m(4,500-5,100 ft), to un­
dulating hills in the north and a high plain 
in the south which rises gently to about 
1,850 m (6,000 ft) in the Ildoinya Hills 
near Endulen. 

The southern part of the area drains into 
Lake Eyasi. The extreme north drains north­
east via the Sanjan River into Lake Natron 
or west through the Ngungu Stream into 
Serengeti National Park. The southern part 
of the Eastern Serengeti drains into Oldupai 
Gorge and then eastward into the Balbal 
Depression. 

The geology, climate and soil-vegetation 
relationships have already been discussed 

Table 2. 
Physiographic divisions of the Ngorongoro Conser­
vation Area 
Major physiographic Minor physiographic units 
units 
Westerns plains Eastern Serengeti Plains A 1 • 

Sale Plain A2 
Sand dunes north of 
Oldupai Gorge A3 
Balbal Depression A4 
Sand dunes north of the 
Balbal Depression A5 
Doinyoogol Hills A6 
Oldupai Gorge A7 

Crater Highland massif Western wall of the Crater 
Highlands B 1 

Lake Eyasi-Kakesio 
area 

Empakaai Crater 0 
Ngorongoro Crater E 

Montane areas B2 
Highland plateau B3 
Lake Eyasi fiats C1 
Lake Eyasi Escarpment C2 
Misigio Escarpment C3 
Kakesio-Endulen area C4 

*These units are designated on the map by letter or 
by letter-number combination. 

by Anderson and Talbot (1965). They noted 
the presence of three main soil types: ju­
venile soils on volcanic ash, calcimorphic 
soils with hard pans, and vertisols of litho­
morphic origin. The north and central sec­
tions of the Eastern Serengeti Plains consist 
of a shallow layer of fine volcanic dust over 
calcareous tuff which in turn overlies a hard 
pan (calcimorphic soils with hard pans). A 
high proportion of silt and fine sand and a 
high exchangeable sodium content render 
this soil very unstable and very subject to 
erosion. The higher land, south of the cen­
tral plain, consists of vertisols oflithomor­
phic origin derived directly from calcareous 
tuff. Sand and silt fractions are lower and 
the soils much deeper than those further 
north. On the central plain immediately 
north of Oldupai Gorge there is an area of 
stabilized dunes composed of fine sand 
overlying calcareous tuff. 

The Eastern Serengeti Plains is an area 
of high temperatures, high winds and vari­
able rainfall. Precipitation data from 
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Part of the vast herds of wi ldebeest and Zt·!J ra found 
on the Eastern Screngeti Plains (on SpO(OOO{IIS 

murgiflullIs-Digilu ria macroblcpharu short grass­
land here) during the rain~' season. Photo by 
B.l .Dirsch l 

Banagi in the west and Ol(llaa in the north 
show annual averages of 784 mm (30.90 
in ches) and 530 mm (20.88 in ches), reo 
spec ti vel y, Data collected a t Leakey's Camp 
at Oldllpai Go rge in 1965, 1966 and 1967 
show totals of 531 mm (20.94 inches), 378 
mm (14 .. 87 inches) and 331 mm (13.04 
inches) of rai n, respect ivel y. These data 
substanti ate th e cont enti on of And erson 
and Talbot (1965) that ra infall is lower in 
the eas tern than in the wes tern part of the 
Serenge ti Plai ns. High variabilit y in rain­
fall , th e high rate of transpiration and the 
hard pan layer near the surface possi bly 
accou nt for th e dwa rf form s of grasses 
which grow on the central pla in. 

Large concentra tions of game graze the 
whole area for th e durati on of th e ra iny 
season_ 

Short grassland: Sporobolus rl/.arg il/atus­
Digitaria macroblephara- Kylliflga spp. 
Short grass communities occupy t he major 
part of the central and north ern port ions 
of th e Eastern Serenget i P la ins_ Alt hough 

t2 

. " 
~ .' 

.'. -.. 
. ,~ 

.;~ :... .-' .- ; .. 
, - 6 .... '.; 6··i-~:~ ... :· "'· 
• .-." '-" ~};1" • "V' .., •. , " _ . -

Digilaria fl/acroblepliara and Kyllinga spp. 
a re locall y dominant , Sporobolfts margirwtll s 
is by far the mos t common of the approxi­
ma tely 20 grass species in this area. The 
sparse, perennial basa l cover imlicates 
so il instabilit y particular ly in th e vicinit y 
ofOldup ai Gorge where heavy usage by 
wi ldlife and li ves tock has produced a 
deepl y rutted. wa rne·iron effect on the 
ground, 

S hort grass land: /fypoesles/orskalii over 
Sporobolu s-Digitaria, f1l.acrobleplia ra­
Kylliflga spp. 
This type grows along the lowlying drainage 
lines on ei ther side of Lemuta Hill , in the 
\Ves tern Kili Plain and along the eroded 
banks of Ngungu St ream. I n the shrub 
layer, Hypoestcs/ors!.-alii is dominant and 
just.icia elliotii, l-Ieliolropillnt eduordii and 
Indigo/ era ba .wjlora are common. The grass 
laye r is identical with the abo ve short grass 
type. The in vasion of th e grassland by these 
woody herbs may indicat.e heavy grazing 
(A nderson and Talbot, 1965 :40) . 

Short grassland: Digilaria scalartlm­
Digitario, milalljiof/a 
The short grasslands at the upper reaches 
of the Salljan and Kerian streams conta in 
a mi xture of ] 3 grass species of wh ich Di· 
gila ria, scalarllln and D. milanjialla are the 
most widespread . The western slopes di­
rec tly below the Doin yoogol Hills contain 
modera tc cover of he rbaceous and small 
bush species. 

The ]957- 58 aerial photos show an ap· 
parently heavy cover of herbs or shrubs in 
I he wes tern part of Ihis mapping unit but 
we could not trace this fea ture on the 
ground. The cover had disappeared, pos­
sibl y because of changes in grazing pres­
sures and ra infall. 

Med ium grass land: Alldropogofl grccfurayi­
PellfliselufTl. medaflllm- Chloris p),cllolhri:'I: 
This lype occupies th e higher land sout h 
of Oldllpai Gorge. Of th e 10 grass species 
founel here, AlldropogongreenlVay':, Pen­
Ili sel,lff//. meziall I_I Ill. and Chloris pycf/.othrix 
are th e most common . 



j usticia elliot,ii, Indigo/era bas/flora and 
Solal/llrn il/calluln are shrubs occurring in 
moderate amounts th roughout the type. 
I-Iypoestcs/orskalii is common on the higher 
hills in th e southeast, especially around the 
small reservoirs there. 

Achyrallthes aspera, Cyperaceae and reo 
generati on of Acacia spp. is common along 
the upper reaches of th eNenkutuk and 
Olgeju Nyiro drainage lines. 

Short grassland : Sporobolus margillaius­
Sporobolus / est,ivu s-Arid ropogol/. greenwayi 
This type occupies an ecotonal position be­
tween th e short grass of the cent ral p lain 
and the medium grass of the higher land 
to th e south, and is found mainly on gentlc 
to moderate slopes between these two se­
condary ph ysiognomic types. Sixteen grass 
species are present in various mix tures. 
S tep erosion is very common and some steps 
are as high as 60 em (2 ft). 

Low woodland: Acacia drepwlolobiurn 
This type is composed almost entirely of 
Acacia drepanolobium . It runs northwest 
along major drainage lines from the Nai­
bardad Hills to Oldupai Gorge and ex tends 
to the south wcs t of Lake Ndut u. Locally, 
low woodland approaches the thicket s tage. 
Th e trees are of all age classes and aver-
age about 2 m in height. They are topped 
by scalt ered, lal1 Acacia tortilis and Bala­
nites aegyptica trees. Acacia seyal and A. 
xaTlthophloea grow immediately adjacent 
to the drainage lines. The field layer con­
sis ts of medium grassland dominated by 
Perlrl iseturn meziwlIIrn, with rndigo/era basi­
flora and Justicia cUiotii shrubs present in 
small quantities. This woodland type seems 
to have expanded slightly since 1957-58 
when the aerial photos were taken. 

Low woodland : Acacia torlilis 
This small area of woodland occupies th e 
corner between Oldu pai Gorge and the 
Acacia drepanolobium.l ow woodland type 
and contains a mixture of age classes in the 
tree overstory and an underl ying, medium 
grass cover of Digilaria milarljiana and 

Severely grazcd Sporobolils nwrginatus- Digitaria 
If/acroblep/wra short grassla nd on the Easlern 
Scrcngcli Plai ns immediately sOllth or Old upa i 
Go rge. Photo by H. J. Dirschl 

Chloris Pycllothri.x. }usticia elliotii and /,,­
digofera basijlora shrubs arc moderately 
commOIl. 

Sulc Plain 
Tn this report, th e Sale P lain is th e land 
between th e Carl er Highlands in the eas t, 
th e Doin yoogol Hills in th e west, th e Balbal 
Depression in the south and the conser­
va ti on area boundary in the north. Actually, 
most of the plain lies nor th of th e conserva· 
tion area, in Loli ondo District, west of Lake 
Natron and th e Gregory Rift \Val l. 

T he plain has an average elevati on of 
abou l1 ,250 m (4-,100 fl) and slopes gently 
upward to th e Doinyoogol Hills in th e west 
and the Crater Highlands in th e east. In 
th e south, the level relief is broken by nu­
merous, low sand dunes which continu e 
farther south to the edge of th e Balbal Dc· 
press ion. 

Ju venile so ils on volcanic ash are pre­
dominanl. Their high poros it y and low 
moisture re tention, in combinat ion with 
th e genera ll y low and unreliable rainfall , 

nearly create an edaphic desert (Anderson 
and Talbot, 1965) . Most of the area is co· 
vered with sand dunes, few of which are still 
mobile. Water drains from the Doinyoogol 
Hills and the Crater Highlands onto the 
Sale Plain and several large outwash fans 
have spread out along its edges. 

Medium grassland: Daclyloctenium sp. 
nov. - Sporobolus cOfl.simi lis 
This type occupies the cen tral part of the 
Sale Plain. The sand dunes are low in the 
north and higher in th e south. Dactyloc­
tenium. sp. nov. is dominant and trees are 
rare on th e dunes. S tands of the tall grass, 
Sporobollt s consimilis, are dominant between 
th e du nes. 

The volcano Oldoin yo Lengai, which lies 
approx imately 33 km (20 miles) to the east, 
erupted in 1966 and dumped ash over a 
large area along the boundary of th e can· 
serva ti on area. As a result , th e plant cover 
there is very low. TaB stands of S. consim.ilis 
have survived but seem heavil y grazed. 
Mu ch of the lower Daclylocteniurn grass 
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Dactylocterlilllll sp. nov. and Sporobollls cOlisimilis 
medi um grassland on the Sa le Plain. Photo by 
D. J. Hcrlocker 

11 

Lo"" dunes, north of the Ilalbal Depression, wh ich 
ha\'c LeclI stabilized by a cover of C)'IIOdoli plecto­
stachYlIs and Dactyloctellilll1l mediulll grass and 
sca tt ered i lcacia mellifera and Commiplwm trees . 
Photo by D. J. Herlockcr 

was covcrcd with ash and is now beginning 
to regenerat e_ 

' hort grassland: Sporobolus margillailis 
Sporobolus marg illatll s short grassland oc­
cupi es thc Kit.i Plain, th e southern porti on 
of the Sale Plain and th e higher ground cas t 
and west of th e Dact),loctellillln sp. nov.- S. 
cOT/ simi/is medi um grassland type. Th e type 
then extends furth er south above a small 
north east- south wes t rifL where it meets 
the Sporobolus- Digitaria- KJ'lIillga shor t 
grasslands west of the Balbal Depression. 
S. margill ailis is dominant j Digitaria rna· 
croblephara, S. spicalll s and Dacl),loctcllil.ffll 
sp. nov_ are common. 

During the short ra ins, game from th e 
mai n Serengeti migra ti on concentra te and 
graze on the higher, western slopes of th e 
Sale Plai n. Maasai ca ttl e graze throughout 
Ih e pJain . 

S tille! dunes north ofOldupni Corge 

This is an ext ensive area of ju venile soils 
on volcanic ash and of low dun es, most of 
whi ch have been stabilized by vegetat ion. 

Low woodland : Acacia melli/era 
On most dunes, Acacia mellifera is found 
wilh an undergrow th of lvlaefllCL lrichoplq lla, 
Lycillln spp. , Salvadora persica. and Achy ­
ra l/thes aspera .. Some dunes ure covered with 
Dacl),loclell illfll. sp. nov .- C)' flodo /l. pleclos­
tach),us short grass. Digitaria macrable­
plwra-Sporobolus margiu(ltll s short grass is 
dominant on the more stable ground be-
t ween the dunes_ In some places, this grass­
land type extends eastward to the fault lines 
bordering the Balbal Depression and reo 
sembles lh e veget.a tion of t he sand dun es 
north of tha t depression. 

Low woodland: COfll,miphora madagasc:.a ­
riel/ sis-Acacia melli/era 
This lype occupies the vicinity of the small 
fault scarp whi ch runs north from Makarut 
j\ilountain, past the mouth of Oldupai Gorge 
and along th e eastern edge of the Doinyoo­
gol Hills. Th e vegetation is mainly Com.­
miphora and Acacia spp. in the overstory 



with Pcrlllisctlf rn stramincu111 , Erlllcapogon 
elcgans and Dactyloctcnillm. acgypticlUn be­
low. Safl scvi.cria chrcnbergi.afla, Salvadora 
persica, Cisslf scacliformis, C. quadrallgularis 
and Barlcria erarilhemoidcs are locall y abun­
dant in the understory. Balarl ilesaegyptica, 
Acacia torliiis and Euphorbia metabelensis 
also occur in the tree layer . 

Bal bu l De p ress io n 

The Balbal Depression is aboll t26 km (16 
miles) long and 8 km (5 mil es) wide. It has 
gently sloping sides and a level Roor of black 
co Ll on clay soil. The depression is bounded 
on lhe south by Makarut M.oun lain, on the 
cas t by the Crater Highlands, on the no rth 
by the sand dunessou th of t he Sale P Luiu, 
and on the west by a small fau lt scarp which 
crosses the mouth of Oldupa i Gorge in a 
north-soulh direction . Lying a t about 1,300 
m (4,300 ft ) above sea level, the depression 
is the base level for th e s treams which dra in 
the central Serengeti P lains, the southern 
Doin yoogol Hills, the north-fac ing slopes 
ofMa karut and th e nort hwest slopes of 
Ngorongoro and Olmoti (Dirschl , 1966). 

Medi um grassland: Pefllli selllnt 11leziwmfn 
T his community occupies the poorly 
dra ined so uth ern half of the depression 
fl oo r. Perlfl isetlUn meziallllrn is dominan t. 
CYllodan pleClostachYlIs and Cyperaceae are 
common . 

Medium grassland: Cyll odofl. dactylofl. 
Th is type is found in the beu er-dra ined 
north ern half of th e depress ion . Cynodon 
da cty loli is dominan t. A number of other 
grasses are minor cons tituent s in th e grass 
layer. Achy rwilhes aspera, Solal/lIln spp. 
and Chenopodium spp. are present , partic­
ularl y al ong the northern edge where Acada 
xUlllhophloea regenerati on is abu ndan t. A . 
tortilis regene ration is common throughou t 
the a rea but retarded by Hnnual grass fires. 

Low woodland: Acacia lorlilis 
T hese woodland stands vary in degree of 
crown cover and height and grow on the 
well drained, gen tlc slopes that fr inge the 

floor of th e Balbal Depression on t.h e eas t, 
north and west. 

Tree cover ranges from yo ung, dense, 
even-aged s tands wi Ih little ground vege ta­
tion to older, more open, even-aged s lands 
with a heavy grass cover in wh ich Digitaria 
mucroblephara and Sporobolus margi /lalus pre­
dominate. Lycium spp. , Atfaerlla tn:chophylla, 
Solanum incfUWm. and Capparis elaeagnoides 
bush species arc found through out. 

Some Acacia lorlilis regenerati on occurs 
beneath very open Acacia stands and, local­
ly, in grassland. In recent years, prolonged 
fl oods have ki lled a fringe of A . lorl.iiis along 
the eastern edge of th e depression. 

Medium grassland: Cynodon piccloslachYll s­
Cynodon d(LClylon 
This type grows on th e gentle slope in the 
sou thern port ion of th e Balba1 Depression, 
in a band along th e foot of Olmoti MOUll­
ta in, and on th e outwash fan s of seasonal 
s t reams now ing o rT the Crater Highlands. 
Near the northe rn edge of this grassland 
type, cover is high and the grasses grow 
relat ively tall ; but toward the sOllth, height 
and cover decrease and s tep erosion is 
locally present. Growth of !"digol era basi· 
]lora and f~rpoestcs f orskalii sh I'U bs and re­
genera ti on of Aca.cia lortilis occu r locally. 

Shor t grassland: Sporobolus margiflatlls­
Digitaria rnacroblcphara-Kylli/lga spp. 
This type occupi es th e firs t sitc in the Balbal 
to dry up aft er the rains- i.e., th e southern­
most par t of th e gent.le ri se between the 
Balbal floor and Makarut Mountain. The 
type is an extension of th e large r short 
grass type whi ch grows in the west above 
the fault. 

H igh woodland: Acacia xallthophloea 
T his woodland has a light Lo moderate Ull­

ders tory of unident ified bu sh and Cynodon 
plectoslachYlis medium grassland . The type 
is bordered by the Balbal Depression on 
the sou th and the sand dune area on the 
nor th. The la nd rolls gently- low, sandy 
ridges alternate with mois t', loamy troughs. 
Generall y, Acaciaxanthophloea occupies the 

ridges . S ince 1957- 58 when the aer ial ph o. 
tos were taken, th e death of large matu re 
trees in the centre of th is commun ity has 
opened up a la rge a rea in the overs tory. The 
death was probably du e in part to th e re­
cent flooding of the Balba!. 

A. xanthophloea stands are commonl y 
considered Hgroundwa ter fores t" . The 
presence of th is rcla t i vel y small and iso­
la ted s tand, plus th e ex is tence of several 
moderat ely deep wells dug in the sand by 
Maasai, indicate that this small area may 
be a na tural slimp for the remainder of th e 
Balbal Depress ion. 

Su ml dUlles north o f t h e Uu llHl I Depressio n 

This is an extensive arca of predominantly 
low sand du nes between the Sale Plain and 
the Balbal Dcpression. Most of the dunes 
have been s tabi lized and arc now covered 
with Acacia melli/era low woodland. 

Tree and bush cover is moderately dense 
ncar the Balbal Depression in the sou th­
east. Charac teris tic umlers lory species are 
Maerua trichophylla, Pcwonia patens, Achy­
ralllll es aspcra, Salvadora pcrsica, DyciliTn 
spp., Barleria ercwthe1ll.oides and Indigofera 
spp. Acacia tortilis and Euphorbia carldeia­
brurn are minor const itu ents of the over­
s tory. Most dunes have sparser cover than 
do the troughs between th em. 

Throughout the a rea CYllodon plecto­
stachyus is fairl y common in the short grass 
layer. Dacly/oclefliul1l. sp. nov. and Cenchrus 
cilia.ris arc dominant on th e dunes; Sporo­
bolus murgirwtlls and Digilaria rnacroble­
phara a rc dominant in the troughs. 

C. pleClostachYlfs and C. dactylon are 
codominant on the out wash fans at the 
mouths of seasonal s treams which drain 
the Cra ter Highlands and th e Doinyoogol 
J-li lls. During the d ry season, the soil of 
th ese outwash fans appea rs to reta in mois­
ture longer than do oth er so ils. 

Doill )'oogol Hi ll s 

The rugged topograph y of the Doinyoogol 
Hi lls forms a series of cas t- wes t ranges be­
tween the Serengeti and Sale plains. T he 
hills present a s teep fa ce, 460- 902 m (1,500-

t5 



3,000 ft ) high, to th e Sale Pl ain a nd rise 
10 300 m (1,000 ft) above Ihe Serenget i 
Plains. The K i li Plain isa long narrow s trip 
of level grass lund which cut s through the 
so uthern Doin yoogol Hills a nd connects 
the Serengeti Pl ains in th e west with the 
Sale Plain in th e eas t. The eas tern face of 
Lhe Doinyougul is an old, eroded fau lt scarp 
(Pickering, 1960). 

Generally, th e so ils are shallow and rocky 
but level tufT soils occur in some valleys. 
Th e underl ying rock is composed largely 
of quartzite, gneisses and schis ts. It is 
always nea r th e surface and ort en full y 
exposed. 

Low woodland : Commiphora madagascari. 
ell.sis- A cacic£ drcpa nolobiu m 
This type is the prevailing vege tation type 
in the Doinyoogol Hills. II grows in var ious 
densities on th e s teep slopes in most of the 
area and oft en on bare, exposed rock. 
Acacia melli/em is locally a bundant in the 
north j Euphorbia melabe/ell sis is often local­
ly dominant in the south . Also A . .'5eya/, 
A. rlilotica and A .lorlilisare found. Euphor­
bia nyih:ae is res tricted to th e s teeper slopes. 
From a dis tance, this woodla nd community 
seems to be dominated by II . I,orl,ilis . It is 
tall er and has a wider crow n than the other 
tree species, but ra rely contributes signif­
icantly to crown cover and densit y, except 
on the gentle slopes at th e hase of some 
hills . A light bu sh cover dom in ated hy 
Aspilia mos.mmbicensis exis ts throughou t 
mu ch of th e a rea. Of the ma ny grasses pres­
ent . PenniseluIIL slraminellrn, Themeda trian · 
dra and Dactyloclenium spp. predomina te. 
Aristidaadsccll siollis is common . 

Mediumgrassland: PennisetllllL stramineu11l ­
Themeda triandra - Daclyloclerl ill rn spp. 
This type grows a t higher el eva tions in a 
large area of the nor th western D oi nyoogol 
Hills. A smooth turf of this medium grass­
la nd, unbroken by trees or rocks. charac­
terizes several of th e small va lleys and pro­
du ces a distin ct contras t to th e rough to­
pograph y of t.h e hills. Arist,ic/o llc/scellsioll is 
is aga in common. 
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Low wood la nd of COIIITlliphora madagascariensis 
mix ed with Acacia drepano{obillTTL and A. se)'al, 
common throughout the Doinyoogol Hill s. 
Photo by D. 1. Hcrl ockc r 

OJdupai Gorge 

Oldupai Corge divides Ihe Eas te rn Serengeli 
Plains int o north ern a nd southern halves. 
The main canyon begins at Lake Ndulu 
at approximalely 1,600 m (5,200 fl) and 
empties into the Balba l Depress ion a l 
1,300 III (4,300 ft). A tribut ary originates 
al ahoul l ,580 m (6,000 fl) on the high 
ground immediatel y wes t ofMa karut 
Mount ai n 3nd e nt ers th e main gorge nea r 
its term ina tion. 

Oldupai Gorge can be divided int o three 
ph ys iographi c paris. \Ves tward from its 
mouth to its cross ing with I he Ngorongoro­
Serone ra road, the lower gorge is deep with 
s teep. eroded walls and a narrow flo or. Th e 
s tream gradient is s teep and run off is rapid. 
Southwest from the road cross ing to Lake 
Nd utu. the go rge is shall ower with more 
gradually sloping sides. Th e s tream gradi ent 
is gentler and wa ter rema ins longer in or 
beneath th e s tream bed. Th e south fork of 
the gorge is much nar rower and shallower 
than th e ma in gorge and has a s teep gradi. 
ent in it s upper reaches . 

Wes te rn sectiOll oj t./w gorge 

From Lake ldulu to roughly the cross ing of 
th e Ngorongoro.Seronera road, th e vege ta­
tion is characte rized by low wood land of 
Comm.i plwra madaga scariensis- II ca.cia 
melli[em- A. torti/is. Although A. t.ort.ilis is 
th e least common of the three, it grows 
taller with a wider c rown and thus predom. 
ina tes visuall y. Th e layer of bushy species 
ranges in de nsit y from low to moderate and 
consis ts typica ll y of o/l.sevieria.ehrcllberg­
iana, Cis.ms qllac/rtwglllaris and C. cacti· 
[ormis. Th e grass layer is mostly Digitaria 
macrobleplwra a nd Sporobolus f1largillatlls 
short g rass. S uch a nnuals as Arist.ida ads­
ceflsiorlis are also common. 

I n th e shallow canyon. th e st ream bed is 
covered wilh a dense layer of g rasses of 
which the most common is Sporobolus con­
simiiis. This tall grass g l'ows among th e 
short e r grasses, Chlorisgayafla and Penni· 
selllTn rne;iarIllFn, in s ta nds reaching 260 em 
(8 ft) high. Sporobolli s spica!lI s, S. lwmblei 
and Ocly.58eajaegeri frin ge the edges of this 
g rass land mosaic a nd t he lin es of water 



seepage wh ere Cyperus laevigatlfs gro ws 
(A nderson and Talbot, 1965) . 

Eus t.er fl sec t.io ll of 1.ll e go rge 

Th e vegeta tion here is somewhat more va ri· 
able because of the s teep, broken can yon 
walls. Low woodland over bush and grass is 
as common as it is in th e wes tern section, 
but lree cover is usuaUy more open and the 
bush layer often reaches the thicket s tage, 
especially along the margins of the s lream 
bed. Tn some locations, veget at ion cover is 
sparse and erosion severe: fo r example, a l 
t he juncti on of th e main gorge and its so uth 
fork tri butary near Leakey's Camp where 
IVfaasa i catt le have removed mu ch of the 
grass cover nea r th e small wa te r rese rvoirs 
prov ided by 1. S . Il. Leakey . 

\\lithin Old upai Gorge, th e woodland 
overs tory is composed of CommipllOra ma­
dagasca riellsis and Acacia melli/era and 
lesser amou nt s of A . tortilis and C. merkeri. 
Associated lower vegeta tion is Sansevicria 
ehrellberg ial1{l , Salvadora persiea, Lyciull/. 
spp., CisslIs quadra llg ularis, C. cacli/ ormis, 
Euphorbia sehi mperi and E. I.iruca/Li. Grewia 
spp., Cordia spp. , Pluchea ovalis and j ll.sticia 
bent.oll i.ca also grow along th e 5t ream . 

S o n t h fo rk t.ri b u t. flr)" 

T his section is charac terized by bush anu 
bush thicke t of Sallscvieria ehrellbergiullu, 
Salvadora persica and CiSSli S spp. on the 
stream banks, para ll eled by narrow slr ips or 
low woodland . CommipJwra I1wdagascariclI . 
sis, Acacia torti/is and A . melli/erci predom­
illa te in th e ovcl's tory ; Sansevieria.ehrenber· 
g ianCl, Salvadora persica, Barleria, erall lhe­
moides, Digilaria macroblephara, Sp orobollis 
marginCltlls and Kyllillga spp. fo rm th e 
ground vege tation . 

Over a large a rea of th e head waters, me­
dium grass of Penniselum stramill ewn, Aris· 
lic/a adscell sionis and Enneapogon elegans 
grows beneath lo\\' woodland of Commi-
ph ora- Acacia m.elli/era. The upper reaches 
a rc covered with low woodland of A. ger­
rardii , A. drcpallolobiuIn and If. seyal over 
med i u m grass of Th cmeda (.riclIId ra, Tl ypar­
rhcfl iu spp. and PCll ll iselu1I/. Illeziallum.. 

l\'fcd ium grassland of Pc,,"isctll11t s(f(LllliflCllfll, 
Themeda lriQfldra and Daclyioclclliltfll sp . nov. in 
th e Doin yoogol Hill s. Photo by D. J. Hcrl ocker 
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Typical vege tation 0 11 thegclltl c slopcs of thc 
wcs tern scclioll of Oldupai Co rgc-Commiphora 
madagascuricfl sis- Acacia melli/era low woodland 
with an untl crslory of SUIIscvicria ehrclllwrgiullu , 
Photo by D. 1. Herlockcr 

tS 

View of th e eas tern section of Oldupai Gorge nca r 
Leakey's Camp. The tree species growing in the 
bottom is Acacia tortilis. Photo by D. J, Herlockcr 

Crater Highlands J11assi f 
Th e Crater Highlands lie between the north­
eas tern edge of Lake Eyasi and the extreme 
north eas tern corner of th e conservation 
area, and form a high plateau with an av­
e rage elevat ion of 2,150- 2,4.50 III (7,000-
8,000 ft ) . Several ex tinct volcanoes rise 
above the plat~au to eleva tions of more 
than 3,050 m (10,000 fl) . Several calderas 
are sunk into the plateau. 

Th e greatest rise occurs in the south west 
where Oldeani Mountain climbs [rom Lake 
Eyas i a t 1,000 III (3,250 ft) to an elevation 
of 3,050 III (10,000 [t) . The 75·klll-long (4·5 
miles) western face of the highlands reaches 
2,000 m (6,500 ft) above th e adjacent Se· 
renget i and Sale pla ins. It is anchored a t its 
south"'cs lcrn und nor thcas tcrn cnds by 
MakarullVTountain and Empakaai Crater, 
respecti vely, and 'a t its mid point by Olmoti 
iVrollnta in. All th ree peaks are over 3,000 m 
(9,750 ft) high. Th e outer [ace of the high­
lands then extends about 16 km (10 mil es) 
south east along the north ern and north­
eas tern flanks of Empakaai, merges with the 
Great Rift Escarpment and runs south to 
the eas tern slopes of Lolmalasin :Mountain 
wh ich is over 3,350 m (11,000 fl) high . Th e 
wall leaves the Creat Rift at th is point, 
drops to about 2,300 m (7,500 ft) and runs 
south wes t and west along the eas tern and 
southern slopes of Ngorongoro Crater La 

OldcClni Mountain. 
Ext e ri or dra inage is into Lake Eyasi in 

the soulh, the Balbal Depression in th e 
wesll and over th e rift wall in the northern , 
weste rn and so uthwestern porti ons of the 
conserva tion a rea . 

Because of the abundance of craters and 
depress ions in the highlands, there are sev­
eral int erior drainage sys tems of which Ngo­
rongora Crater is the larges t. The contigu­
ous area of highland grassland to the north­
east drains into th e Balbal Depress ion a t the 
centre of a triangle formed by the Losirua, 
Lolmalas in , OImoli and Empakaai moun­
tains. Smaller drainage systems are th ose of 
Empakaai Crater in the extreme northeasl, 
and of th e Malanja Depress ion in th e south­
weste rn part of th e Cra IeI' Highlands. 



The prevailing easterly winds strike the 
eas tern slopes of th e highlands, cool as they 
rise and deposit heavy amounts of precipi­
tat ion over the slopes and over the high­
land plateau. No rainfall records are avail ­
able fo r th e eas tern slopes but the average 
annual rainfall at Ngorongoro selt lement is 
about 890 mm (35 illches) . The Endulen 
area and the wes tern slopes of Olmoli 
Mountain probably receive similar amounts 
of rain. Mos t of the rain fall s fr om Novem· 
ber to May. A dry season occu rs between 
June and October, but there is considerable 
cloud cover over the eastern and south­
eas tern parts of the highlands during th e 
first three months of the dry season. Large 
temperature differences reflect th e range of 
altitudes in the highlands. Temperatures 
as low as 2°C (35°F) have been recorded 
duringluly and August (Dirschl , 1966) . 

Western wn U of the C rater Hig h lului s 

The western wall rises 1,200 m (3,900 ft ) 
above the adjacent Serengeti and Sale 
plains. It stretches approximately 75 km 
(45 miles) northeast from Makarut Moun· 
tai n to l aeger Summit , the westernmost ex­
tensioll of Empakaai, and then 16 km (10 
miles) east and southeast along the north­
ern and northeastern fl anks of Empakaai 
Crater almost to Kerimasi Mou ntain in the 
extreme northeast of th e conser va tion area. 

The we~ tern wall is th earea on th e wcs t­
ern and northern sides of the Crater High­
lands below 2,450 m (8,000 ft) in ele,'at ion . 
This cont our line forms an approximate 
di viding I in e between Acacia laltai high 
woodland and mon tane forest. Vegeta tion a t 
higher elevati ons is discussed in the secti on 
en titled nMontaneareas" . 

Minor storms, whi ch form over th e main 
peaks along th e western wall during the shor t 
rai ns, character istically fol low fairl y regu lar 
rou tes over th e wall and, for a short di stance, 
over th e plains beyond. Devoti on to th ese 
routes is made evident by st raight strips of 
green grass ex tending wes t fro m the high­
lands in to th e other wi se dry and brown pl ai ns. 

There is a dis tinc t llititudinal zonation of 
vegetat ion Oil the wes tern wall , particularly 

Commiphora madagascarjellsis low wood land over 
PClllliscturTl. s/ramineul1I, Aris/ida adsccnsionis and 
Ellflcapogon c1cgull s medi um grass land on the lower 
western slopes of the Crater High lands. Photo by 
0. 1. Herlocker 

on the lower to middle slopes of th e three 
main mountains. Here the zones comprising 
Ihis pattern occur at lower elevat ions than 
on adjacent parts of th e wall fronting the 
plateau. Consequent ly the lowermost belt 
of woody vegeta tion (Comrniphora low 
wood land) is a t its narrowes t on these 
mount ains. A washboard system of deep 
canyons breaks th e zonation into a complex 
arrangement of small , horizont al vegeta ti on 
communities cut a t right angles by long anel 
na rrow canyon vegeta ti on communit ies . 

Th e soil tends to be shall ow at lower 
elevations and slightly deeper a t higher 
elevat ions. Soils a re par ticularl y shall ow 
on the steep slopes of canyons with th e 
underlying rock freq uentl y exposed on the 
lower to middle slopes where li ves tock trai ls 
are in permanent use, 

111ujor vegc wl.ion typcs oj expo: .. cd s lop e .... 

Low woodland : Commiphora 
madagascarierl si s 
A variety of low woodland communities 
occupy th e lower band in the zonation pat-

\ , 

tern . Th e band is narrowes t~about 1.6 km 
(1 mile) wide- on th e lower slopes of 0 1-
moti . Cornmiplwra flLadagascariensis is the 
dominant tree species throughout. C. mer· 
heri is commonj Acacia tortilis, A. melli/era 
and A . senegal occur in the lower portions 
of the band . A. seyai, A . lIiioticiL and A. dre· 
panolobiu11I occur inrrequ en tly th roughout 
the rest of the area. Th e understory is 
mostl y Pefl. fliselum slraminellm- A ristida 
adscensiollis- ETlneapogon elegalls medium 
grass south and sou th wes t of Olmoti , The­
meda triandra- Hyparrhell ia-Heteropogoll 
cOlltorius mediu m grass on Olmoti 's lower 
slopes, and nigitaria macroblephara - Spo­
robollls margi.!lal.tlS short grass, wi th a shrub 
layer of Aspilia mossambiceflsis and Lippia 
spp., at the wall 's northeas tern extremity 
JU SL wcst of Empakaa i, 

Low woodland: Acacia drepan%bium 
Th is type grows in a broad band above the 
Cornmiphora low woodland association on 
th e slopes of Makarut Mountain and Ngo­
rongoro Crater. Th e band reaches about 
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Lippia-Lalltana bushland common on the eastern 
and western slopes or the Cra ter Highland massif. 
Photo by H. J. Dirschl 

1,700 III (5,500 ft) in elevat ion where it is 
replaced, usuall y by grassland . Few tree 
species oLher than Acacia drepallolobium 
grow within this community type. The open 
spacing of stems and th e small erown di­
ameter result in an open physiognomy of 
the tree overs tory. The understory is main. 
ly Andropogongrccnwa),i medium grassland. 

Low woodland: Acaciagerrardii 
This type is found in two areas at the same 
elevational st ratumas lh e ACflcio drepano. 
lobill1n low woodland: on th e weste rn slopes 
ofMakarut Mountain, in cluding tlte head· 
waters of the so uth fork of Oluupai Corge; 
and on th c southweste rn slopes of Olmoti. 
To the wcs t of Makaru L Mountain. s tands 
of A. gerrardii arc mixed with thoseof A. 
drepanolobium. On Olmoti Moun ta in, A. 
se)'al and A. gerrardii are codominanL. 
S mall nu mbers of A. kirkii occur through. 
out , particularl y among st reams. Medium 
grasses, T),emedatriaTidra, Seteria sp/wce. 
/ala and "(vparrhcll ia spp. scatlered with So· 
Lanum incanu.m make up th e undergrow th . 
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High woodland: Acacia se)'al 
Acacia seyal high woodland grows on 01· 
moti Mountain, northeast of the A. gerrar­
dii type. The zone is widest on Olmot i's 
northwestern fl ank and extends in a taper. 
ing and often brokcn band to the western 
slopes of Empakaai Cralcr. Elsewhere, A. 
seyal is orten a minor component of low 
woodland commun it ies, but here it reaches 
height s of 12- 15 m (40-50 ft) and forms 
a single. layered s tand of large.crowned rna· 
Lure trees. Little regenerat ion of A. seyal 
occurs beneath these sta nds of high wood· 
land. Th e understory is mos tly moderate to 
dense layers or Lippia- Lrllll.ana- 50lallu!1l. 
iT/ callllm bush. In the north east, below the 
Meli nda Highlands and beyond, Aspilia 
mossumbicensis replaces Lantaf/a spp. 

Several large stands of A. seyal occur 
nea r the conserva tion a rea boundary on 
th e upper drainage of seasonal streams run­
ning ove r the rift wall from th e eas tern and 
northern flank s of Ker imasi Mountain and 
Empakaai Crater. An understory of bush 
probabl y consis ts of Lippia- Lontona-

Solarwm incaTllItn and, possibly, of A. mas­
sambicens':sj but this cou ld not be verified 
by means of a ground s urvey . 

Bush: Lippia- LaTltaTla- Solwwln iT/callum 
This vegetation belt , of variable widt h, 
grows immediat ely above th e Acacia seyal 
high woodland on Olmol i Mountain and 
tapers off to th e nor theasl. Composed prin. 
cipally of Lippia spp., Lalltallaspp. and 
So/arlllrn i1lCallllm, the shrubs arc 370 cm 
(12 ft) high and of Len gro\\' so dense as to 
be almost impenetrable. A few emergent 
trees, chiefly A. seral at lower and A. la/lUi 
at higher elevat ions, a re scau eredthrough­
out this type. 

Bush of variable density covers most of 
the Naiobi- Enkopironi- Engamat a rea. 
Small patches of moist evergreen fores t are 
found wi thin the canyons here, whereas 
bush grows on the ridges above. A tall 
species of Euphorbia, similar to that foulld 
in the fores ted ca nyons on Ngorongoro 
Crate r's south wall , is t.ypi cal in these fores t 
patches . 



An area of eco tone between moist evergreen fores t 
and Acacia/ahai high woodland nca r Misigio. The 
rorest is now res tricted to fire-protected gullies, 
\\'hereas the fi re· resistant Acacia lahai occupies the 
exposed slopes. Photo by D. J. Hcrlockcr 

High woodland: Acacin{alwi 
This type occupies th e nex t highest zone of 
vegetat ion, a t an approximate elevati on of 
2,100-2,450 III (6,800- 8,000 ft ). 1 t ex· 
tends along almost the entire lengt h of the 
western wall of th e highlands (abollt 70 km 
01'42 miles) , A parti cularl y dense, pure 
sland covers 32 km' (12.5 " I. miles) on th e 
sou th,,'es lern slopes of Makarut lVloun ta in. 
A. la/tai seems to regenera te and grow in 
pure even-aged stands . Seedlings seem un­
able to compete with dense grou nd vegeta­
tion but oft en grow in thickets wit hin open 
grass land or in gaps of senesce nt stands of 
th e same species. In grassland, the growt h 
of A. lahai is often retarded by annual grass 
fires. Th e charac teristicall y dense and inter· 
locked canopies of young- to medium-aged 
stands prevent dense herbaceous ground 
vegeta tion. " ' hen the stands become se­
nescent, individual trees d ie and bushy and 
herbaceous unders tory plants become es· 
tablished in th e open ings. 

Extensive tall stands of A. la/wi grow 
mainly on the southern slopes of Makarut 

Mount ai n, 0 11 Dlmoli Mountain and above 
the northern rim of Ngorongoro Crater . 
Alt hough areas of regeneration are present , 
especially on Ngorongo ro Crater' s wes tern 
rim and in the grasslands of the Misigio 
<l re<l, most of th e A. la/w£ woodlands are 
characterized by open stands of mature 
trees with large crow ns, ancl by an under· 
growt h of dense Lippia- LalltWI(L- Solaflllmirl' 
C{U/llm bus h and Therueda I.riandra, C)'flodo/l. 
dactylon and Chlorisgayww med ium grass. 

Short grass land: Digilflria rnilalljiarlU 
This type grows on Jaeger Summit (Empa. 
kaa i)- wi th a sparse overstory of Comrni­
phorfL madagascarierlsis and Aspilia mos· 
salll.bicensis on the low to middle elevations 
of the wes tern slopes and without bush or 
tree cover on the nor thwestern slopes­
and in several smaller areas of the northern 
flank of Empakaai. Perlfliseturn slrarnifleuUl. 
and A ristida adscellsionis are coJominan t 
with Digiraria milanjialla. 

Th e Naiobi- Enkopironi- Engamat area 
is used inlensively by cu lti vators and by 

Maasai graziers. A large area of land a t 
Naiobi 011 the north slope of Empakaai was 
culti va ted until a few years ago. mall sub· 
sistence farms are common on th e ridges 
above the Rift Wall on the lower eastern 
slopes of Empakaai in the Enkopironi area. 

Vege ,.11 tion oj ClUlyOll .s 

The frequency and effect of grass fires are 
redu ced within the ckl llyons by their s teep 
sides, rocky slopes and genera lly narrow 
mouths . These characteris tics create a cli. 
mat e somewhat more mes ic than on inter· 
veiling ridge tops. In ca nyons 0 11 the slopes 
of the three la rger mount ains there is also 
s urface or subsurface water from springs a t 
higher elevat.ions. Because of these factors 
the canyons generally carry vegetation of a 
greater densi! y than occurs on exposed 
slopes. T his densi ty is especially apparent 
on th e western slopes of Olmoti. Canyons 
near th e bOllom of the slope contai n dense 
low woodlands, domil Hlt ed by Comm.iphora 
I1w.dagascaricrlsis, Acacia melli/era. or Albi­
zia /w rveyi, with an undergrowth of Croton 
dichogarnus, Cordia ovalis and Grell/ia 
shrubs. T his woodland type generally ex· 
tends along the lower th ird of th e canyons 
where it graduall y changes to a thill ribbon 
of mont ane forest vegeta tion. Unt il it ap­
proaches the main, moist cvergreen fores t 
associalioll at about 2,450 m (8,000 ft) 
elevati on, the ribbon is res tric ted to the 
very bottom of th e canyons. 

In th e midd le reaches, th e canyon walls 
are co \'ered with a vegeta tion cat ona which 
typica ll y follows this seq uence. Along the 
very edge of th e canyon, t here is a band of 
Cornbreturn woodland, as mu ch as 100 m 
(330 ft) wide, containing C. moile, Acacin 
hOch'ii and Azanza garckcarla. These species 
change to Euphorbia candelabrum and Aca­
cia. seral trees over Lippia- Lantarla bush 
above the band ; and to Croton macrost.a­
ch),lIs, Albiziagllr1lr1ll/era and Caloderldrum. 
capC/l se trees over Crotalaria im.perialis, 
Pavorlia ira/llIensis and VenlOrII:a auriclllifera, 
bush below the band. 

Lippia spp. and Lantana spp. are the 
principal bushes in some canyons on the 
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northwestern slopes ofO lmot i. Elsewhere, 
the vegeta tion inside and outs ide the can­
yons is less dis tinctl y differentiated, except 
for juniperus procera (d iscussed laler). 

l\1onlnnc I.trCU S 

Typical mont ane vegetation generally grows 
above the2,450 III (8,000 ft) cont our on 
the wes tern wall of th e CraieI' High lands 
and on all slopes of the mountain peaks 
above the plateau. Montane vegetat ion 
occurs above 1,600 m (5,250 fl) on the 
moister eastern wall of th e Crater High­
lands, th earea included in the Nor th ern 
Highlands Forest Reserve. Remnants of 
montane vegetat ion also ex ist on t he inner 
walls of the Ngorongoro and Empakaii 
calderas . 

Large, isolated mountains rise from a 
high plateau to elevati ons exceeding 3,000 
III (10,000 ft). The somewhat abrupt to­
pograph y, the prevaili ng casterl y winds, a 
dry season of 4- 5 months, a wide range 
of climati c factors related to eleva tional 
differences, and the continu al dist urbance 
of vegetation by Maasai graziers crea te a 
complex envi ronmental situ ation which is 
refl ected in a complex distribution of plan t 
commun ities. 

Mont ane forest and bush communities 
are ex tensive in such areas of hea vy rain fa ll 
as th e eastern and sou th ern slopes of the 
highlands and th e wes tern and so uthern 
slopes of Olmot i. Th e main central plateau 
area, whose eas tern edge lies in the rain 
shadow of the higher mount ains, is mostl y 
grassland . Th e pcaks arc covered wi th 
moun tain heat h dominated by A rtemisia 
afra and oth er shrubs. 

AfonlulI c jores t (111(/ bu sh cege l.a I ion 

Moist evergreen forest 
This fo rest vegetat ion can be di vided, ac­
cording to elevat ion, into lower Hnd upper 
montane forest zones. However, the bound­
ary is vague because the changes in the 
composit io n of this species-ri ch an d stru c­
turall y complex fores t arc ex tremely gradual 
along the e1evat ional and other cllv iron­
men tal grad ient s. 
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Interior view of a s tand of dry evergreen fo rest , 
domi nate.'1 by tall ccda rs (]IIt1ipcrll sproccra), in a 
canyon 0:1 the wcst s ide of Oldcani i\'lou ntain. 
Photo by D. 1. Hcrlocker 



The larges t stands of the lower montane 
forest zone form a discontinu ous semi­
circular band on Olmot i's western slopes . 
Th e band is bordered below by Acacia lalwi 
high woodland, at an elevation of abou t 
2,600 m, and above by Vernonia- Crota/aria 
bush. Smaller stands are fou nd in the can­
yons on the eastern face of Makaru t. Small 
rel ict patches and single trees are also scat­
tered th roughout the ex tensive area of 
Vemoflia- Crolalaria bush on Olmoti and 
th e eas tern and northeas tern slopes of 
Empakaai. Species characteristic of this 
zone are Croton macroslachyus, Albiziagum.­
mifera, Calodell drum capense, Olea welwit­
schii, O. africalla and O. hochsf,eUeri .. 

\Vhere the forest has not been disturbed, 
the crowns of many tree species interlace 
to form a tight canopy penniLti ng little ligh t 
to en ter from above. 'rh e forest fl oor is 
more ty picall y covered by iitler alld herba· 
ceous plan ts than by grass. Wh ere th e dea th 
of mature trees has opened up th e canopy, 
herbaceous plants, expecially vi nes and 
creepers, are dense, often coveri ng smaller 
trees and severely stunt.inggrowt h. 

Tree species of the upper mont ane forest 
zone occur at higher elevations on the 
mountains and in a nar row belt on the 
south west flank ofLosirua. The zone is 
probably bes t charac terized by LasiosiphoTl 
glOIlCllS and Hagcnia abyssinial., btl t also 
con tains many species fou nd at lower 
elevat ions. 

Dry evergreen fo rest : Jurliperus procera 
Isola t.ed stands of JUlliperus procera grow 
in steep canyons at eleva t. ions of 2,450-
2,900 m (8,000-9,500 fl ). The larges t J. 
procem fo rests grow in canyons extending 
almost to the su mmits ofMakarul and 
Empakaai and on every side ofMa karut 
hu t th e eastern . Small relict stands also 
ex ist on the western and northwestern 
slopes ofO lmoli, on th e southwestern Hank 
of Losirua and in small , westward facing 
ca nyons extending northeas t from Olmoti 
to Empakaai. 

J. procera regenerat ion is more common 
in open grassland or in light bush areas on 

Moist evergreen forest near the eastern rim of 
Ngo rongoro Crater. Vie \\' shows an abrupt bound. 
ary wi th VCTflofl;a-Crotaiaria bushland. Pholo 
by H. J, Dirschl 

the fores t. fringe than within the stands 
themselves. Seed lings are more easi ly des­
troyed by fire than are pole-sized or larger 
indi vid uals. This charac terist ic explains 
the prcsent dis tribu tion of cedar fores ts in 
deep canyons which fi re rarely penetra tes. 

On Makarut , J. procera s tands are rei· 
a tively pu re in composit ion. Tn other places, 
they are mixed with varying amou nts of 
such broadleaved species as Nu:ria cOllgesta 
and Olea africarw. 

J. procera has been used both by the con· 
serva tion uni t and the Maasai for bu ilding 
materials. Large patches of dead trees high 
on the north face ofMakarut Mou ntain and 
on the contiguous Laronya Ridge have been 
caused by fi re. 

Bush: Vemo"ia- Crolalaria 
The west and so uth west slopes of Olmoti 
and th e eastern nanks of Empakaai arc ex­
tertsively covered wit h bush, predominantly 
Vemorlia.auriculifera, Crotalada imperialis, 
Pa-vollia irakuellsis and Ciaia abyssinica. 

Grow th is dense and can reach 4·.6 m (15 ft) 
high. A variety of vi nes, creepers and other 
herbaceous and wood y species arc also 
abundant. 

Throughoulthis bush vegetation occur 
scattered patches and single t ree reli cts of 
moist evergreen fores t, particularly iVlIxia 
cOflgesla or, a t h igher eleva tions, Lasiosi­
plronglwlcuS. On the edges of th e patches, 
some tree regeneration is presen t j else­
where, onl y scattered specimens of Bersarna 
abyssirl ica. arc found, A retrogression to 
bushy grass land and thence to grass land 
is apparent 0 11 the suuthcl'll amI wC::l LC I'Il 

slopes of OImoli and probably results from 
persistent use of rll'e by Maasai graziers. A 
mosaic of Vernoflia-Crolalaria. bush and 
Pen fli setul1l. schimperi- Eleusinc jaegeri­
CYllodon grassland now exists, except where 
a complete change to grassland has already 
taken place. Thus, Vemonia-Crololaria 
bush appears to be a seral stage in secondary 
succession 1.0 moist evergreen forest after 
severe disturbance. 
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Montane heath 
The highest zone of vegetation in the con­
servation area occurs above 2,900 m (9,500 
ft) and caps all the major mountain peaks. 
The principal shrub species is Artemisia 
a/ra. Other common shrubs are Erica 
arborea, Stoebe kilimandscharica and Anthro­
spermum usambarensis. Low trees of Lasio­
siphon spp. and Protea spp. sometimes form 
small, open stands. Eleusine jaegeri and 
Pennisetum schimperi medium grasslands are 
found beneath the woody layer. Despite the 
elevation, grass fires are common during 
the dry season and are probably responsible 
for the downward extension of the montane 
heath's lower limits (Pearsall, 1956). 

Juniperus procera stands are found within 
this bush vegetation in some deeper can­
yons on the northwestern and western 
slopes of Losirua and Lolmalasin moun­
tains. Frequent cutting and fires have 
greatly deteriorated the J. procera stands 
on the northwestern slopes above the 
Bulbul Depression. 

The extensive area of mountain heath 
on the Losirua and Lolmalasin mountains 
likely contains a more complex mosaic of 
vegetation, particularly in the grass layer. 

Highland tussock grassland: Eleusine 
jaegeri-Pennisetum schimperi 
The rest of Makarut and Empakaai moun­
tains is covered with Eleusine jaegeri and 
Pennisetum schimperi medium grassland, 
typically on the ridges between the bush 
and forest-filled canyons and above the 
woodland types. This grassland extends to 
the mountain summits beneath an over­
story of Artemisia a/ra bush. 

Highland plateau 
The highland plateau consists mainly of 
grasslands and is the area most heavily used 
by the Maasai. It can be divided into the 
Melinda and the Ngorongoro-Misigio­
Endulen areas. 

Melinda grasslands 
The Melinda grasslands denote the area 
extending south from the lower limits of 
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mountain heath on Empakaai and Olmoti 
craters and Losirua and Lolmalasin moun­
tains, to Lemala near the northeastern rim 
of Ngorongoro Crater and west and east to 
the upper limits of woodland or forest. The 
area includes the Bulbul Depression, the 
floor of Olmoti Crater and a long arm of 
grassland extending east and north on 
Losirua and Lolmalasin mountains, above 
the Northern Highlands Forest Reserve 
and below the mountain heath. 

The topography ranges from the level 
floor of the Bulbul Depression to the mod­
erate and steep slopes of the surrounding 
mountains. The Bulbul Depression is sep­
arated from the western wall of the high­
lands by two steep escarpments and a large 
bench which extends north from Naino­
kanoka to the southwest slopes of Empakaai 
Crater. South of Nainokanoka, the gently 
rolling land is cut by several streams drain­
ing Olmoti and Losirua. 

Almost daily during the rainy and early 
dry season, dense fog is common on the 
grasslands, from the forest reserve and 
Ngorongoro Crater north to Nainokanoka 
and sometimes beyond. The land lies at 
about 2,300 m (7,500 ft) and is usually very 
cool. Rainfall was 1,120 mm (44 inches) in 
1966, for the Lemala-Nainokanoka area, 
but is probably somewhat less north and 
northeast of Nainokanoka because of the 
rain shadow effect of Empakaai Crater and 
Losirua and Lolmalasin mountains. 

Highland tussock grassland: Eleusine jaegeri 
This is the most extensive grassland com­
munity in the Melinda highlands. It occu­
pies the entire tract from just north of 
Nainokanoka southward to Lemala near 
Ngorongoro Crater's northeastern rim, and 
includes part of the floor of Olmoti Crater 
and the grassland extension south and east 
of Losirua and Lolmalasin mountains. A 
band of Eleusine jaegeri also extends from 
Jaeger Summit to the east side of the Bulbul 
Depression. 

E.jaegeri is dominant throughout, except 
locally when other species, as Pennisetum 
schimperi, are sometimes dominant. E. 

jaegeri grows in large tussocks reaching 
180 cm (6 ft) in height and 30-60 cm (1-2 
ft) in diameter; P. schimperi is slightly 
smaller in stature. The low mat below con­
sists of such species as Andropogon green­
wayi, Cynodon dactylon, Digitaria scalarum, 
Sporobolus spp. and Eragrostis spp. E.jaegeri 
and P. schimperi are unpalatable to grazing 
stock and are eaten only when they are 
young or after all other grasses have been 
consumed. Thus, grazing pressure is con­
fined to the underlying mat of palatable 
grasses These are kept low by constant 
usage. E.jaegeri is also resistant to tram­
pling and may even be spread by it. Glover 
(1961) suggested that restriction of grazing 
would allow other grasses to succeed 
E.jaegeri. 

A dense population of the mole rat 
(Tachyoretes daemon) causes frequent 
patches of bare soil. 

Medium grassland: Pennisetum schimperi­
P. clandestinum-Cynodon dactylon 
This type forms a large semicircle around 
the western, northern and eastern edges of 
the Bulbul Depression. Pennisetum schimperi 
is dominant throughout. P. clandestinum 
and C. dactylon alternate as codominants. 

Along the outer face of the high ridge 
from Olmoti northeast to Jaeger Summit, 
the shrub Hypoestes verticillaris forms many 
small islands of bushy grassland. Digitaria 
scalarum and Andropogon greenwayi are 
other common grasses. 

Short grassland: Pennisetum clandestinum­
Cynodon dactylon-Chenopodium sp. 
This type occupies the bench directly west 
and a small area east of the Bulbul Depres­
sion. It is characterized by the ground dis­
turbance of a persistently high population 
of mole rats and by the dominant, herba­
ceous Chenopodium sp. Mole rats are com­
mon throughout the Melinda highlands but 
especially so here and on the floor of the 
Bulbul Depression. 

Bush: Unidentified shrub 
This type adjoins the Bulbul Depression 



Mountain heath dominated by Artemisia a/ra, al 
approximately 2,850 m (9,500 (I) above sea level, 
on Makarut Mountain . The moist evergreen forest 
beyond is principall y composed of Hagenia abyssi­
nica. Photo by D. J. Herlocker 

011 th e east and nor th. Sparse shrub cover 
is associated with a fie ld layer dominated 
by Cynodon dacly lon. 

A simi1ar communit y covers th e fl oor 
of the Bulbul Depression where th e field 
layer is domina ted by Peflrliselwn clandes­
tinllm. in association wi th C. dact,),lolL and 
Eragrostis le"u.ifolia. Ground cover is sig­
nificantly redu ced by a dense population 
of mole rats . 

Short grass land : Andropogon greel/. wu')'i. 
Alldropogoll greenwa,),i is th e principal spe­
cies on th e sleep, eas t-facing wall between 
th e Bulbul Depression and the large saddle 
immediately to th e west. Associated species 
are Chloris pycf/ olhrix and Cyllodon dactylon. 
The soi l is quite thin. Locall y, the under­
lying rock has been exposed. The type also 
seems to occur on the lower slopes of 
Losirua MOlln tain to th e south of the 
depression. 

Medium grassland: Themeda triaru/ra- Pen­
lI iselllln schi.mperi- A Jl dropogon greemvayi 
This type is common on the ridges of th e 
western slope of the long saddle connecting 
Olmoti Mountain wi th Jaeger Summit. 
Lippia- Lalllana bush and smal l s tands of 
Jwliperll s procera fores t grow in the can­
),ons . 

iV goroll goro-j~'1 i sig io-EII d,lle" . grussla nds 

A belt of highland grasslands runs south­
west and wes l fr om Ngorollgoro Crater's 
southwest rim, along a la rge bench on the 
south nank ofM akarut Mountain to the 
vi cin ity of the ag ri cultural settlement at 
Endulcn . 

Here, it joins with th e Afldropogon­
PCllll isclurn- Chloris medium grasslands at 
the headwaters of the south fork of Oldupai 
Gorge. Th e topography of the area is prin. 
cipall y that of a large bench ex tending 
along the soulh ern fl ank ofMakarut Moun. 
tain and descendin g in elevation from 
Ngorongoro 10 Endulen. Rainfall is fairl y 
high in the eas t and less in the west. During 
the early dry season, addi tional precipita­
tion is derived from fog, whi ch oft en 
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blankets the area between the south rim 
of Ngorongoro Crater and the saddle of 
Oldeani Mountain's northwest flank. 

Medium grassland: Pennisetum schimperi 
Pennisetum schimperi predominates in the 
area between Ngorongoro Crater's south­
west rim and the saddle on Oldeani Moun­
tain's northwest flank. The type occurs at 
about 2,400 m (7,900 ft) elevation, and its 
boundary conforms approximately with 
the farthest extension of daily fog during 
the early dry season. Eleusine jaegeri, Digi­
taria scalarum, Cynodon dactylon and P. 
clandestinum are also found. Along the 
drainage lines and in scattered small round 
depressions, there is a low mat of C. dac­
tylon, D. scalarum, P. clandestinum, Tri­
folium spp. and Cyperaceae. Because E. 
jaegeri grows in large tussocks, it appears 
to be more abundant than it actually is. 
Inside the western and northern edges of 
the type, Acacia lahai regeneration occurs. 

Several small tracts of E.jaegeri are scat­
tered throughout the P. schimperi grassland. 

Medium grassland: Themeda trialldra­
Hyparrhenia spp. 
This type covers the remainder of the 
Ngorongoro-Misigio-Endulen part of the 
highland plateau. Around Endulen, the 
type exists as low wooded grassland with 
Acacia gerrardii and Croton macrostachyus 
in the overstory. The westernmost exten­
sion is found in the headwaters of the south 
fork of Oldupai Gorge. Between Endulen 
and Misigio, the grassland grows beneath a 
thin cover of Acacia lahai. Farther east, 
there are local thickets of A.la/wi regener­
ation. Themeda triandra and Hyparrhenia 
spp. are codominant. Scattered shrubs 
including Leonotis spp., Pluchea ovalis and 
Justicia elliot ii, are present. 

Medium grassland: Themeda trialldra­
Hyparrhenia spp. -Penn isetu m schi mperi­
Seteria sphacelata 
Two separate communities, each containing 
a different mixture of these species, occur 
on the slopes east of the Malanja Depres-

26 

sion and along the western rim of Ngoro­
ngoro Crater. 

Medium grassland: Andropogon greenwayi 
This type adjoins the Malanja Depression 
on the west, and is an extension of the 
grassland type occurring beneath Acacia 
drepanolobium low woodland along the 
western wall of the Crater Highlands. It has 
all the characteristics of that type but lacks 
tree cover. 

Short grassland: Cynodon dactylon 
The flat, seasonally waterlogged floor of 
the Malanja Depression is covered entirely 
with this short grassland community, dom­
inated by C. dactylon. Andropogon green­
wayi and Digitaria scalarum are lesser 
constituents of this community. 

Lake Eyasi-Kakesio area 
The Lake Eyasi-Kakesio area includes the 
flats north of Lake Eyasi in the Olpiro­
Endamaga area, the adjacent escarpment 
on the north, the Eyasi Rift wall along the 
west side of the lake and, above the Eyasi 
Rift, a large area of low woodland and 
grassland extending southwest from 
Endulen to beyond Kakesio. 

Soils are shallow. Some of the many 
seasonal streams, flowing into Lake Eyasi, 
have formed deep canyons in the northern 
section of the escarpment. Two permanent 
streams exist: one flows from the south­
western slopes of Makarut through Endulen 
into Lake Eyasi at Olpiro; the other flows 
from Oldeani Crater and enters the lake at 
Endamaga. Both streams are used for irri­
gation at Olpiro and Endamaga. The climate 
is semi-arid and hot, particularly in the 
flats north of Lake Eyasi. The precipitation 
pattern is irregular. Total annual rainfall 
at Kakesio above the rift wall was 170 nun 
and 460 mm (6.60 and 18.06 inches) for 
1965 and 1966, respectively. 

Lake Eyasi fiats 

This physiographic area contains all the 
land between Lake Eyasi and the escarp­
ments in the north and west. 

Tall grassland: Sporobolus consimilis 
Seasonal fluctuations in the level of Lake 
Eyasi alternately expose and cover exten­
sive mud flats. Along the edge of the lake's 
farthest advance, a narrow strip of mixed 
vegetation consists of Sporobolus consimilis 
tussocks, up to 260 cm (8 ft) high, within 
a low mat of Cyperaceae (probably Cyperus 
laevigatus). Odyssea jaegeri colonizes the 
outermost edge of this type. 

High woodland: Hyphaene ventricosa­
Acacia torti/is 
A strip of woodland containing Acacia 
tortilis trees and tall, emergent Hyphaene 
ventricosa (doum palm) over Maerua tricho­
phylla and Cordia rothii bush, adjoins the 
tall grass vegetation north of the lake. The 
type also occurs on outwash fans of small 
streams below the Eyasi Rift to the west of 
the lake. The rest of the land between the 
lake and the rift wall in the west is very 
sandy or gravelly, and supports only scat­
tered vegetation of H. ventricosa, A. tortilis 
and A. nubica. Varying combinations and 
densities of Acacia-Commiphora low wood­
land, dominated by A. tortilis, A. nubica, 
A. melli/era and Commiphora madagascar­
iensis, characterize the remainder of the 
flats on the north side of the lake. 

Since we visited this area during the dry 
season only, we could not always positively 
identify the grass species. But the flats 
probably contain Themeda triandra and 
Hyparrhenia spp. These are also noted in 
several locations along the Endamaga­
Olpiro settlements. Local cattle graze the 
flats north of the lake throughout the year. 
Maasai cattle graze the long, thin strip of 
grassland west of the lake during the wet 
season. 

Lake Eyasi Escarpment 
The Lake Eyasi Escarpment parallels the 
western shore of Lake Eyasi and is mainly 
covered with a mixture of low woodland 
and bush thicket. The steep slope is cut by 
many narrow, deep canyons through which 
seasonal streams descend from the plateau. 
Vegetation consists typically of Croton 



Maerua trichophylla and Cordia rolMi s hrubs on 
grav elly ou twas h on the Lake Eyasi flats. Makarut 
Mountain is in th e backg round. Photo by 
H. J. Dirschl 

Oldeani Mountain seen from the Lake Eyasi Aats. 
The vegetation is composed of Euphorbia candela­
brum trees and Macrua trichophylla-Cordia rothii 
hush. Photo by H. J. Dirschl 
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dicJwgamus, StigmatorhY/lehus ul1l uclli/eru s, 
Cissus spp. and Euphorbia tirucalli bush 
thi ckets and an overstory of Acacia ,nelli· 
jera, A. tortilis and Commiphora /II adagas­
cariensis trees. Scallered, single Adafl sonia 
digilala (baobab) trees and s tands of 
Euphorbia ny ikae also characterize the 
escarpment. 

1\Hsigio Esca l'J)IHc n l 

The rise of Oldeani and Ma karut mountain s 
fo rms a Sleep escarpmelll from th e Eyasi 
Flats a t abou t 1,050 m (3,500 fI ) 10 Ih e 
Misigio grasslands a t about 2,000 III (6,500 
ft) . The sleeply sloping ground is cut by 
man y deep canyons contai l1ing del1se thi ck­
e ts unJi ke those found on the rjdgC's and 
high ground. Th e soi l is usuall y shall ow 
and often strewn with rocks . Large bou lders 
protrud e through th e soil ol1lhe h igher 
ridge lOps. 

Vcget.o I.i01l oj m:pO.'oI,cd s lopes 

'Low woodland, dom in ated by COl1lurelum 
spp. , is common 0 11 higher ground above 
the ca nyons . Bu sh is rare. Th e medium 
grass layer benea th th e ca nopy is composed 
of Th emeda triafldra and l1yparrhcl/ia spp. 
The major tree and bush species appear \0 

be dis tribut ed along an alt itudin al gradient 
as foll ows . 

1,100- 1,150 m (3,600- 3,800 fl ) : Acacia 
sell egal, A. lorlili,~, Comm iphora spp ., Mar­
klw.mia (I(;lIlIIillal.o, Adan sonin digi fofa and 
Tcrminalia browl/ii. 

1,150- 1,300 m (3,800- 4,300 fl ) : Marked 
changes ill the associa tion. or the species 
in the lower ZO ll e, onl y Commiph ora spp. 
continu e. Combrell/Ill ((pieulalllm . .'I :;(1II :a 
garckc(llIaand Sclcrocarya birrea vil r./llulti­
foliata appear as new species. 

1,300- 1,500 m (4.300- 5,000 fl ) : On ly 
CombrelurnapiculafllrTl continu es. f-I ecria 
ret,jculata , Acacia hod·ii, Cambretlllll mol/c 
and St.erculia stcfl ocrllpa appear as lI ew 
species. 

Above 1,500 m (5,000 fl ): Th e spec ies 
complement of the previous zon e is en· 
r iched by E,y thril/o abyssinica, Dombc),a 
rotllT/{li/olia and Gardellia Illtea. 
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Cambrellllll low woodland on the Lake Eyasi Escarp. 
ment. Photo by D. 1. Hcrl ocker 

VcgCl.lItiOIl of t; lIIIYO II S 

Th e vege tat ion or th e can yons differs in 
slruet ure and species composition rrom 
tha t of the exposed slopes. Vegeta ti on 
associated wi th moist evergreen forest is 
commonl y fo und in a na rrow ribbon along 
the edge of stream beds l a t th e middle 
and upper el evation s of th e escarpment. 
Calodendmrn capell se is a typical tree spe­
cies. Euphorbia cfl fldclobmm , Cussortia spp. 
and Acocia seyal arc common on the 
s teep sl0pes of th e upper can yons . Aluizia 
petcrsirlll fl , Prelllllfl holstii, 1:.'lIglcrifia heck­
manllialla , Tirlll ell oClhiopica and Tarenlla 
gm veolrlfl s form dense thi cke ts of shrubs 
<Hid sllla ll trees in t he drainage lin es above 
the canyons. 

Termi fl alia brolnlii. tl/arkhamia ocumi­
fiala, Acrrfpha/rulicosa, Grewia spp. and 
Cordia spp. a re comlllon species a t lower 
elc\'a t ions. 

Kakcsiu-Elldul(;J 1 al'ca 

\Vcslw<l rd , above the Lak e E)'asi Esca rp­
ment, there is <l grad ual up\\' ard slope 

towa rd Kakesio. Th e ground surface is 
di ssected by ma ll Y small drainage lin es . 
Those lines dra ining southwesl of Kakesio 
Row direc tl y into Lake Eyasi; the remain­
der form part of th e Engarus i s tream 
drainage. 

Low woodl and : Commiphora madagas­
co ricTI $is- Acacia d rcpan olobiu ln 
This type covers mos t of the a rea of shal· 
low rocky soi ls south wes t of the Enga rusi 
s tream. S hrubs arc rare. The unde rstory 
consis ts of a mixi ure of grasses in whi ch 
Perl//isetlrm, stramiflellm , Gel/chms ciliaris 
and CYflodon da cl),lon predominat e. Annual 
grasses are also abundant. Albi,zia harvcyi 
and .. 4cacia torti/i$ trees are scatt ered 
th roughout. Thi cket s of bush and woodland 
species grow on rock outcrops throughoul. 
A t higher elevat ions, gran it ic inselbergs 
a re surrounded by a va rie l), of tree and 
bush species not fo und elsewhere in th e 
area: t ypicall )', St.erculia. slellocarpa, Sclera· 
car)'o uin'ea va l'. multl/oliata, Cllssonia spp. 
and Cra ssocephaluffI. mallllii. 



Acacia drepano!obium low woodland in the vicini ty 
ofEndulen. Photo by D. 1. Hcrlocker 

Low woodland : Cornmiphora rnadagas. 
cariens':s-Ellphorbia melubelell sis- Acacia 
serlCgal 
This type covers the area south and east of 
the Kakes io- Endulen track. Thickets of 
Euphorbia melabelellsis are common in the 
canyon bottoms. A mixture of the three 
dom in ant species, Acacia. melli/era, A. 
drepallolobillm and scaltered large Ad(m· 
sonia digitata, occurs farther to th e north· 
eas t, above the escarpment. 

Near Endul en in th e north, such low 
woodland species as CorniJrcllJ1n molle and 
Acacia hockii are common. A. dreparlo. 
/obium also grows in ext ensive stands of 
pure or mixed compos iti on on gently sloped 
ridge tops. 

Th e seasonal stream beds support dense 
Sa/vadom persica ancl Maerua. trichophylla 
bu sh thickets and Cordia, Grcwifl. , Aloe and 
Cissus shrubs. Tall Euphorbia ca fldelabrurn 
trees rise here and there above th e shrubs. 

Ribbons of Acacia :wflllwphloea high 
woodland, including Ficus spp. and Van. 
gucria acutiloba, are found along the banks 

and tributaries of an unnamed permanenl 
stream fl owing south east through th is area. 

Th e major grasses are med ium Pen­
nisetwn stramineum, Cellchru s ciliaris and 
Themedatriandm. 'I'he las t seems dominant 
on the high ground in the nOrlh . 

Low woodland: Acacia, lortilis- A. drepano· 
lobiu m- CoTnrniphora. madagasca riell si:; 
This heterogeneolls type covers the middle 
to upper reaches of several seasonal streams 
originnt ing in th e Ild oinya and Nas iusu 
H ills west ofEndu len and fl owing south 
over th e Lake Eyasi scarp. 

The southern port ion of this area also 
contai liS Andropogon- Pennisetuin- Chloris 
medium grasslands. These are scparat ed 
from th e Serengcti Plains by th e Engarusi 
and Magcin s treams. A large area of Corn· 
miphora- Acacia. low woodland, similar to 
that near Kakesio, lies to the east. Th e 
broad beds of the Engarusi and .Magein 
slreams support low woodland of Acacia, 
torlilis over a shrub stratum of Crewia spp. , 
Cordia 51'1'. and Ma erua trichophylla. Cy"o. 

don daclylon, Chloris gayana and Themeda. 
triandra predominate in the grass stratum. 

Narrow bands of eroded, Iight.t extured 
soil parallel the stream beds and support 
li ttl e vege t.a tion. Acaciaxarlllwphloea high 
woodland grows in the middle reaches of 
the Engarus i stream bed. Mono·dominant 
and mixed stands of A. drepanolobiuTn and 
A . tortilis low woodl ~.Uld covcr the res t of 
th e headwaters of both streams. 

Empaka ai Crater 
The enti re vegetation described below is 
situated wi thin the rim of Empakaai Craler. 
A large lake occupies mos t of the caldera 
fl oor, approximately 450- 600 III (1 ,500-
2,000 ft) below th e rim. The walls are very 
s teep. In the western portion, the land r ises 
gradually fro m the lake to the foo t of the 
wall . Elsewhere, the wall rises almos l from 
the lakeshore and there are cliffs on the 
south wall. 

Vegetation of the crater wall s 

Moisl evergreen forest, with Hageniaabys. 
sirlica predominant', occupies the upper 
western and northwestern portions of the 
crater wall . Relict stands of Juniperus pro· 
cera grow on the steep rocky cl iffs of the 
south wall . Unidentified dry scrub covers 
the res t of th e wall. 

Vegelation o f the c rater 0001' 

Bush covers mos t of the crat er floor outside 
the lake. Near base level, [ anla.rla and Lip. 
pia spp. dominat e. Leonot.is mollissima is 
common. Fu rt her lip on the lower walls, 
the cover changes lo Vemof/ia anriculi!era­
Crota/aria imperialis bush which shows an 
affi nit y to moist evergreen fo res t. North­
west of th e lake, bush surrounds small 
relicl stands of moist evergreen fores t. 

The extensive areas of bu sh on th e fl oor 
and the lower walls and th e reduction in 
fores t cover probably res ult ed from inten. 
sive use of th e caldera by the Maasai. 

Ngoron goro Crater 
We made a more intensive survey of the 
vegetat ion in Ngorongoro Crater than else· 
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where in the conservation area because of 
it s ease of access and its high ecological 
value as permanent habitat for large con­
centrations of big game. 

Ngorongoro Crater is more properly 
called a caldera. It covers an area of ahout 
300 km' (120 sq. miles) , of which 250 km' 
(97 sq. miles) comprises the fl oor and 50 
km' (20 sq. miles) the steep sloping walls. 

The central plain is very fl at. Small hills 
of scoria rise ahove the floor in the nort hern 
and eastern sections, which otherwise slope 
moderately (5- 10°). The crater "'alls are 
steep (45-70°), except in the northeast 
where a gentle 150 slope confu ses the divi­
s ion between floor and wall. 

l)hysica i clll'il'onnlcnl 

\Vater flows into the crater from the north­
east through th e Lonyokie and Munge 
streams, from a series of springs high on th e 
south wall and at the base of the eastern 
and western walls, and from such seasonal 
s treams with small watersheds as the Lainai 
S tream in the north. Drainage is int ernal 
and terminates in a large soda lake, Lake 
Makat , and a series of permanent and sea· 
sonal swamps whi ch, with the exception of 
one to the northwes t of Kitati Hill , are in­
terconnected and affiliated with th e lake. 

The level of Lake Makat varies widely 
from year to year. During its mos t recen t 
high point , in 1964, the lake covered 
approximately 18 km' (7 sq. miles) . It has 
also dried up completel y during droughts. 

Colluvial depos it s, derived from basalts, 
tuffs and scoria, cover most of th e southern, 
eastern and no rthern portions of the floo r. 
Yellow pumiceo ll s and red-brown earthy 
tuffs overlie the wcs t-central region . Step 
erosion is common between the western 
wall and Lake Makat. Lacustrine deposits 
s urround Lake Makal. A mound field has 
formed from lahar at the foot of the south. 
western wall. S treams, bringing sill and clay 
from the nonheasl flank ofOldea ni Moun­
tain , have built up coalescent fans on th e 
caldera floor (Pickering, 1960; 1961) . 

The Crater Highla nds, of which Ngoro­
ngoro Crater is a part, general ly have cool 
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Ngorongoro Crater viewed rrom the lower slope 
toward the western wall. Acaciaxan1ilo/Jhloea high 
wood tand is in th e centre orthc photo. Photo by 
H.1. Dirschl 

Cynodon-Digitaria grassland on th e central por­
tion or Ngorongoro CrateI' during the rainy season. 
Photo by H. 1. Dirschl 



and cloudy weather during the rainy season 
and part of the dry season. During the long 
ra ins, precipita ti on engulfs the en t ire 
crater, and fog and mist freq uently lie low 
a round its rims. During the early dry sea· 
SO il , mists hang heav ily almost da il y on the 
south and eas t rims of the caldera while the 
rest of the crater usually lacks cloud cover. 
Durillg the shor t rains , small local s torms 
form daily in the north and nor theas t over 
Olmoti, Losirua and Lolmalas in mountains, 
and move southwestward in a regular se­
quence ac ross the crater. Usually, the pre­
cipitation ceases before the clouds reach 
the cra ter's southern rim. 

Personal observation and sketchy rain­
fall records indicate that there may be two 
zones of rainfall on the caldera Ooor. The 
central western section, including Lake 
Makat, probably averages 300-380 mill 
(12- 15 inches) of rain per yea r, the re­
mainde r averages 510- 760 mOl (20-30 
inches) per year. Rainfall at Ngorongoro 
me teorological s ta l ion averaged 907 mm 
(35.73 inches) per year up to 1966 (Dirschl, 
1966). T he presence of heavy fog on the 
southe rn and eastern rims for most of the 
year undoubtedly adds considerable pre­
cipita ti on through condensatio n and drip. 

Vcgc tutiOl1 

Crflss imHI 

Grass lands occupy most of the caldera fl oor. 
They may be convenientl y grouped into 
short and medium grasslands. 

Short grass lands 
ShOl'l grasslands cover the west ·central 
portion of the crater fl oor, in cluding most 
of t he land adjacent to Lake Makal. 

Odysseajaeger£ alld O. paucill etvis short 
grass land colonizes the saline·alka lin e soils 
on the intermittent ly flooded flats a rou nd 
Lake Makal. 

Sporobolus- CYIIOdoll short grass land oc­
cu pies a large porti on of th e fl oor northwes t 
of Lake Makat. The major dominant s are 
Sporobollls margillatlls, S. spicallls and Cyno­
dOli doctyloll. Digilaria sea/arum is locall y 
domina ll t. S. spiealil s dominates on the 

Andropogon-Digitaria grassland 011 moderate 
slopes near the northern perimeter of Ngorongoro 
Crater. Photo by H. J. Dirsch l 

more salin e areas next to the lake, and the 
herb Tribulu s terrestris is abundant on the 
eroded sleps. 

A small area of short grass also grows on 
the small rocky mounds on the crater floor, 
south wes t or Le ra i Forest. D. scalarlUn and 
E'listachys paspaloides are dominant. Fieus 
trees and Comllliphora, ZizipllllS, and Lippia 
shrubs are a lso presen t on Ihis dry site. 

. Medium grass lands 
Grass land dominated by Sporoboills spp. 
grows around the perimeter or the Odyssea 
shor t grassland . Nort h fro m th e lake to th e 
Munge Swamp, Sporobollls margillat,us, Cy­
lIodon daclyloll and Digilaria.milulljiana a re 
dominant. S. spicatus predominat es to the 
eas t and so ulh of the lake, and sha res dom­
inance with S. margirlOlu .~ immedia tely 
southwest of the lake. 

Along the lake edge, low.l ying soda pans 
an d finger-like ex tens ions of ex posed lake 
bed a re scattered th roughout the Sporobolus 
grassland. S. margillalus, C. dact.yloll and 
D. milalljialla occupy the higher and drie r 

grou nd whereas S. spicatus and Od)'ssea spp. 
colon ize the exposed mud fl ats formed by 
retreating lake waters. Along the southern 
and eas tern edges ofMunge Swamp, where 
the soil is usually mois ter, Chlorisgayana, 
Pen"isetllln saltfex, Pal1icuTn repens and 
va rious Cyperaceae arc common. 

Cynodon- Digitaria grassland occupies 
about 45 per cent of the cra ter AOOf, speci f­
ically the central plain. C. dactylon and D . 
scalarllrn are fo und throughout. D. lIlilarl ­
jilllla shares domj nance on the cent ral 
pla in . Chlorisgayalla is domillant where the 
soi l is moisler. 

Pellniset./f./n- Andropogoll. grassland is 
found on ublack cotton " clay in two neigh­
bouring a reas, one within the CYrl.odon­
Digilaria type, the other on the sout heas t­
ern edge. This clay soi l is characteris ticall y 
both poorly drai ned and high in sodium 
salts. P. meziallllrrt and Amlropogongreen­
wayi are th e dominant species; D. scalanun 
is also abundant. 

AI/dropogon- Digitaria grassland forms 
a crescent-shaped band 500-1,500 m wide, 
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A stand of C,-perlls immellslI5 in the Koitok tok 
Swamp. Photo by H. 1. Dirschl 

on the moderately sloping northwest, north 
and nor theas t boundary of the caldera's 
central plain. A small area of this grassland 
type is also found on th e out er slopes of 
Kitati I-li ll. A number of species predomi­
nate locally, but A. greenway': and D. sea­
la.(lull arc th e lead ing dominant s. 

Themeda. triandm grassland is most com· 
mon on the higher, bett er drain ed land 
within the cra ter, par ticularly on the lower 
slopes of the wall north east of Koitoktok 
Swamp and the high, exposed western rim 
near Seneto ('Vindy Gap) . T. trial/elm and 
its usual codominanls, P. stramilll'lIm and 
A . grcenway': are th e most common grass· 
land species beneath Ih e sparse cover of 
bush or wood land . 

IIc,.baceolls SWU "l/J 

' Vet meadows dominat ed by Pafl inl 11l rcpcll s 
occupy three areas of th e crater fl oor. They 
adjoi n permanent swamps, domina ted by 
emergent aquat ic plant s, and receive their 
overflow dur ing th e rain y season. Sporobolus 
SpicatllS and Cypcrus laeuigatus arc abun· 
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danl a long the edges of the wet meadows, 
whose ph ysiognomy resembles that of me­
dium grassland . 

Two large areas of reed swamp exist on 
lhe caldera floor. Koitoktok Swamp is in the 
southeaste rn part of the caldera, where th e 
dominant speci es is Cyperus illlll1 enSu.s . The 
swamp receives fresh water from perennial 
springs along its eas tern edge. Emergent 
stands of Diplachllefllsca in the wa ter and 
of S. spicat.l.ls, S. homblei and S. cOl/ similis 
on th e adjacent dry land indi cate that th e 
southern and western portion of the swamp 
are alkaline-saline. 

Other Cyperaceae are common. Th e herb 
AeschYllomcne schimperi occ urs sparsely. 
Phragmites maliritiallllS covers.a large area 
on the south ern side of the swamp, Cyperus 
papynu an adjacent , smaller sit e. 

Munge Swamp is in the nor thern part of 
the cral er. This swamp receives it s water 
from th e Munge S tream, which originates 
in Olmoti Crater, and is apparelltl y alkaline­
saline. Th e dominant A . sch.impcn: form s a 
dense thicke t throughoul. Leersia hexalldra, 

P. repell s and D./lisca are also found in 
stand ing water. S. spicatlls and C. laeuiglllllS 
predominate on th e dr ier part s along the 
edges of the swamp. In 1965, an accidental 
fire removed about 40 cm (16 inches) of 
accu mulated, undecomposcd organic mat­
te r a lld enhanced I he dominance of Ae8chy­
/lOII/Clle . 

Th ere is also a small a rea or reed swamp 
at Seneto Springs ill the wes tern part of the 
crat er. Common emergent s are Typha lati­
f olia, Cypcrus spp. and Scirpl.ls spp. P. rcpeus 
and D.fllsca. predominate along the edges. 

IFood/fllll'! 
A broad band of Acacia laha; high woodland 
occurs on the north eastern and northern 
walls of Ngorongo ro Crater and extends for 
a short distance onto the caldera floor . A. 
abyssillica is occasionally found in associa­
tion with A. fa/wi. The understory usuall y 
consists of Lippia- Lantarw- Solallurn over 
a C)'I/odon dacl)'IDlI. grass layer. 

A. la/wi high wood land has degenerated 
into bush and grass communities in several 
locations on the northern wall and the era· 
ter Aoor, apparently because many large 
trees dicd from old age, fire and elephant 
damage, and from subsequent suppression 
of A.la/wi regeneration by annual grass 
fires. 

Two high woodland communi ties, 
dominated by A . . 'wllthophloea, exist in 
Ngorongoro Crater: Koitoktok in the eas t 
and Lera i in the south. This vegetation 
type is commonly referred to as e"g round­
water fo res t" becau se it s existence depends 
on a high water table. Perennial springs 
provide waler for both Koitoktok and Lerai 
Forest s . T hose suppl ying Lerai Forest are 
high on th e crater's south ern rim. A portion 
of this fores t was des troyed by high water 
levels of Lake Makat during the period 
1963- 66. 

A. xalllhophloca. forms a fairl y dense 
canopy, about 16m (50 ft) high. A. alhida 
is found occasionall y throughout the wood­
land. Ralluoljia caffra I rees and C)'perll s 
im.mel/sus reeds grow in the wet l e I' loca tions. 
\Vhere large trees in the overstory have 



Sca tt ered Euphorbia nyikat' trees on the arid west­
ern wa ll of Ngorollgoro Crater ncar the Seneto 
descent road. Photo by H. J. Dirschl 
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died, permitting more light to reach the 
forest floor, a thick bush of Pluchea ova lis, 
Achyranthes aspera, Abutilon longicuspe 
and Justicia bentonica grows. There is little 
apparent regeneration of A. xanthophloea, 
and most of the few seedlings which reach 
pole size are pushed over by elephants. 

Low woodland exists on drier sites in the 
crater in three small areas, each different 
in composition of tree species. Erythrina 
abyssinica low woodland is located on the 
eastern part of the crater floor. It grows 
over Themeda triandra grassland and its 
regeneration is limited by grass fires. A. 
hockii-Commiphora low woodland occupies 
two small contiguous promontories on the 
southern and northern crater walls. It 
grows over Lippia bush and Themeda 
grassland. 

Moist evergreenJorest 
Moist evergreen forest covers the eastern 
wall of Ngorongoro Crater and is also 
found in canyons on the southern wall 
and in the Munge and Lonyokie canyons 
on the northeastern wall. On the eastern 
and southeastern walls, recurring grass 
fires have swept up from the caldera floor 
so the lower limit of the forest is higher up 
the wall and, in some places, almost at the 
top of the rim. 

Bush communities 
Bush covers an extensive area within the 
caldera. A variety of species occurs in 
diverse combinations and densities with 
grassland, woodland and forest. We have 
mapped 13 types of bush within the caldera, 
but for convenience we shall discuss them 
in three broad categories, based on differ­
ences in species composition and site 
conditions. 

Bush communities typified by Crotalaria 
imperia/is and Vernonia auriculifera are 
closely associated with moist evergreen 
forest on the upper caldera walls, and 
probably form a seral stage in secondary 
forest succession. 

Bush, dominated by Lippia, Lantana 
and Aspilia species, completely rings the 
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outer edge of the caldera floor. This type 
is restricted to the crater walls, except in 
the east and north where it also occupies 
part of the adjacent crater floor. These 
shrubs are also principal understory com­
ponents of the Acacia lahai high woodland 
on the northern and northeastern walls. 
Cynodon dactylon and Themeda triandra 
are the principal grass species associated 
with this bush type. Solanum incanum, 
another common shrub, often occurs with 
Lippia-Lantana and is also found on the 
central plain. 

Aspilia mossambicensis is the most com· 
mon bush on the drier west and south. 
western walls. It grows with Lippia bush 
and Pennisetum stramincum and T. triandra 
grassland beneath an open low woodland 
of Euphorbia nyikae, Cussonia spp. and 
Acacia hockii. 
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Appendix 

List of com m Oil species encountered 
during the S lI r\'cy 

Trees 
Acacia abys.sinica Hochst. and Ben th. 
A. a/bjlla Del. 
A. drepanolobillm Harms ex Sjosted t 

~A.gerrardii Bcnth. 
A. hockii Dc Wild. 
A. kirkii Oliv. 
A.la/wi Steud and Hochst. ex Bcnth . 
A. mellifera (Va hi) Benth . subsp. melli/era 
A. nilolien (L.) Del. 
A.lIubica Bcn th. 
A. "negal (L.) Wil\d. 
A. sc)'ul Del. 
A. tortilis (Fe Tsk.) Hayn e 
A. :wnthoph/oca Bcnth. 
Adansonia digitata L. 
Albi:;iagulllmifcra (1. F. Cmcl.) C. A. Sm. 
A. harucyi Fourn . 
A. petersiana (Bolle) Oli". 
A:;un:;agarckeana (Y. Hon-m .) Excll a nd Hill coa t 
Balanites aeg),ptica (L.) Del. 
Bersama abyssi/lica Frcscn. 
Calodendrlllll capense (L. f.) Thun b. 
CaSl;pollrea malosana (Baker) Als ton 
ComiJretfl/l!. //I olle R. Br. ex C. DOll 

Commiphora mudagasca ricnsis Bae{l. 
C. mcrkeri Eng!. 
Croton macroslachyus Boehst. ex Dc!. 
Cussonia holstii Harm s ex EngI. 
C. spicata Thunh. 
Dombeya rOlllndi/olia (HoehsL) Plan ell. 
Ekcbergiarucppcliana (Fresen.) A. Rich. 
Erica arborca L. 
Ery thrina abyssinjca Lam. ex DC. 
Euclea. divinoru/1t Hier ll subsp. keniellsis de W il . 
Euphorbia candelabrum (Trem. ci KOlschy) 
E. metabelell sis Pax. 
E. n)'ikae Pax. 
FiclIs spp . 
Gardenia lutea Fres. 
Hagenia.abyssinica. (Bru ce) J. F. Gmr.!. 
Heeria reticulata (Bak. L) Engl. 
Hyphaene ventricosa Kirk 
JlIlliperusprocera Boc hsl. ex End!. 
Lasiosipholl glaucus Fresco. 
Markhamia acuminata K. Schum . 
Nuxia congesta H. Br. ex Frcscn . 
Olea a/ricolla ],,'1 ill. 
O. hochstetleri. Bakcr 
O. we/witschii (Kn ob!.) Gi lg and Schell enb. 
Proteaspp. 
ROllvolfia cajJra Sond. 

Sclerocarya bjrrea "ar. mlllll/olialn Engl. 
Sterculiaslellocarpa B. Wi nkle r 
Teclea nobilis Del. 
Terminalia brownii Fresen. 
Van gueriaacll /iloba Roby ns 
Ziziphlls spp. 

S hrubs (H id h erbs 
Ablllilolt IOllgicuspc Hochst. 
Acalpha/ruticosa (L.) Del. 
Achy ran/hes aspera L. 
Aeschynomelle schimperi Dak. 
Aloe spp. 
An/hrospermllm IIsambarensis K. Schum. 
Arlemisiaa/ra WilJd. 
Asparagus spp. 
Aspilio mossambicensis (Oli".) \ll il d 
Barleria eraTllhemoides R. Br. ex C. B. Cl. 
Cadaba/arinosa Forsk. 
Capparis elaeagnoides Gilg 
CiSSllS cactiformis Gilg 
C. quadrunglllaris L. 
Cu/ia abyssillica h uh. and Spach. 
Combreturn apiclliatum Sond . 
Cordia ovalis R. Br. 
C. rothi; Hoem. and Schultes 
Cra.ssocephalulIL lTl(tfl.Tlii (Hook. f.) Milne-Redhead 
Crolalaria imperialis Ta ub. 
Croton dichogamlls Pax. 
Englerinahcckmalllliolia (Engl.) Balle 
Euphorbia lirllcalli L. 
E. schimperi Pres!' 
GrellJia spp. 
Helichrysllm splcndidllm (Thunb.) Less. 
Neliolropi/Illt cduardii Martelli 
H. s/cudncri Nathe 
f1e/ermorpha trifoliata (Wendl. ) Eckl. and Zeyh. 
Hypocstes! orskalii (Va hl) H. Br. 
H. vcr/icillaris (L. f.) H. Br. 
Illdigo/ era bosiflora Gi ll ett 
Juslitia bCTltcmica L. 
J. elliotj; S. Moo re 
Kaler/ choe spp. 
Lall/ana tri/olia L. 
L. vibllrnoidcs (Forsk.) Vah l 
L. triphylla L. 
Leersia hexalldra Sw. 
Lconotis lIIol{issima Gli rke 
Lippiajavallica (Burn. f.) Spring 
L. uJ.:ambelisis Vatke 
Lycillm. spp. 
Maerua trichophylla Gilg 
Pavonia iraJ.:IIC1tsis U1br. 
P.patens (A11dr.) Chio". 
Pluchca oualis DC. 
Prellltia holstii Gu rke 
Salvadora pcrsica L. 
Sonscvieria chrenbergiulla Schweinf. 
Solanum iI/callum L. 
S/igma/orhyll chus umbelli/erlls (K. Schum .) Schltr. 
Stoebe kilimalldscharica O. Hoffm. 

Tarennagraueolans (5. Moore) Brem. 
Ti f/llea acthiopica Kotschy and Pey r. 
Tribuills terreslris L. 
Trifolium spp. 
Vernonia auriculifera Hiern 

Grasses und sedges 
Andropogollgreenwayi Na pper 
Aristida adscclIsionis L. 
CelJcitrus cUiaris L. 
ChcnopodilltlL SPP' 
Chlorjsgayull a Kuoth 
C. p),cnothrix Trin. 
Cymbopogoll spp. 
C)'llodon daclylon (L.) Pers. 
C.plectostachYlls (K. Schum.) Pilg. 
C)'perus immens/lS C. B. Cl. 
C.laevigalus (L.) C. B. Cl. 
C. papyrus (L.) 
Daclyloc/cllillnl aegypticllm (L.) Sea uy. 
Digitaria macroblephara (Hack.) Stapf. 
D. milanjiana (Rendle) Stapf. 
D. scalarum. (SchweinL) Chi oy. 
Diplachne/usca (L.) Bca uy. 
Eleusine jaegeri Pilg. 
ElilleapogM elegans (Necs) S tapf. 
Eragroslis terlllifolia (A. Rich.) Steud 
EI4S/achys paspaioides (Vahl) Lanza and Mattei 
Harpacllllc schimperi (A. Hich .) 
fltlcropogon con tor /li s 
Ilyparrhcllia spp. 
K,.llin.ga spp. 
Od)'5seajaegeri (Pilg.) Robyns a nd Tourn ay 
O.pallcinervis Stapf. 
Pal/icuTn repeTls L. 
PClIlliselllll1 clandeslinllm Chio\,. 
P. me::iatz/un Leekc 
P. soli/ e.", SLapf. and C. E. Hubb. 
P. schimperi A. Ri ch 
P. strarnill CUm. Peter 
Phragmitcs mauriljaTllls Kunth 
ScirplIs spp. 
Sereria .~p'l(Icelala Stapf. and C. E. Hubh. 
Sporoboilis consimilis Frcs. (= 5. robnstus Kunth) 
S. fimbrialll$ 
S. llOmblci De Wild. 
S. marginal/Is A. Ri ch . 
S.spicai lls (Vahl) Kunth 
Themeda trialldra Forsk. 
7Jplta lotifolia L. 
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