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Frontis: GORONGOSA AMBIENT

The Urema Rift Valley floodplains with Gorongosa Mountain and the three Bunga Inselbergs
in the background. A herd of 2 000 buffalo with attendant flock of cattle egret in the
foreground.
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ABSTRACT

A holistic evolutionary approach is used in the Gorongosa thesis in which em-
phasis is on the salient reciprocal relations and kinetic succession of land surfaces and

biotic communities, influenced by landscape processes and prime mover components.

As corfelations of these relations and processes require both a total interacting
framework and the details of its prime components, the thesis is divided into three
main parts: (1) synopsis of the essence of the Gorongosa ecosystem and the approach
used in field ecology {Perspective); (2) correlation of the physical and living compo-
nents of the ecosystem; and {3) synthesis. The study attempts to relate the salient fea-
tures of processes and correlations into a coevolutionary whole, caught at that particu-

lar stage in space and time by the study.

The chapter titled Process and Response is the central pivot of the thesis com-
bining the kinetic aspects of geomorphological landscape changes with coevolutionary
sequences of biotic communities which change {expand, contract, and recombine) ka-

leidoscopically in space and time, in appearance and content.

The prime movers in ecosystem change are on the physical side, nickpoint

headward eroding sequences and edaphic change in soil moisture balance, and on the
biotic side, the frugivores and large ungulate components which affect geomorphic and

habitat modification are central.

Of these, soil moisture appears to be the master factor. All climatic influences
too, appear to be expressed through the edaphic controls which change in-situ, or with
each geomorphic surface replacement sequence. This factor seems to orchestrate the
opportunities and constraints from below on the possible community evolution pos-

sible in a particular time and place.

(i)

From this, a template of salient factors of the Gorongosa ecosystem is provided

for management, based on causes and trends in the kinetic evolution of the various eco-
systems. To maintain a diversity of ecosystems in Gorongosa, the fundamental manage-
ment action is to reinforce or reinstate the natural local base level sills which cause
ponding of floodwaters responsible for the mosaic of grasslands and slack marshes of
high primary productivity and ungulate carrying capacity. Concomittantly reductions

of certain overpopulated ungulate species, chiefly hippo, are required so that manage-
ment is effective.

As natural processes are dynamic, it is necessary to identify and evaluate those
salient factors operating at a particular time, as these key controls are altered and re-
placed by others through natural kinetic succession of landscapes and biotic commu-
nities. The salient factors governing the dynamics of an ecosystem or community thus
require to be mapped at intervals, to provide templates of the trends and changing
importance of key and master factors, in order to anticipate or predict what will result
from their influences. With these data valid evaluation can be made with the other

correlated information for meaningful management action.
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(ii)
SAMEVATTING natuurlike plaaslike erosievlakke. Hierdie vliakke en knakpunte veroorsaak die op-

damming van vioedwaters wat die mosaiek van grasland en moerasse met hul hoé

primére produktiwiteit en biomassa-drakrag veroorsaak. Saam met hierdie faktor moet,

Die holisties-evolusionére uitgangspunt is as basis in hierdie tesis oor Gorongosa o ; ; : ’ _
9angsp 9 vir die doel van effektiewe bestuur, die verwydering van sekere hoefdiersoarte, veral

gebruik. Die klem val op die invloed van die landskapprosesse -en bewegingskragte op Sk e e e e e e s

die sleutel- en terugwerkende verwantskappe en die kinetiese suksessie van landopper-

vlaktes en biotiese gemeenskappe. Aangesien die natuurlike prosesse dinamies van aard is, is dit noodsaaklik om

hierdie kernfaktore, soos hulle binne 'n spesifieke plek en tyd opereer, te identifiseer

Aangesien die korrelasies van hierdie verwantskappe en prosesse beide 'n totale en te evalueer. Hierdie sleutelkontroles word geaffekteer en deur ander faktore vervang

wisselwerkende raamwerk, asook detail-kennis van die oorspronklike bewegingskragte wanneer die natuurlike kinetiese suksessie van ‘n landskap en biotiese gemeenskappe

benodig, word die tesis in drie hoofgedeeltes verdeel: plaasvind. Dus is die sleutelfaktore die oorheersende faktore wat die ekosisteem-

(1) Die samevatting van die sleutelfaktore in die Gorongosa-ekosisteem en die uit- dinamika affekteer. Dié faktore moet dus op verskillende tye gekarteer word om die |
gangspunt wat in die veldekologie gebruik is; rigtings en veranderings van die verskillende sleutelfaktore waar te neem.
(2) Die korrelasies tussen die fisiese en lewende komponente van die ekosisteem; Met hierdie inligting kan korrekte gevolgtrekkings gemaak word wat, tesame

met die ander verwante inligting, tot suksesvolle bestuursaksie kan lei.
(3) Die sintese.
Hierdie studie poog om die verwantskappe tussen die sleutelfaktore van die ver-
skillende prosesse en die korrelasie tot ‘n evolusionére geheel, soos dit op die spesifieke

vlak en tyd van die studie bestaan het, vas,te stel.

Die hoofstuk ““Process and Response’’ vorm die spil waarom die tesis draai. Dit
verbind die kinetiese aspekte van geomorfologiese landskapveranderings met die evolu-
sionére opeenvolging van biotiese gemeenskappe wat, beide in voorkoms en inhoud,

met ruimte en tyd verander.

Die hoofbewegingskragte in ekosisteemverandering geskied aan die een kant
fisies deur middel van stroom-op beweging van knakpunte en veranderings in grondvog-
balans en aan die biotiese kant deur die invioed van vrugtevreters en groot hoefdiere op

geomorfologie en habitat wat verandering veroorsaak.

Van die bogenoemde faktore skyn dit of grondvog die oorheersende faktor is.
Al die klimatologiese invioede word deur middel van hierdie edafiese kontrole uitge-
druk. Dié faktor rangskik die geleenthede en beperkinge van onder en beinvioed die

moontlike gemeenskap-evolusie oor ‘n spesifieke tyd en ruimte.

Uit bogenocemde word ‘n raamwerk van sleutelfaktore van die Gorongosa-
ekosisteem vir bestuur voorberei. Dit word gebaseer op invioede en rigtings in die kine-
tiese evolusie van die verskillende ekosisteme. Om die diversiteit van die ekosisteme

in stand te hou, is die fundamentele bestuursaksie die herstel en versterking van die
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BACKGROUND

PREVIOUS STUDIES

The collection of plant and animal specimens from the Gorongosa region and
surrounding parts of Central Mocambique is a rich story still to be told, involving some
of southern Africa’s most famous names in natural history — Frade, Grant, Haagner,
Kirk, Livingstone, Péters, Roberts (on the north side of the Zambeze Delta in 1908),
Selous, Serpa Pinto, Sheppard, Swynnerton, Vaughan-Kirby, Vasse and others. The
background noted here relates to actual field studies as opposed to collections of which
only two are mentioned. These are by the famous hunter-naturalists Vaughan-Kirby
(1899) and Vasse (1909) whose books, now valuable Africana, deal specifically with
the Gorongosa region. Both these men recorded many observations of ecological im-
portance as well as valuable proof of such species as tsessebe and roan which are ex-
tinct in the park today. The locality of the Gorongosa-Cheringoma area is depicted in
FigT. %

Kirby arrived at Chinde at the Zambeze mouth in 1894 and travelled upriver
to near the Chire junction before exploring inland on the Cheringoma Plateau. Passing
south of Inhaminga he describes the deep ravines of the Riftward drainage and then
descending to the floor of the Rift, camped near the Muaredzi stream. He traversed the
Urema plains to the NW of Gorongosa Mountain (Bérué area) and returned to hunt
elephant extensively on the Cheringoma Plateau. Thereafter he exploréd the Zambezia

district, hunting chiefly in the area between the Chiperoni and Namuli mountains.

Vasse, a Frenchman, spent almost all of threeg¢ years hunting and collecting in
what is defined above as the Gorongosa ecosystem. His book, though biased to the
hunt,is a remarkable record of conditions as they were in the first part of the 1900’s.
In addifion he explored and mapped the area, including an ascent to the highest sum-
mit area of Gorongosa Mountain. His collections sent back to the Pasteur Institute and
Paris Museum comprised 53 ungulates, 118 birds, 18 000 insects, 500 plants, 63 rep-
tiles and amphibians, mollusca, worms etc., and 250 minerological specimens (Vasse
1909: 157).

In the early 1900’s detailed geological exploration of the region was made by
various geologists including Teale & Wilson (1915), Teale (1924) and Abrard (1928)
amongst others, and is summarised in a major work on the geology of the Mocambique
sector of the Zambeze Basin (Real 1966). Mouta (1957) published a short account of
the Urema Trough.

RSITY OF PRETORIA
ESITHI YA PRETORIA

1

After Vasse, more than fifty years elapsed before a biological study was made
by the ornithologist Rosa Pinto (1959). In 1965 a photographic and written record of
wildlife in Gorongosa was published by Joao August Silva, who had for many years
been Administrator at Vila Paiva (now Vila Gorongosa) on the Midlands between

Gorongosa Mountain and the Rift Valley.

Mendes da Rocha Faria (1966) published the first attempt at describing the
climate of the region by using statistics collected at stations on the higher ground on
either side of the Rift (Vila Paiva and Inhaminga), and as the Chitengo station was
only initiated in 1966, used Vila Machado as a Rift example {40 km to the SW of the
park on the Beira-Rhodesia main road). The present study has benefitted from 10 years
of climate statistics recorded at Chitengo (in the centre of the Rift Floor), and on a
ranch halfway up the southern slope of Gorongosa Mountain. The latter records were
kept first by Mr & Mrs John Wright (1963—1969) and later by Mr & Mrs Geof Harrison
(1970—-1973).

The botanist José Aguiar de Macedo (1966) made thé first botanical survey of
the region, but unfortunately this work remained incomplete as most of his collections
were unnamed. He later published two works on the flora of Gorongosa Mountain
{(Macedo 1970a, 1970b) and aé so many specimens had still not been named by this
time, was forced to list the majority with his collection numbers, as reference. The
present author made extensive plant collections in the process of analysing the various
ecosystems and communities and was fortunate to have these named by the Salisbury

Herbarium.

Plant collections were made in the region by many Portuguese botanists inclu-
ding A. Rocha da Torre, F.A. Mendonga, J. Simao, Pedro and Pedrogao, A.Gomes e
Sousa (1966), J. Gomes Pedro, L.A. Grandvaux Barbosa. These last two authors were
responsible for the first comprehensive vegetation map of Mocambique (Pedro &
Barbosa 1955). Important plant collections were also made by expeditions and mem-
bers of the Rhodesian Herbarium. In addition to Rosa Pinto, collections of birds were
made by the Durban Museum and bird, reptile and small mammal collections by the

Rhodesian Museums.

A soil survey of the region was made by the pedologist Fernandes (1968a,
1968b), who compiled maps of both the mountain area and the park by airphoto in-

terpretation as determined from samples at intervals along roads.

This sums the totality of studies made of the region, and apart from Vasse
(1909), they were all single disciplinary thus leaving an unlimited field for original

ecological research.
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AMBIENT OF PRESENT STUDY

In August 1968 on arrival at Gorongosa, which was to be my base for the next
four years, | was faced with the task of determining the ecological limits of the natio-
nal park. All previous boundary limits had been arbitary or political, ie. straight lines,
roads or rivers, and the authorities were concerned about the space requirements for
seasonal wildlife migrations, the sufficiency of wildlife habitats, and the constant pres-
sure by companies and tribal cultivators for park land. The report of this first major
study was presented to the Mocambique Government in August 1969 (Tinley 1969b).
After this base work was completed, it was clear that the highest conservation priority
in Mocambique was not the further detailed study of Gorongosa wildlife alone as no
indepth study could alter the fundamental importance of the salient factors, but the
urgent need was to define the unique ecosystems throughout the territory which still
required proclamation as national park areas. As the only wildlife ecologistin the terri-
tory it was important therefore for me to work on a priority basis covering as much of
the territory as possible as well as keeping the study of Gorongosa as the main ongoing
theme (see References).In the fifth year | moved to head office in Lourenco Marques,
and left Mocambique in April 1974, Wildlife conservation and national parks was then

and remains the responsibility of the Fauna Section of the Veterinary Department.

A prerequisite for meaningful ecological research is the use of a light aircraft
for studying geomorphology, seasonal changes in habitats, and for air census of the
larger wildlife species. To prove its efficacy to the Mocambique authorities, | arranged
with Paul Dutton (then Ranger-incharge of the Ndumu Game Reserve in Zululand)
who has his own highwing Piper aircraft, to initiate the air studies in November 1968.
As Mocambique at this time of the year is covered by a dense pall of smoke from veld
fires, Paul and Ann Dutton flying in from Zululand were only able to find the park’s
main camp by navigating at tree-top level up the Pungue River from the coast! In this
way the first air count of wildlife in Mocambique was made. The report emanating
from this air surv"y also highlighted the crucial part played by Gorongosa Mountain in
providing the perennial surface water which traversed the heart of the park system
(Tinley et. al. 1968). This historic air survey and the resulting report had the desired
effect of enthusing the authorities to provide a light aircraft for all ensuing research in
the territory, and twice a year for air census of Gorongosa and the Marromeu Buffalo
Reserve in the Zambeze Delta. An agreement was made by the Veterinary authorities
with the Chimoio Airclub for the use of a highwing Cessna monoplane which could be
called on even at short notice. Soon after, the first air count of the legendary buffalo

herds of Marromeu in the Zambeze Delta was made in December 1968 (Tinley 1969a).

Z

In October 1969 an ecological survey was made of the Southern Coast in the Bazaruto
region which resulted in the proclamation of the first marine park and second national
park in Mocambique, the Bazaruto marine National Park (Tinley 1970a). The survey
was continued inland in November to cover the entire Arid Savanna region between the
Limpopo and .Save Rivers (Tinley 1970b) known as Gazaland which later resulted in

the proclamation of Banhine and Zinave (Save) areas as national parks.

The programme of activity outlined above and by the references shows that the
study of the Gorongosa ecosystem did not enjoy unbroken attention for four years. As
most of the interruptions were not much longer than a month, and the writing of re-
ports and publications was all done at the Gorongosa main camp it was possible to
maintain a semblance of recording continuity, especially in phenological events. The
collation of these data into a related whole serves as an ecological base for future stu-
dies and management in Central Mocambique and as a record of a unique piece of wild

Africa whose future as a viable productive natural system remains an open question.

On arrival at the University of Pretoria to write up the Gorongosa data for
thesis puposes, | soon found, through access to excellent reference libraries, that many
of my findings merely substantiate or elaborate those of older studies, of up to nearly a
century ago. Thus readers should not be surprised at finding references in this study go-
ing back to the last century. It would appear that the “old’’ schools, which produced
Darwin, Wallace, Woodworth, Adams, Cowles, Smuts, Fraser Darling, Monod and
others, were integrative and holistic and the subsequent ‘‘'modern’ schools have been

divisive, or merological, and compartmented.

Though it is superflous to use the prefix geo- for ecological dynamics, it is used
here in emphasis because most students of ecology in southern Africah approach the
subject purely from a plant or animal viewpoint. In this regard, only one amongst the
many definitions of ecology and ecosystems (that of Dyksterhuis 1958), includes ener-
gy relations, and the climatic and geological processes as an integral part of the defini-
tion. His definition reads: “'......... the ecosystem involves the accumulation, circulation
and transformation of energy and matter through such biological processes as photo-
synthesis, herbivory and decomposition, with the non-living part involving precipita-
tion, erosion and deposition, reacting to the living part and with coactions between

organisms’’ (Dyksterhuis 1958).

All Mocambique place names in the text are spelt according to the published
Portuguese maps of the territory. The A used in tribal names by the Portuguese is equi-

valent to y in English, eg. Banhine is pronounced Banyine,
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1 SALIENT FEATURES

GEOGRAPHIC SETTING

Gorongosa National Park is situated in the geographic centre of Mocambique,
astride the southern end of the Great Rift Valley system of Africa which extends
through East Africa from Ethiopia to Mocambique. The Gorongosa ecosystem is con-
tained within the co-ordinates 18° 10'S to 19° 20's and 34° E to35° E,on theeastern,

Indian Ocean, coast of Africa between the Zambeze and Pungue Rivers (Fig 1.1).

Lake Niassa (Malawi) and the Chire River which drains it south to the Zam-
beze, lie in the Niassa Trough sector of the Rift. The Rift Valley crosses the present
course of the Zambeze at the Chire junction and extends south in a rectilinear curve to
inland of the port-town of Beira where it branches and runs out in a SW direction to
form the Buzi Trough, and SE to disappear in the sea between Beira and the old Arab
port of Sofala. The southern-most, Mocambican, sector of the Rift, known as the
Urema Trough, is enclosed on either side by higher plateau country,that on the western
margin surmounted by the isolated block of Gorongosa Mountain. The mountain -is
160 km inland from the sea, and the centre of the Rift Valley within the same transect
is 120 km. The nearest large highland massifs to Gorongosa are the Mocambique-Rho-
desian Escarpment 100 km inland to the west, and the isolated Morrumbala Mountain

150 km to the northeast near the confluence of the Chire with the Zambeze River
(Fig1.2):

A remnant of the former oldland coast plain was left as an isolated upland block by the
downthrow of land in the trough faulting of the Rift Valley, and this remnant forms
the eastern side of the Urema Trough, known as the Cheringoma Plateau.

FORM, CLIMATE, COVER

YE
| B

The build of the Gorongosa region is dominated by the Rift Valley trough,

whose alluvial floor averages 40 km in width and lies between 156 and 80 m above sea
level. The centripetal drainage of the Rift floor is collected by the Urema Lake which
forms the lowest part and as the basin is partially endoreic it is the effective local base

level. When filled, the basin discharges to the Pungue River which forms the southern
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boundary of the park. The upper edges of the trough rise obliquely to form the Che-
ringoma Plateau (300 m) on its eastern side, and the deeply incised Barué Midlands
(400 m) on its western side. Perched on the western Midlands within 21 km of the
trough is Gorongosa Mountain which is 20 by 30 km in size and attains 1863 m at its
highest point (Fig 1.3).

As Gorongosa Mountain is the only emminence in the region which stands in
the path of moisture-bearing winds of which the most constant are the SE Trades, it
forces their ascent, resulting in heavy orographic rains to its confines. The mountain is
a pluton composed of fine-grained granite and is covered by rain forest with montane
grassland and fynbos on the summit areas, which forms an effective sponge capturing
and releasing water in a constant radial pattern of flow. The perennial streams born on
this island of high rainfall, receiving more than 2000 mm per annum,form a key to life
in the surrounding midlands and adjacent Rift Valley. Three of the four main streams

which rise on the mountain traverse the Rift floor and meet at the Urema Lake.

The Midland is deeply dissected spur and valley country developed on Pre-
cambrian metamorphic gneisses and migmatites. This is covered by tall Brachystegia
(miombo) savanna woodland on sandy skeletal soils. Swarms of granophyre and do-
lerite dykes radiate north and south of the mountain, the dolerites producing fertile
red oxisols which breaks the otherwise widespread monotony of poor soils in the
Midlands. Rainfall is more than 1000 mm on the Midlands fa'lling mainly in summer

but with some rain in the winter; precipitation variability is only 28%.

By contrast, the Rift Valley has a rainfall of 840 mm With a markedly arid
winter despite the frequency of heavy valley fogs. Rain variability is more than 60%.
The Rift floor has the greatest variety of ecosystems in the region, supported by the
mosaic of different types of alluvia and the seasonal flooding of the plains. Vast season-
ally inundated grasslands are dotted with patches and fingers of tall acacia, mopane
and combreturm savannas, dry forest on sands and myriads of seasonally rain-filled

pans and termite hill thickets.

The genesis of the surface configuration of the Rift floor has been dominated
by the discharge of rivers from the sides of the trough. The alluvial fans built outwards
from the Rift sides by these rivers have pinched off the drainage of the trough resulting
in a necklace of seasonally flooded grasslands, with savannas invading all the convex
surfaces. Of these constrictions, that formed by the Muaredzi stream is unique. The
greater area of floodplain grasslands (c. 600 km2) and the Urema Lake owe their exis-
tence to this coincidence of nature — the periodic obstruction of the lake's exit by al-

luvium deposited by the Muaredze stream which meets the Urema drainage at right
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angles from off the Cheringoma Plateau (Fig 1.3/Plates | and Il1). Although the ob-
struction is small, it assumes extreme importance as it forms the main critical height
controlling drainage of the Rift Valley plains, and is responsible for the partially en-
doreic nature of the Urema basin. This, together with the water from Gorongosa Moun-
tain are the two outstanding salient features of the Gorongosa ecosystem. The Rift
Valley substrates support the greatest concentrations of wildlife remaining in Mocam-
bique.

The Cheringoma Plateau which forms the eastern side of the Urema Trough is
composed of massive Cretaceous to Tertiary limestones mantled by a cover of red and
pallid sands. The red sands are deep, horizonless and compact, whilst the pallid sands
have a high watertable due to an impervious clay at about 1 m depth. The plateau is a
cuesta in profile with stepped steeper slopes facing the Rift into which deep cliff-sided
ravines have been cut. The shallowly inclined seaward slopes end in broad low coastal
plains with mangrove swamps. The rainfall increases from the Rift sides parallel to the
topography to just over 1000 mm on the crest and thereafter to 1400 mm on the
coast, and rainfall variability decreases again to 28%.

In contrast to the miombo on the west of the Rift trough which occurs on
deeply dissected hill country (“hill miombo'}, that on the Cheringoma occurs on flat
to slightly undulating terrain interspersed with fingers of waterlogged drainage line
grassland (dambos) similar to the ““dambo-miombo’’ of the Zambeze-Congo watershed.
The plateau is covered in tall miombo forming a mosaic on the seaward slopes with
evergreen forest, fynbos Philippia simii, and swamp and gallery forests in the incised
dambos. The seaward streams are all perennial, tea-coloured, peaty ‘black waters’. The
larger streams of the Riftward drainage are perennial only in their central parts, and
only two, the Muaredzi and Musapasso, meet the Urema drainage directly, the others

disappear into the sumps of sandy alluvial fans at the break in slope of the Rift sides.

2 DEFINITION

PARK BOUNDARY LIMITS

Gorongosa National Park was the first, and until 1971 the only, national park
in Mocambique. Gorongosa was first proclaimed as a game reserve of 1000 km2 on
2 March 1921. On 21 November 1935 the game reserve was enlarged to an area of
3200 kmZ2. Gorongosa received national park status on 23 July 1960 (Diploma Legis-

lative No. 1993), and at the same time the park area was enlarged to 5300 kmZ. In
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January 1966 the park area was reduced to its present size of about 3770 km2 mostly
of Rift Valley floor and parts of the hill slopes forming the sides of the trough. All

these straight-line and road limits excluded Gorongosa Mountain.

In 1968 and 1969 a special study undertaken to determine the ecological limits
of the park revealed that the entire park system and a population of some 20 000 tribal
cultivators west of the park were all dependent solely on the perennial water resource
born on the isolated massif of Gorongosa Mountain (Tinley 1969). The ecological
limits proposed in the above study enlarged the park to about 8200 km2 to include the
greater part of Gorongosa Mountain and the remainder of the area delimited by all the
local drainage received by the Urema depression on the Rift Floor. The crux of these
proposals was to ensure that the park was made a viable entity by inclusion of the
mountain in order to protect the primary water resource. Any effect of surrounding
land misuse would thus be effectively confined to outside the Urema drainage basin.
The ecological limits were determined by analysis of the salient factors governing the
life requirements of man, and the large wild ungulates which require space to satisfy
seasonal migrations. The third main feature was to ensure representation of viable ex-
amples of the full spectrum of ecosystems occurring in the region. The same study re-
commended extension of the park eastwards to the coast to include examples of the
unique forests and swamps of the Cheringoma coast and linking with the Marromeu

Buffalo Reserve in the southern sector of the Zambeze Delta.

The reduction of the national park area in 1966 marked the beginning of a po-
litical and conservationist defeatest attitude mollifying invasion of park area by tribal
cultivators, and pressure from timber and safari companies to exploit as-yet undamaged
natural resources within the park. Contraction of park boundaries meant that tribal
cultivators which had invaded from the margins or had remained from the earlier cot-
ton plantation days would with each contraction be conveniently “‘left outside” the
new limits. The land hunger of the surrounding cultivators was said to be a valid de-
mand for this and other boundary reductions were envisaged. The truth, however, is
that vast uninhabited areas of well-watered, high rainfall, miombo woodlands are and
were available all around the park especially in the midlands between the mountain
and Chimoio (Vila Pery) area to the SW — but there was lack of game as it has been
exterminated. The sole reason why park area of low and unpredictable rainfall is cal-
led for by cultivators (or those behind them for ivory) is to get at the last meat re-
source — their hunger is for protein not land. Instead of authorities protecting this re-
source for rational utilization leading toward maximum benefit for the regional eco-
nomy, it was politically expedient to rather give Qp these resources for eventual total

elimination.
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(1) mountain catchment,
(2) Urema Lake & floodplains,
(3) in the foreground the sill
(alluvial plug) responsible for (2),
formed by Muaredzi stream deposits
from the right.

PLATE Il DRY SEASON ASPECT FOUR TO FIVE MONTHS LATER OF PART OF THE SAME AREA SHOWN IN PLATE I.
PLATE Il HIGH FLOODWATERS ; . . . Lk ol : .
Sill formed by alluvial plug clearly exposed by low-water conditions, displa ts k | ch ff the Rift Valley d
e T E DI CEDINGE or| y plug y exp y r a:ﬂ:is :oim' playing its key role in pinching o e Ri alley ramage;
SLACKS AT THE UREMA-PUNGUE i
CONFLUENCE IN MIDSUMMER
(Jan. 1970)

In the foreground termite hill islands in
various stages of development and erosion

PLATE IV THE DINGEDINGE SLACKS IN THE DRY SEASON SEVEN MONTHS LATER

The same area shown on the right of Plate I11. The different green and brown grass tones indicate different soil moisture and
salinity levels.
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Until the present (1976) the 1966 boundaries have been maintained though
there are constant pressures for its further reduction for exploitation. Since indepen-
dence the Mocambique authorities have forbidden cultivation of Gorongosa Mountain
above the 600 m contour around its base.

STUDY AREA

The Gorongosa ecosystem is that area delimited by almost all the drainage
caught by the Urema depression. The one exception is a seasonal ‘sand river’, the
Nhandue, which enters the park in the NW after rising far to the west near the base of
the Great Escarprhent. Apart from this river which rises outside the Gorongosa area all
the drainage into the Urema Lake is local from both sides of the Rift trough. This Rift
floor lake is a partial internal drainage basin which, when filled, overflows into the

Pungue River.

Rightly, the study area should be referred to as the Urema ecosystem, but the
region as a whole and the national park are named after Gorongosa Mountain. In addi-
tion the perennial water born on the mountain is the key to human and animal life in
the whole region (Tinley 1969, 1971). The mountain was named after the first chief to
settle there in the history of the tribes. Further south between the Buzi and Save Ri-
‘vers is a small river which rises on the Buzi Coastal Plateau referred to as Gorongose

spelt with an e ending).

The Gorongosa ecosystem therefore comprises the entire park area plus the ter-
rain west to include Gorongosa Mountain and its radial drainage, and eastwards to the
divide on the Cheringbma Plateau separating the seaward and Riftward drainage. On
the Rift floor the limit of the ecosystem in the north is the seasonal ‘sand river’, the
Nhamapaza, close to which is the faint convex surface forming the divide between the
Zambeze and Pungue drainage. In the south the perennial Pungue River is the limit as
the convexities separating it from the Urema depression are formed by the alluvial de-

posits of this river.

From the divide along the crest of the Cheringoma Plateau, which is a cuesta in
profile, the seashore is just under 100 km distant. On the white podsolized sands of the

seaward dipslope is a mosaic of unique ecosystems comprising forests, fynbos, exten-
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sive dambos with oval pans, and large estuaries covered in some of the finest mangrove
forests (containing 9 species) on the Mocambique coast. Some of the systems are not

represented, or only fragmentarily so, elsewhere in Mocambique.

Presented with this unique montane to mangrove ecocline transect across a
stepped landscape and climatic sequence parallel to the coast, | included the seaward
sector as an extension of my study area, for comparative purposes, quite as much as for

its distinctiveness.

3 APPROACH

"The observer must empty his
mind and be receptive only of
the deer and the signs of the
country'’.

Frank Fraser Darling 1937

A holistic ecological approach is used in this study. Emphasis is on the salient
reciprocal relations and succession of the important biotic communites or their compo-
nents with landscape processes. In many regions large changes in habitat structure, re-
lative plant and animal biomass, species composition, and complete community replace-
ment are wrought over contemporary time (letalone in geologic time) by normal geomor-
phic succession without any change in the local or regional climate. This succession is
either due to factors which alter the soil water balance, or to the spatial replacement of
land surfaces by erosion and sedimentation. |t can also be due to within-habitat chang-
es due to selection and influence of biotic competition and the activities of animals in-

cluding man.

As correlations of these relationships and processes require both a total interact-
ing framework and the details of the main components of that framework, presentation is
divided into three sections. Part | titled PERSPECTIVE provides the essence of the Go-
rongosa ecosystem and the approach by which the details of Part | CORRELATION are
built. Part 11l KALEIDOSCOPE attemps to relate the salient features of processes and
correlations into an evolutionary whole caught at that particular stage in space and
time by the study. Such an appreciation of ecosystem dynamics at the salient factor
level supported by detailed data will then allow prediction of past, present, and future
changes or tendencies. These criteria are central to the realisation of significant conser-
vation management based on causes. The effects are however important for determin-

ing many of the causes.
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Ecosystems are of inordinate complexity. This feature is emphasized repeated-
ly in the literature, in the training process and by field experience. It is well known
that disturbance to one part of an ecosystem can set up a chain reaction affecting
many other components, the result of which are hard to imagine let alone predict. But
each ecosystem is in fact governed by a few relatively simple salient factors, a feature
of ecosystems rarely mentioned anywhere. The identification and protection of the
salient factors holding an ecosystem togethér ensures survival of its components and
processes over the long-term in a human temporal scale. In the geologic time scale, how-
ever, it would merely act as a damper to the tempo of inexorable landscape change. The
method | have used over the years with some success for analysis of natural ecosystems
is shown in Table 1, using the terms key and master factors. The most lucid exponent
of salient factors analysis is lan McHarg (1969) whose entire approach to landscape
planning is determined by the salient factors governing each ecosystem. His chapter
titled ‘“Processes as values’' is a masterly treatment of the method, and in three words
synthesizes a main criterion of analysis. McHarg’s methodology and terminology is
more elegant and refined than my own although the same results can be obtained. |

have therefore used his term salient in preference to key and master factors.

Salient factors are the keystone elements holding an ecosystem together as a
viable dynamic system. The loss of any one of these factors would cause perturbations
(multidirectional shifts in trends) and replacement of the system or its component
parts. The salient factors important at any one time are replaced by others through
changes imposed by natural processes. Ecosystems are of various kinds and sizes and
the salient factors controlliing the viability of each will vary accordingly. |naddition,
not only is it usually impossible to study all the details and complexities of an eco-
system in a life time, it is also unnecessary, as once the salient factors have been de-

termined further indepth study will not change their key importance.

In each ecosystem there is a hierarchy of salience. This depends on the dimen-
sion of the ecosystem under study and on the components identified as requireing prio-
rity attention. The salient factors form a pyramid composed of five levels of salience
(Table 3.1). In each level the factors are evaluated in a gradient of values from most to
least. Either the maximum condition or the minimum can be the most important for
different ecosystems. For example a forest may require high soil moisture with good
drainage, a swamp also requires high soil moisture but with poor drainage. What are the
salient factors maintaining these two requirements and what are the implications? In
certain circumstances fifth level components (Microbiotic), such as tsetse-fly or ano-
pheles mosquito that are disease carriers, are moved up to the second level (Major Com-

ponents) because of their impact.
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These features require to be mapped at intervals to provide templates of the

changing importance of various key and master factors to anticipate or predict what

will result from their influences. In this way planning and management (protection

and utilization) is causes-based on the salient processes and interactions governing a
particular system or situation. The ecological study thus passes through the following
cycle: (1) synopsis (salient factor analysis), (2) correlation, (3) synthesis, (4) applica-
tion, (5) response monitoring, (6) re-assessment and back to (1). Most situations can
however be adequately handled by going directly from (1) to (4) to (6) and back to
(1) again. As most management programmes are biologically biased they typically start
and stop at (2) or leap to (4) setting in train a bewildering new series of interactions
superimposed over the natural ones. Management at all levels thus requires a rational,
explicit and replicate method (McHarg 1969) from which to work out from and back to.
Another value of the method is that it enables studies to get to the root causes rather

than attempt protection and control by dealing with the effects.

As natural processes are dynamic it is necessary to identify and evaluate those
operating under present circumstances. In addition, it is vital to identify the tendencies
exhibited by the present processes toward future changes. Many of these tendencies are
successional and are thus part of an inexorable change which can only be slowed or
ameliorated. Without the last data no valid evaluation or interpretation can be made

with the other information for predictive purposes and management action.

The five levels of salience show a pyramid of increasing complexity from top
to bottom and increasing importance from bottom to top (Table 3.1). The gradient of
importance is based on the precept that if the ecosystem as a whole is maintained, sur-

vival of its components is ensured, at least in a human time scale.

Ecosystems study requires the worker’s complete immersion and empathy with
the subject, to 'feel’ in the Taoist philosphic sense by becoming the ecosystem oneself
-— | am the inselberg, the plains and the totality of the elements and life at play on
them. Such a sixth sense or ‘bump’ of ecology is similar to that possessed by some in-
dividuals for direction. Primitive man confronted with a landscape can assess its quali-
ties as his bump of ecology is probably honed to maximal awareness by survival of the
multiplicity of experiences that he has been exposed to since birth. His search for food,
particularly, educates him into ecological awareness; his stomach is therefore the master

tutor.
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TABLE 3.1

HIERARCHY OF SALIENCE
(or of key and master factors)

REGIONAL ECOSYSTEM

eg. ocean, continent, island, desert, mountain, river basin.
Natural processes of landscape evolution, climate, hydrography,
geomorphic and edaphic controls. Extremes, opportunities and
limitations expressed by the intrinsic features, and their controls.

MAJOR ELEMENTS

(elements with the greatest impact, most importance or largest
space requirements)
Examples:

(a) Man (hunter-gatherer, fisherman, pastoralist, cultivator, bee-
keeper, technological man)

(b) Large wild ungulate migrations (seasonal limits and episodic
occurrence: substrate controls in each sector)

(c) Representation of the full spectrum of ecosystems
(d) Unique elements (eg. scenery, aquifers, endemics, rare or endangered species)

INDIVIDUAL ECOSYSTEMS
(and Communities)

MACROBIOTIC COMPONENTS
(eg. ungulates)

MICROBIOTIC COMPONENTS
(eg. insects)

N
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complexity
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This total identification with, and joy in, their habitat is a feature of most
hunter-gatherer peoples of the world, particularly the Red Indian of North America
(Grey Owl 1931; Mails 1974: 18—19), The Australian Aborigine (McCarthy 1957), the
Mbuti Pygmies of the equatorial rain forest (Turnbull 1961), the Bushmen and mem-
bers of pastoral and cultivating tribes that still practise hunting and gathering, and
some modern naturalists. Bushman claim they have a telepathic system which enables
them to feel the presence of springbok on the far side of a hill as they are so keenly
aware of the wind blowing through the dark hair on the animals flanks, or the presence
of strangers long before they have arrived (Bleek & Lloyd 1911, van der Post 1961, Eve
Palmer 1966: 74, 138). Turnbull (1961) describes how, on returning to their forest
home after an excursion to neighbouring tribal cultivators, pygmies became more and
more animated and excited until they spontaneously shouted greetings to the forest,

expressing the sheer joy they felt in the completeness of life.

Despite the fact that students attracted to research are probably those with
more than usual curiosity, this personification of the subject in the imagination is vital
to modern man in producing original research as it enables him to picture in his mind
how the processes work (Beveridge 1950). Itallows the subconcsious to absorb the to-
tal make up of the subject and its unique features; the conscious acquisition of the de-
tails can then be worked on in a context which allows the mind to use creative thinking
to attain orginality or new ways of seeing the same subject. The tools for forward-
moving creative thinking are by the use of, (1) stepping-stone (intermediate impossible),
(2) random juxtaposition of ideas, and (3) reappraisal of ideas reckoned to be perfectly

right and absolute (challenge for change) (De Bono 1973).

The trained ecologist entering field work for the first time has to learn how to
identify completely, and attain the telepathic awareness of the hunter-gatherer,
with the ecosystem. As even the unique rapport primitive people have with their
environment is unable to develop intellectually as it is restricted by superstitions and
beliefs, and day to day survival; likewise modern education conditions individuals and
traps cultures into accepted ways of doing things, channelling ideas and disciplines to
the specialised subservience of idealogical, technological and economic values (Reich
1970, Tinley 1974). Only by integrating disciplines and ideas through lateral thinking
(De Bono 1973) can modern man transcend all these conditioning processes to restore
material values as the tools of men, and human and evironmental values as the determi-

nants of life.

It is thus not enough to recapture the ecstasy of wonder and curiosity at the

spiritual and intellectual level and identify completely with one's environment without



extricating the mind from conditioned thinking. Combining these as part of the evo-
lution of the self realises the core of existence. What is required is the kind of empathy
obtained by some unorthodox -experimenters with their living plant subjects (Tomp-
kins & Bird 1974).

The diversity of natural systems and habitats in a region means an increased
array of choice (platicity) for organisms under changing environmental conditions, as
many kinds of systems each have different responses and potentials to these changes.
Evolutionary success can in one sense be defined as the maintenance or increase of re-
productive fitness by opportunistic response to changing conditions. This response can

be by migration, a change in habitat use, or by organic change.

Consider the relatively poor array (brittleness) of habitat variety expressed by a
pure grassland as opposed to a compound habitat such as a savanna. These differences
in variety are intrinsic expressions of brittle as against plastic ecosystems. In the same
way, fullness of the human condition can be defined by the old saying "'variety is the
spice of life"”. In ecology a good grounding in earth and life sciences is vain without
it maturation through a diversity of field experience. Total identification with one’s
subject is required on the one hand, whilst exposure to other biomes and life ways is as
vital for comparison, stimulation and new approaches. A balance is required so that the
worker neither becomes desensitized by staying too long in one site, growing with the
changes and thus not able to ‘see’ them, nor merely occupying the superficial role of

visiting scientist.

Those who have maintained a balance of in-depth studies correlated with sa-
lient analyses in other systems, for example, have the opportunity to cross-correlate dis-
ciplines and attain originality and meaningful expression by a freshness maintained
through the stimulation of variety. This faculty is well exemplified by a Theodore
Monod or Fraser Darling who in one week can lucidly assess the co-relations and their
limiting factors in an ecosystem or region where local scientists have spent twenty
years effort without seeing the wood for the trees. My most unforgettable experience
of looking at something and not recognizing it was in my late teens when | was out in
the veld with friends one day and casually turned over a loose stone at my feet. When
it was pointed out to me that the object was a prehistoric hand-axe, in a blaze of enligh-
tenment | was suddenly able to recognize stone-age implements everywhere. My earlier
‘blindness’ had been in spite of growing up amongst primitive tribes on a farm where
sharpness of eye was honed every day by playing and hunting in the veld. Thus evolu-
tion of the self, too, comprises lifting as many of these ‘blinds’ as possible by exposure
to variety and by striving for versatility. Like other animals we need to undergo perio-
dic change or migration. It can thus be said that the maintenance of diversity is funda-
mental for the evolutionary success of both ecosystems and individuals — variety is

life, as this thesis plans to show.
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CHAPTER 4 — CLIMATE

INTRODUCTION

Central Mocambique is situated 19° south of the equator on the east coast of
Africa at about 34° east longitude, and lies due west of Madagascar Island, from which
itis separ?}ed by a 400 to 850 km wide strait, the Mocambique Channel. Madagascar
Island is gout 1 600 km in length and with a high mountain spine along its east coast
it effectively blocks off the direct influences of the Indian Ocean. Almost the full
length of Mocambique thus lies in the lee or shadow of Madagascar which causes far

reaching climatic implications.

Apart from the local and regional climatic data personally collected, or re-
corded by stations, these notes on climatic processes are obtained mostly from
Thompson {1965), Tyson {1969) and Griffiths (1972). Due to its geographical position,
Central Mocambique, though lying directly in the path of the southeast trade wind
belt, is close to the southern limits reached by the northeast monsoon in summer. The
major determinants of climate in this region are therefore the zonal wind systems of
both the Southern and Northern Hemispheres. The southeast trades are air masses
blowing from the semi-permanent tropical high pressure centres of the South Indian
Ocean. The monsoon system is an alternating macroscale air stream flow blowing in
opposite directions in summer and winter. During the boreal winter, some of the air
streams emenating from the Asian Continent traverse the northwestern Indian Ocean
to the East Coast of Africa and pass south of the equator to Mocambique and Mada-
gascar, where they contribute to precipitation processes or drying, depending on their
trajectory. During the boreal summer the air streams are reversed. The southwest mon-
soon, of recurved Southern Hemisphere southeast trades, blows towards the Asian
landmass from the equator and forms the major air mass contribution to Arabia, India

and Burma at this time (see Fig 4.5).

In midsummer, tropical cyclones (hurricanes) move from east to west and are
mostly intercepted by Madagascar. As the hurricane tracks recurve southwards, chiefly
along the west coast of Madagascar or in mid-channel, drought conditions occur in
Mocambique over the months of their greatest frequency (Fig 4.6 and pers. data). Con-
versely a hurricane track which approaches or crosses the Mocambique Coast causes

floods.

Interrupting the interplay between two major zonal air flows, are invasions of

temperate depressions moving from west to east and up the southern coast. In addition
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to these polar low pressure centres are equatorial low pressure troughs formed by re-
curved South Atlantic Anticyclone air, known as Congo air. This low pressure trough
system penetrates southwards during the austral summer over the interior plateau of

the subcontinent.

The tropical anticyclone centres do not occur vertically from ground level up-
ward but are inclined westward with increasing height. Thus,at a height of 6 km the
east coast cell is centred over South West Africa, this displacement causing an opposing
flow of easterlies at the surface and of westerlies at 6 km. The persistence of the upper
westerly geostrophic air stream is made conspicuous by the northeasterly anvil spread
of cumulonimbus which develop on Gorongosa Mountain (Fig 4.9). Beneath these
major wind systems are tertiary surface, diurnal air reversals of sea and land breeze cir-
culations between the Eastern Great Escarpment and the Mocambique Channel, which
are probably linked with similar centripetal flow form the western slopes of Madagas-
car. The nocturnal katabatic land breeze component is strongly developed throughout
the year whenever clear skies occur. The sea breeze,or anabatic component,is due to
deepening of the trade wind groundwards, from above the cold air drainage flow,in the

mornings as the surface of the land heats up.

The interaction of the above air masses and their streamlines, produce a moving
pattern of interacting anticyclone and cyclone centres which are responsible for either

precipitation,or alternatively, drought.
SEASONAL CLIMATIC CONTROLS

Summer

In the southern summer the major determinants of cIirﬁate in Central Mocam-
bique are two anticyclone systems and two low pressure areas. The high pressure cells
are those over the Asian landmass, and the other is situated midway between Africa
and Australia and is known as the South Indian Ocean high. A low pressure cell (heat
low) occurs over the interior of the sub-continent,or is associated with the Zambeze
Valley. A persistent low pressure cell occurs over the Zambeze Delta, or seaward of it,

extending at times from Beira to Pebane (as plotted on synoptic charts).

Part of the Asian air masses flowing south, as the northeast monsoon, maintain
an oceanic trajectory and are thus moist. Another branch curves over the East Africa
interior via Somalia and the Rift Valley heat lows to Central Mocambique, where they

are very dry winds.
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The northeast monsoon reaches its southern geographical limit in midsummer
at about 16 to 17°S, and the southeast trades are then confined mostly south of the
18° latitude. The interface between these two air masses along an eastwest trough is
generally regarded as being the southern position of the Inter-Tropical Convergence
Zone (ITCZ).

Winter

In the winter dry season the ITCZ moves north, with a northward shift in the
South Indian Ocean anticyclone, resulting in a deepening and freshening southeast
trade wind as its air masses are recurved past the equator to form the southwest mon-

soon.
CLIMATIC CLASSIFICATION

The sector of Central Mocambique forming the study area all falls within
Koppen's Tropical Savanna Climate (AW), with the exception of a small island of
Warm Temperate Rainy Climate (CW) formed by Gorongosa Mountain (Faria &
Goncalves 1968). Koppen’s Steppe Climate (BS) is noted by these authors on either
side of the study area in the Zambeze Valley and from the Save Valley southwards
(Gazaland). However, analysis of Rift Valley data recorded at Chitengo since the pu-
blication of the above authors, shows that the Urema Trough experiences a BS climate

in six years out of eight.

De Martonne’s Index of Aridity (P/ (T+ 10)) separates the four main physio-
graphic regions of the Gorongosa — Cheringoma transect into:
(1) Mountain (90%), (2) Midlands (41%), Rift'Valley (23%), Coast Plateau (30%), and
land-sea junction (41%). The high Aridity Index for the Urema Trough is of the same

order as those in the Zambeze Valley and Gazaland areas.
CLIMATIC PARAMETERS

As the various climatic components are summarized in diagrammatic form the
relevant data and their seasonal relationships can be read from these. The longterm
climatic features of the physiographic units in the Gorongosa — Cheringoma transect

are depicted by comparative (Gaussen 1955) climatograms in Fig 4.1.
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Radiation, Insolation and Daylength: see Fig 4.2

Temperature: see Figs4.3 and 4.13

Humidity: see Table 4.1

Cloud Cover and Cloud Types: see Fig4.4

Wind: see Fig 4.5 for regional airstreams, and Fig 4.7 for frequency of direction of

winds in the Rift Valley. Hurricane tracks are plotted in Fig 4.6

Rainfall: The mean annual isohyets for the whole territory are depicted in Fig 4.8.
The trigger effect of the Gorongosa orographic high on cumulonimbus thunderstorm
development, or instability rains (gut/ drizzle), is shown by a series of sketches, drawn
at intervals on one day, of the growth of a thunderstorm (Fig 4.9). The importance
of this feature on all life surrounding the mountain is highlighted by a variety of ex-
amples throughout the thesis. Its key position in the water cycle of the Gorongosa
ecosystem is emphasized by the contrasting precipitation regimes of the adjacent
Urema Rift Valley 15 km distant (Fig 4.1, 4.10 and 4.11). Nevertheless, dry months

in the orographic rain forest climate are experienced at intervals (Table 4.2).

A characteristic feature of precipitation along the coast and interior of Central

Mocambique is the occurence of rain, from congestus and cumulonimbus, being car-

ried inland by the southeast trade on the interface with the underlying cool, saturated

wedge of land breeze air flowing seawards (Tinley 1971). The processes involved

appear to be similar to those described for the land breeze associated rainfall in Natal
(Preston-Whyte 1970).

F_og_: Two quite different kinds of fog occur in the ecosystem. An anabatic orographic
fog, or drizzle, which is known l{ocally as guti along the Great Escarpment, or chiperoni
in Zambezia and Malawi, and a low level nocturnal cool air, land breeze from the up-
lands to the sea (Fig 4.12). The katabatic fog is carried by the land breeze far out to
sea over the Mocambique Channel, and often clears at Beira only in midmorning during

winter (Tinley 1971).

Guttation and Dew

A notable feature in all physiographic units is the occurrence of heavy dews. As

can be ascertained by direct observation, however, most of this “‘dew’’ is in fact guttation,
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TABLE 41

Relative Humuity % (Means)

Sep

66
66
64
77

Oct

63
65
63
76

Cheringoma Plateau crest

Nov

65
66
67
76

Dec

71
74
70
77

Land-Sea Junction (Cheringoma Coast)

TABLE 4.2

Jan

75
72
72
77

Feb

76
74
72
78

78
74
74
78

Apr

76
7
72
78

Occurrence of dry months (< 50 mm) in an orographic rainforest climate.

Recorded on the windward S slopes of Gorongosa mountain

31

2

(950 m alt.).

7 9 6

M J 4
13

38 36

43

13

28

50 45

1 2 5

13
10
12

20

18
20
20

end of month fire burnt out greater part of summit.

TABLE 43

Evapotranspiration (mean values mm)
(from Gongalves & Soares 1972: 485)

Oct

131
53
118
32
148
22
186
33

Nov

170
129
192

95
191
100
189
128

Jul Aug
Vila Paiva de Andrada 75 il
Vila Machado 68 69
Inhaminga 66 65
Beira 81 80
1= Midlands
2 = Rift Vailey Floor
Q=]
4qy=
Mean No.
days rain U/ 14 13
J F M
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
Occurrence
April 1965 = lowest rainfall recorded.
July 1971 =
Jul Aug Sep
Vila Pava 41 58 95
37 42 47
Vila Machado 67 90 127
10 17 8
Inhaminga 63 82 114
23 23 20
Beira 93 121 150
56 53 37
1 = Midiands
2 = Rift Valley floor
3 = Cheringoma Plateau crest
4 = Land-Sea Junction (Cheringoma Coast)

Dec

171
171
202
176
197
179
202
202

Jan  Feb
174 146
174 146
207 175
174 139
196 165
196 165
189 174
189 174
* Potential
# Actual

Mar

130
130
176
116
167
166
171
171

Apr

103
100
145

48
132

81
138
136

20

71
50
93
17
99
43
109
97

May

74
69
68
78

Jun

a2
37
63
15
63
34
87
66

Jun

74
70
67
80

= QA7

total P/mm

2469
1985
1983
2022
2550
1804
2182
1970
1949
1871
2473

Year

3324
1124 #
1655
847
1617
1052
1809
1342
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that moisture exuded by plants at specialized pores termed hydathodes. This occurs when
soil moisture is near field capacity at night or in the early morning when no evapotran-
spiration is taking place. The conditions under which guttation takes place are general-
ly favourable for dew formation, but guttation continues in conditions unfavourable

to the formation of dew.

It is significant that the abrupt termination of valley fog occurrence in Septem-
ber (Fig 4.12) is associated with the termination of guttation (soil moisture depletion).
The spring thermal changes and wind intensity patterns may also be contributary fac-
tors, but light valley fog occurs again in midsummer on cloudless nights,thus the pump-
ing out of soil moisture by plants may be of more than local significance and may con-

tribute directly to katabatic fog development.

Frost: No frost is recorded from the Rift Valley, and only rarely from the Midlands.
There are no records of its incidence on the summit areas of Gorongosa Mountain, At
Inyanga (Rhodes Estate), at a comparable altitude and latitude 120 km inland, frosts

are recorded only in June and July.

Evaporation: Actual and potential evapotranspiration for the transect (excluding the

mountain) are presented in Table 4.3.

The Seasons: Fig 4.13 summarizes the march of the seasons in each physiographic
unit. Due to cold air drainage of the nocturnal land breeze component, the Rift Valley
trough, which lies at right angles to the flow, is a cold air sink and thus experiences a
mild midwinter period. The coast plateau and land-sea junction experience torrid or

hot thermal conditions throughout the year.
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MONTHLY PERCENT OF CLOUD TYPES RECORDED ABOVE THE UREMA RIFT VALLEY (over a 2year period at 07h00,/4h00,21ho0)
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OCCURRENCE OF HURRICANES € TROPICAL STORMS REACHING THE
WESTERN HALF OF THE MOCAMBIQUE CHANNEL. (Nov.to Apr |9n-|9so)
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CHAPTER 5 —~ STRUCTURE AND SURFACE

5.1 PHYSIOGRAPHY

The physiography of Central Mocambique comprises a stepped topography
rising inland to the Eastern Great Escarpment_some 250 km from a low coastline
which is fronted by a broad shallov;/ continental shelf of 120 km width. Almost bi-
secting this plan on a N—S rectilinear curve is the southern end of the Great Rift Val-
ley system of Africa, the Urema Trough, which extends south of the Niassa-Chire
Trough for 280 km from the Zambeze-Chire junction to the sea at Beira and Sofala.
At its southern end the Rift bifurcates just south of the main road and rail route which
traverses the Rift floor to Beira. The western branch forms the Buzi Trough which in
turn is linked to the Limpopo Trough and the Lebombo monocline in the south. The
eastern branch joins the fracture system of the Mocambique Channel down the conti-
nental shelf front of the Southern Coast as evinced by the seismo-tectonic record
(Fig5h.1 and 5.2).

The Urema Trough is bounded on the east by a remnant seaward inclined block
of Cretaceous and Tertiary sediments, forming the Cheringoma Plateau. This block
formed the coast plain to the Midlands, with which it forms and even convex profile,
prior to the downthrow of a40 km broad strip of land by rifting which formed the Urema
Trough. The western side is formed by midlands of Precambrian migmatitic gneiss
which rise inland to the base of the N—S trending Great Escarpment at 600 to 900 m
altitude. The midland zone of Central Mocambique is also known as the Manhica Plat-
form (Wellington 1955). The Great Escarpment rises abruptly from the midlands in
rugged and precipitous scenery to over 2 000 m elevation. The crest is relatively nar-
row and descends more gently west of Inyanga to meet the Interior Continental Pla-
teau of Rhodesia at 1 800 m descending gently westwards to 1 200 m towards the
Kalahari Basin in the centre of the subcontinent. In contrast the southern sector of the
Great Escarpment, from Vumba to Mt Selinda, descends steeply on the west to the

deep N—S valley gouged out by the Sabi River.

The Great Escarpment on the Mocambique-Rhodesia frontier is composed
chiefly of Precambian metamorphosed sediments, chiefly quartzites of the Frontier

Formation, Umkondo schists and quartzites, small areas of Manhica talc schists,

~ chlorite schists, quartzites, serpentines, banded ironstones and green stones. In the

central part these metamorphic outcrops are interrupted by granite-gneiss of the

Basement Complex. The Frontier Formation forming the escarpment crest was over-
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thrust along a N—S fracture by Precambrian earth movements from the east. This frac-
ture line extends for more than 300 km between latitudes 19° and 20°, interrupted at
both ends by the transverse fractures of the Lower Zambeze in the north and the obli-
que fracture of the Buzi Trough in the south (Teale & Wilson 1915).

The broad coast plain of southern Mocambique is linked to the Zambeze and
Niassa lowlands by the southern end of the Rift Valley and the low flat coastal margin
of the Cheringoma Plateau. The plains of the seaward margin are formed in part by the
Zambeze Delta alluvium which together form a NE trending shoreline, the delta front
alone comprising nearly 250 km in length. South of Beira the coast changes to a S
trend, the indent forming the Bight of Sofala. At this point the sea is only 155 km

from the Chimanimani Massif of the Great Escarpment.

The geology of Central Mocambigue is complex providing a great heterogenity
of rock structure and textures, many of which have undergone repeated tectonic frac-
tures and earth movements since the Precambrian. Major dislocations and warping
occurred with the breakup of Gondwanaland in the Jura-Cretaceous, followed by mo-
derate movements in the later Cretaceous and Miocene, culminating in the early Pleis-
tocene in a major episode of uplift and warping. The uplift formed the rim of the es-
carpment zone and elevated the interior plains of a continental plateau. The coast
margins of the subcontinent were tilted downward to the sea with the formation of the
Mocambique Channel and contemporaneous Rift Valley faulting on the crests of the
downbent crust (Dixey 1955, 1956; King 1962).

The result of these tectonic movements was to impose a strongly developed
fracture system on the landscape which controlled hydrographic development and thus
the main lines of erosion and deposition by water. Close to the escarpment the fracture
lines are chiefly N—S, and at right angles to this in the north is the E-W fracture line
of the Kafue and Mid-Zambeze. The remainder of the country is dominated by strong-
ly developed NE—SW and NW-—SE tectonic lines superimposed on the older N—S lines
(Teale & Wilson 1915): well illustrated by the trends of the coastline, Rift Valley,
Midland drainage and especially the Lower Zambeze, Pungue and Buzi Rivers. These
tectonic lines accord with the major fracture system of the continent (see Furon 1963,
Fig 3). Sets of faults and fractures oblique to these,on NNE—SSW and NNW-SSE
trends, are responsible for the Urema Trough and adjacent highground on eitherside,

exemplified by the dyke swarms north and south of Gorongosa Mountain and the

Inhaminga fault.

The physiography of the Gorongosa ecosystem is boldly defined by the 40 km
broad Rift Valley trough, the sloping sides of which are formed by 300 m high pla-
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teaux, and the isolated massif of Gorongosa Mountain which rises abruptly from the
crest of the western side to over 1 800 m. These features clearly divide the ecosystem

into four physiographic units:

==l

Gorongosa Mountain

(

(2) Midlands (Barué or Manhica Platform)
(3) Rift Valley

(4) Cheringoma Coast Plateau

The ecosystem, defined by the limits of the Urema catchment basin, is 7 850
kmZ. If the entire mountain and the south bank of the Nhampaza River is included, as
suggested for the new park boundaries (Tinley 1969), the area is 8 200 kmZ. Within
these latter limits the mountain massif comprises 550 km?2 (7% of the area), the Mid-
lands 2 100 km2 (26% ), the Rift Valley 3 650 km?2 (45% ), and the Riftward catch-
ment of the Cheringoma Plateau 1 900 kmZ2 (23% ). Separated into altitudinal limits
these features comprise: mountainland 550 kmZ2 (7% ) between 600 m and 1 863 m,
midlands 4 000 kmZ (49% ) between 100 and 600 m, and lowlands 3 650 km2 (45% )
less than 100 m (Fig 5.3).

GORONGOSA MOUNTAIN

The oval mountain massif rises in bold and picturesque scenery to over 1 200 m
above the surrounding Midlands. The eastern precipitous escarpment is formed by bare
granite bornhardts interspersed with forested ravines whilst the steep western flanks
are deeply ribbed by radial drainage. The NE and S flanks have been breached by deep-
ly incised headward erosion of the Vundudzi and Nhandare Rivers respectively. The

western rim of the mountain remains unbreached.

Four main rivers, the Nhandare, Chitunga, Muera and Vundudzi, drain the
massif in an annular pattern,contributed to by lesser streams in a radial pattern. The
first two of these rivers join below the mountain and flow south along a strongly de-
veloped N—S fracture line in the Midlands to join the Pungue River. The latter two
flow east and traverse the Rift Valley floor to the Urema Lake. The Nhandare and
Vundudzi Rivers rise on the western rim of the mountain and traverse the entire sum-
mit area southward in deep V-shaped valleys below the 1 400 m contour. Above this
contour the catchments are of open-concave to polyconcave relief. These upper valley
areas have tightly meandered stream courses separated from the lower gorges by nick-
points with falls or rapids between the 800 and 1 000 m contours. The drainage density

on the mountain is high to very high.
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PLATE + GORONGOSA MOUNTAIN LANDSCAPE

(A) Gogogo summit area, the highest point {1863 m} against the skyline on the extreme left. Light areas are (B)

montane grassiand and/or rock outcrops. Dark fine textured canopy in foreground is Philippia benguellensis
fynbos thicket surrounded by rain forest canopy.

The western rim looking toward the SE — source of the perennial Vundudzi (valley on left), Nhandare (valley on
right) and Muera (foreground slopes). Vundudzi flows SE then turns east (left) into a second catchment basin

below the line of cloud on its way to the Urema Lake. Note beheadment of Vundudzi and Nhandare headwaters
by Muera.

(C} The seasonal tarn or pan on the plateau bench below Zombue summit in the centre of the massif.
Montane grassiand surrounded by rain forest and Widdringtonia nodiflora woodland (slopes on
left of bench).

(D) Eastern escarpment of mountain with bare rockfaces of exfoliating granite and rain forest in the ravines.



o

E'E UNIVERSITEIT YAN PRETORIA
Q UNIVERSITY OF PRETORIA
M YUNIBESITHI YA PRETORIA

The drainage of the summit area is aligned along the major N—S and E—W
fractures in the mountain,and these form a zigzag pattern in the Vundudzi Valley on
the eastern side where different sets intersect. Although the mountain drainage is con-
trolled by the weak lines of the fracture system, both first and second order streams
can either be meandered or coarsely reticulate. The streams rising on the NE and W of

the mountain have etched deep amphitheatre catchments into the outer slopes.

The deeply incised drainage on the south and east of the mountain and the
persistence of an unbreached divide forming a rim on its western side indicates that the
upper mountain drainage was initiated on a planation surface inclined to the SE, and
the south and east were possibly more easily erodable due to the well developed frac-
tures. The cross-fracture system appears to have been a major factor facilitating river
capture of one of the upper Nhandare valleys by the Vundudzi,which drains to the

Urema Lake on the Rift Valley floor.

The valiey capture point lies close to the main Nhandare Valley and is sepa-
rated by a narrow saddle. The Vundudzi has thus effictively eaten back into the overall
oval of the mountain to form an assymetric figure of eight shape, and comprises an
upper catchment above 1 200 m and a lower basin between 500 and 1 200 m. Viewed
from the SW or NE the massif has a higher western block with steep scarp faces. A
similar shape and proportion is replicated by the higher pluton of Mlanje Mountain in
Malawi (see Dixey 1927, Fig 7).

Although rapids are abundant there are only three major falls on the mountain.
Two of the highest, some 100 m in height, occur on the Murombodzi stream at the
900 m contour and at the 700 m contour and are associated with a broad bench or
step formed on the gabbro outcropping on the SW of the massif. A series of falls occur
in close sequence on the Vundudzi River near the 1 000 m contour in the ravine just

below the site of river capture.

Viewed from the Rift Valley (Fig 5.4) the mountain top comprises three main
summit areas above 1 700 m on the western block, attaining 1 863 m at the highest
point of Gogogo Peak in the SW. The largest summit area above 1 700 (4 km2) is
that in the SW which has the second highest peak Nhandohue(l 858)m at its southern
end. The second highest summit area is Zombue (1 845 m) followed by the northern-
most peak of Inhantete (1 762 m) overlooking the Nhandue River valley. The summit
areas are grasslands on gently undulating to steeply rounded slopes with small areas of
flat ground. Large, deeply fissured granite outcrops occur on the summits, supporting
thicket, forest or patches of arborescent strelitzia. Springs, bogs and oozes are common

on the summit areas, and one isolated seasonal tarn occurs on the plateau spur east of
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Zombue summit. The eastern block nearest the Rift Valley is surmounted by the
forest-covered Nhansocossa Peak of 1478 m height. The remnants of related planation
surfaces on the mountain summits correspond to Gondwana and Post-Gondwana
bevels,and the disposition of lower summit bevels and benches on the flanks of the
mountain is shown in Fig 5.7. The most important benches or steps occur between
800 and 1200 m (Figs 5.3 and 5.13).

Although the scarp faces are erosional and not due to recent faulting, earth
tremors are frequent (Fig 5.2). Only one area of vertical cliffs occurs, on the NW cor-
ner of the massif which appear to be used for nesting by birds of prey, and possibly
vultures, as evinced by the white streaked cliff faces. The greater part of the mountain
is covered in rain forest and this clothes the magnificent deep gorges cut by the Nhan-
dare and Vundudze Rivers on the south and east flanks. The Vundudzi River forms a

second deep gorge where it leaves the mountain and enters the Midlands near Cavalo.

MIDLANDS

The Midlands which begin abruptly in the east at the fall line against the Rift
Valley, and rises inland westwards to the Great Escarpment, is a maturely dissected
former planation surface. Remnants of the former southeast inclined surface is shown
by the accordance of the interfluves and relic dambo (mature) drainage not yet in-
cised by the lesser tributaries of the main rivers. Deep, steeply sloping V-shaped valleys

alternate with narrow steeply rounded interfluves.

The fall line is delimited by an abrupt,or gradual,drop to the Rift floor. In parts
the crystalline hills rise to over 300 m within 2 km of the Rift floor which is at 80 m,
eg. near Rerembe where the Mucodza River meets the Rift. In general the rise is much
less abrupt attaining 300 to 400 m altitude over a 5 to 10 km distance as exemplified
by the rise to the N—S interfluve separating the Nhandare Valley from Riftward drain-

age south of Gorongosa Mountain.

The Midlands have been gouged out along two sets of strongly developed frac-
ture lines SE-NW and N-=S, thus the deeply cut valley and spur topography trends
along these lines. Although the lesser tributaries of first, second and third order gene-
rally show a dendritic pattern, all orders including the Pungue, Nhandare and Nhandue
Rivers have incised meanders and river capture has probably been of common occur-
rence (eg. Nhandue drainage). In many parts these meanders may be superimposed
from the original planation surface, but in others,meanders appear to have been formed
by intersecting sets of opposing fracture lines. The Midlands has a high to very high

drainage density.
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PLATE 2 MIDLAND INSELBERG & HILL MIOMBO LANDSCAPE

{A) Mhanda Inselberg (1423 m) surrounded by a sea of
Midland hitl-miombo savanna. Mesic forest forming
an apron around the outcrop base is a typical feature.
Light areas in the miombo are relic dambos, incised
and being invaded by savanna trees. Clumps are termi-
taria thickets. The dambo areas are remnants of the
Midland late tertiary planation surface.

(B) Dry forest on the sands of an aggraded valley floor
in dry Julbernardia — Pterocarpus brenanii miombo
northwest of Gorongosa Mountain (Nhamacapinda
River).
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The deepest gorges in the system area are formed by the Nhandare and Pungue
Rivers at their confluence. The Nhandare joins the Pungue along a major N—S fracture
parallel to the Rift line nearby. The perennial Nhandare River which drains the south-
west part of Gorongosa Mountain is joined from the west by a large ‘sand river,
the Vunduzi (not to be confused with the Vundudzi draining the eastern sector of
Gorongosa Mountain to the Rift Valley), which rises on the Midlands and is thus a
‘sand river, strongly seasonal in flow. The Nhandue and Nhamapaza are the other two
large ‘sand rivers, which rise on the Midlands and drain into the Rift. The Nhandue
reaches the Urema Lake, and thus the Pungue, only during the rains. The seasonal
Nhamapaza River has a wide braided riverbed which traverses the Rift Valley maintain-
ing a SE course to meet the Zangue, a small tightly meandering subsequent course
draining the Urema Trough north towards the Zambeze River. In the northwest of the
system is a broad N—S valley formed by the Muche River which meets the Nhandue at
the Rift junction. This valley appears to be a major fault related to the Rift disloca-
tions. A range of rounded lava hills known as Panda mark the confluence area of the
Muche and Nhandue. In the northwest of the system the large tributaries of both the
Nhandue and Nhamapaza are also ‘sand rivers’. All the rivers entering the Rift from
inland across the crystalline Midlands are rejuvenated in their lower courses and descend
to the Rift through deep rocky gorges over rock bars, rapids and small falls, and flood
to over 10 m in their gorge tracts. However, those rivers such as the Nhamapaza which
enter the Rift across the Continental Cretaceous meet the floor in broad valleys with

braided courses.

Rising above the Midland interfluves are many inselbergs of various dimensions
(Fig 5.5). Only Mhanda (1 423 m), which lies 50 km northwest of Gorongosa Moun-
tain, and Cudzo (805 m), 20 km southwest of the massif, are of large size. These,and
the smaller koppies west of the mountain,are exfoliated domes of granite cores also
known as Bornhardts. Those in the eastern quadrant from the mountain are either
composed of quartz breccia (Siciri, Xivulo), trachyte (Bunga trio and Panda) or basalt
(Cuncue). Extending for nearly 30 km north of Gorongosa Mountain, like root out-
growths, is a series of four parallel ridges formed by composite dykes of granophyre
and dolerite. The east and west faces of these ridges support different woody plant
cover. Less conspicuous are dyks of granophyre forming outcrops and interfluve sur-
faces southwest of the mountain. Lying 40 km SW of the park are the Xiluvo Insel-

bergs formed by the breached rim of a carbonatite volcano now covered in forest.
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RIFT VALLEY

The Urema Trough sector of the Great Rift Valley is shallow with relatively
low sloped sides, unlike northern sectors of the Rift which have high and steep escarp-
ment sides. The width of the Rift here averages 40 km, the same order of width record-
ed throughout the Rift system and is indicative of the thickness of the continental
crust below the trough (Holmes 1965: 1 061). The Urema Lake and its outlet at the
Pungue forms the lowest part of the Rift occurring within the study area, this is ap-
proximately 12 m above sea level. The margins of the lake are at the 15 m contour and
from this basin the contours of the valley floor rise to 80 m at the margins. South of
the Zambeze River the Rift Valley is faulted on both sides in a rectilinear curve begin-
ning with a NNE—SSW trend and changing to N—S near the Pungue River and thence

NW—SE where it bifurcates and joins the Mocambique Channel.

The western faults probably predate Juarassic times and have been refractured
along the same lines. In contrast the eastern faults are much younger, of Tertiary age,
and these resulted in a stepped downthrow of strataon the inface of the Cheringoma
block. The western side of the Rift is eroded to a gentler slope than that on the eastern
Cheringoma side where there are geologically recent fault line scarps, particularly near

Inhaminga.

The even seaward dip of the Continental Cretaceous north of the Nhamapaza
River implies that the fractures shown on maps are without throw, the dip of strata
continuing beneath the Rift Valley alluvium and faulted with displacement only on the
inface of the Cheringoma noted above; ie. single sided (trap) block faulting on the
Cheringoma side only. This Cretaceous {Ksm) and associated Stormberg Basalt is total-
ly absent on the western side of the Rift between the Nhandue River and Vila Machado
in the south. This and the occurrence of the small horst inlier of Precambrian meta-
morphic rock in the southwest of the system suggest that this sector underwent trough

faulting (see Section 5.2).

A three to five degree seaward dip is typical of the whole region,including the
Karroo and Precambrian below the Meso-tertiary cover (data from explanatory notes
of Geological Sheets of Mocambique 1:250 000, 1968). The original incline between
the Midlands, the remnant Cheringoma block and the lip of the continental shelf has
been maintained, despite the large<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>