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Foreword

Angola is globally recognised and envied for the richness of its biomes, ecore-
gions, fauna and flora. With habitats ranging from the rain forests of Cabinda to
the ultra-desert of Namibe, Angola has a greater diversity of ecosystems than any
other African country. In contrast to many other African nations, however, Angola
has very few academic resources (textbooks, training manuals) to support students
and young researchers studying the country’s living natural assets—its ‘life on land’.
Furthermore, most of the books published on Angola’s biodiversity are not available
in Portuguese. A critical challenge to students and researchers in Angola has been
the reality that English is the international language of science.

This barrier to developing a new generation of motivated and skilled researchers
and technicians, together with interested citizens, into the fields of biodiversity,
conservation and sustainable development, has been recognised by academics both
in Angola and Portugal. Encouraged and supported by the respective ministries
of science, technology and higher education in both countries, several ambitious
initiatives have recently been launched to address this language impediment. In this
respect, CIBIO (the Research Centre in Biodiversity and Genetic Resources of the
University of Porto) has made a major contribution.

CIBIO’s mission is to develop world-class research in the area of biodiversity,
advancing knowledge on the origins and maintenance of biodiversity and applying
this knowledge to address societal challenges related to climate and land use changes,
environmental degradation, the loss and sustainable use of biodiversity and agrobio-
diversity and the management, restoration and sustainable use of ecosystems and
their services.

Over the past decade, the CIBIO initiatives in Africa have grown rapidly through
several collaborative projects. These include the TwinLabs Programme, the UNESCO
Chair Life on Land, and the evolution of CIBIO into a major Centre of Excel-
lence—the BIOPOLIS Association—supported by the European Commission, the
Portuguese Ministry of Science, through national and regional funding entities,
the universities of Porto and Montpellier and multiple private sector investors.
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Throughout this phase of growth, CIBIO has worked closely with its Angolan part-
ners to ensure a strong focus on the country’s priority needs in science, technology
and higher education.

The first TwinLab was created in October 2012, in Angola, at the Higher Institute
of Education Sciences (ISCED) of Lubango, Huila. Since then, the TwinLabs network
has expanded through formal agreements with institutions of higher education in
Mozambique, Namibia, South Africa, Zimbabwe and Botswana. Preparatory work
is under way for the implementation, among others, of TwinLabs in Sdo Tomé e
Principe and Guinea-Bissau. The UNESCO Chair Life on Land was established in
2017 and the BIOPOLIS Association in 2021.

Results from these initiatives include an encouraging number of new publications,
both generalist and technical, that can inspire students and encourage the general
public to take an interest in and support the conservation of Angola’s biodiversity.
These include Biodiversity of Angola: A Modern Synthesis; South West Angola: A
Portrait of Land and Life; 50 Birds of Angola: Rarity and Endemism; and the present
volume, Biomes and Ecoregions of Angola: An Introduction to Terrestrial Ecology.
Each of these authoritative books, published by CIBIO, is available in free-access e-
book format, making them easily accessible to Angolan students. Further, through the
UNESCO Chair Life on Land, two volumes of the UNESCO Biodiversity Learning
Kits have been translated into Portuguese and published by CIBIO, in both hardcopy
and e-book format. These richly illustrated volumes are of the highest technical
quality and provide essential introductions to the biological sciences for secondary
and tertiary-level students.

The strong collaboration between the Angolan and Portuguese ministries of
science, technology and higher education has been fundamental to the success of
these joint initiatives. With the evolution of CIBIO into the new BIOPOLIS Associ-
ation, it is our firm expectation that our two countries will enjoy the benefits of a new
generation of biodiversity scientists ready to meet the developmental needs of our
countries. We therefore welcome the publication of the present volume, which will
provide the basis for advanced courses in ecology, biodiversity and conservation at
Angolan universities. We thank and congratulate CIBIO/BIOPOLIS on yet another
outstanding contribution to Angolan biodiversity science and education.

Minister of Higher Education, Science, Technology and Innovation, Angola

Minister of Science, Technology and Higher Education, Portugal

Dr. Rosério Braganca Sambo
Minister of Higher Education, Science,
Technology and Innovation, Angola

Prof. Manuel Frederico Heitor
Minister of Higher Education, Science,
Technology and Innovation, Portugal



Preface

The need for a Portuguese language textbook with a focus on Angolan ecosystems
has been recognised by the country’s academics and conservation professionals for
many years. The present book results from discussions held with Vladimir Russo,
Amandio Gomes, Fernanda Lages, Ser6dio d’Almeida and Brian Huntley at the
launch of Biodiversity of Angola in Luanda in April 2019. The event marked the
launch of two major books on Angolan biodiversity and regional landscapes, prod-
ucts of the CIBIO TwinLabs and UNESCO Life on Land initiatives. A primary
objective of these projects, conceived and hosted by CIBIO, has been to support the
development of facilities and tools for biodiversity research and education in Angola
and other Lusophone countries. As Director of CIBIO, I requested the coordinator
of the Biodiversity of Angola project, Professor Brian Huntley, to prepare a synthesis
on the terrestrial ecosystems of the country, as a ‘student primer’. This somewhat
more comprehensive Ecology of Angola: Terrestrial Biomes and Ecoregions is a
consequence of our discussions.

This book provides a detailed account of the distribution, structure and functioning
of Angolan biomes, ecoregions and ecosystems and the interactions of plant and
animal species with their environment. It will serve as a learning resource for use
by Angolan students, from undergraduate to postgraduate levels. For the first time in
Africa, an ecological textbook has been devoted to a single country, in the national
language. The subject matter provides a strong African perspective, using examples
of ecological concepts, principles and phenomena drawn from Angolan landscapes,
ecosystems and species. Furthermore, the book aims to develop an understanding
of the mechanisms determining the dynamics of ecosystems in response to natural
and human-driven changes. Such an understanding is essential for the sustainable
use and conservation of Angola’s natural resources. The book is thus designed to
serve not only students and the interested public, but also the key leaders of land use
management policy, planning and practice.

The author, Professor Brian Huntley, has been actively involved in the survey
and conservation of Angola’s ecosystems since 1971. Over the past 50 years, he has
been repeatedly called upon by Angolan authorities and academics and international
development agencies for advice and mentorship. He has initiated and led several

vii
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training expeditions for young Angolan ecologists and, most recently, coordinated
the compilation and publication of a comprehensive synthesis of knowledge on the
country’s biodiversity.

Prof. Nuno Ferrand de Almeida
UNESCO Life on Land Chair Holder
Director, CIBIO/Associacdo BIOPOLIS
Porto, Portugal
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Editorial Notes

Definition of Terms: Important terms and concepts are indicated in bold at their first
use, where a brief definition is given. A Glossary of Ecological Terms is provided.
Vernacular terms (cacimbo, anhara, etc.) are indicated by the use of italics.

Common Names: Common names of mammals follow Beja et al. (2019), birds
follow Mills & Melo (2013), and reptiles and amphibia follow Marques et al. (2018),
where common names of animals or plants are used in a general sense (elephants,
acacias), they are not capitalised.

Scientific Names: The scientific, English and Portuguese names of vertebrate
species will be found in the above references and in the Appendix. Species names
of plants follow Barbosa (1970) and Figueiredo & Smith (2008). The traditional
taxonomy of Acacia is used rather than Vachellia (for species with capitate inflores-
cences and spinescent stipules) and Senegalia (for species with spicate flowers and
non-spinescent stipules) (Kyalangalilwa et al. 2013).

Portuguese Terminology: Vegetation types follow Barbosa (1970), but with the use
of Bioma de Florestas Hiimidas Guineo-Congolesas, Bioma de Florestas e Prados
Afromontanos, Bioma de Savanas Mésicas and Bioma de Savanas Aridas for the
main biomes and the terms prados, savanas, bosques, matos and florestas for the
main physiognomic types.

Abbreviations: Frequently used abbreviations include Ma for Million Years Ago,
Cs, C4 and CAM for photosynthetic pathways, MAP for mean annual precipitation,
MAT for mean annual temperature and ITCZ for intertropical convergence zone.

Photographs: Author credits are given in the captions of contributed photos. The
remaining photos are by the author.

Graphics: The original author of graphics is cited in captions.
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Part I
An Introduction to Angola’s Biomes
and Ecoregions

Context: Angola: An Ecologist’s ‘Continent in One Country’

Angola occupies only four percent of the terrestrial area of the African continent,
yet it possesses the highest number of biomes of any African country. It is second in
terms of the number of ecoregions represented within its borders. It has ecosystems
as diverse as the rain forests of Maiombe of Cabinda, to the vegetationless dunes of
Namibe, and the endless savannas and woodlands of the Cuando Cubango, to the
tiny remnant forests of the highest valleys of Mount Moco in Huambo. It is the only
home to the most magnificent mammal in the world—the Giant Sable Antelope.

Jodo Manuel Gongalves Lourenco: His Excellency the President of the Republic
of Angola

In the opening paragraph of his Foreword to Biodiversity of Angola, President
Jodo Lourenco (2019) succinctly encapsulates the magic of Angola’s biological
and ecological riches. Angola is truly an ecologist’s ‘continent in one country’.
It is the perfect living laboratory for research into the structure and functioning of
African ecosystems, be they rain forests, deserts, savannas, montane grasslands or
the mangroves that clothe the mouths of the Cuanza and Congo rivers. Nowhere else
on the continent can one find such ecological diversity.

This introduction provides a brief outline of what awaits the inquisitive student. It
is a snapshot of Angola’s biodiversity and ecosystems, sufficient to stimulate interest
but without attempting to answer the multitude of questions that arise when scanning
the ever-changing landscape. A first step is to recognise the range of biomes that
unfolds as one moves from Cabinda to the Cuando Cubango, or from the heights of
Morro Moco to the coastal desert of Iona.

Given the central importance of the concepts of biomes and ecoregions in this
volume, it is necessary to define these terms at this point.

* A biome is a large unit of structurally and functionally similar habitats which share
climates, soils and disturbance factors.

* Biomes, such as equatorial rain forests, tropical savannas, temperate grasslands
and deserts, occur on many continents, but often with very different floristic and
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faunistic compositions. They are the ecological units which one can recognise in
satellite images.

* An ecoregion is a large unit of land or water that contains a distinct assemblage of
species, habitats and processes and whose boundaries attempt to depict the original
extent of natural communities before major land use change.

* Biomes and ecoregions in turn are assemblages of many ecosystems, themselves
comprising multiple species.

The Congo Basin holds the second-largest area of equatorial rain forest on the planet,
second only to the Amazon. On the southwestern margin of the Congo Basin lie the
Maiombe forests of Cabinda, Gabon and the Republic of the Congo. The Angolan
Maiombe has no fewer than 14 primate species, from Gorillas and Chimpanzees to the
tiny Talapoin. It has several hundred species of birds and over two thousand species
of plants. Antelope includes five species of forest duiker, plus the small, deer-like
Chevrotain, Forest Buffalo and Forest Elephant. Its amphibians and reptiles await
detailed survey, as do its rich butterfly and dragonfly faunas. Of its ecology, no
studies have yet been undertaken. In terms of biological surveys, it is Angola’s terra
incognita.

Southwards from the Maiombe, and running from Cabinda to the Cunene, is the
Angolan Escarpment. This major topographic buttress between the coastal lowlands,
the Marginal Mountain Chain and the interior high plateau—the planalto—is of
special ecological importance. Providing a steep gradient of landscapes and habitats
between the arid coast and the moist interior plateau, the Escarpment Zone has long
been recognised as a centre of evolution and speciation. With a dense mosaic of
forests, thickets, woodlands, savannas and grasslands, the Escarpment has provided
a refuge for species from the arid lowlands and moister plateau during the climatic
changes of the Pleistocene—the ‘Ice Ages’ of the Northern Hemisphere that reached
tropical Africa as alternating wetter and drier periods.

Rising above the Escarpment are Angola’s high peaks—Moco, Mepo and Namba.
Here the cooler, moist climate provides conditions for remnant patches of Afromon-
tane forest. This distinctive phytogeographic division extends as an archipelago of
forest patches from the Ethiopian Highlands, down the Eastern Arc Mountains of
Kenya and Tanzania, along the escarpments of Malawi, Mozambique and South
Africa to Cape Town. After a gap of 2000 km across Namibia, Afromontane forests
appear again in the highlands of Huila, Huambo, Benguela and Bié provinces. These
remote and highly threatened forest fragments are the habitat of many species of birds,
reptiles, amphibia, invertebrates and plants that are endemic to Angola, or have close
relatives in other Afromontane ecosystems in eastern, southern and western Africa.
They represent what were much more extensive forests during the wetter periods of
the Pleistocene. They are appropriately described as providing ‘fingerprints of the
past’.

The greatest proportion of Angola, over two-thirds of its surface area, is occupied
by mesic savannas and woodlands, known internationally as ‘miombo’. This biome
covers most of the planalto and the great Congo and Zambezian peneplains—the
gently undulating landscapes that extend from the highlands of Malange, Huambo,
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Benguela and Bié to the Lundas, Moxico and Cuando Cubango. Rainfall is seasonal,
falling in the hot summer, with from 650 to 1400 mm per year. Tall woodlands of
deciduous trees, typically species of Brachystegia and Julbernardia, alternate with
grassy valleys (mulolas) along the drainage lines, with occasional gallery forests
(muxitos) that occupy moist but well-drained soils. The miombo has its own distinc-
tive fauna, which includes species of antelope such as Giant Sable, Roan Ante-
lope, Puku, Oribi and Lichtenstein’s Hartebeest. The soils are nutrient poor, and
the grasses are of low quality for herbivores, so these mesic savannas support low
mammal biomass. They are shaped by regular bush fires, the great consumer of
African savannas.

In the southwest, northwards along the hot, low coastal belt, arid savannas,
woodlands and thickets dominate. Here rainfall is highly erratic, ranging from
250 to 650 mm per year. A typical community is that of the tree Colophos-
permum mopane (mutiati) that occurs on rich soils of Cunene, Namibe and Benguela
provinces. Along the coast, many hardy, drought-resistant woody species of Acacia,
Combretum, Commiphora, Euphorbia and Sterculia are conspicuous. Throughout
the arid savannas, from the Cunene to Cabinda, the baobab (imbondeiro) Adansonia
digitata, is the most prominent tree. The shrubs and grasses of arid savannas, occur-
ring on rich soils, are highly nutritious and in past centuries supported large herds
of herbivores such as wildebeest, buffalo, zebra, kudu, eland, impala, elephant and
black rhino. These herds have been severely reduced, and the herbivore niche has
now been filled by cattle and goats.

The ultimate extreme of harsh environmental conditions is to be found in the
Namib Desert. From the Namibian border at Foz do Cunene, the Angolan component
of this ancient desert extends northwards as a narrow belt, never more than 80 km in
breadth, to the Carunjamba River just south of Lucira. While geographers define a
desert as an area receiving less than 250 mm rainfall per year, the Namib generally
receives less than 150 mm rainfall per year. It is best characterised by plant and
animal species and their adaptations for life in hyper-arid conditions, rather than
being defined by the rainfall it receives. The gravel plains, calcrete pavements and
rocky hills of the Namib are the habitat of Welwitschia mirabilis, penetrating inland
in places with slightly higher rainfall. Intermontane basins, carrying grasslands and
shrub savannas, are occupied by Gemsbok, Springbok and Hartmann’s Zebra, with
Kirk’s Dik-dik, Greater Kudu and rarely, Savanna Elephant and Black Rhino (now
extinct) in the wooded hills below the Escarpment. The antelope moves from one
area to another according to rainfall patterns, often moving farther inland as food
resources are depleted during dry periods. The desert is also home to many specialised
reptiles and invertebrates. All species of animal and plants make good use of the fog
that moves inland from the cold Benguela Current, in places adding more than five
times the moisture received from rainfall, which is often less than 30 mm per year.

Against this background of biome and ecosystem diversity, one can expect high
species richness. The Angolan inventory of vascular plants now stands at over 6850
species. Mammals number 291 species, birds 940, reptiles 278 and amphibians 111.
Of invertebrate groups, only butterflies (792 species) and dragonflies (260 species)
have been surveyed in any detail. Much has still to be learned of the diversity of
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some taxa, especially invertebrates, but even reptiles and amphibia have species new
to science described every year.

While good progress is being made on the inventory of Angola’s biodiversity,
very few studies, beyond those on Giant Sable and vegetation surveys, have been
initiated on the ecology of individual species or ecosystems and nothing on ecosystem
processes such as primary production, consumption and decomposition, or on energy,
water and nutrient transfers. The opportunities for research are diverse, exciting and
ready for action. It is in the new generation of Angolan ecologists that expectations
are vested.

Reference
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Chapter 1 M)
Opportunities in and Approaches T
to the Study of Angolan Ecology

Key Concepts and Questions: This Chapter Explains

e The critical role of an ecological understanding in achieving the sustainable use
of the biosphere.

e What we understand by the term ecology, its interdisciplinary scope and the need
for an African perspective.

e Why spatial and temporal scales and the integration of successive levels of
biological organisation need to be studied.

® The importance of understanding the processes of evolution and adaptation in
shaping the composition of communities.
Why the ecological whole is greater than the sum of its parts.

e The basis of research—the scientific method—and its application in ecological
studies.

e The structure of this book in phased steps of a learning process.

® How to use this book in developing knowledge, understanding and a career in
ecology.

Context: Why Ecology? Human—-Environment Interactions

This book has a pragmatic purpose. It has been written for Angolan students, young
and old, to help them to get to know, understand and value the amazing natural
life and landscapes of the country. This book aims to introduce the student to the
science and practice of ecology by describing examples of key features and concepts
which relate to Angola’s terrestrial ecosystems, their structure and functioning. The
focus is on providing an enduring understanding of what is special about Angolan
ecosystems, in succinct chapters illustrated with easily accessible examples.

Why is an understanding of ecology critical to Angola’s sustainable development?
The answer is easy to predict if one recognises that Angola’s human population
has increased from 6.5 million at independence in 1975, to 32.8 million in 2022.
At its current rate of growth, the population will surpass 50 million by 2035. At
Independence, over 80% of the human population comprised rural communities of
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subsistence farmers, but today 67% of the population lives in cities and towns and
only 33% in rural areas. These dramatic demographic changes have had significant
and often negative impacts on the natural environment. In urban situations, pollu-
tion through injudicious solid waste disposal and erosion through poor storm-water
management, are serious problems. In rural areas, the loss of forest and woodland
cover (to provide charcoal as the primary domestic energy resource for urban fami-
lies), extinction of mammal populations (through the bushmeat trade), accelerating
soil erosion (through mining operations and unsustainable farming practices) and
the transformation of plant communities due to clearance for agriculture or repeated,
extensive and uncontrolled bush fires, plus the impacts of invasive plants, accounts
for severe loss of the productive potential of landscapes. To these impacts must
be added that of global dynamics, most especially the impacts of climate changes.
These human—environment interactions are described in a series of Boxes at the end
of chapters, demonstrating why an ecological understanding of the structure, func-
tioning and vulnerabilities of the country’s ecosystems is so critical to achieving the
sustained wellbeing of Angola’s people.

1.1 The Science and Practice of Ecology

An ecologist is a person imbued with an insatiable curiosity about the workings
of all living things. The great nineteenth-century European explorer-naturalists—
Alexander von Humboldt (1769-1859), Charles Darwin (1809-1882) and Alfred
Russel Wallace (1823—-1913)—were passionate seekers of knowledge, but specifi-
cally of explanations as to why certain species were found only in specific regions of
the globe and not in others. They were the pioneers of ecology. The term ‘ecology’
was first described as the study of ‘the economy of nature’ (Haeckel, 1866) and
ecology is today defined as ‘the scientific study of the distribution and abundance of
organisms and the interactions that determine their distribution and abundance’.

An Interdisciplinary Science

In the two centuries of its gestation and development, ecology has become a multi-
and interdisciplinary science, being undertaken by researchers in fields as diverse
as the biochemical reactions within nitrogen-fixing bacteria—to the feeding habits of
elephant—to the influence of the Earth’s tilted axis on the passage of seasons. Both
curiosity-driven and applied interests stimulate ecological studies. The workings
of insect pollinators in the fertilization of tropical orchids are as fascinating to one
ecologist as the resilience of socio-economic systems to the impacts of global climate
change is to another.

Ecology has its early nineteenth century roots in the tropics—through the revolu-
tionary thinking of Humboldt, Darwin and Wallace. The theory of evolution through
natural selection is a cornerstone of ecology. Humboldt sought explanations for the
distribution of vegetation formations across altitude and climate. Darwin sought
understanding by studying smaller and smaller pieces of life’s puzzle in a world
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driven by competition and selection at the species level. Wallace explored life at a
planetary scale, in which the world is a web of interdependencies (Flannery, 2010).

Presenting an African Perspective

These broad perspectives were evolved further into specific ecological concepts in
the northern temperate latitudes by Andreas Schimper (1856—1901), Arthur Tansley
(1871-1955) and Frederick Clements (1874-1945) and others in the early twen-
tieth century. From the 1950s, the science accelerated rapidly in North America and
Europe, from where the great majority of concepts and examples quoted in standard
textbooks on ecology are drawn. Some concepts developed in temperate latitudes
are of limited relevance to tropical African ecosystems, so this volume presents a
deliberately African perspective. In recent decades there has been a blossoming of
ecological research in South and Central America, Australasia and southern Africa.
In Angola, important contributions were made by the pioneers of Angolan biodiver-
sity research—Welwitsch (Swinscow, 1972), Anchieta (Andrade, 1985), Gossweiler
(Gossweiler & Mendonga, 1939), Jessen (1936), Barbosa (1970), Monteiro (1970)
and Machado (1995). Today there is increasing investment in ecological research
across Africa, as scientists and governments recognise the important relationship
between biodiversity, environmental health and socio-economic development and
sustainability.

Scales in Space and Times

Ecology is an integrative science, working at multiple spatial and temporal scales,
from the individual organism to the biosphere. At the level of the individual plant or
animal, ecologists examine how features of morphology, physiology and behaviour
determine an individual’s ability to survive, grow and reproduce. Successive
levels of organization—individual, population, community, ecosystem, landscape,
ecoregion, biome, biosphere—all work at different spatial and temporal scales, but
are closely linked through positive and negative interactions that determine their
dynamics.

An Evolutionary Base

Because ecology is fundamentally about the consequences of natural selection in
the evolution of adaptations to the environment, which are based on the differential
transfer of genetic material from one generation to the next, the basic unit of ecology
is often regarded as the individual. This follows the thinking of Russian/American
geneticist Theodosius Dobzhansky (1900-1975) who stated: “Nothing in biology
makes sense, except in the light of evolution.” (Dobzhansky, 1973). Townsend et al.
(2008), in their comprehensive textbook on ecology, added the cautionary note: “But
equally, very little in evolution makes sense except in the light of ecology: ecology
provides the stage direction through which the ‘evolutionary play’ is performed. Ecol-
ogists and evolutionary biologists need a thorough understanding of each other’s
disciplines to make sense of key patterns and processes.” A further interesting
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perspective on ecology is that of tropical forest ecologist Whitmore (1998): “Ecology
as a science is always seeking for generalizations to make sense of the bewildering
diversity of Nature.”

Individual and Emergent Properties

Many field and laboratory studies focus at the species level—how a single species
interacts with the environment, known as autecology. The study of how species
interact with each other at the ecosystem level and higher levels of integration—
populations or communities—is referred to as synecology—which will be the focus
of attention in this book. Each successive level of the hierarchy places different
demands on the research approach—scales of both time and space are fundamental
considerations when planning ecological research. An important concept in ecology
is that of the emergent properties that can be observed, measured and predicted,
operating at different spatial and temporal scales. Emergent properties are usually
defined as an output, resulting from an interacting set of variables that have a prop-
erty, not of the individual, but that emerges from the collective interactions of many
different individuals within the system. The concept of the whole being greater
than the sum of the parts is at play. Examples include the microclimate created
by a community of shady forest trees, the development of fuel loads of combustible
material by grasses in savanna ecosystems, or the influence on soil physics and chem-
istry and plant and animal communities by the activities of termite colonies. In short,
an emergent property is a property which a complex system has as the outcome of
multiple interactions, but a property which the individual members do not have.

Functional Processes

Recognising the importance of scale is a fundamental requirement in developing an
ecological understanding. Within an ecosystem (the living and non-living compo-
nents of a functioning ecological system) specific ecosystem processes such as
photosynthesis, energy flows, water and nutrient cycling, growth, reproduction,
survival, adaptation and evolution—are operating at timescales from seconds to
millions of years. All ecosystems are ultimately interlinked through their interac-
tions—such as the exchange of materials and energy—across the scales of biosphere,
atmosphere, hydrosphere and geosphere. To understand these multiple scales and inti-
mate linkages, terrestrial ecologists have to collaborate with specialists in the earth,
ocean and atmospheric sciences, and from the social sciences and economics.

Earth and Biodiversity Sciences

The world of ecological research thus ranges from ‘biodiversity science’, at the level
of individuals and populations where competition is emphasised, to the scale of the
whole planet, ‘earth system science’, where the web of interdependencies is the
focus. While many studies relate to reasonably static features—such as the patterns
and composition of soils and vegetation—other factors are constantly changing, such
as photosynthetic rates, patterns of grazing and browsing, fire frequency and intensity,
and predator—prey relationships. Eco-physiological studies might be conducted in
laboratories with hourly or daily iterations and timeframes, while ecosystem-level
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phenomena such as the impacts of fire regimes on ecosystem structure need long-
term field studies running for many decades. Both laboratory and field experiments
are needed in the search for the mechanisms—the causation—of observed patterns.

Stability and Heterogeneity

The importance of scale is also linked to pattern and patchiness in communities and
ecosystems, and to the role of heterogeneity, the ultimate source of biodiversity
richness and of ecosystem resilience. Spatial patchiness (heterogeneity) at different
scales enables a system to absorb sudden disturbances. Concepts of scale, patchiness,
heterogeneity, redundancy and resilence are fundamental to understanding and effec-
tively managing ecosystems, as demonstrated in the century of research on complex
systems such as the Kruger National Park, South Africa, the long-term studies of
Serengeti, Tanzania and the 40-year savanna research programme at Lamto, Ivory
Coast.

The Scientific Method

Underpinning ecological research is the scientific method. From Humboldt’s time,
this has meant careful and repeated observation and measurement, the definition of
questions, the gathering of evidence, the formulation of hypotheses that seek to
provide answers to questions and predict the outcomes of phenomena, and thereafter
the repeated testing of such hypotheses. When successive attempts to disprove a
hypothesis fail, it might become a principle. Once accepted by the scientific commu-
nity, it might be adopted as a theory or ultimately, a law. A theory is an integrated
set of hypotheses that together explain a broader set of observations rather than any
single hypothesis. However, a word of caution is needed. In ecology, most hypotheses
are best regarded as challenges to tease the mind, to give structure to discussions, to
serve as challenges for new research. They should not become ends in themselves.
Figure 1.1 presents a simple representation of the scientific method.

Models and Simulations

Because of the complexity of scales and processes, ecologists use models—simpli-
fied representations of real systems. A model begins with a descriptive statement
backed by multiple observations, such as Darwin’s theory of evolution. It can be an
intuitive and conceptual ‘box and arrow’ chart, providing a plausible set of linkages
between components of an ecosystem, such as simple food webs. More sophisticated
models incorporate quantitative data and produce predictive mathematical simula-
tions. Models are most effective when the objective of the model is explicit. They
should not be expected to replace focused thinking. All models should help to struc-
ture thinking and explanation. As examples cited in many chapters of this book
demonstrate, ecology is still a work in progress. In essence, ecology is an iterative
process of successive approximation to the truth, constantly and rigorously seeking
to eliminate incorrect interpretations of natural patterns and phenomena and to find
conclusions in which we can be confident.

The practice of ecology has advanced from its foundations in natural history
curiosity to many disciplines of direct importance to socio-economic development.
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Fig. 1.1 A model of the
scientific method. From
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Across the broad fields of the environmental sciences—from impact analysis, land
use planning and the management of conservation areas—ecological theory helps
identify answers to complex questions. The development of resilient socio-ecological
systems, of quantifying the economic value of ecosystem services and improving
sustainable resource use and governance rests on sound ecological understanding.
Ecology is a field employing thousands of professionals in southern Africa—in
conservation area management, agriculture, forestry, marine resource management
and environmental policy.

Ecology as a Career

Ecology is a career opportunity that requires commitment, passion and an under-
standing of the essential features, facts and concepts presented in this book. Angola is
alive with opportunities for the young ecologist: it is a country with limitless horizons
for the enquiring mind.
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1.2 The Structure of This Introduction to Terrestrial
Ecology

In this book, several interrelated topics and questions are addressed:

e What are the main characteristics of Angola’s biomes and ecoregions?

What physical and biological forces determine the distribution and abundance of
species?

Why do the ecosystems and their constituent species occur where they are found?
How have plants and animals adapted to specific environmental conditions?
How do Angolan ecosystems function as integrated and dynamic systems?

Why is an understanding of ecology critical to Angola’s sustainable development?

In addressing these questions, the structure of this book does not follow that of
traditional ecology textbooks, which provide stepwise coverage of system organiza-
tion, from individuals to populations to communities and ecosystems, and interac-
tions from birth, death, competition and predation, and processes such as fluxes of
energy and matter through ecosystems. Here the emphasis is on the living environ-
ment of Angola, which the student can encounter in the field, ideally in the country’s
national parks, where examples of the structure and dynamics of ecosystems can be
experienced in situ.

Each chapter is headed by a series of statements that focus on the lessons to
be learned in the chapter. An introduction to each chapter provides context to the
theme, and in some cases, reference is made to the founders of ecological concepts, to
provide a historic background to the development of the science of ecology. Complex
concepts or unique phenomena are presented in highlights (Boxes). The purpose of
the Boxes is to provide depth on topics that are essential learning, without interrupting
the flow of chapter structure.

More generally, this book follows a series of key questions, as addressed below,
ultimately brought together within the biomes and ecoregions of the country. The
coverage of topics does not specifically embrace the important discipline of conser-
vation biology, for which an excellent reference is available in Wilson and Primack
(2019).

What and Where?

Knowing ‘what’ and ‘where’ is the first step. The introduction to the biomes, ecore-
gions and the biodiversity of Angola in Part 1 serves to demonstrate their richness and
the exciting opportunities for further study. A framework of African biomes provides
an entry point for the reader to develop a continental perspective. Understanding
the structure, composition and distribution of ecosystems requires knowledge of
many ecological terms and concepts, a step that at first might seem challenging.
Part I therefore introduces basic terms that will be used repeatedly through the
book. Ecological terms are merely the tools for communicating consistent messages.
Throughout the text, key terms are highlighted in bold, linked to a succinct definition
of the term provided in the Glossary of Ecological Terms.
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Why?

Following an outline of Angola’s biomes and ecoregions, the next step is to build an
understanding of the factors and processes that determine the structure and distribu-
tion of these complex systems. This is provided in Part II by a review of the driving
forces—climate, geology, hydrology, soils, fire and herbivory—that determine why
species live where they do, and why their distributions are limited to specific condi-
tions for survival, growth and reproduction. These elements are the fundamental tools
that an ecologist needs to understand before approaching the living landscape—the
ultimate workplace of an ecologist.

How?

With a basic knowledge of the ‘what’, the ‘where’ and the ‘why’ of species and
ecosystem distributions and abundance, we can look at questions of ‘how’. Part III
explores how plants and animals interact within species, between species, and with
their environments to form the patterns we see in nature. In short, what morpholog-
ical, physiological and behavioural adaptations have evolved to survive and prosper
in the diverse landscapes of Angola? General concepts in ecosystem structure, func-
tion and dynamics are discussed based on ecological principles and illustrated with
examples from Angola and other African countries. Building on this knowledge,
one can move to the mechanisms operating at the ecosystem level. Here we will,
for example, look at the processes of energy, water and nutrient pathways though
savanna ecosystems, adaptation to aridity within the desert biome, and speciation
questions within the forest biome. All processes are determined by basic principles
of physics and chemistry, and molded by biological interactions.

Ecological Features of Angolan Biomes and Ecoregions

Part IV provides a more detailed examination of the biomes and ecoregions of Angola,
looking more closely not only at their defining features, distribution and structure, but
also at the evolution of patterns and processes. Unusual features, unique to Angolan
or regional landscapes are used to demonstrate the importance of both applied and
curiosity-driven research. These include the pattern of soil-vegetation catenas, of
termitaria as nutrient hotspots, the possible explanations for ‘fairy circles’ in the
Namib and of ‘underground forests’ in miombo.

Synopsis: Key Elements of Angolan Terrestrial Ecology

Part V presents a brief synthesis of the main messages that the student should under-
stand and embrace as she or he explores and studies Angola’s diverse landscapes.
These elements of ecology are the building blocks of the learning process. The
evolution of Angola’s landscapes, the contemporary drivers of ecosystem structure,
function and patterns, and the general theories relevant to conserving Angola’s fauna,
flora, ecosystems and human life-support systems are outlined.



References 13

1.3 How to Use This Book: Interconnections and Recurrent
Messages

Itis not intended that the full breadth of the science of ecology be covered in this brief
synthesis of Angola’s biomes and ecoregions and of selected ecological concepts.
For a more comprehensive study of ecology, many excellent textbooks are readily
available and should be consulted for greater depth (Du Toit et al., 2003; Levin
et al., 2012; Owen-Smith, 2021; Shorrocks & Bates, 2015; Smith & Smith, 2015;
Townsend et al., 2008; Whitmore, 1998; Wilson & Primack, 2019). For inspiration,
young students are encouraged to read biographies of the great pioneers of ecology:
Humboldt, Darwin and Wallace (Selsam, 1959; Wallace, 1881; Wulf, 2015). These
and many other resources are referenced at the end of each chapter, providing a
shortlist of selected textbooks and research papers. Because of the interconnectedness
of ecological concepts and processes, cross-referencing will be indicated throughout
the book. A major challenge to students is the multitude of terms that need to be
understood, and for this reason terms indicated in bold are defined succinctly at first
mention and collectively in the Appendix.

Finally, four themes or ‘leitmotifs’ will become evident in this book and underpin
its learning objectives:

e Ecology is about recognizing patterns and processes that operate at widely
differing scales of time and space.

e Nothing in biology makes sense except in the light of evolution. But equally,
very little in evolution makes sense except in the light of ecology.

¢ Ecological research explores the mechanisms of survival, growth and repro-
ductive output of organisms in relation to their environment.

e The whole is greater than the sum of the parts. Interactions and webs of interde-
pendencies between individuals, species and populations and their environments
create emergent properties that define ecosystem structure and function.
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Chapter 2 ®)
Biomes: Concepts, Characteristics e
and Terminology

Key Concepts and Questions: This Chapter Explains

How the concepts of biomes, biogeographic realms and centres of endemism are
related.

e How Africa’s biomes are distributed and characterised.

What linkages Angola’s biomes have with Africa’s centres of plant diversity and
endemism.

What key concepts and terms are used to describe the life forms and ecological
characteristics of plants and the communities they develop.

® How ecological characteristics distinguish savannas from forests.
e How plant-available nutrients and plant-available water and disturbance pres-

sures (fire and herbivory) influence the distribution of mesic, arid and mixed
savannas and of closed forests.

Context: The Classification of Biogeographical and Ecological Diversity

To be meaningful, a classification has to take into account floristic, ecological and physiog-
nomic features, which are difficult to integrate in a single system and even more difficult to
portray on a map.

Adams (1996)

Understanding patterns in the distribution and abundance of species and the processes
of ecosystem functioning are cornerstones of ecology. In a country as large and
diverse as Angola, developing such knowledge is a challenging objective. It can
most easily be achieved by proceeding from the general to the specific, scoping down
from global to regional to local patterns and processes. Many patterns in nature are
hierarchical, functioning at embedded spatial and temporal scales. In Angola, six
levels of biotic and habitat organization can be recognised.

© The Author(s) 2023 15
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e At the highest conceptual level of pattern are the biogeographic realms. Realms
reflect global scales of shared evolutionary relationships (lineages) of floras and
faunas. Eight biogeographic realms are recognised across the globe, of which
two—the Palearctic and the Afrotropical—are found in Africa. Angola, together
with the rest of Sub-Saharan Africa, falls wholly within the Afrotropical Realm.

e Next, and visible from outer space, are the major habitat groups, or ecological
formations (biomes). Each biome has unique ecological, structural and functional
characteristics. Globally, biomes are recognised through their structure, not their
floras and faunas, which differ from one continent to another (Olson et al. 2001).
Six biomes are found in Angola. Where two or more biomes meet, transitional
mosaics are often found, such as at the broad interface between rain forest and
mesic savanna biomes in northern Angola.

e Atthe continental scale, and within the Afrotropical Realm, nine regional centres
of endemism are recognised (White, 1971, 1983). Regional centres of endemism
indicate floristic evolutionary linkages. The floristic composition of a centre of
endemism is often unrelated to the ecological structure of the vegetation, which
might include grasslands, savannas and forests. Four of Africa’s regional centres
of endemism are represented in Angola.

e Next are ecoregions, large units of land with distinctive assemblages of species,
habitats and processes, that serve as useful units for purposes of mapping related
ecosystems at a regional rather than a national scale (Burgess et al., 2004). Land
use development and management interventions are often taken at this level.
Angola has 16 ecoregions, ranging from the tropical rain forests of Cabinda to
the hyper-arid desert of the Namib.

e Ecoregions are assembled from the mapped vegetation types that represent major
groupings of plant communities. Barbosa (1970) described 32 vegetation types in
Angola and his account still reflects the current state of knowledge of Angola’s
vegetation as a whole.

¢ Finally, and key to characterizing all the above levels of the hierarchy are the
species of animals and plants that represent a site’s species richness, constituting,
with its ecosystems and genetic diversity, a country’s biodiversity.

In this book, the focus will be on the biomes and ecoregions which represent
the great biological and ecological diversity in Angola and which demonstrate the
impacts of environmental conditions (climate), resources (radiation, landscapes,
soils), and disturbances (fire and herbivory) on the patterns of plant and animal
distribution and abundance.
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2.1 Biodiversity, Biogeography and Centres of Endemism

An important first step in developing an ecological understanding of the environment
commences at the species level. Knowing the characteristics, and ideally the recog-
nised scientific names of the species of plants and animals that form a given commu-
nity or ecosystem, is a key learning objective. Species are the fundamental units of
biological diversity, collectively referred to as an area’s biodiversity. Biodiversity
has been defined by the United Nations Convention on Biological Diversity as: ‘the
variability among living organisms and the ecological complexes of which they are
part; this includes diversity within species, between species, and of ecosystems’. The
collective term biota includes animals, plants and microorganisms.

Analyses of Angola’s species distribution and emergent biodiversity patterns have
been limited by the lack of accurate and comprehensive geo-referenced data on
the fine-scale distribution of its rich biodiversity. However, a synthesis of Angola’s
biodiversity was recently prepared by teams of experts on major taxonomic groups
(Huntley et al., 2019), Table 2.1. The synthesis provides outlines of the biodiversity
of all vertebrate and several invertebrate groups, relating these to biogeographic
patterns across Africa. Synopses of vertebrate species composition and vegetation
types are given in the biome and ecoregional accounts of this chapter, while brief
notes on behavioural, physiological and ecological adaptations of selected animal
groups are included throughout this volume. Key ecological concepts relating to
species richness, endemism and community structure of animal groups are included
in Part III.

Biogeographers have studied patterns in the distribution of plant and animal
species across Africa for over a century and have proposed many phytogeographic
(plant) and zoogeographic (animal) classification systems. Terms such as phyto-
choria and zoochoria are used by some researchers for the units of biogeographic

Table 2.1 Species richness

Total ies |N f Ei is
and endemism in Angolan Group otal species umbe?r of | % Endemism
. endemic
plant and animal groups .
species
Plants 6850 997 14.6
Butterflies and 792 57 7.2
skippers
Dragonflies and | 260 16 6.1
damselflies
Fishes 358 78 21.8
Amphibians 111 21 19.3
Reptiles 278 36 12.9
Birds 940 29 3.1
Mammals 291 12 4.1

(From Huntley et al., 2019)
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classification. These have been based on extensive, intuitive field knowledge (e.g.
Chapin, 1932; White, 1971, 1983), or advanced statistical analyses of plant and
animal distribution records based on specimens held in herbaria and museums (e.g.
Linder, 2014; Linder et al., 2012; Rodrigues et al., 2015), or on data from field surveys
(Fayolle et al., 2018, Osborne et al. 2018).

As already described, there are successive levels of habitat, floristic and faunistic
classification of importance to understanding Angola’s terrestrial ecology. At broad
scales, centres of endemism and biomes are most commonly used as basic frame-
works. There is general consensus on the key patterns of plant distribution across
Africa, based on the centres of endemism described in the work of British botanist
Frank White (1971, 1983). White (1971) defined a regional centre of endemism
as an area having more than 50% of its species confined to it, and a total of more
than 1000 endemic species. Angola has representatives of four of White’s regional
centres of endemism:

¢ Guineo-Congolian Regional Centre of Endemism: mosaics of forests, thickets
and tall grass savannas;

e Zambezian Regional Centre of Endemism: arid and mesic woodlands, savannas,
grasslands and thickets;

e Karoo-Namib Regional Centre of Endemism: desert, shrublands and arid
savannas; and

e Afromontane Archipelago-like Regional Centre of Endemism: forests, savannas
and grasslands.

White’s (1971) centres of endemism and transition zones reflect the floristic
composition and relationships that form the basis of the UNESCO Vegetation Map of
Africa. The production of the map (White, 1983) drew on the experience of over 100
specialists in the flora and vegetation of Africa, and it remains a primary reference
on the subject.

Linder (2014) has used vast herbarium databases to further define African floras,
with distinct geographic centres, ages of radiation and of speciation rates. Four of
these floras are represented in Angola and correspond closely to White’s regional
centres of endemism. Linder provides a chronology of the evolution of the floras, rele-
vant to understanding the floristic and vegetational history of Angola. He describes
a sequential adding of plant families, genera and species to Africa’s floral diversity:

e The first tropical angiosperm lowland forest flora (Guineo-Congolian) was
established by the early Cenozoic, during the Paleocene (66-56 Ma).

e An arid flora (Karoo-Namib) appeared from the Eocene (55-34 Ma).

e A tropical montane flora (Afromontane) evolved with the volcanic and mountain-
building episodes of the Neogene (23-2.6 Ma).

e Finally, a savanna flora (Zambezian) was introduced with the development of
open grasslands and savannas which replaced earlier floras as the incidence and
impact of fires increased in the Miocene (23-5 Ma).

Geological time periods and their ecological importance are described in Chap. 4.
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2.2 Biome and Ecoregion Definition and Characterisation

Whilst biogeographic units such as centres of endemism are of great value in
explaining the evolutionary relationships of the major plant and animal communi-
ties, a more useful tool towards understanding ecological relationships is the biome
concept. Introduced a century ago by the American ecologist Frederick Clements
(1916), the biome has become widely used to identify the largest category of
habitat and the associated plant and animal life-forms. Biomes are the large scale
units that can be identified in remote-sensing data such as satellite images or aerial
photographs—forests, savannas, grasslands and deserts. Plants and animals of indi-
vidual biomes have physiological processes that are adapted to similar macrocli-
matic, soil, water and disturbance regimes, and have similar appearance, complexity
and functional characteristics. Biomes are most easily recognised by their physiog-
nomy (structure of plant life forms) and phenology (seasonal growth, flowering and
fruiting patterns). Definitions of key structural and functional attributes are provided
in Box 2.1.

Both biomes and centres of endemism reflect the long history of their constituent
floras, faunas and life forms, and have been described as ‘theatres of evolution’.
Over the long geological history of the planet, the size and distribution of biomes
have ebbed and flowed. While some have gone extinct, others survive to this day.
The coal-forming swamps of the Carboniferous geological period (359-299 Ma) are
long gone, while swamp-forests that date back to the Miocene (23 Ma) still survive
in Borneo. Many families of animals and plants of southern hemisphere biomes have
their origins in the super-continent Gondwana. The separation of Gondwana to form
South America, Africa, India and Australia resulted in floristic and faunistic fragmen-
tation or disjunction, isolation and speciation (known as vicariance events). The
‘Gondwana’ elements of the African biota thus have links going back to the Creta-
ceous (145-66 Ma). In addition, modern floras include many taxonomic groups that
arrived through long-distance trans-oceanic dispersal after the breakup of Gondwana
(Pennington et al., 2004). However, much of the fauna and flora we encounter today
has evolved more recently, in-situ. Recent global paleoecological models (Allen
et al., 2020) suggest that much of the Earth’s land surface has experienced at least
one biome change over the past 140,000 years. In summary, the biota and biomes of
Africa have been in constant flux over geological and evolutionary time scales.

The key determinants of biome distribution, as will be discussed in Part II, are envi-
ronmental conditions (climate), resources (solar radiation, landscapes and soils) and
disturbance (fire and herbivory). It is important to note that biomes are not classified
by the species of plants (flora) or animals (fauna) that are found in them. Biomes are
characterised by their structural and functional attributes reflected in their vegeta-
tion. Vegetation in turn reflects the habitat and its environmental conditions. Thus
the term ‘savanna biome’ is used in Brazil (for cerrado), in Angola (for miombo) and
in Australia (for mulga), despite these savannas having no plant species in common.
What they have in common, however, are the ecological-evolutionary functional



20 2 Biomes: Concepts, Characteristics and Terminology

traits. A trait is a morphological, biochemical, physiological, structural and pheno-
logical adaption to survive, grow and reproduce. Traits (such as the thick bark of
savanna trees) have evolved in response to similar climates, soils and disturbance
regimes. The biome concept is defined by the similarity of structure and ecological
roles of plants within different environments.

Environmental factors and evolutionary processes select for the best adapted plant
life form (grass, shrub, tree) and vegetation physiognomy (the vertical layering
and horizontal spacing of vegetation components. Plant life form and physiognomy
characterise different appearance of vegetation (grassland, savanna, thicket, wood-
land, forest) for a given site (Box 2.2). Climate determines whether the dominant
life form of forests, woodlands or savannas (trees) are evergreen (retaining leaves
for several years in non-seasonal climates such as humid equatorial rain forest) or
deciduous (in seasonal climates such as tropical savannas where leaves drop and are
replaced every year). Disturbance impacts of fire and herbivory are also factors that
influence the nature of biomes, especially in Angola, where fire and large mammal
herbivores have contributed to shaping biomes across evolutionary time. Finally,
landscape (geomorphological) and edaphic (soil drainage, texture, nutrient status)
factors influence biome characteristics at a local to regional level.

While the biome concept is used to classify major units of habitats, such as the
tropical savannas and woodlands that cover approximately 50% of Africa, some
biomes, such as the montane grasslands and forests of Angola, are represented by
very small, scattered and isolated patches in an archipelago of ‘island relicts’, such
as the Afromontane forests of Mount Moco and Mount Namba. Biological attributes,
not size, thus determine what is recognised as a biome.

Within each biome, distinctive plant and animal communities occupy the different
ecological conditions and habitats found across a landscape. Communities can vary
in scale from groups of animals or plants in a small wetland pool, a patch of grass-
land, or an extensive forest. An ecosystem was defined by British ecologist Arthur
Tansley (1935) as a community of organisms living in conjunction with non-living
components of their environment, interacting and functioning as a system.

At continental and regional scales, ecosystems are too numerous and diverse for
either mapping or descriptive purposes at those scales, so a more pragmatic category,
the ecoregion, has been used to bring an intermediate level of detail within biomes.
An ecoregion is defined as: “A large unit of land or water that contains a distinct
assemblage of species, habitats and processes, and whose boundaries attempt to
depict the original extent of natural communities before major land use change.”
(Dinerstein et al., 1995). Throughout this book, the use of the term ecoregion will
follow this definition. Burgess et al. (2004) defined a total of 119 terrestrial ecoregions
for Africa and its islands. It is impressive to note that Angola has not only the largest
diversity of biomes, but also the second largest representation of ecoregional diversity
found in any African country.
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2.3 The Biomes of Africa in Outline

Before examining Angola’s biomes, it is important to consider the distribution and
characteristics of Africa’s biomes as a whole to obtain a perspective of the continent’s
diversity of landscapes, ecosystems and biodiversity.

Some researchers (Burgess et al., 2004, Mucina & Rutherford, 2006; Olson et al.,
2001) follow a strictly structural classification of African biomes. A purely struc-
tural approach can mask important ecological relationships (such as the distinction
between arid and mesic savannas) while exaggerating others (recognizing edaphic
ecosystems such as flooded grasslands as a biome). It is important to note that some
traditional European botanists use the term ‘dry tropical forests’ for the savanna
biomes. Modern ecologists apply the term tropical savannas for the Acacia, Brachys-
tegia, Baikiaea, Colophospermum, Combretum systems of Africa, and similar biomes
in South America and Australia. These ‘dry tropical forests’ lack many key forest
physiognomic features and ecological traits such as closed canopies and the absence
of a grass understorey. Furthermore, some units of classification are compromises
between ecological reality and the constraints of mapping scale. Taking these factors
into consideration, in this account seven African biomes, and two transitional mosaics
are recognised (Fig. 2.1; Table 2.2).

In simple terms, the biomes of Africa can be described, and are mapped (Fig. 2.1),
as a succession of broad bands of biomes and linking transitional mosaics. To these
may be added the more restricted Mangroves of the tropical coastal estuaries and
the Montane Forests and Grasslands of the highlands. Within the Mesic and Arid
savannas, locally extensive flooded grasslands and halophytic basins occur. From
the Equator, the successive bands and transitional mosaics, illustrated in Fig. 2.1,
comprise:

e The Guineo-Congolian Rain Forest Biome of the Congo Basin and West African
lowlands;

e To the north and south of the rain forests lie two belts of Forest/Savanna
Mosaics—the Guinean and Northern Congolian, and the Southern and Western
Congolian Forest/Savanna Transitional Mosaics.

e Beyond these mixed transitional mosaics, to the north are the Sudanian, and to
the south the Zambezian Mesic Savanna Biome of southern and eastern Africa.
Extensive flooded grasslands are found in some river basins within this biome.

e Next, to the north and south of the mesic savannas are representatives
of the Arid Savanna Biome—the Acacia savannas of the Sahel, and the
Acacia/Adansonia/Commiphora savannas of southern and eastern Africa. Some
internal drainage basins within this biome have large halophytic grasslands and
shrublands.

e Beyond the Arid Savannas are representatives of the Desert Biome—the Sahara
in the north and the Namib/Karoo in the south.

e On the tropical coasts of Africa, the Mangrove Biome occupies the estuaries of
great rivers.
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Biomes
Mediterranean
Guingo-Congolian

Afromontane

Mesic Savanna

Arid Savanna

Desert

Mosaics

G-C Forest/Savanna Mosaic
Coastal Forest/Savanna Mosaic

Fig. 2.1 Biogeographic realms, biomes and transitional Mosaics of Africa, redrawn and simplified
after White (1983). Mangroves are not mapped

e Along the East African coast, a mosaic of grasslands, savannas and forests form
the Indian Ocean Coastal Forest/Savanna Mosaic.

e At the northern and southern tips of the continent, examples of the
Mediterranean-Type Biome are found—the Maquis of North Africa and the
Cape Fynbos of South Africa.

e Finally, rising above the lowlands of Africa are the highlands and mountains
carrying forests and grasslands of the Afromontane Biome.

A Synopsis of the African Biomes and Mosaics

Mediterranean Biome (Area 858,000 km?, 2.9% of Africa). The North African
Mediterranean Biome, including maquis and garrigue is 10 times larger than the
South African fynbos (779,000 v 79,000 km?. However, the fynbos flora, with over
6000 species and with 70% endemics, is vastly richer than that of the maquis at ca.
2000 species and with few endemics. Diagnostic genera in the North African Mediter-
ranean shrublands and forests include Quercus, Juniperus, Olea and Ceratonia;



2.3 The Biomes of Africa in Outline 23

Table 2'2_ Estimated area. of Biomes Area, 1000 Km? | % Area of Africa
African biomes and mosaics
Mediterranean 858 2.9
Guineo-Congolian rain | 2343 8.0
forest
Afromontane forest and | 1271 4.3
grassland
Mesic savanna 6177 21.2
Arid savanna 7376 25.3
Desert 8290 28.4
Mangrove 71 0.2
Mosaics
G-C forest/savanna 2536 8.7
mosaic
Coastal forest/savanna 344 1.1
mosaic

Based on ecoregional data in Burgess et al. (2004) Terrestrial
ecoregions of Africa and Madagascar—a conservation assess-
ment. Island Press, Washington DC

and for the South African sclerophyllous shrubland and heathland the characteristic
genera include Protea, Erica and Restio. The key ecological determinants of Mediter-
ranean climate ecosystems are cool wet winters and warm dry summers. Great
climatic and physiographic diversity is found in this floristically and ecologically
distinctive biome.

Guineo-Congolian Rain Forest Biome (2,343,000 km?, 8.0%). The Guineo-
Congolian Rain Forest Biome occurs below 1200 m in West and Central Africa.
Rainfall ranges from 1000-2500 mm per annum, with short dry seasons of 1—
3 months. The surface areas of the major blocks differ considerably from one to
another. The Guinean block covers 559,000 km?, most of this comprises fragmentary
remnants of forest in highly transformed landscapes. The central Congolian block
covers 1,794,000 km2. Much of this is continuous forest but with significant levels
of transformation. Diagnostic rain forest tree genera include Entandrophragma,
Gilbertiodendron, Lophira and Pentaclethra.

Mesic Savanna Biome (6,177,000 km?, 21.2%). The mesic savanna blocks lie to
the north (2,885,000 km?2) and south (3,292,000 km?) of the equatorial rain forest
blocks, dominated respectively by Sudanian and Zambezian floristic elements. These
formations are often referred to as ‘dry tropical forests’ by European botanists. Within
the mesic savanna biome several extensive floodplain grasslands (Sudd, Zambezian,
Lake Chad) are located, fed by the catchments of the mesic savannas.

The Sudanian Mesic savannas of northern Africa are floristically depauperate
compared to the Zambezian Mesic savannas of southern Africa. Further, the Sudanian
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Mesic savannas share few species with the Zambezian Mesic savannas, but tree genera
such as Burkea, Isoberlinia, Combretum, Terminalia and grasses such as Andro-
pogon, Hyparrhenia, Loudetia and Pennisetum are common to both. Anogeissus and
Boswellia dominate many Sudanian savannas, but do not occur in the Zambezian
savannas. The Sudanian Mesic savannas lie at 200—1000 m, receiving from 600—
1600 mm rainfall per annum. The transition from Sudanian Mesic savannas to Sahe-
lian Acacia Arid savannas is gradual and poorly defined but in general follows the
650 mm isohyet. Combretum species are important in the transitions between mesic
and arid savanna biomes.

The Southern, Central and East African Mesic savannas lie at 10001600 m
on the leached soils of cooler plateaus, typically receiving 650-1200 mm rain-
fall per annum. Miombo ecosystems dominate the southern Mesic savannas, which
cover 3,000,000 km?2. Trees of the genera Brachystegia, Burkea, Julbernardia and
Isoberlinia characterise miombo. Mesic savanna soils are typically nutrient poor and
trees are thornless but protected against herbivores by chemical defences. Grasses
are productive of biomass but of low nutritional value with the consequence that
mammalian herbivore biomass is low. Following extended dry seasons, natural (and
increasingly human-mediated) fires, are regular and widespread. Trees, shrubs and
grasses have multiple traits that tolerate fire. These savannas are ecologically char-
acterised as Mesic/Dystrophic Savannas. The Mesic savannas feed large floodplain
grasslands on the Nile, Niger, Cubango and Zambezi rivers.

Arid Savanna Biome (7,376,000 km?, 25.3%). Arid Savannas occur in three main
blocks. To the north of the Sudanian Mesic savannas, the Sahel Acacia Arid savannas
cover 3,108,000 km2. Semi-arid thorn scrub and savannas on highlands within or
adjoining the Sahara Desert cover an additional 469,000 km?. Spinescent woody
genera found across the Sahel include Acacia, Balanites, Boscia, Commiphora and
Zizyphus—all genera common in the eastern and southern African Arid savannas.
Within the arid savanna biome, several large internal drainage basins result in
extensive salt pans with halophytic vegetation, such as Etosha and Makgadikgadi.

In East Africa, Acacia-Commiphora Arid savannas cover 1,633,000 km?2. These
include the rich volcanic soils of iconic landscapes such as the Serengeti.

In Southern Africa, Arid savannas cover 2,193,000 km2. Of this area,
1,326,000 km? is dominated by Acacia, Adansonia, Commiphora and Sterculia
savannas. In addition, Colophospermum dominates or is a conspicuous feature of
savannas, woodlands and shrublands that cover 607,000 km? of the region.

Arid savannas occur between sea level and 1200 m, on comparatively nutrient-
rich soils of hot valleys and low plateaus, receiving from 250 to 650 mm rainfall per
year with dry seasons of up to eight months. The rich soils carry thorny tree species
and nutritious grazing. The Arid savannas thus carry a high diversity and biomass of
ungulate herbivores whose grazing and browsing activities influence grass and tree
demography and dynamics. Fire is less frequent than in Mesic savannas. Ecologically,
the Arid savannas are referred to as Arid/Eutrophic Savannas to distinguish them from
Mesic/Dystrophic Savannas.
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Desert Biome (8,290,000 km?, 28.4%). Deserts form the largest biome in Africa,
with the Sahara occupying 7,458,000 km? of North Africa and the Karoo/Namib
580,000 km? of southwestern Africa. Rainfall is erratic and usually less than 50 mm
in the Sahara, 150 mm in the Namib and 250 mm per annum in the Karoo. Diagnostic
genera for the Namib include Acanthosicyos, Stipagrostis and Welwitschia and with
members of the Mesembryanthemaceae and Asteraceae characterizing the Karoo.
The Karoo has over 3000 species of succulent plants, and is recognised as a global
floristic ‘hotspot’. The geological substrate is highly variable over the vast areas
covered by desert, with shallow soils, sands or bare rock exposures.

Mangrove Biome (71,000 km?, 0.2%). Examples of this biome are restricted to
the mouths, deltas and floodplains of large rivers on the Atlantic and Indian Ocean
coasts. At the interface of fresh and saline waters, a limited number of woody and
herbaceous genera have adapted to the challenging aquatic environment, including
the mangrove genera Avicennia, Brugueria, Ceriops, Laguncularia, Rhizophora and
Sonneratia and the sea-grasses Halodule and Cymodocea.

Afromontane Biome (1,271,000 km?, 4.3%). Most of the Afromontane Biome
occurs at altitudes of 1200-2200 m, with important forests in the highlands of
Cameroon, Angola, South Africa, Ethiopia and East Africa where the highest peak
(Kilimanjaro) reaches 5895 m. The Afromontane grasslands, shrublands and wood-
lands cover 80% of the biome, with forests and alpine communities in moister
and higher areas. Rainfall ranges from 1000-2500 mm per annum. Afromontane
forests have a distinctive floristic composition, including diagnostic genera such as
Podocarpus, Olea, Juniperus, Apodytes and Philippia, shared across the archipelago-
like chain of forests that follow the escarpments and highlands of eastern and southern
Africa and the isolated mountains of western Africa.

Guineo-Congolian Forest/Savanna Mosaics (2,536,000 km?, 8.7%). Lying
between the Guineo-Congolian rain forests and the Sudano-Zambezian mesic
savannas is a broad belt of transitional forest/savanna mosaics. Much of the
forest/savanna mosaic in West Africa has been highly transformed by agriculture
to secondary grasslands and croplands. Fire-adapted tallgrass savannas dominate
these mosaics, with rain forests constituting less than 10% of the area.

East African Coastal Forest/Savanna Mosaics (344 km?, 1.1%). Along the
lowlands and interior escarpment of the East African coast, and extending from
Somalia southwards to South Africa, is a band of grasslands, savannas and frag-
ments of moist forests, today largely transformed by human activities, but with a
rich flora and fauna. The forests have both Guineo-Congolian and Afromontane
elements, while the savannas comprise a mix of both Arid and Mesic Zambezian
floristic elements.
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2.4 Classification of Angola’s Biomes and Ecoregions

Representatives of six of the seven African biomes and one of the mosaics described
above are found in Angola. The founders of Angola’s vegetation classification and
mapping systems, Gossweiler and Mendonca (1939) and Barbosa (1970) respectively
described and mapped 19 and 32 main vegetation types, each with many subtypes.
Here we will not try to initiate the learning process by describing every vegetation
type. Rather, we will focus on the biomes and ecoregions, following the pattern of
Africa’s biomes described above. Understanding the distribution of vegetation relies
on maps, of which the latest covering the vegetation of the whole of Angola is that
of Barbosa (1970). More recently, the World Wildlife Fund (WWF) has produced a
map of the Ecoregions of Africa (Burgess et al., 2004); updated by Dinerstein et al.
(2017) and available at https://ecoregions2017.appspot.com.

For the purpose of delineating the ecoregions of Angola, the WWF map of African
biomes and ecoregions has been adapted, but in addition, recognises the distinction
of the Arid and Mesic savannas biomes in Fig. 2.2. Furthermore, Angolan ecore-
gion 12—Coastal Arid Savannas—is recognised as a separate ecoregion. The sharp
mapping lines separating the ecoregions are artificial. In reality, Angola’s vegetation
is an ever-changing continuum of species abundances, densities and physiognomies,
with few sharp boundaries. Biomes and ecoregions do not end at a given point, but
rather merge in a complex mosaic pattern across their interfaces.

Angola’s biomes and their 16 constituent ecoregions will be described in detail in
Part IV. These groupings (with ecoregion numbers), plus conservation areas or sites
where typical examples can be studied in the field, are listed below. The classification
and distribution of Angola’s biomes (Fig. 2.2) follows that of African biomes and
closely correlates with the regional centres of endemism of White (1971, 1983)
reflecting their close evolutionary and ecological relationships. A simplified profile
of biome structure is presented in Fig. 2.3.

Angola’s biomes, transitional mosaics and escarpment zone, mapped in Fig. 2.2,
and with examples of where they may be studied, comprise:

e I Guineo-Congolian Rain Forest Biome and Forest/Savanna Transitional
Mosaic: (Ecoregions 1-3) Maiombe, Pingano, Cumbira, Lagoa Carumbo

e II Afromontane Forest and Grassland Biome: (Ecoregions 4 and 5) Moco,
Namba

e III Mesic Savanna Biome: (Ecoregions 6-11) Cangandala, Luando, Bicuar,
Cameia

e IV Arid Savanna Biome: (Ecoregions 12-14) Iona, Namibe, Chimalavera,
Quigcama

e V Namib Desert Biome: (Ecoregion 15) Iona

e VI Mangrove Biome: (Ecoregion 16) Quicama, Ilha dos Passaros

An idealised profile of vegetation physiognomy along a rainfall gradient is
presented in Fig. 2.3, while Fig. 2.4 demarcates the distribution of Angolan biomes
and ecoregions, using Barbosa’s (1970) vegetation map as a template. The mapped
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Fig. 2.2 Biomes and mosaics of Angola. I Guineo-Congolian rain forest (dark green); II Afromon-
tane forests and grasslands (blue); III Mesic savanna (yellow-green); IV Arid savanna (brown); V
Desert (red); VI Mangrove (purple); F/S Guineo-Congolian rain forest/mesic savanna transitional
mosaic (Turquoise)

ecoregions closely follow the concepts of ecoregions as defined in Burgess et al.
(2004) and developed further during field surveys in Angola. Table 2.3 provides
summarised characteristics of each ecoregion, plus estimates of the area occupied by
each as a percentage of Angola’s land area. The key plant genera found within the
Barbosa vegetation units included in each ecoregion provide an idea of their floristic
composition. Chapter 3 provides outlines of the main vegetation types and habitats
typically found within each ecoregion, providing context to the detailed account of
environmental drivers of pattern, given in Part II.
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Fig. 2.3 A profile of vegetation physiognomy with increasing rainfall from desert to semi-desert
shrublands, to arid and mesic savannas and woodlands, and to closed rain forest. Redrawn after
Shorrocks (2007) The Biology of African Savannahs. Oxford University Press, Oxford

Box 2.1: Terminology of Structural, Compositional and Functional

Attributes
The terminology used in classifying and describing the biomes and ecoregions

of Angola can be challenging, as terms used for biogeographic and structural
concepts and even terms used in local languages are frequently intermixed in
the literature. Some terms, such as savanna, are used both in a strictly structural
sense, and also in a broad biome sense, as discussed later (Box 2.2). In order
to better understand the identity (structure, composition and physiognomy) of
the key vegetation components found in Angola, some definitions of structural
terms are essential.

e A forest is a plant community with a closed tree canopy of touching
or interlocking crowns (50% or more, typically above 75% of projected
vertical cover) in two or more layers (strata) and usually with a shrub and
sapling layer and a discontinuous herb layer. Climbers and epiphytes may
also be present. In Portuguese literature, the term floresta densa is used to
distinguish woodlands from closed forest.

e A thicket is a very dense, often impenetrable plant community of large
multi-stemmed shrubs and trees. Climbers can be abundant, but grasses
are sparse. Thickets can be evergreen or deciduous, thorny or non-thorny.
The terms balcedo or brenha are used in Portuguese papers for thicket.

e A woodland is a stratified plant community with an open tree layer (less
than 50% projected canopy cover) with crowns less than one diameter apart
or touching, but usually not overlapping. Woody species might be trees
or shrubs, usually single-stemmed but occasionally multi-stemmed. Some
Portuguese researchers use the terms floresta clara or floresta aberta for
woodland, but the term mato is recommended for the savanna woodlands
of Angola.

e A savanna is a plant community with a discontinuous layer of woody
species (trees or shrubs) whose individuals are spaced more than one
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crown diameter apart and with a usually dense ground layer of non-
woody species of grasses and forbs. Savannas might be dominated by trees
(tree savanna—savana arborizada) shrubs (shrub savanna—savana com

Fig. 2.4 Ecoregions of Angola, modified from Burgess et al. (2004). Boundaries of Ecoregions are
based on the delineation of vegetation types by Barbosa (1970). Ecoregion numbers follow Table
2.3. Provincial boundaries are indicated in white
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2.4 Classification of Angola’s Biomes and Ecoregions

arbustos) or clumps of woody species usually associated with termitaria
(clump savanna).

e A grassland is a plant community dominated by grasses (tufted, stolonif-
erous or wiry) and forbs (broad-leaved herbaceous, non-graminoid flow-
ering plants), with few if any woody species. Grasslands are termed prados
or savana herbacea in Portuguese.

These definitions relate to physiognomic structure. They do not describe any
floristic or ecological characteristics that relate to different evolutionary rela-
tionships or environmental conditions. With a flora of over 6800 plant species
in Angola, it is essential that a small group of indicator species, genera or
families be used to characterise vegetation types and ecoregions. It is usual to
choose indicators that are either dominant in numbers or area occupied within
a vegetation type (such as species of Acacia or Brachystegia) or which through
their size are most prominent (such as Adansonia or Baikiaea) or which are indi-
cators of a particular biome (such as Podocarpus in Afromontane forest). Some
biomes can be characterised at the level of sub-families of common species
such as the Detarioideae (including Brachystegia, which characterise the Mesic
Savanna Biome) or the Mimosoideae (including Acacia which characterise the
Arid Savanna Biome).

Ecological characteristics are as important as physiognomic and floristic
in defining biomes and are influenced by biotic as well as abiotic factors as
described below.

Seasonality of temperature and rainfall will determine whether trees lose
their leaves annually (deciduous) or every few years (evergreen). Light pene-
tration through the canopy influences grass cover and in turn determines
whether fires will enter wooded communities. The combination of soil, water
and nutrient conditions often determines whether the woody species have fine
pinnate leaves (microphyllous) or broad leaves (mesophyllus). Soil nutrient
availability for plant growth is poor (dystrophic) or rich (eutrophic). The pH
of soils ranges from acid, neutral to alkaline. The degree of herbivory is
associated with the dystrophic/eutrophic dichotomy. Rich soils produce nutri-
tious grasses, herbs and woody plants. The plants of eutrophic soils frequently
have thorny, spiny or other defence mechanisms against browsing. These
mechanisms have evolved over millions of years in communities populated by
numerous species of large mammal herbivores. Grasses can translocate nutri-
ents from above ground to root systems at the end of summer (‘sour grasses’)
or retain nutrients in the foliage into winter (‘sweet grasses’). Most southern
African grasses are physiologically adapted to sunny, warm dry conditions
(C, grasses). Grasses adapted to growing in shaded and cooler, moister condi-
tions, such as forest floors, follow the C; photosynthetic pathway typical of
grasses of temperate climates (Sect. 3.3.2). Many African savanna trees and
shrubs have evolved mechanisms to survive regular natural fires, such as thick
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corky bark or the ability to coppice (re-sprout) after fires. The extreme of such
fire adaption is found in species of geoxyles—woody members of dozens of
plant families that escape fire damage with roots, trunks and branches below
the soil surface. After the passage of fires, geoxyles produce short branchlets
which carry leaves, flowers and fruit before grasses emerge and shade them
out following the first rains (Box 15.1). Further plant structural and functional
adaptations will be described in the detailed accounts of Angolan biomes (Part
V).

Box 2.2: When is a Forest a Forest, and when is a Savanna a Savanna?

Considerable confusion has developed in recent decades regarding the use
of the term ‘forest” and ‘savanna’ by ecologists working in different African
countries. In particular, the Food and Agricultural Organization (FAO) of the
United Nations has confounded the classification of open and closed vegetation
by defining all land with more than 10% tree canopy cover as ‘forest’. The
ecological definition used in this book recognises the transition from wooded
savannas to closed forests at projected canopy cover of 50%. It is of importance
to clarify these concepts before proceeding with the description of Angolan
biomes and ecoregions.

Huntley and Walker (1982) defined the tropical savanna biomes of the world
on the basis of their co-dominance of trees and a near-continuous layer of helio-
philous (shade-intolerant) grasses that follow the C, photosynthetic pathway.
The crowns of savanna trees and the canopies of savanna woodlands are more
permeable to light than those of forests. The grasslands associated with the
savanna woodlands support a rich diversity of forbs (non-grass herbs) that
make up an important component of their botanical diversity. Fires penetrate
the woodlands of the savanna biomes, but due to the sparse cover of grasses, are
seldom damaging to the fire-tolerant trees and shrubs. Savanna tree saplings
are fast growing, rising above the ‘kill-zone’ of fires within a few years.
In summary, savanna plants are fire-tolerant but shade-intolerant. Huntley
(1982) further recognised two distinctive savanna biomes—arid/eutrophic
and mesic/dystrophic—occupying different landscapes across Africa with
distinctive floras and faunas. The two savanna biomes have a similar codom-
inance of trees and grasses responding to periods of soil water stress during
the dry season (Table 2.4). The dichotomy in African savanna biomes, and
the distinction between closed forests and savannas, is especially important to
recognise in Angola, and is outlined below.
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In Africa, the transition from the mesic savanna biome to the rain forest
biome is characterised by a mosaic of forest and savanna communities,
each very different in their response to fire, and existing as bi-stable states,
as described in Sect. 3.2.7. While the transition from Mesic/Dystrophic to
Arid/Eutrophic savannas can be gradual and appear as a continuum, the inter-
face between the closed forest and mesic savanna components of the mosaics is
very sharp (Fig. 12.5). Because the forest patches are often of limited size and
diverse shape, they are seldom mapped as distinct communities, and ecologists
tend to designate them as ‘mosaics’ (Barbosa, 1970) or ‘transitions’ (White,
1983). In the map of African biomes (Fig. 2.1) to the north of the Guineo-
Congolian Rain Forests, a belt of Guinean forest/savanna mosaics lie between
the forest blocks and the Sudanian Savannas. To the south of the Congo Basin,
a belt of Guineo-Congolian forest/savanna mosaics separates the forest block
from the Mesic Savannas. The sharp lines marking the biome boundaries are
artificial. In reality, the boundaries between most biomes are gradual, as rainfall
and landscape changes interdigitate.

The characteristics of the two savanna biomes and the closed canopy rain
forest biome are summarised in Table 2.4 and described below.

Closed Canopy Forests. The forests of Angola have a continuous and
dense tree canopy, with sparse shade-tolerant grasses, herbs and shrubs on
the forest floor. Shade-tolerant species are adapted to low-light environments,
in contrast to shade-intolerant species, which are adapted to high-light environ-
ments. Shade-adapted plants have low photosynthetic, respiratory, metabolic,
and growth rates. Sun plants (shade-intolerant) generally have higher photo-
synthetic, respiratory, and growth rates but lower survival rates under shaded
conditions. The closed canopy forests have a distinct flora to that of both arid
and mesic savannas. Forest trees and shrubs are fire-intolerant. C4 grasses are
typically very sparse or absent from the forest interior. The few grasses that
do occur are shade-tolerant, C3 species. The low biomass of grasses and herbs
on the forest floor and its shaded moist microclimate limits the entry of fire
into the forest interior. Where fires do penetrate, during extended dry spells,
or where strong winds drive hot fires into the forest, damage and death of tree
and understorey species can occur.
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In Angola, four distinct closed forest types on well-drained (terra-firme)
sites can be recognised.

e The most extensive and species-rich closed forests are those of Guineo-
Congo floristic affinity (Ecoregions 1, 2 and 3).

e Second, extremely limited areas of Afromontane forests occur on the highest
mountains (Ecoregion 4).

e A third forest type, comprising elements of both Guineo-Congolian and
Zambezian floras occurs along the foothills of the Angolan Escarpment, as
dry deciduous forests within Ecoregions 6 and 14.

e Finally, the evergreen Cryptosepalum forests of Moxico (Ecoregion 10)
have a closed canopy and many forest traits, and physiognomically meet
several forest criteria, but floristically are part of the Mesic Savanna Biome
and are placed there in this account.

In addition, two specialised edaphically determined habitats (inland swamps
and coastal esturies) support limited areas of closed-canopy swamp forests and
mangroves.

Forest/Savanna Interface. Shade-intolerant savanna species fail to estab-
lish under the canopy of forest. In the tall grasslands surrounding forest patches
in the Congolian Forest/Savanna mosaic (Ecoregions 2 and 3), fires usually die
at the forest margin, unless this has been weakened by logging or other disrup-
tive human activities. Where the forest margin is disturbed, fast-growing inva-
sive alien species, such as Chromolaena odorata and Inga vera out-compete
indigenous species and become established. Hot fires in the tall grasslands kill
any seedlings of forest species that might have expanded into adjoining grass-
land. The contrasting influences of fire and shade result in very sharp boundaries
between the distinct floras of the two systems of the Forest/Savanna mosaic,
as discussed in detail in Chaps. 12 and 14.

Mesic Savannas. Across Angola’s extensive interior plateau, miombo
woodlands, savannas and associated grasslands dominate, occupying 68% of
Angola (Ecoregions 6-11). To the north of the miombo, where it transitions
into evergreen and semi-deciduous forests of the Congo Basin, a tallgrass
savanna, which totals 16% of Angola, forms a mosaic with the forest patches,
(Ecoregions 2 and 3). These tall grasslands are highly flammable. The trees
and shrubs that are found in the mesic savannas have evolved fire-adaptations
such as a thick corky bark that protects the inner cambium or growing tissues
of the stems and branches, robust underground storage organs, and the ability
to re-sprout after fire from epicormic buds that lie under the protective cork
bark. The Angolan miombo, and the Congolian Forest/Savanna mosaics occupy
leached soils that are poor in nutrients, in areas receiving an annual precipitation
exceeding 650 mm. They are Mesic/Dystrophic savannas.
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Arid Savannas. In the arid southwest of Angola, and along the arid coastal
lowlands, the savannas are distinctive from those of the miombo and the
tallgrass savannas of the Congolian Forest/Savanna mosaic. These are the
Arid/Eutrophic savannas, which occupy 13% of Angola (Ecoregions 12—14).
They lie on richer soils, are subject to soil water stress for up to eight months
of the year, are less productive of biomass than the mesic savannas, and as
a consequence are less prone to the regular fires that characterise the mesic
savannas. Profiles illustrating the contrasts between Mesic/Dystrophic and
Arid/Eutrophic savannas are presented in Figs. 2.5 and 2.6. The ecological
relationships between the two savanna biomes and of the transitional mixed
savannas and forest/savanna mosaics are presented in Fig. 2.7.
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Fig. 2.5 Physiognomic profile: Woodland of the Mesic Savanna Biome. Note the near-
continuous grass cover under the light canopy of trees. Redrawn after Shorrocks (2007) The
Biology of African Savannahs. Oxford University Press, Oxford
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Fig. 2.6 Physiognomic profile: Arid Savanna Biome. Note continuous grass cover below
broken tree and shrub cover. Redrawn after Shorrocks (2007) The Biology of African
Savannahs. Oxford University Press, Oxfords
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Disturbance Low Fire Frequency/ High Fire Frequency/
High Herbivory Impact Low Herbivory Impact
High ARID SAVANNAS Forest/Savanna Mosaic
Trees: Fine-leaved Forest Trees: Broad-leaved
EUTROPHIC Mimosoideae Piptadeniastrum, Tetraberlinia, Bridelia
Acacia, Adansonia, Sterculia, Savanna Trees:
Coloph 'mum, Cc iphora Annona, Erythrophleum, Hymenocardia,
Young Landscapes, Piliostigma
Fertile Soils Tall grasslands:
Base-rich Short grasslands: Andropogoneae
Clays/Loams Aristideae, Chlorideae, Andropogon, Hyperthelia
Panicoideae
Plant Aristida, Eragrostis, Setaria
Available
Nutrients
Mixed Savannas MESIC SAVANNAS
DYSTROPHIC Trees: Broad-leaved: Trees: Broad-leaved:
Combretum, Terminalia, Detarioideae
Strychnos Brachystegia, Julbernardia
Low 0Old Landscapes
Infertile Soils Medium Grasslands: Medium/Tall Grasslands:
Acidic Sands Chloridoideae Andropogoneae
Eragrostis, Digitaria, Themeda, Chloris Andropogon, Hyparrhenia
Low Plant Available Moisture High

Fig. 2.7 A generalised model of the savanna types of southern Africa. The environmental
space is defined by Plant Available Nutrients (PAN) and Plant Available Moisture (PAM) and
by the importance of disturbance by fire and herbivory. Indicator sub-families and genera for
dominant trees and grasses are included. Plant Available Moisture integrates rainfall, water
infiltration, evapo-transpiration, soil texture and hydrologic regime in a single function.
The two extremes of Arid/Eutrophic and Mesic/Dystrophic savannas are often separated by
mixed savannas, while the transition from Mesic savannas to Guineo-Congolian forests is
occupied by mosaics of forest patches and galleries within a matrix of tallgrass savannas
with fire-tolerant trees. After Frost et al. (1986) and Scholes (1997)
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Chapter 3 ®)
Profiles of Angola’s Biomes e
and Ecoregions

Key Concepts and Questions: This Chapter Explains

e How the six African biomes represented in Angola are defined.

e Where the biomes are found, and what their landscape and climatic characteristics
are.

e What the key physiognomic, floristic and faunistic features are of Angola’s 16
ecoregions.

Context: From African Biomes to Angolan Ecoregions

The introductory outlines of Angola’s biomes, mosaics and ecoregions presented
here form a continuum from the synopses of African biomes and mosaics given in
Sect. 2.3, and elaborated in detail in Part IV of this book. Brief outlines of Angola’s
biomes, mosaics and ecoregions set the stage against which the ecological drivers of
such ecosystem diversity are analysed in Part 11. In the ecoregional profiles, reference
is made to the WWF Ecoregion numbers (https://ecoregions2017.appspot.com) and
the vegetation units in Barbosa (1970), where additional detail might be found.

3.1 Guineo-Congolian Rain Forest Biome
and Forest/Savanna Mosaic

Across northern Angola, the rich Guineo-Congolian flora of African rain forests is
represented in the moist forests found along the low mountains and escarpments of
Cabinda, Zaire, Uige, Cuanza-Norte, Cuanza-Sul and Malange. The flora penetrates
southwards along the Angolan escarpment as isolated fragments in Benguela and
Huila provinces and as gallery forests up the tributaries of the Congo drainage in
Malange and Lunda-Norte. Biogeographically important but poorly studied forests
also occur along the Quela and Tala Mungongo escarpments on the western margin of
the Baixa de Cassange. These fire-sensitive forests form a mosaic within fire-tolerant
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Western and Southern Congolian tall grasslands and savannas as the vegetation tran-
sitions into the Zambezian flora of the Mesic Savanna Biome. The Guineo-Congolian
Rain Forest Biome (sensu strictu) occupies less than 1% of Angola. Far more exten-
sive are the tallgrass savannas of the Congolian Rain Forest/Mesic Savanna Mosaic,
that forms a transition between the Guineo-Congolian Rain Forest Biome and the
Mesic Savanna Biome. These transitional mosaics (Ecoregions 2 & 3) cover 16% of
Angola.

The Maiombe forests are of great importance for the conservation of large
mammals, especially for Western Lowland Gorilla, Central Chimpanzee, Forest
Elephant and Forest Buffalo. The Maiombe forests are of high conservation priority
as home to 14 species of primate, five species of forest duiker and the enigmatic
Water Chevrotain.

Ecoregion 1. Guineo-Congolian Rain Forest (WWF 5; Barbosa 1, 2, 3; Figs. 3.1
and 3.3). Angola has a rather limited area of closed canopy tropical rain forest (ca.
3500 km?). These forests occur mostly in Cabinda, where a continuation of the
narrow belt of Lower Guinean evergreen to semi-evergreen broadleaf forest extends
from central Cameroon to just north of the mouth of the Congo River. Outliers of
Guineo-Congolian Rain Forest floristic and faunistic elements follow the Angolan
Escarpment in isolated blocks in Cuanza-Sul, and as tiny forest fragments in the
seaward-facing ravines of the Serra da Chela. The inland hills of Cabinda form the
drier southern limit of the Mayombe forest block, known in Angola as the Maiombe
forest. Most of the ecoregion lies on Precambrian rocks, producing cambisols and
nitisols. The Alto Maiombe forests of Cabinda receive from 1200 to 1600 mm of rain
per annum, with dry spells in July—September and again in January. The canopy of
mature forest in Maiombe may reach 60 m height, but generally the canopy is between
30 and 40 m height. Important genera include Gilbertiodendron, Julbernardia, and
Tetraberlinia in climax forest and Milicia, Musanga, Piptadeniastrum, Ricinoden-
dron and Terminalia in disturbed, secondary forest. The semi-deciduous forests of
Zaire, Uige, Cuanza-Norte (including the large Dembos forest block) and Cuanza-Sul
are drier, with from 800 to 1400 mm rainfall per annum. As a whole, the ecoregion
has, in African terms, exceptional species richness with many endemic species.

Ecoregions 2 & 3. Western and Southern Congolian Forest/Savanna Mosaics
(WWF 63, 58; Barbosa 7-10, 12—14, 26; Figs. 3.2, 3.4 and 3.5). These two large
blocks (136,000 and 54,000 km? in Angola) of mixed forest and tallgrass savannas
extend the reach of rain forests as gallery forests in valleys and isolated forest frag-
ments on hillsides and plateaus, southwards from the Congo Basin. Rainfall ranges
from 1000 to 1600 mm per annum, with a distinct dry season from May to September.
The Guineo-Congolian Rain Forests comprise less than 5% of the landscape of these
mosaics, but contribute possibly as much as 80% of the species diversity of these
two ecoregions. The major portion (ca. 95%) of these two ecoregions consists of
tallgrass savannas which belong, floristically, to the Mesic Savanna Biome. They are
therefore mapped as transitional mosaics in Figs. 2.2 and 2.4. Tall grasslands with
sparse trees characterise the sandy plateaus between river valleys. Extensive areas
of Ecoregion 3, for instance, are treeless grasslands with an abundance of geoxyles
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Fig. 3.1 Subsistence farm in
Alto Maiombe Forest,
Cabinda. Tall trees include
forest margin pioneers
Terminalia superba with
erect white trunks, and the
branched crowns of
Musanga cecropioides at left
and right of the scene

(Box 14.3) and are known in Lunda-Norte as the chanas da borracha due to the
abundance of the rubber plant, Landolphia parvifolia.

The landscapes of northern Angola range from 1000 to 1500 m in the mountainous
regions of Zaire and Uige, and the high plateau of Malange and the plains of Lunda-
Norte. The landscapes descend via a series of valleys to 500 m in the Congo Basin
along the Cuango River, and down to sea level at the mouth of the Congo. Soils
include ferralsols on Precambrian crystalline rocks in the west, and arenosols of the
Kalahari sands in the east. The deeply incised valleys occupied by gallery forest
usually lie on exposed Karoo strata and Precambrian rocks.

This very mixed topography carries a rich flora and fauna, where elements of
Zambezian and Guineo-Congolian phytogeographic regions meet, and where the
fauna of Guineo-Congolian forests interdigitate with those of the Zambezian wood-
lands, savannas and grasslands of the south and east. Trees of genera such as
Dialium, Daniellia, Cryptosepalum and Marquesia are prominent in woodlands and
dry forests of the northeast of Angola. Typical miombo genera such as Brachystegia,

Fig. 3.2 Western Congolian
Forest/Savanna Mosaic near
Camabatela, Cuanza-Norte.
Tall grasses of Hyparrhenia
and Trachypogon species,
with a fire-tolerant
Hymenocardia acida in left
foreground
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Fig. 3.3 Location of
Ecoregions: 1
Guineo-Congolian Rain
Forest

Fig. 3.4 Location of
Ecoregions: 2 Western
Congolian Forest/Savanna
Mosaic

Julbernardia, Burkea and Isoberlinia increase in importance from north to south,
but never dominate. The river valleys have tall gallery forests in which species of
Ceiba, Entandrophragma, Milicia, Musanga, Piptadeniastrum, Raphia and Xylopia
are found. The grasslands here comprise tall, dense Andropogon, Hyparrhenia,
Loudetia and Trachypogon species, reaching 4 m height, which rapidly develop
a high biomass of fuel between frequent, hot fires. The sharp boundary between
forest and grassland marks the limit of fire penetration. Indeed, few tree species can
survive the regular fires that sweep across these tall grasslands, and those that do
survive are well adapted to resprouting. Fire-tolerant woody genera include Annona,
Erythrophleum, Hymenocardia, Piliostigma and Strychnos.



3.2 Afromontane Forest and Grassland Biome 47

Fig. 3.5 Location of
Ecoregions: 3 Southern
Congolian Forest/Savanna
Mosaic

3.2 Afromontane Forest and Grassland Biome

Angola’s most isolated and vulnerable biome comprises two ecoregions. The highest
areas of the Angolan plateau and mountains have relatively small areas of Montane
Grassland on the Huambo, Huila, Benguela and Bié highlands, with very small
remnants of Afromontane flora in the forests and shrublands along the Marginal
Mountain Chain—specifically Mount Moco, Mount Namba and along the Chela
Escarpment. They are important centres of biotic richness and endemism, although
occupying only 1.1% of the country. Most larger mammals of the biome have been
exterminated. The increasing pressures of land transformation for agriculture place
the rich avifauna of forest and grassland habitats at risk of local extinction. The
avifauna is notable for high levels of endemism and of narrow-range species.

Ecoregion 4. Afromontane Forests (WWF 77, Barbosa 5, 6; Figs. 3.6, 3.7 and 3.8).
The Afromontane Forests of Angola are the most fragmented and isolated of all
representatives of the Afromontane Biome in Africa. With a total area of less than
1000 ha across their entire range in Angola, they occur as small forest patches that are
provided some shelter from fire in deep valleys and by rock outcrops. These highland
sites receive from 800 to 1600 mm rainfall per annum, with a dry season from June to
September. The shallow soils lie on Basement Complex and West Congo crystalline
rocks. The weakly stratified forests have a broken canopy of up to 20 m height.
Trees include Afromontane genera such as Apodytes, Cassipourea, Erythroxylum,
Halleria, llex, Maesa, Myrica, Nuxia, Pittosporum and Podocarpus. The importance
of these forests lies in the rich endemic and near-endemic bird species that occur
as isolated, disjunct populations, over 2000 km from related species and subspecies
elsewhere in the Afromontane forests of eastern, southern and western Africa.
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Fig. 3.6 The largest block
of forest on Mount Moco, at
2200-2450 m, photographed
in 1972. Note the short
montane grasslands and
shrublands of Philippia and
Protea

Fig. 3.7 Protea welwitschii
in the grasslands of Mount
Moco. Described as the
tallest protea in the world in
1960. Photo J. S. Beard. The
proteas of tropical Africa.
Kangaroo Press

3 Profiles of Angola’s Biomes and Ecoregions

Ecoregion 5. Montane Grasslands (WWF 77, Barbosa 32; Figs. 3.7, 3.9 and
3.10). The Montane Grasslands of the Angolan Marginal Mountain Chain and
Ancient Plateau (Diniz, 20006), extend across the highlands of Cuanza-Sul, Benguela,
Huambo, Bié and Huila. These grasslands await a detailed study of their botanical
and faunistic diversity. Lying mostly at from 1500 to 1800 m, the rolling hills rise
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Fig. 3.8 Location of
Ecoregions: Black dots: 4
Afromontane Forest

to 2620 m on Mount Moco, the highest point in Angola. The underlying geology
comprises crystalline rocks producing shallow leptosols, ferralsols and grading into
arenosols in the east. These short grasslands cover approximately 1% of Angola.
They are important contributors to the ‘water towers’ of central and southern Africa,
feeding the Cuanza, Cubango, Cunene and upper tributaries of the Congo and
Zambezi. The seasonally waterlogged soils result in the near absence of trees but
an abundance of grass, forb and geophyte species, including many orchids. Better-
drained areas have shrubs and low trees, often with the appearance of ‘dwarf’ miombo
(2-5 m height) of Brachystegia spiciformis, B. floribunda and Julbernardia panicu-
lata especially on shallow rocky soils over quartzites. Seasonally waterlogged sites
have extensive areas dominated by ‘underground forests’ of geoxyles, locally known
as anharas do ongote (Box 14.3).

3.3 Mesic Savanna Biome

Two savanna biomes are recognised in Africa, the Mesic/Dystrophic and the
Arid/Eutrophic savannas, as outlined in Chap. 2 and detailed in Chaps. 14 and 15.
Both savanna biomes comprise floras belonging to the most extensive regional centres
of endemism in Africa, the Sudanian Centre (north of the Equator) and the Zambezian
centre (mostly south of the Equator). The Zambezian flora dominates Angola, occu-
pying over 90% of the country. The Mesic Savanna Biome, typical of the Zambezian
centre of endemism, extends over 68% of Angola, predominantly on the interior
plateau, above 1000 m, and on freely draining nutrient-poor and acidic (dystrophic)
soils. Fire is the key driving force that maintains the mix of grasses and trees that
constitute the woodlands, savannas, shrublands and grasslands of the biome. Fire
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Fig. 3.9 Location of
Ecoregions: Grey shading: 5
Montane Grasslands

Fig. 3.10 Moist Montane
short grassland at 2000 m,
Humpata, Huila

prevents the transformation of savanna to closed-canopy forest even where mean
annual rainfall is sufficient to support closed rain forest.

Characteristic of central Africa’s mesic savannas are the miombo woodlands
(known as mato de panda in Angola, based on the local name mupanda or m’panda
for Brachystegia spiciformis). Miombo trees are distinctive in their shape, usually
with relatively short, slender trunks with ascending branches forming a light, shallow
and often flat crown. The mesic savannas occupy distinct landscapes. To the west
of the central planalto and the Marginal Mountain Chain, the Angolan Escarpment
Woodlands form a transition between the highlands and coastal lowlands, following
the rolling hills and steep slopes of the Central Escarpment. The most extensive of
Angola’s 16 ecoregions is the Angolan Wet Miombo that covers the central Angolan
plateau. To the southeast of the Wet Miombo is the Dry Miombo beyond which lie
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Fig. 3.11 Grey shading:
Location of Ecoregions: 6
Angolan Escarpment
Savannas

the Zambezian Baikiaea Woodlands. A small area of the Central Zambezian Wet
Miombo falls within eastern Moxico. Within the geographic embrace of miombo
woodlands are two further ecoregions, recognised by Burgess et al. (2004) as falling
within distinctive biomes (Flooded Grasslands and Dry Broadleaf Forests), but are
treated here as ecoregions within the Mesic Savanna Biome. The vast plains of the
Cameia/Bulozi catchment are dominated by Zambezian Flooded Grassland. Dry
Broadleaf Forest is represented in Angola by a small extension of the Zambezian
Evergreen Dry Forest in eastern Moxico. Collectively, these ecoregions constitute
the Mesic Savanna Biome.

The grasslands and open woodlands of the Mesic Savanna Biome originally
carried a diverse vertebrate fauna. Large mammal species (now decimated) which
had their main distribution in the biome include Lichtenstein’s Hartebeest, Roan
Antelope, Giant Sable Antelope, Defassa Waterbuck and Puku. Bird species typical
of the miombo habitat include Miombo Wren Warbler, Miombo Tit and Miombo
Scrub Robin.

Ecoregion 6. Angolan Escarpment Savannas (WWF 35; Barbosa 18B, 22;
Figs. 3.11, 3.14 and 3.15). South of the Cuanza River and along Angola’s Central
Escarpment, this narrow band of mixed savannas lies between the arid savannas
of the coastal lowlands (Ecoregions 12, 13 and 14) and miombo savannas of the
planalto (Ecoregion 7). This mosaic of tall grasslands and woodlands constitutes
Angolan Escarpment Savannas which include Barbosa (1970) vegetation types 18B
and 22. Barbosa’s vegetation type 18B comprises fire-tolerant tall grass (1-3 m
height) and short miombo (4—6 m height). Trees include Brachystegia spiciformis, B.
wangermeeana, B. boehmii, B. gossweileri, Burkea africana, Combretum collinum,
Cussonia angolensis, Pterocarpus angolensis, Terminalia sericea and Uapaca
benguelensis. Grasses are mostly Andropogoneae. Vegetation type 22 lies below Type
18B, on the lower and drier slopes of the Escarpment and above the coastal plain.
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Outliers of Guineo-Congolian Forest patches and thickets occur in moist valleys and
ravines. Fire-tolerant short trees are scattered within an open savanna of tall grasses.
The abundant yellow flowers of Cochlospermum angolense makes this tree the
most conspicuous characteristic of this vegetation type, together with Acacia siebe-
riana, Adansonia digitata, Albizia versicola, Burkea africana, Cussonia angolensis,
Piliostigma thonningii, Pterocarpus rotundifolius, Sterculia quinqueloba and Termi-
nalia sericea. Grasses are mainly members of the Andropogoneae (Figs. 3.12,
3.13).

Ecoregion 7. Angolan Wet Miombo Woodlands (WWF 36, 39; Barbosa 16, 17,
18A; Figs. 3.12, 3.16 and 3.17). These woodlands, savannas and grasslands typi-
cally receive more than 1000 mm rainfall per year and lie at elevations between 900
and 1500 m. The deep, moist soils support a canopy height of 15-25 m. Brachys-
tegia spiciformis (mupanda) occurs in varying densities and robustness throughout
the miombo biome, with other species (B. floribunda, B. glaberrima, B. longifolia,
B. wangermeeana, B. gossweilerii) at varying densities according to soil charac-
teristics. Julbernardia paniculata (mumue) is also widespread across the Angolan
miombo, together with Burkea, Cryptosepalum, Guibourtia, and Pterocarpus. The
wet miombo is a mosaic of woodlands, savannas and grasslands, with a more or
less continuous grass cover, always of C4 grasses, even under a thin cover of
the woodland canopy, where the grass biomass might be too sparse to support
fire penetration in most seasons. Shrubs and short trees of this miombo include
Diplorhynchus condylocarpon, Baphia massaiensis and Copaifera baumiana. On
the edges of drainage-line grasslands (mulolas, dambos) species of Monotes, Protea
and Uapaca occur as short trees. Grasses include species of Andropogon, Digi-
taria, Elionurus, Eragrostis, Hyparrhenia, Loudetia, Monocymbium, Setaria and
with Panicum becoming prominent under woodland.

Fig. 3.12 Grey shading: &
Location of Ecoregions: 7 ll
Angolan Wet Miombo {’
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Fig. 3.13 Grey shading:
Location of Ecoregions: 8
Angola Dry Miombo

Ecoregion 8. Angolan Dry Miombo Woodlands (WWF 42; Barbosa 24, Figs. 3.13
and 3.18). These woodlands occur on the deep, heavily leached Kalahari sands
of southeast Angola, where the gently undulating landscape with broad valleys
is drained by the crystal-clear waters of the Longa, Cuito and Cuando basins,
descending from 1200 to 1000 m. The deciduous woodland canopies are from 8
to 15 m in height. The floral composition is less rich than the Wet Miombo, with
Brachystegia bakerana and Burkea africana prominent, along with Julbernardia
paniculata, Guibourtia coleosperma, Dialium engleranum, Schinziophyton raute-
nenii and Cryptosepalum exfoliatum. The catenal series of broad valleys (mulolas)
between the rises (ancient dunes) are seasonally waterlogged and carry grasslands
of Loudetia, Trachypogon, Eragrostis and Monocymbium. On the open margins
of the catenas, communities of ’underground trees’ (geoxyles) are found and
include Brachystegia russelliae, B. bakerana, Parinari capense and Chamaeclitandra
henriquesiana.

Ecoregion 9. Zambezian Baikiaea Woodlands (WWF 64, Barbosa 15, 25, Figs.3.19,
3.22 and 3.23). These woodlands occur at from 1000 to 1300 m, on the leached and
nutrient poor Kalahari sands which cover most of the gently undulating landscapes of
southeast Angola. Annual rainfall in the Angolan distribution of this central African
woodland is 600-750 mm, strongly seasonal, with up to eight dry months. Despite
the low rainfall, the deeply rooted Baikiaea plurijuga trees (muiumba or mucusse)
can form woodlands of up to 20 m height, usually on the crests of ancient dune fields.
While Baikiaea is recognised as the indicator species of this ecoregion, it nowhere
dominates the canopy nor the biomass. A mosaic of woodland, thicket, savanna and
grassland species characterise the ecoregion. Tree genera include Afzelia, Baikiaea,
Burkea, Dialium, Erythrophleum, Guibourtia, Schinziophyton and Terminalia in the
woodlands, with dense thornless thickets of coppicing species of Baphia, Bauhinia,
Combretum, Croton, Pteleopsis, Pterocarpus and Strychnos on areas with shallow
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Fig. 3.14 Fire-tolerant
Cochlospermum angolense
trees typical of the tall
grasslands covering the
rolling the hills of the
Angolan Escarpment
Savannas

Fig. 3.15 Flower of
Cochlospermum angolense
Photo Ernst van Jaarsveld

Fig. 3.16 Miombo in the
Quibala hills, Cuanza-Sul.
Photo Antonio Martins
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Fig. 3.17 Angolan Wet
Miombo Woodland
dominated by Brachystegia
species in Luando Strict
Nature Reserve, Malange.
African Wild Dogs resting
on the road

Fig. 3.18 Miombo
woodland with dense grass
and forb ground cover. North
of Cuvango, Huila Province.
Photo Antonio Martins

sands overlying water-impermeable duricrusts. The transition from typical miombo
to Baikiaea woodlands is at ca. 700 mm annual precipitation (Figs. 3.20, 3.21).

Ecoregion 10. Zambezian Evergreen Dry Forest (WWF 33; Barbosa 4, Figs. 3.20,
3.24 and 3.25). This evergreen forest type occurs as small patches within miombo
communities over a broad area of eastern Angola (Lunda-Norte, Lunda-Sul, Bié,
Cuando Cubango), reaching its greatest extent in the south-eastern border of Moxico
with Zambia. This dry forest is best developed where it occurs on deep well-drained
Kalahari arenosols with an adequate supply of water in their deeper soils during the
dry season. This ecoregion lies at 1100-1200 m. Floristically, Zambezian elements
dominate, with some Guineo-Congolian and Afromontane species. The evergreen
leguminous tree Cryptosepalum exfoliatum dominates, together with Brachys-
tegia spiciformis, Daniellia alsteeniana, Entandrophragma delevoyi, Guibourtia
coleosperma, Erythrophleum africanum, Ochna pulchra, Marquesia acuminata, M.
macroura and Pteleopsis anisoptera.

While Cryptosepalum reaches up to 25 m in height, most of the forest communi-
ties are shorter, at 10—15 m. Due to the typically closed canopy the herbaceous layer
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Fig. 3.19 Location of
Ecoregions: 9 Zambezian
Baikiaea Woodlands

Fig. 3.20 Location of
Ecoregions: 10 Zambezian
Evergreen Dry Forest

is sparse and often carries a bed of mosses and liverworts. Lianas and epiphytes,
usually uncommon in miombo woodlands, are frequent. Epiphytic pteridophytes of
the genera Polypodium, Platycerium and Lycopodium are abundant in these forests.
Cryptosepalum exfoliatum is fire-intolerant, although the dense tree canopy, shaded
microclimate and sparse forest ground cover normally prevents the entry of fires.
However, if subjected to frequent fires, or to shifting cultivation, the forest converts
to an open, ‘derived’ savanna known as tchirhuto in Lunda-Norte and chipya in
Zambia. This stunted savanna/thicket includes most of the fire-tolerant miombo
species plus Aframomum biauriculatum, Pteridium aquilinum and climbers such
as Smilax kraussiana. It is the least well-studied ecoregion of Angola.
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Fig. 3.21 Location of
Ecoregions: 11 Zambezian
Flooded Grasslands

Fig. 3.22 Baikiaea
woodland in Bicuar National
Park

Ecoregion 11. Zambezian Flooded Grasslands (WWF 76; Barbosa 31; Figs. 3.21,
3.26, 3.27, 3.28 and 3.29). The major sources of the waters of the Zambezi River
lie in the ‘water towers’ of the Angolan plateau. A key catchment flows via the
Bulozi Floodplain, perhaps the largest ephemeral wetland in Africa (Mendelsohn &
Weber, 2015). Half of the floodplain is found in Moxico, the rest in neighbouring
Zambia. This vast system of seasonal wetlands, grasslands and fringing miombo
savannas and woodlands, and narrow gallery forests, has received very little atten-
tion from researchers, despite the teeming game populations that occurred in Cameia
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Fig. 3.23 Guibourtia
community within Baikiaea
woodland in southern
Cuando Cubango. Both
woodlands are on deep
Kalahari sand

Fig. 3.24
Cryptosepalum/Marquesia
Dry Forest on deep Kalahari
sands, Lunda-Norte

Fig. 3.25 The extensive
plains known as chanas da
borracha of Lunda-Norte,
with sparse grass cover but
abundant geoxyles appearing
following fire

3 Profiles of Angola’s Biomes and Ecoregions

National Park during colonial times. Barbosa (1970) devotes less than one page to
its vegetation. The floodplains lie at 1000-1100 m, and stretch over 800 km from
north to south and 200 km west to east at their widest points. They cover Kala-
hari sands, with seasonally waterlogged gleysol clays, often with hardpan layers
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Fig. 3.26 Floodplain of the
Luele River, Lunda-Norte

Fig. 3.27 Lechwe on an old
termitarium, Luando
floodplain, Luando Strict
Nature Reserve, Malange

beneath the surface, making tree growth impossible over much of the area. Fires
sweep across the dry grasslands almost every year, further suppressing woody plant
growth, other than of the ‘underground trees’—the geoxyles. The raised surfaces
of termite mounds and fossil sand dunes provide a less challenging substrate for
typical miombo trees and shrubs. The grasslands carry a diversity of grass species,
dominated by Loudetia simplex, along with species of Acroceras, Arundinella,
Bothriochloa, Chloris, Cynodon, Echinochloa, Imperata, Leersia, Oryza, Setaria,
Tristachya, Vetiveria and Vossia.

3.4 Arid Savanna Biome

The arid savannas of Angola cover 12.9% of the country and are characterised by
low rainfall (less than 650 mm per annum) and richer (eutrophic) soils than the
leached, nutrient-poor (dystrophic) ferralsols and arenosols of mesic savannas. The
arid savannas of southwestern Africa include large areas of typically dystrophic
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Fig. 3.28 Aerial view across
the Bulozi Floodplain. Photo
John Mendelsohn

Fig. 3.29 Marginal
woodland and floodplain
grassland, Bulozi
Floodplain, Moxico. Photo
John Mendelsohn

Kalahari sand, south of Angola, where they are ephemerally eutrophic when pulses
of nutrients are released during rainfall events. The arid savannas typically lie below
1000 m, while the mesic savannas generally lie above 1000 m. In the southwest of
Angola, Mopane Woodland occupies richer soils at the base of the Chela Escarpment
and along the Cunene River. Here the Zambezian flora mixes with representatives of
the Karoo-Namib flora within the Namib Savanna Woodland ecoregion that extends
northwards along the coast towards Benguela. This arid coastal climate continues
under the influence of the Benguela Current as a mosaic of grasslands, savannas,
thickets and dry forests as the Coastal Arid Savanna ecoregion to beyond the Congo
River, and as a narrow coastal margin in Cabinda.

The arid savannas of Africa typically support high biomasses of herbivores, mostly
herding grazers and mixed feeders. In earlier times, large populations of many arid
savanna mammal species were recorded in the south and southwest of Angola, espe-
cially Common Wildebeest, Cape Buffalo, Common Eland, Greater Kudu, Plains



3.4 Arid Savanna Biome 61

Zebra, Black Rhino and Savanna Elephant. Bird species typical of the biome include
White-tailed Shrike, Monteiro’s Hornbill, Benguela Long-tailed Starling and Pririt
Batis.

Ecoregion 12. Angolan Mopane Woodlands (WWF 34, Barbosa 20, 21; Figs. 3.30
and 3.33). The leguminous tree Colophospermum mopane (mutiati) occupies much
of the lower Cunene valley forming woodlands, savannas and shrublands. Mostly
confined to the hot dry valleys of the main drainage basins of southern Africa (Cunene,
Zambezi, Luangwa, Limpopo) the species is typically found on heavy clay soils and
stony hills in arid savannas receiving less than 650 mm rainfall per annum. Although
often found as a single dominant species in woodlands, it also forms mixed commu-
nities with species of Acacia, Adansonia, Albizia, Boscia, Combretum, Commiphora,
Sclerocarya and Terminalia. Together with grasses of the genera Anthephora, Aris-
tida, Cenchrus, Eragrostis and Enneapogon, it provides rich herbage for mammal
browsers, grazers and mixed feeders (Figs. 3.31 and 3.32).

Ecoregion 13. Namib Savanna Woodlands (WWF 104; Barbosa 27; Figs. 3.31
and 3.34). This ecoregion occupies a narrow belt of coastal lowlands from the
Cunene River northwards to Sumbe, wedged between the Angolan Namib Desert
and Angolan Mopane Woodland ecoregions. The region has a mix of rolling stony
hills and sandy plains, between sea level and 500 m. Rainfall increases from south to
north, from 100 to 400 mm. Short trees and shrubs of the genera Acacia, Balanites,
Boscia, Catophractes, Combretum, Maerua, Rhigosum, Sterculia and Terminalia
form open savanna, with extensive grasslands of Aristida, Cenchrus, Enneapogon,
Schmidtia, Stipagrostis, Tricholaena and Urochloa species. Succulent herbs, shrubs
and trees are common.

Ecoregion 14. Coastal Arid Savannas (WWF 35; Barbosa 3, 7, 10, 11 and 23;
Figs. 3.32, 3.35 and 3.36). The arid coastal belt from Sumbe northwards to the

Fig. 3.30 Location of {_.-;C-“
Ecoregions: 12 Angolan 1
Mopane Woodlands ¢ If
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Fig. 3.31 Location of
Ecoregions: 13 Namib
Savanna Woodlands

Congo River comprises marine sediments of sands, marls and limestone, lying from
sea-level to 500 m. The influence of the Benguela Current accounts for the low rain-
fall, mainly below 500 mm per year, across the ecoregion, as explained in Chap. 5.
A limited group of tree species, including Acacia welwitschii, Adansonia digitata,
Euphorbia conspicua and Sterculia setigera, plus grasses of the genera Eragrostis,
Digitaria, Heteropogon, Schizachyrium and Setaria characterise the ecoregion’s
flora. The vegetation is nevertheless very diverse, including extensive monospecific
grasslands of Setaria welwitschii, open mixed clump savannas, dense low thickets,
mixed woodlands, dry forests and gallery forests. The dry deciduous forests of
ravines and narrow valleys that skirt the first step of the escarpment have a mix
of Zambezian and Guineo-Congolian tree species, forming a closed canopy with
little if any understorey strata.

3.5 Namib Desert Biome

A narrow tongue of hyper-arid desert stretches from the Cunene River to the Carun-
jamba River near Lucira, with a mix of Karoo-Namib and Zambezian floristic
elements. Vegetation-less dunes occur along the coast, with gravel plains occupied
by dwarf shrublands to the interior, succeeded by ephemeral grasslands on the sandy
plains of intermontane basins. The rocky hills to the east have mixed open woodlands
and a light cover of grasslands. This biome occupies ca. 0.4% of the country. Despite
the challenges of the desert environment, a diverse and specialised fauna (Chap. 11)
is to be found in Iona National Park, today under severe human-mediated threat.
Mammals found in the biome include Cape Fox, Meerkat, Aardwolf, Springbok,
Kirk’s Dik-dik, Gemsbok and Hartmann’s Mountain Zebra. Bird species typical of
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Fig. 3.32 Location of
Ecoregions: 14 Coastal Arid
Savannas

Fig. 3.33 Mopane
Colophospermum mopane
woodland in Mupa National
Park. Photo Francisco
Maiato Gongalves

Fig. 3.34 Mixed
commiphora and acacia
savanna at the interface
between the Namib Savanna
Woodlands and Angolan
Namib Desert ecoregions,
Tona National Park, Namibe.
Photo Ernst van Jaarsveld
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Fig. 3.35 Tall
mono-specific Setaria
welwitschii grasslands on the
deep vertic clays of Quicama
inland of Cabo de Sao Braz

Fig. 3.36 Clump savanna of
Adansonia digitata and
Euphorbia conspicua with
Schizachyrium sanguineum,
Heteropogon contortus and
Digitaria milanjiana
grassland, on the sand
plateau of Quicama

the desert include Ostrich, Ruppell’s Korhaan, Ludwig’s Korhaan and Burchell’s
Courser.

Ecoregion 15. Angolan Namib Desert ( WWF 98; Barbosa 28 and 29; Figs.3.37,3.38
and 3.39). The Angolan sector of the Namib Desert extends from the Cunene River
to the Carunjamba River, forming a narrow (20-80 km) wedge between the Atlantic
Ocean and the coastal plains which skirt the Angolan Escarpment. Characterised
as a hyper-arid desert, the ecoregion receives less than 150 mm rainfall per annum,
with much of the area receiving half of this figure. Mobile dunes and hard calcrete,
gypsum and gravel plains lie between the sea and intermittent sandy plains and
rocky hills of the interior. The dunes have little if any vegetation. Inland, succulent
shrubs, thorny bushes and low trees of Acacia, Commiphora, Euphorbia, Rhigozum,
Sesamothamnus and Sterculia are scattered across a matrix of sparse, short grasses of
Stipagrostis species. Over much of the desert, the iconic gymnosperm Welwitschia
mirabilis is common. Despite its aridity, the desert is home to a rich diversity of
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Fig. 3.37 Location of
Ecoregion 15. Angolan
Namib Desert

Fig. 3.38 Welwitschia
mirabilis on a gravel plain
with dead annual grasses and
herbs

vertebrate and invertebrate species, these demonstrating complex adaptations to life
in an almost waterless environment.

3.6 Mangrove Biome

The mangrove communities of Africa are given biome status by Burgess et al. (2004),
as part of the global network of tropical mangroves. The limited area occupied by
mangroves and the challenges of the environment account for the very low vertebrate
diversity found in the biome, which however includes three crocodile species in
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Fig. 3.39 FEuphorbia and
Commiphora at the base of a
gneiss outcrop, with sparse
arid grasslands during an
extended dry period. Iona
National Park

Cabinda—West African Slender-snouted Crocodile, African Dwarf Crocodile and
Nile Crocodile.

Ecoregion 16. Central African Mangroves (WWF 111; Barbosa 14A; Figs. 3.40,
3.41 and 3.42). At the mouths of the Congo, Cuanza, Longa and Cuvo rivers, small
communities of Central African Mangroves are found. The mangroves form tall (20 m
height) forests of Rhizophora species along the margins of the major river estuaries,
flanked by shorter mangrove communities on mudbanks that occur in embayments
and lagoons, where species of Avicennia form dense short woodlands. In terms of
their flowering plant diversity, mangroves are extremely species poor, with only
four mangrove tree species and two seagrass species recorded in the ecoregion. The
marine fauna of the ecoregion is rich, as is the avifauna that uses the sandbanks and
mudflats of the estuaries and embayments of the ecoregion.

Fig. 3.40 Location of _M(,_"?
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Fig. 3.41 Mangroves at the
mouth of the Congo River,
Zaire Province. Photo Kellie
Pendoley

Fig. 3.42 Mangroves at the
mouth of the Congo River,
Zaire Province. Photo Kellie
Pendoley

3.7 Angolan Escarpment Zone

Inland of the coastal plain and following the Angolan Escarpment between northern
Cabinda and the Cunene River is a complex mix of biome elements, vegetation
structure and floristic affinities (Zambezian, Guineo-Congolian and Afromontane).
The Angolan Escarpment Zone (AEZ) constitutes a physiographic Zone rather than
a biogeographic unit. It comprises a mosaic of grasslands, savannas, woodlands,
thickets and forests. The Zone includes many endemic plant and animal species
that have evolved along the steep gradients of its landscapes. On the Maiombe and
Northern Escarpments, Guineo-Congolian Rain Forests (Ecoregion 1) and tallgrass
savannas of the Western Congolian Forest/Savanna Mosaic (Ecoregion 2) domi-
nate, while the Angolan Escarpment Savannas (Ecoregion 6, below) occur along
the Central Escarpment, comprising mixed grasslands and woodlands of Mesic
Savanna elements. The biogeographical and ecological importance of the Angolan
Escarpment is discussed in detail in Chap. 18.
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Part I1
Determinants of Pattern: Conditions,
Resources and Disturbance

Africa, with its highly diverse landscape and intermingled floras, offers an excellent
opportunity to disentangle the effects of environmental variables such as topograph-
ical complexity, climatic stability, and climatic extremes, from biotic variables such
as fire frequency and herbivory.

Linder (2014)

Context: The Driving Forces of Landscape and Ecosystem Patterns

Angola lies between the Equator and the Tropic of Capricorn. It has 1650 km of
Atlantic Ocean coastline and extends 1230 km into the interior of central Africa.
Within its 1.246 million km? territory, it possesses an extraordinary diversity of
landscapes, climates and biota. The country’s biological richness results from the
wide mix of conditions, resources and disturbance regimes that interact at the level
of individual organisms, where selection and survival factors operate. Individuals of a
particular species mostly occur within breeding communities, with distinct intraspe-
cific or interspecific relationships and interdependencies with other organisms and
with their physical environment. Organisms, species, communities and the physical
environment together form ecosystems, which are the basic units of ecoregions and
biomes.

Change at diverse temporal and spatial scales is a fundamental feature of Africa’s
ecosystems where habitat patterns might be seemingly monotonous, as in the miombo
of the planalto, or ever-changing, as in the fine-scale pattern of vegetation types along
the Escarpment. The heterogeneity of Angola’s landscapes is reflected in its biodi-
versity. The interactions between species and environment, in a cycle of constant
flux, are the basis for ecosystem resilience. Droughts, floods, fires and herbivory
are natural disturbance factors that play essential roles in the regenerative processes
within ecosystems, determining the life forms of species and the physiognomy of
habitats. As background to describing Angola’s floral, vegetation and faunal struc-
ture and interactions, one must first examine the key drivers of biotic functions
and patterns and define key concepts relating to landscapes, climate, soils, fire and
herbivory.
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Three components of the environment need to be kept in mind as the drivers
of form and function are discussed. The terminology used to describe features of
ecosystem dynamics needs definition, and here Frost et al. (1986) are followed.

* Conditions: The physico-chemical characteristics of the environment such as
temperature and humidity influence the life of organisms, but which cannot be
consumed.

* Resources: The energy and materials are consumed by organisms and for which they
compete with other organisms. Plants, for example, use solar energy, light, carbon
dioxide, water and mineral nutrients in the process of photosynthesis, which creates
the carbohydrates consumed by herbivores. Herbivores provide food for carnivores,
which in turn provide food for decomposer organisms which mineralise organic
material, releasing nutrients for uptake by plants and thus continuing the life cycle
of ecosystems.

* Disturbance: Operating at the ecosystem level, disturbances are often caused by
episodic events, such as floods, severe storms, prolonged droughts, severe frosts,
excessive herbivory, intense fires or human activities such as deforestation or culti-
vation. At finer scales, disturbances might operate via ants eating or dispersing
seeds, termites building nutrient hotspots, moles burrowing though the soil or
elephants breaking down trees. Disturbance might result from one, but more often
from a combination or sequence, of several events. In some cases, the events might
be of an extreme nature, such as cyclones, floods or fires. In many cases, however,
it is the combination (contingency) of relatively small events that are respon-
sible for triggering significant ecosystem processes. Disturbances create oppor-
tunities for new individuals of the same or different species to become established
within a community. A distinction is made between natural disturbance factors and
those caused by human (anthropogenic) interventions such as agriculture, land
use change, urbanisation and domestic livestock. Unless specifically stated, in this
book the term is used for natural disturbances. It is recognised that increasingly,
disturbances are the result of human activities. Examples of human—environmental
interactions (often with negative outcomes) are provided in boxes.

In addition to the concepts of conditions, resources and disturbance, four further
terms relating to ecosystem dynamics must be highlighted.

* Stress is used in a physiological sense to describe a constraining environmental
influence that restricts the productivity and efficiency of an individual and, by
extension, an ecosystem. Such stresses usually operate when an environmental
variable, such as temperature, light, water, nutrients or defoliation, deviates from
its normal range of values in the system. Stress is seldom accompanied by mortality.

* Stability refers to change, of the lack of change, in the variables that define the state
of the system. The state of the system is described by properties termed its state
variables, which include species composition, relative abundances, biomass and
productivity. State variables change little in response to outside pressures (stress or
disturbance) such as drought, fire and herbivory. If disturbed, state variables return
rapidly to their original values. A stable system therefore shows little variability
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through time in its state variables. Compositional stability (species composition and
abundance) and functional stability (constancy of primary production and primary
consumption) can vary independently as stress and disturbance factors fluctuate.

* A perturbation is a disturbance that can cause the destabilisation of a system and
a change in the state variables.

* Resilience is the ability of a system to absorb disturbance and return to its original
state following a perturbation, while maintaining its self-organised structure, func-
tion and feedback processes (its alternative stable state). Elasticity is the speed of
the return to the original state.

It must be emphasised that the biomes, ecosystems and constituent biota of Angola
are the products of tens of millions of years of evolutionary change. Change is a
continual process, happening at widely differing spatial and temporal scales. Ecolog-
ical studies keep issues of scale in constant focus, looking both at the deep history
of evolutionary processes and also at the daily rhythms and interactions of species
with their environment and as individuals with one another. Ecologists survey the
details of the structure and dynamics of local ecosystems as well as the long history
of global patterns of geology, climate and biogeography. Ecology is an integrative
science.

Part 11 examines the key drivers of the patterns of plant and animal distribution
and abundance in Angola, providing answers to such questions as:

* How do topography, climate and soils interact in determining the patterns of
Angola’s vegetation?

* Why has Angola both rain forest and desert ecosystems?

* What accounts for the presence of both forest and savanna under similar rainfall
regimes?

* How can fire be both a destructive force and at the same time be a primary factor
in the maintenance of savanna structure and function?

* What roles do herbivores play in shaping the structure of ecosystems?
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Chapter 4 ®
Landscapes: Geology, Geomorphology e
and Hydrology

Key Concepts and Questions: This Chapter Explains

e What accounts for the great diversity in age, structure and properties of the rocks
on which the country is built.

e What the main geological and rock groups are, and how they are distributed across
Angola.

e What the country’s main landscapes are and where they can be found.

e How the landscapes of Angola have been shaped by geological events, erosion by
rivers, and the redistribution of loose sediments by wind.

Context: Angola’s Ancient Gondwana Origins

You have to understand the past to understand the present. (Carl Sagan, 1980)

The biodiversity of Angola and the ecological processes that determine the
patterns of distribution and the abundance of its biota have evolved over many
hundreds of millions of years, most especially since the formation of the superconti-
nent Gondwana. Familiarity with the deep history of Africa’s geological evolution,
even at a general level, helps in the understanding of current features and phenomena.
The following outline focuses on some key events of the past 550 million years,
and defines relevant geological and geomorphological terminology. A summary of
geological history and major timelines (Eons, Eras, Periods and Epochs, and the first
appearance of major biological groups) is presented in Fig. 4.1. The most ancient
rocks in Angola belong to the Precambrian Eon, predating the Phanerozoic.

Angola’s landscapes are underpinned by dynamic geological processes which
originate within the Earth’s lithosphere—the topmost layers of the Earth—the crust
and the uppermost mantle. The lithosphere is made up of igneous, sedimentary and
metamorphic rocks.

e Igneous rocks, formed deep within the crust, include granites and gabbros, which
today can be found in many parts of Angola where they have been exposed by
erosion. In Angola, they date from 2700 Ma (Ma = million years ago).
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Era Period Epoch Bcg,i;:ing Biological froms
‘g CHtemary Holocene 031 -
-] Pleistacene 26 Earliest humans
£ Pliocene 53 ~
4 Cenozoic seae Miccene 23 Earliest hominids
Qligocene 34 -
Paleogene Eacene 55 Earliest grasses
Paleocena 66 Earliest large mammals
. Crataceous ~ 144 Earliest flowering plants
PORMIS( A Mesozoic Jurassic ~ 208 Earliest birds
Triassic ~ 252 Earliest dinosaurs & mammals
_Permian = 286 =
Carboniferous - 360 Earliest reptiles
Devenian ~ 410 Earliest amphibians & bony fish
Silurian - 438 Earliest land plants & insects
Ordovician s 505 Earliest corals
\J ‘Cambrian ~ 541 Earliest fish
'g: Precambrian ~ ~ = 2500 Earliest colonial algae
o Archean ~ - ~ 3800 Earliest microfossils
Hadean ~ ~ ~ 4600 No known fossils

Fig. 4.1 The geological timescale, referencing the first appearance of major biological groups. Ma
(million years ago) indicates the age of first appearance of major plant and animal groups

e Sedimentary rocks are formed where eroded materials—gravel, sand and mud—
accumulate on the floor of basins (depressions, lakes, oceans) and become
cemented over time into conglomerates, sandstones and shales.

o Metamorphic rocks are the product of the transformation by heat and pressure
of igneous or sedimentary rocks. For example, under such conditions, limestone
transforms into marble, shale into schist, granite into gneiss and sandstone into
quartzite.

The global lithosphere is divided into seven major tectonic plates—vast slabs of
solid rock, made up of cratons, mobile belts and basins. Globally, the plates have
been displaced from their original positions over periods of hundreds of millions
of years by the process of plate tectonics. The plates typically conform to each
major continent and surrounding oceans. Within the African Plate, extensive and
stable foundations of the continental lithosphere are known as cratons—such as
the Congo Craton which underpins most of Angola, also known as the Angolan
Shield. Precambrian Basement Complex rock exposures—such as the granites that
are visible over much of Angola—are common and prominent (Fig. 4.2).

Some 550 million years ago, the supercontinent Gondwana was formed through
the accretion (joining together) of several ancient plates and cratons. Between 180
and 140 Ma Gondwana started to break up.

e First, around 180 Ma, East Gondwana (Antarctica, India, Australia, Madagascar)
split from West Gondwana (Africa and South America).

e By 130 Ma Africa started to break from South America with the formation of the
Atlantic Ocean, which was fully established by the late Cretaceous (80 Ma).
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Fig. 4.2 Large granite
outcrops are a prominent
feature of western Angola’s
landscapes, such as these
bornhardt domes in
Cuanza-Sul. Photo John
Mendelsohn

e Much later, by 34 Ma, the separation of Australia from Antarctica and the forma-
tion of the Drake passage was completed, events of great significance for Angola,
as they resulted in the start of the circumpolar oceanic circulation. During this
period, the icing of Antarctica and the aridification of southern Africa was firmly
established.

e Around 14 Ma, the Panama Isthmus formed, joining North and South America,
and blocking the oceanic circulation from the central Pacific into the Atlantic.

e Between 10 and 7 Ma, the Benguela Current developed along the southwest
African coast, bringing cold water northwards and triggering the production of
fog along the Namib margin. The patterns of oceans and continents as we know
them today had been established.

The tectonic plates are still in motion, moving Africa into Eurasia, and India into
Asia, with frequent earthquakes signaling the process.

The Cenozoic Era (66 Ma to present) saw the land surfaces of Africa established,
the results of which help in understanding the evolution of Angola’s terrestrial ecosys-
tems. Since the start of the breakup of Gondwana the surfaces of the African continent
were intermittently uplifted and subsequently eroded downwards to form a mosaic
of extensive denudation plains, known as planation surfaces and called peneplains
or pediplains. (These generic terms are used interchangeably by geomorphologists.
Here preference is given to the Angolan custom of using peneplain). The oldest
and most extensive of these are known as the African and Post-African surfaces.
The products of many millions of years of downward (peneplanation) or backward
(pediplanation) erosion, these surfaces formed between 85 and 42 Ma (African),
19-15 Ma (Post-African I) and 3—1 Ma (Post-African II), according to the studies
of geomorphologists (Knight & Grab, 2018; Partridge & Maud, 1987). Remnants of
these surfaces are visible today, most prominently as the Central African Plateau
which dominates the Angolan planalto and the extensive peneplains of the subconti-
nent. Many of these surfaces carry sedimentary layers such as in the Kalahari Basin,
which contains thick layers of windblown and waterborne sediments, and in which
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Fig. 4.3 The Angolan
Escarpment reaches its most
dramatic expression at the
Serra da Chela. At 2300 m
above sea level, the plateau
above the quartzitic scarp
face is a remnant of the
African Planation Surface

laterite, silcrete and calcrete have formed during long periods of relative tectonic
stability and gradually changing climates.

With the splitting of Africa from the other continents, escarpments were formed
along the coastlines of southern Africa by a process of shoulder uplift along the
rifted continental margin and regional elevation of the subcontinent. The face of the
Great Escarpment of Southern Africa gradually retreated in parallel with the coast.
The pace and distance of retreat has varied from place to place, influenced by the
prevailing rainfall climate. The escarpments of southern Africa are most prominent
in Angola, and along the east coast of South Africa (Fig. 4.3).

Southern Africa experienced a geomorphologically stable period during most of
the Cenozoic (from 66 Ma to the present) with only minor and locally enhanced levels
of uplift, subsidence and erosion (Fig. 4.4). These erosional periods are believed to
be related to uplift of the subcontinent. The driving tectonic forces of uplift are
known as mantle swells. Two of these—the Mayombe and Bié swells—uplifted
the existing Angolan landscape by about 500 m. The Bié swell accounts for the
highlands of Angola, which today serve as the ‘water towers’ of southern Africa
(Sect. 4.3). Two subsiding internal draining (endorheic) basins—the older Congo
Basin and the more recent Kalahari Basin—developed and were filled by sediments
throughout the Cenozoic. The uppermost and most recently deposited sediments are
the Kalahari sands. The Kalahari sands, mostly less than 100 m deep but up to
500 m deep, were formed during the past 5 Ma through the deposition of sediments
from the water and wind erosion of the Post-African Surface. They cover over 2.5
million km?>—the largest continuous body of sand on Earth (Fig. 4.5).

River incision was accelerated from 34 Ma by a drop in global sea-level of 70 m
consequent to the formation of the Antarctic ice sheet, the circum-polar circulation,
and the regional increase in elevation of southern Africa on newly forming swells.
More recently, erosion cycles of landscapes, following uplift in the Pliocene (5.3—
2.6 Ma) of from 100 m in the west to 900 m in the east of southern Africa triggered
the rejuvenation of river systems. The planation surfaces of this period have been
called ‘Post-African’ (i.e. formed after the ‘African’ surfaces) by many researchers
following the terminology of King (1962). Erosion stripped away much of the African
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Fig. 4.4 Map of the Africa’s
major mantle swells, rifts,
escarpments and
sedimentary basins. Note the
Congo and Kalahari basins
and the Mayombe, Bié and
Namibian swells. Redrawn
and simplified from Knight
and Grab (2016) Quaternary
environmental change in
southern Africa: physical
and human dimensions.
Cambridge University Press,
Cambridge
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Fig. 4.5 The sluggish Cuchi
River feeds the Cubango
drainage of the gently
undulating landscape (at
1200-1300 m above sea
level) of the Post-African
Planation Surface, Cuando
Cubango. Photo Antonio
Martins

Surface, but many remnants are preserved to this day where they are capped by
resistant duricrusts—Ilaterites, silcretes and calcretes (Knight & Grab, 2016).

The mosaic of African and Post-African planation surfaces, with both ancient and
more recent tectonic, erosional and depositional sequences, climatic interactions and
feedbacks, have created a confusing imprint that only the trained geomorphologist
can readily interpret. But these processes provide explanations for many questions
of biogeographic and ecological importance, such as river capture, the creation of
the Angolan Escarpment, the Kalahari Basin, the deep gorges of the Cunene River
and the extensive floodplains of the Zambezi catchment.
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Against this brief overview of Africa’s landscape evolution, the geology, geomor-
phology and hydrology of Angola will be described before examining more detailed
facets of the soil substrate on which plants grow and animals live.

4.1 Geology: A Brief History of the Earth and of Angola

A necessary first step in learning about the geology of a country such as Angola,
and of the planet’s evolutionary history, is to become familiar with certain timelines
and associated geological layers—the succession of rock formations known as its
stratigraphy. This is best understood through reference to a geological map of
Angola, and the sequence of geological layers laid down during the long history of
the Earth (Fig. 4.1). The geological map of Angola (Fig. 4.6) emphasises the four
main geological Eras of planet Earth—Precambrian (541 Ma and older)—where
Ma = million years ago, Paleozoic (541-252 Ma), Mesozoic (252-66 Ma) and
Cenozoic (66 Ma and younger). A brief synopsis of these Eras, and the geological
Periods and Epochs within them, will provide orientation for the many references
to geological terms that appear in this volume.

Precambrian Era

e The Precambrian Era is the earliest geological era, dating from the birth of
the planet approximately 4600 million years ago to 541 Ma. Very few fossils
are known from the Precambrian, of which the first recognizable forms of life—
stromatolites—date from 3500 Ma. Later examples (1250 Ma) of these fossilised
layers of cyanobacteria can be seen at Humpata in Huila.

e The extended spine of Angola’s western escarpment, highlands and plateaus is
formed by Precambrian crystalline rocks of the Basement Complex and the West
Congo System, in addition to scattered outcrops of igneous rocks such as granites,
and volcanic rocks such as dolerites. The Basement Complex comprises a lower
series of granites, gneisses, and migmatites and an upper series of metamorphosed
sediments including schists and quartzites. The terms ‘lower’ and ‘upper’ refer
to older and younger geological strata respectively. Lying above the Basement
Complex is the West Congo System, a mobile belt composed of metamorphosed
sedimentary rocks of the upper Precambrian. These include limestones, schists,
slates and quartzites.

Paleozoic Era

e The Precambrian Era was followed by the Paleozoic Era (541-252 Ma). There are
few examples in Angola for most of the Paleozoic Era. However, the Carbonif-
erous Period (‘Age of Amphibians’) left its footprint in the glacial valleys and
tillites in southwest Angola (Figs. 4.7 and 4.8) and in the Baixa de Cassange.
Where they exist in Angola, most of the Paleozoic formations are overlain by
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Fig. 4.6 The major geological formations of Angola, with a stratigraphic log indicating the geolog-
ical periods in which they were formed. Note the importance of the Precambian crystalline rocks
of the western spine of Angola, and the extensive cover of Cenozoic Kalahari sands on the eastern
half of the country. From Mateus et al. (2019) Biodiversity of Angola. Science & Conservation: a
Modern Synthesis. Springer Nature, pp 53-78

Kalahari sands. The Paleozoic Era ended with the Permian Period, at the conclu-
sion of which there was a mass extinction of 95% of Earth’s animal and plant
species.

Mesozoic Era

The Mesozoic Era (the ‘Age of Reptiles’, between 251 and 66 Ma), was intro-
duced by the Triassic Period. Dinosaurs were dominant throughout the Meso-
zoic, and the first birds appeared during the Triassic. Evidence of the Triassic is
provided by the continental deposits of sandstones, limestones and shales of the
Karoo Supergroup that cover the depression of the Baixa de Cassange, together
with Cretaceous marls, conglomerates and shales.

Following the Triassic was the Jurassic Period—so far not known in Angola—
which was in turn followed by the Cretaceous Period (144—-66 Ma). The Creta-
ceous not only saw the appearance of the first flowering plants, but also the end of
the dinosaurs at its conclusion, which was marked by mass extinctions at 66 Ma.
Cretaceous formations in Angola are found as continental fluvial sediments in
the interior and marine sediments along its coastal margin, and as crater-fills in
extinct Cretaceous volcanoes.
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Fig. 4.7 Glacial striations
(scratches) on the bed of the
lower Cunene at
Otjiborombonga. The
scratches are cut into
bedrock by the abrasion of
hard rocks held in the base
and margins of glaciers
during the Carboniferous
(300 Ma) as they cut a deep
valley into what is now the
Cunene Gorge

Fig. 4.8 Wall cut by glaciers
on conglomerates of the
Cunene valley. Photos
Eckhart Freyer
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Cenozoic Era

e The last, (and present) Era is the Cenozoic—the ‘Age of Mammals’. Geologists
recognise three Periods and seven epochs within the Cenozoic. The terms Pale-
ogene and Neogene Periods include the five epochs from 66 to 2.6 Ma. The
Miocene Epoch (from 23-5.3 Ma) witnessed many major climatic, ecological
and evolutionary events of great significance to Africa, as outlined in Box 4.1.
The last two epochs (Pleistocene and Holocene 2.6 Ma to present) are referred
to as the Quaternary Period.

e Five marine sedimentary basins—(Cabinda, Zaire, Cuanza, Benguela and
Namibe-the Orla Sedimentar)—are found along the Angolan coast. The northern
basins comprise flat plateaus of red, yellow and grey Pleistocene sands (musse-
ques) which cover earlier Lower Cretaceous to Miocene sediments of clays,
limestones, marls, sandstones and conglomerates while older beds dominate the
southern (Benguela and Namibe) basins. These latter sediments include many
marine fossils.

e The eastern half of Angola is covered by continental deposits of Cenozoic Kala-
hari sands. Much smaller deposits of Quaternary sand are found in the extreme
southwest, forming the mobile dunes of the Namib Desert. On the western high
plateau, Quaternary soils have developed through weathering of the Precam-
brian substrate. The products of erosion are found as alluvial deposits in the
Cuvelai Basin, and in the Zambezi headwaters across the vast Bulozi floodplains
of Moxico.

Box 4.1: The Miocene: The Springboard of Africa’s Modern Ecosystems

The Miocene (ca. 23-5.3 Ma) is considered one of the most pivotal periods for tropical
Africa, with several climatic, geological and physiographic changes hypothesised to
have led to a complex evolution of African biodiversity. Couvreur et al. (2020)

Geological, climatic and evolutionary events during the Miocene Epoch
shaped many of the biodiversity patterns and ecological processes that will
be discussed in this volume. The Miocene will be referred to frequently in
chapters that follow, and it is thus helpful to understand its characteristics and
importance.

The Miocene occurred between 23 and 5.3 Ma (Million Years Ago). It was
preceded by the Oligocene and followed by the Pliocene, during a period in
which the planet was initially warming but thereafter cooling and drying, due
to the reduced ability of the cold atmosphere to absorb moisture and form
rain. The continents, following the breakup of Gondwana, had drifted close
to their current positions. Africa moved up against Arabia for a brief period,
allowing Eurasian biota to migrate onto the continent, before separating once
again. Geologists and palaeontologists refer to three stratigraphic sub-epochs:



82

4 Landscapes: Geology, Geomorphology and Hydrology

Early Miocene (23-20 Ma), Middle Miocene (20-11 Ma) and Late Miocene
(11-5 Ma).
Through the Miocene, important changes in climates occurred.

e During the Middle Miocene, the climate cooled sharply after 14 Ma. The
Central African Atlantic Swell uplifted the Mayombe massif and the East
African plateau by 1200 m, the latter creating a barrier to the moisture-
bearing southeast trade winds, blowing across Africa from the Indian Ocean,
and causing the aridification of the Congo Basin and the fragmentation of
the rain forest.

e The Antarctic ice sheet, developing since 34 Ma, reached its current extent
by 8 Ma in the Late Miocene. The Antarctic Circumpolar Current had
already cooled the planet and increased seasonality and aridity. By this time
the Namib Desert and the extensive savannas of Africa were well developed.

e The rain forests expanded and the savannas contracted at the end of the
Miocene, during a warmer, wetter period in the Early Pliocene (5.3—3.6 Ma)
which was soon followed by a cooler, drier period.

® During the Late Pliocene (3.6-2.6 Ma) a further uplift, by 900 m, reju-
venated the Great Escarpment that characterises the geomorphology of
western Angola. This had profound influence on the region’s biodiversity
dynamics during the Pleistocene.

e Hereafter, oscillations of cool dry (glacial) and warmer, wetter periods
(interglacials) occurred through the Pleistocene Ice Ages (2.6-0.1 Ma). The
impact of these climate changes on the tropical rain forests of Angola will
be discussed in Chap. 12.

Of considerable importance to the ecology of Africa was the formation
of grasslands during the Miocene. The evolution of silica-rich, fibrous, fire-
tolerant grasses, and long-legged herding ungulates (hooved mammals) with
high-crowned teeth, was perhaps the key evolutionary/ecological process that
shaped modern African ecosystems. Savannas, dominated by water-efficient C4
grasses (Sect. 10.2), provided the open habitats in which perissodactyls (zebras,
rhinos) and artiodactyls (antelope, giraffe) proliferated. Ninety-five percent of
modern plants and all modern bird families existed by the end of the Miocene.
Apes speciated, and the first bipedal hominins (our ancient ancestors) appeared
in Africa at the end of the Epoch. Two key features of Angolan savannas (spiny
and thorny trees and shrubs of the arid savannas and the ‘underground forests’
of the mesic savannas (Chap. 14, Box 14.3), evolved through interactions and
coevolutionary processes with the herbivore fauna and fire regimes during the
Miocene.

In summary, during the Miocene multiple key events occurred:

e The intensification of the Antarctic ice sheet,
® The reinforcement of the Circumpolar Current,
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The establishment of the Benguela Current,

The cooling and drying of the planet,

The creation of the Namib desert,

The expansion of grasslands and savannas and the contraction of forests,
The evolution of C4 grasses and the increasing frequency and intensity of
fires, and

e The speciation of herding antelope and of spinescent woody plants, reaching
their current importance in ecosystem structure and function.

By the end of the Miocene, savanna landscapes and 95% of modern plant,
mammal and bird families had appeared. Africa as we know it had been formed.

4.2 Landscapes, Landscape Ecology and Geomorphology

The general topography of Angola is illustrated in Fig. 4.9. In summary, coastal
lowlands lying below 200 m altitude and of 10-150 km breadth occupy 5% of the
country’s land surface, leading to a stepped and mountainous escarpment rising to
1000 m (23%), and an extensive interior plateau of 1000-1500 m (65%). Seven
percent of the country lies above 1500 m, reaching its highest point at 2620 m above
sea level on Mount Moco.

The major landscapes of Angola have been categorised and mapped—based on
key features of their topography, geomorphology, geology, climate, soils, phyto-
geography and agro-ecological potential—into 11 ‘mesological’ or landscape units
by agronomist Castanheira Diniz (1973, 1991, 2006). Diniz’s concept of agro-
ecological/mesological units closely corresponds with current perceptions of ecore-
gions. His thinking reflects what is today called landscape ecology, the study of the
composition, structure and function of landscapes. Diniz used an interdisciplinary
approach, where scales of ecological patterns and processes are integrated with
functional utility for human societies and their impacts on the landscape. Impor-
tant aspects of these 11 broad units (Fig. 4.10) are summarised here, listing the
dominant ecoregions found in each landscape type. The economic values of each
landscape are illustrated by the agricultural crops that Diniz (1973, 2006) identified
as having highest existing or potential productivity within the unit.

1. Coastal Zone (Faixa litoranea): Angolan Ecoregions 12-14 & 16. This is
a mostly continuous coastal peneplain at 10-200 m, broken occasionally by
broad river valleys. In places as narrow as 10 km, the coastal belt is mostly
of about 40 km width, broadening to 150 km northwards of Sumbe and up
the lower Cuanza River. In contrast to the situation on the east coast of Africa
at similar latitudes, the Angolan coastline is notable for the absence of coral
reefs and coastal dune forests. Long sandbars stretch northwards from rivers
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Fig. 4.9 General topography of Angola. From Huntley (2019) Biodiversity of Angola. Science &
Conservation: a Modern Synthesis. Springer Nature

such as the Cunene and Cuanza. Mudflats and mangroves occur at most river
mouths from Lobito northwards, increasing in dimension and diversity towards
the Congo. Much of the coast is uplifted, resulting in sharp sea-cliffs of 10—
100 m height. Several inselbergs (isolated mountains) rise above the coastal
peneplain, the most important being Serra da Neve, which rises to 2489 m.
The coastal plains are composed mostly of fossiliferous marine sediments of
the Cabinda, Zaire, Cuanza, Benguela and Namibe sedimentary basins. The
northern coastal platforms are covered by deep red Pleistocene sands of former
beaches (terras de musseque). Lying below the sands, and exposed over large
areas, are Cretaceous to Miocene clays, gypsipherous marls, dolomitic lime-
stones and sandstones. Important beds of Cretaceous fossils occur at Bentiaba
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Fig. 4.10 The main landscape systems of Angola From Huntley (2019) Biodiversity of Angola.
Science & Conservation: a Modern Synthesis. Springer Nature

and Iembe, the latter including the sauropod dinosaur Angolatitan adamastor.
The southernmost segment of the Coastal Belt includes the mobile and mostly
vegetationless dunes of the contemporary Namib Desert. The floodplains of
coastal rivers provide rich alluvial soils, supporting intensive agriculture. Crops
include cotton, bananas, cashew, sugar, manioc, mango and palm oil.

2. Escarpment Zone (Faixa subplanaltica): Angolan Ecoregion 6. A broad tran-
sition belt lies between the coastal plains and the Marginal Mountain Chain
and interior plateaus, and is variable in breadth and gradient. Over much of
the escarpment, the transition advances up a complex series of steep steps of
between 100 and 600 m height. In the south, between Mogamedes and Lubango,
the escarpment of the Serra da Chela is very sharp, rising 1000 m in relief
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at Tundavala and Bimbe. The geology of the Escarpment Zone is complex,
comprising crystalline rocks of the Precambrian: granites, gneisses, schists,
quartzites and amphibolites. The Escarpment Zone (sometimes referred to as
the Western Angolan Scarp) includes very hilly country, with mountainous belts
in the north, and many inselbergs. The Angolan Escarpment has long been recog-
nised for its biogeographic importance (Chap. 18). Agricultural crops include
cotton, pineapples, bananas, robusta coffee, sugar, citrus, beans, sunflower,
manioc, mango, millet, palm oil, vegetables, sisal and tobacco.

Marginal Mountain Chain (Cadeia Marginal de Montanhas): Angolan Ecore-
gions 4 & 5. These mountain lands, at 1800-2620 m, and underlain mostly
by Precambrian rocks such as gneiss, granites and migmatites, lie above the
Escarpment along the western margin of the extensive interior plateau, and are
known as the Benguela, Huambo and Huila Highlands. The highest peaks rise
to 2620 m above sea level at Mount Moco, 2582 m at Serra Mepo and 2420 m
at Mount Namba. The mountains are of biogeographic importance for their
montane grasslands, with some elements of the Cape flora, and relict patches of
Afromontane forests and endemic bird assemblages. Agricultural crops include
potato, vegetables and wheat.

Ancient Plateau (Planalto Antigo): Angolan Ecoregions 4—7. This extensive
plateau (the planalto) drops eastwards from below the Marginal Mountain Chain
and encompasses the headwaters of the Cunene, Cubango, Queve and Cutato
rivers, comprising rolling landscapes with wetlands and low ridges with scat-
tered granitic inselbergs. Together with the Marginal Mountains Chain, the
planalto represents the highlands of Angola, including large areas of Benguela,
Huambo, Huila and Bié provinces. It drops from 1800 m in the west to 1400 m
in central Angola. These flat to gently undulating landscapes, together with the
Congo and Zambezian peneplains, are known as the African and Post-African
planation surfaces (Feio, 1964; Jessen, 1936; King, 1962), and were thought to
have been formed during two periods of continental erosion, between 100 and
45 million years ago (late-Cretaceous to mid-Cenozoic) and 23—7 million years
ago (Miocene). Agricultural crops include ground nuts, potato, arabica coffee,
citrus, beans, maize and wheat.

Lower Cunene (Baixo Cunene): Angolan Ecoregions 12 & 13. This landscape
unit leads imperceptibly down from 1400 m on the ‘Ancient Plateau’ to the
frontier with Namibia at 1000 m. The gentle gradient of the eastern half forms
the very clearly defined Cuvelai Basin, which drains as an ephemeral catchment
into the Etosha Pan. West of the Cunene the landscape is more broken, with
pockets of Kalahari sands between low rocky hills. Agricultural crops include
cotton, sorghum, millet, maize and manioc.

Upper Cuanza (Alto Cuanza): Angolan Ecoregion 7. The upper catchments of
the Cuanza and its tributary the Luando, at altitudes between 1200 and 1500 m,
form a distinct basin of slow drainage feeding extensive wetlands during the
summer rains. Agricultural crops include maize, manioc and sugar.

Malange Plateau (Planalto de Malange): Angolan Ecoregion 7. A gently undu-
lating plateau at 1000—1250 m which drops abruptly on its northeastern margin
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10.

11.

by some several hundred metres to the Baixa de Cassange and the Cuango
drainage. The escarpment ravines hold important moist forest outliers (such as
at Tala Mungongo and Quela). To the west, the plateau is drained by rivers
flowing to the Atlantic, most spectacularly by a tributary of the Cuanza (the
Lucala) that drops over 100 m at the famous Calandula Falls. Agricultural
crops include sugar, sunflower, manioc and maize.

Congo Peneplain (Peneplanicie do Zaire) Angolan Ecoregions 2 & 3. This
is a vast sandy peneplain, drained by the northward flowing tributaries of the
Cassai/Congo Basin. The penelain stretches eastwards from the margins of
the mountainous northern end of the Escarpment Zone in Uige, to the extensive
Chanas da Borracha of the Lundas. These gently dipping plains, mostly at 800—
1100 m, are being dissected by the many northward flowing, parallel tributaries
of the Congo Basin. The Cuango River, draining the Baixa de Cassange, drops
to 500 m at the frontier with the Democratic Republic of Congo. The southern
boundary of the Congo peneplain is defined imperceptibly by the watershed
between the Zambezi and Congo basins, lying at ca. 1200 m. Agricultural crops
include ground nuts, sunflower and manioc. The Cretaceous sediments of many
rivers of the Lundas are the source of Angola’s rich diamond industry.
Cassange Basin (Baixa de Cassange): Angolan Ecoregion 2. A wide depres-
sion, several hundred metres below the surrounding plateaus, is demarcated
by abrupt escarpments to the west and the densely dendritic catchment of the
Cuango to the northeast. The underlying geology comprises Triassic Karoo
Supergroup sediments of limestone, sandstone and conglomerates. Within the
Basin, several large tablelands (mesas)—remnants of the old erosional (plana-
tion) surface—rise above the depression as extensive plateaus. These are flanked
by sheer 300 m high escarpments, exemplified by Serra Mbango, which awaits
biological survey. Agricultural crops include cotton and manioc.
Zambezi-Cubango Peneplain (Peneplanicie do Zambeze-Cubango): Angolan
Ecoregions 7-11. This is the vast peneplain draining deep Kalahari sands, with
slow-flowing rivers that meander across the gently dipping plateau from 1200 m
at the watershed with the Congo Basin, to 1000 m at the frontier with Namibia.
The climatic gradient (moist high ground in the north, drier in the south) across
the Kalahari sands is reflected in several ecoregions in this geomorphological
unit. Within this extensive peneplain, the Bulozi Floodplain occupies an area
in excess of 150,000 km? in Angola and Zambia. Agricultural crops include
manioc, maize and sorghum.

Upper Zambezi Massif (Macico do Alto Zambeze): Angolan Ecoregion 10.
The Calunda Mountains of eastern Moxico, composed of Precambrian schists
and norites, dolorites, sandstones and limestones, rise to 1628 m above the
Zambezi peneplain which lies at 1150 m. The mountains form a striking contrast
to the almost featureless landscape that stretches some 800 km eastwards from
Huambo to Calunda. Agricultural crops include maize.
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4.3 Hydrology: Wetlands, Water Towers, Rivers,
Floodplains and Estuaries

The scientific study of the movement, distribution and management of water is called
hydrology. Understanding the role of water in ecosystems is paramount, and here
one needs to commence at the moment water enters the terrestrial ecosystem from the
atmosphere as various forms of precipitation, most commonly as rainfall. Consider
the life of a single drop of rain falling onto the high peaks of the Marginal Moun-
tain Chain. The raindrop might simply evaporate off plant and soil surfaces, or join
many other drops entering the soil vertically by percolating down to the water table,
and seeping laterally into a wetland on the mountain slopes and adjoining plains.
A wetland is a seasonally or permanently waterlogged area, usually dominated by
grasses, and often forming a deep organic layer (peat), which acts as a sponge,
gradually releasing water into streams that become rivers as they descend from the
highlands. Much of the Angolan planalto is a great water sponge, providing ecolog-
ical services (water storage, filtering and regulating, plus supporting great biological
diversity). These planalto sponges are found in the ecoregions described by Diniz
(1991), Fig. 4.10—the Ancient Plateau, Malanga Plateau, Upper Cuanza, and the
upper reaches of the Congo and Zambezi Peneplains. Here we will first focus on
the rivers and their catchment dynamics. Box 4.1 discusses the ecological services
provided by the water towers of Angola, and the human—environment interactions
that lead to the loss of these services.

Coastal Rivers

Angolan river systems (Fig. 4.11) fall into two categories. First, coastal rivers drain
the central and western highlands and flow westwards, where they penetrate the
steep Angolan Escarpment to the Atlantic Ocean. Most of these coastal rivers are
perennial, relatively short and swiftly flowing. They are highly erosive and carry high
sediment loads, as in the northwest and westcentral basins. Backward (headward)
erosion by some of these coastal rivers has produced minor basins, such as the
amphitheatres of the upper Queve and Catumbela rivers. By contrast, the coastal
rivers south of Benguela are ephemeral, only flowing after high rainfall events in
their upper catchments.

The coastal rivers mostly end in broad floodplains in their lower reaches, such
as those of the Cuanza, Longa and Queve rivers. These floodplains deposit heavy
silt loads that form the substrate to densely vegetated and permanently waterlogged
swamps dominated by papyrus Cyperus papyrus and reeds Phragmites mauritianus.
As the rivers approach the sea, estuaries form where the interaction of tidal marine
water mixes with the freshwater of the rivers. From Lobito northwards, these estuaries
and mudflats are occupied by mangroves and seagrasses, forming a distinctive biome
and ecoregion (Chap. 17).
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Rivers Draining the Planalto and Eastern Peneplains

The second major category of river systems is that of the Angolan planalto and
the extensive peneplains of eastern Angola. Drained by seven large hydrological
basins, six of which are transnational, Angola serves as the ‘water tower’ for
much of southern and central Africa. These water towers comprise the extensive
wetlands that occupy the gently rolling plains (anharas do alto) and shallow valleys
(mulolas) of the vast Angolan plateau, characterised by the Montane Grassland
(Ecoregion 5) and the Wet Miombo (Ecoregion 7). The grassy sponges and swamps,
and deep sands of the plateau, store water through the year, gradually releasing this
water into the major river basins. Many of these rivers arise in close proximity on
either side of the gently undulating watershed between the Cuanza, Cassai (Congo),
Lungue-Bungo (Zambezi), Cunene, and the inland-draining (endorheic) Cubango
(Okavango) basins (Mendelsohn, 2022). The rivers that flow across Kalahari sands
are slow moving and, due to the filtering action of the sands, are crystal clear and
nutrient poor. Faster moving rivers, such as the Cunene and Cubango, are more erosive
and carry higher sediment and silt loads, and richer invertebrate, amphibian and fish
biomass due to the higher nutrient content of their water. Between the Cunene and
Cubango catchments, a separate ephemeral, endorheic system, the Cuvelai Basin,
drains southwards into the Etosha Pan.

The biodiversity conservation value of the Angolan river systems is of great signif-
icance, feeding as they do two great wetlands of global importance (Okavango and
Etosha), and the still under-researched Bulozi Floodplain of Moxico. The Bulozi is
possibly the largest ephemeral floodplain in Africa—800 km from north to south
and 200 km from east to west—straddling the Angola/Zambia frontier. Other,
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smaller floodplains, such as those of the Congo tributaries, are important for the
swamp forests and gallery forests that line their margins, providing biogeographi-
cally significant corridors for Guineo-Congolian species penetrating the Zambezian
savannas of the miombo. In strong contrast to the moist closed-canopy gallery forests
of the perennially fast-flowing Congo tributaries, are the linear oases of the Namib.
These Acacia erioloba, Faidherbia albida and Ficus sycomorus woodlands follow
the deep sands of ephemeral rivers such as the Curoca, Bero and Bentiaba from the
escarpment to the coast. The nutritious foliage and seedpods of these great trees
support the penetration of species such as Savanna Elephant, Giraffe and Greater
Kudu deep into the Namib Desert.

River Capture

The current landscapes and geomorphology of Angola are the result of hundreds of
millions of years of geological dynamics, accompanied by the erosive action of rain,
rivers and wind. Major tectonic movements of the earth’s crust, through faulting and
rising or sinking, can result in river capture, where one river cuts into the stream of
another, rapidly increasing its erosive power. Such tectonic events shaped the course
of the Congo, Cuanza, Cunene and Zambezi rivers many millions of years ago, and
more recent tectonic events are currently changing the dynamics of the Cassai and
Congo basins. The Palaco-Congo originally drained into a massive lake in the centre
of today’s DRC, while the Palaeo-Cunene flowed due south to the Etosha Pan in
Namibia, which for many millions of years was a major lake. About 30 million years
ago the Congo was captured by the incision of a small river cutting eastwards from
the present mouth of the Congo. The Cunene was captured by a stream that cut
backwards from the coast through an existing, but ancient, Carboniferous (300 Ma)
glacial valley, which redirected the river to its current mouth at the Foz do Cunene
(Figs. 4.7 and 4.8). Less dramatic examples of river capture, but with great biological
consequences, are where tributaries of the Congo and Zambezi systems have cut
back into one another, changing the direction and volume of water carried by these
river systems and mixing their aquatic faunas. The river captures associated with the
Congo, Cuanza, Cubango, Cunene and Zambezi have all been of great biogeographic
importance.

Box 4.2: Human-Environment Interactions: Ecosystem Services
Provided by Angola’s Water Towers

Angola is unusually blessed with abundant freshwater ecosystems: the
wetlands, streams, rivers, floodplains and estuaries that fall within the country’s
seven hydrological basins. The benefits of freshwater systems, essential for
human health and wellbeing, and environmental productivity and sustain-
ability, include the four categories of ecosystem services recognized by the
Millennium Ecosystem Assessment (MEA, 2003):
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® Provisioning Services: the provision of genetic resources, food, fresh water,
fish, fuel, fibre, hydropower and other goods;

e Regulating Services: carbon sequestration, flood control, water purifica-
tion, disease regulation, pollination and the maintenance of biodiversity;

e Supporting Services: soil formation, nutrient cycling and primary produc-
tion;

e Cultural Services: spiritual, educational, aesthetic, and cultural heritage
values as well as recreation and tourism.

The importance of the highland catchments of Angola, the “Water Towers’
of much of central and southern Africa, can be illustrated by three key national
and international roles. First, they provide drinking water for Angola’s human
population. Second, they provide the latent energy that is captured by hydro-
electric power projects for use by Angola and Namibia. Third, they sustain the
vast natural ecosystems of Botswana’s Okavango Delta, Angola and Zambia’s
Bulozi Floodplain and Angola and Namibia’s Cuvelai Basin. However, the
sustainability of these roles is threatened by human activities.

First, the quality of water is being severely eroded by pollution from poorly
managed urban wastes, from open cast mining, and from agricultural and indus-
trial chemicals (Mendelsohn, 2019, 2022). Despite the then president’s ‘Water
for All’ project, initiated in 2007 to meet Millennium Development Goal 6 for
water supply (potable water for 80% of peri-urban and rural communities),
the official government assessment indicated that by 2015 only 50% of the
target population had been reached. For example, the problem of supplying
safe drinking water to Luanda’s four million residents of its musseque settle-
ments remains acute. Water selling has developed into the largest sub-sector of
the city’s extensive informal economy, involving extractors, transporters and
retailers (Cain & Baptista, 2020). Further, Angola is one of the countries with a
high rate of waterborne diseases, due to the scarcity and poor quality of water for
human consumption. The watercourses are receptors of many effluents, mainly
domestic sewage, due to a precarious or inexistent sanitation system and the
small number of water treatment plants (Paca et al., 2019). The consequent
pollution accounts for high levels of eutrophication of sections of the main
bulk water sources (Bengo, Dande and Cuanza rivers) with growth of invasive
aquatic plants such as Eichhornia crassipes. Remote rural communities are
largely dependent on standpipes fed by boreholes, and pit-toilet sanitation.

Second, the vast river basins and flows of water from the highlands and
planalto result in Angola’s hydropower potential being among the highest in
Africa, estimated at 18,200 MW. The government’s stated aim is to substan-
tially grow its hydropower generation capacity from its current levels of
around 3590-9000 MW by 2025. Hydropower provides 68% of Angola’s elec-
tricity needs. Angola’s hydropower development has been mainly located on
the Cuanza River, with installed capacity from dams at Latica (2070 MW),
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Cambambe (960 MW) and Capanda (520 MW). Within Angola, the Cunene
River has a small hydropower plant at Matala (40 MW). However, the Cunene,
via the storage facilities at the Gove and Calueque dams, feeds the Ruacana
hydropower plant (347 MW), situated just south of the Namibian border, and
which provides 50% of Namibia’s electricity needs. The maintenance of reli-
able river flows to these hydropower plants through responsible land use in the
catchments is thus critical to Angola’s socio-economic future. Deforestation
of much of the planalto and the combined impacts of shifting cultivation, wild
fires and soil erosion are causes of concern.

Third, the water towers of Angola sustain one of the world’s most iconic
centres of biodiversity—the Okavango Delta, recognised by UNESCO as a
World Heritage Site. The whole ecosystem is dependent on the seasonal flows
of water from two Angolan rivers—the Cubango and Cuito. The Cubango
sends pulses of water downstream each summer, while the Cuito provides a
steady flow throughout the year. It is the pulses of water and nutrients that
bring abundant life to the dry lands beyond the Delta’s permanent swamps. As
Mendelsohn et al. (2021) describe, if the pulses of the Cubango are reduced or
polluted by upstream developments, the rich biodiversity and related lucrative
tourism industry of Botswana will be threatened. Of serious concern is the rapid
expansion of commercial agricultural projects along the Cubango, increasing
from 300 ha in 2011 to 3100 ha in 2021, with plans to expand the area under
irrigation to 221,000 ha in the next decade. Such huge irrigation schemes will
drain the Cubango during the dry months, and prevent the pulses of water and
nutrients from reaching the Okavango, with potentially catastrophic ecological
consequences.

These few examples illustrate the vulnerable interconnections that exist
between human wellbeing and environmental sustainability, not only in
Angola, but across the region, where water quantity and quality are key
determinants of livelihoods and biodiversity.
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Chapter 5
Solar Energy, Temperature and Rainfall e

Key Concepts and Questions: This Chapter Explains

The nature and source of solar energy and how it is transferred to the planet.

® How the Sun’s energy, and the Earth’s rotation on its axis, create the climate that
we experience.

e Why seasons are important to the rhythms of life and what drives seasonal
patterns.

e How solar energy is captured, retained and converted to sustain living organisms
through photosynthesis.

® How the oceans, atmosphere and land interact to create the climates of Angola.
How the patterns of climate vary across Angola, and what processes account for
them.
Why Angola has both rain forest and desert in a single country.
What the El Nifio phenomenon is, and how it affects Angolan ecosystems and
society.

Context: Solar Radiation, Weather and Climate

Life on Earth is possible because of the energy it receives from the Sun. Climate,
geology, topography, hydrology, soils, fire and herbivory determine the distribution
and abundance of plant and animal species and of ecosystem patterns. Of overriding
importance driving these interlinked factors is solar radiation which shapes the global
patterns of temperature, air pressure and moisture, and of atmospheric and oceanic
dynamics. Solar radiation determines the weather and climate experienced at the
scale of individual organisms to continental biomes. Most importantly, solar radiation
drives photosynthesis, the source of life on Earth.

Angola offers excellent opportunities to examine the influence of climate on
ecosystems that range from hyper-arid desert to tropical rain forest. Before focusing
on Angola, it is helpful to understand the driving forces of climate at global and
regional scales. Solar radiation, the rotation of the Earth on its axis and its annual
path around the Sun, result in both long-term cycles and annual seasonality of climate,

© The Author(s) 2023 95
B. J. Huntley, Ecology of Angola,
https://doi.org/10.1007/978-3-031-18923-4_5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-18923-4_5&domain=pdf
https://doi.org/10.1007/978-3-031-18923-4_5

96 5 Solar Energy, Temperature and Rainfall

and associated processes of oceanic and atmospheric circulation. These drivers are
modulated by latitude, altitude and distance from the ocean to produce the patterns
of temperature and rainfall experienced over Angola.

A distinction must be made between the concepts of weather and climate.

e Weather is the temperature, humidity, rainfall and wind experienced at a particular
place and at a specific time, such as a hot, humid summer afternoon in Luanda.
Weather refers to local, short-term phenomena.

¢ Climate refers to the long-term average pattern of weather at local, regional and
global scales, such as the cool desert climate of Tombua

e or the wet tropical climate of Buco Zau. Climate describes the overall summary of
regional weather features. For example, spells of wet weather can be experienced
in a dominantly arid climate.

5.1 Where Life Begins: Solar Radiation and Photosynthesis

Solar energy drives the functioning and dynamics of all ecosystems. The first step
in understanding the ecology of living organisms is to become familiar with the key
life-giving mechanisms, the transfer of solar energy from Sun to Earth, and the
process of photosynthesis.

Energy is emitted from objects as electromagnetic radiation. In brief, hot objects
emit shortwave and cool objects emit longwave radiation. The Sun has a surface
temperature of 5800 °C and emits shortwave solar radiation to the Earth, some of
which is reflected back into the atmosphere. The Earth, with an average temperature
of 15 °C emits longwave radiation. The Earth’s energy budget is the balance between
radiant energy that reaches the Earth from the Sun, and that which flows back from
Earth into space (Fig. 5.1). The proportion of sunlight that is reflected back into the
atmosphere by different land surfaces is called their albedo. Light surfaces, like the
Namib Desert, have a high albedo, reflecting energy. Dark surfaces, such as the rain
forests of Cabinda, have a low albedo, absorbing energy.

The solar energy (shortwave radiation) received at the Earth’s surface as sunlight
is harnessed through the process of photosynthesis—a series of biochemical reac-
tions by which atmospheric carbon dioxide and water are transformed by light energy
into carbohydrates (simple sugars), with oxygen released as a by-product. The
process occurs within specialised organelles (chloroplasts) in the mesophyll cells
of plant leaves. Basically, six molecules of carbon dioxide and six molecules of water
are transformed into one molecule of sugar and six molecules of oxygen (6CO, +
6H,0 =CgH|,0¢ 4 60,). The energy received from the Sun and captured in plants by
photosynthesis is stored as carbohydrates and as high-energy molecules (adenosine
triphosphate—ATP) which carries energy within and across cells.

Gas transfer takes place via the opening and closing of small pores (stomata) on
the surface of plant leaves. The process is catalysed by a nitrogen-based enzyme,
rubisco (ribulose biphosphate carboxylase-oxygenase), the most abundant protein on
Earth and a major source of nitrogen for herbivores. Photosynthesis requires sunlight
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Fig. 5.1 The Earth’s energy budget illustrating the main flows of solar radiation and how it is
absorbed and reflected by Earth. From Trenberth (2020) Journal of the Royal Society of New
Zealand, 50:2, 331-347. ¢ The Royal Society of New Zealand

(photosynthetically active radiation—PAR) to function. In the absence of PAR (at
night) the carbohydrates are used during cellular respiration, a chemical reaction
which breaks down carbohydrates to form ATP, while releasing carbon dioxide.
Respiration is the opposite process to that of photosynthesis, requiring oxygen and
releasing carbon dioxide and water (C¢H 1,06 + 60, = 6CO, + 6H,0). During
these processes, while the stomata are open for the exchange of carbon dioxide and
oxygen, water is lost from the leaf via transpiration. One of the key adaptations to
survival in plants is the regulation of gas exchange (and water loss) via the stomata.

The net gain of carbohydrates (sugars and cellulose) formed through photosyn-
thesis, minus the losses through respiration, provide the energy and structural compo-
nents of plants, which are then available to the rest of the food chain that progresses
from primary producers (plants), to consumers (herbivores) to predators (carni-
vores) and ultimately to decomposers. The importance of solar energy, water, nutri-
ents (such as nitrogen and phosphorus), rubisco and ATP will become evident in later
discussions in Part 1l Chap. 10 on ecosystem processes, and more specifically in
Sect. 10.2, which describes the three photosynthetic pathways that have developed
in the long history of plant evolution. These different pathways (abbreviated as Cj,
C,, and CAM) account for the success and diversity of Angola’s forest, savanna and
desert ecosystems which function under very different climatic regimes.
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5.2 Seasonality of Day Length and Temperature

The major climatic patterns of the globe result from a sequence of physical processes
triggered by the Earth’s rotation on its axis as it progresses on its annual elliptical
orbit around the Sun. The Earth’s tilt is 23.5° from the perpendicular. Each season
results from the relative position of the equator (and any other point on the Earth’s
surface) relative to the incoming Sun’s rays (Fig. 5.2).

The Sun is directly overhead the equator twice per year at midday on the spring
and autumnal equinoxes (22 September and 21 March) when day and night are of
equal length at all points on the planet. As the Earth moves on its orbit around the
Sun, the Southern Hemisphere receives an increasing exposure to solar radiation
until the Tropic of Capricorn falls directly under the Sun at midday on 22 December,
which marks the summer solstice (and winter solstice in the Northern Hemisphere).
The tilt of the Earth on its axis then accounts for the migration of the overhead Sun
northwards, until it is overhead the Tropic of Cancer on 22 June, when the Southern
Hemisphere experiences its shortest day of the year on the southern winter solstice.
On the Equator, seasonal changes in incoming solar radiation are not great, but at
high latitudes, the acute angle at which the Sun’s rays reach the Earth’s surface, after
passing through a broad band of atmosphere, explains the decrease in solar radiation
(and hence temperatures) experienced at the poles, and why the poles are covered in
ice, while the equatorial regions are mostly covered by forest (Fig. 5.3).

Solar radiation falls directly on

Solar radiation falls the Tropic of Capricorn, with
directly on the T_ropic increased input and day length
of Cancer, with increased in the Southern Hemisphere

input and day length

in the Northern Hemisphere
Solar radiation falls
directly on the equator

Sun's
rays
(a) Summer solstice (b) Vernal and autumnal (c) Winter solstice
June 20 equinoxes December 21

Fig. 5.2 Changes in the concentration of the Sun’s rays during the Earth’s annual orbit around the
Sun. Left: winter solstice 22 June, Sun overhead the Tropic of Cancer. Centre: spring and autumn
equinoxes, Sun overhead the Equator. Right: Summer solstice, 22 December, Sun overhead Tropic
of Capricorn. From Smith and Smith (2015) Elements of Ecology. (9th Edition). Pearson, Boston
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Fig. 5.3 The amount of radiation received at the Earth’s surface depends on season and latitude.
When the Sun is overhead the Equator, the Sun’s rays are concentrated over a small area, while at
the high latitudes, it is spread out over a much wider area, with much less radiation and heat being
received. From Smith and Smith (2015) Elements of Ecology. (9th Edition). Pearson, Boston

In tropical countries, such as Angola, the changes in day length and mean daily
temperature are not nearly as noticeable as they are in high latitudes such as northern
Europe. In Angola, seasonality of rainfall is much more important for ecological
processes than are temperature conditions, where warm wet summers are followed
by mild dry winters, regulated by large-scale atmospheric dynamics. The duration
of the dry season varies from a few months in the north to eight months in the south,
and is a primary factor influencing the structure and functioning of Angola’s rain
forests, mesic and arid savannas, floodplain grasslands and deserts.

5.3 Large-Scale Drivers of Climate: Oceanic
and Atmospheric Circulation

The seasonal differences in the amount of solar radiation received at the equator and
the high latitudes are the major drivers of energy, air and moisture circulation around
the globe. There is a net surplus of heat from the Equator to the mid-latitudes, and a
net deficit over the mid-latitudes to the poles (Fig. 5.4). The reason why the tropics
do not become increasingly hotter and the poles increasingly colder is because the
atmosphere and ocean currents transfer the surplus heat from the tropics to the poles.
The transfer of heat from the Equator to the poles is via convection—where there
is a transfer of warm equatorial oceanic water and atmospheric air moving towards
colder regions.
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Fig. 5.4 Variation of mean annual incoming shortwave radiation, outgoing longwave radiation,
and net radiation as a function of latitude. Note the surplus of incoming radiation over outgoing
radiation between the equator and 30°-35° north and south, and the radiation deficit between 35°
and the poles. This gradient of net radiation drives the transport of heat from the tropics to the poles
through circulation within the atmosphere and the oceans. From (Smith & Smith, 2015) Elements
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These mass movements of energy result in three circulating air systems (cells) over
the northern and southern hemispheres, driven by low and high pressure zones of the
equatorial and the mid-latitudes (Fig. 5.5). The three large-scale atmospheric circu-
lation ‘cells’ are known as the Hadley, Ferrel (or Mid-latitude) and Polar cells. The
Hadley cells are of special importance to Angola and are illustrated in cross-section
in Fig. 5.6. The mechanisms of atmospheric circulation are depicted in Figs. 5.4, 5.5
and 5.6. The converging air mass that is warmed over the equatorial regions rises
into the lower atmosphere, thereby establishing an area of low pressure at the Earth’s
surface—the equatorial low. This area of low pressure is called the Intertropical
Convergence Zone (ITCZ). As the altitudinal position of the Sun changes relative
to the Equator, the ITCZ moves latitudinally, northwards or southwards, between
equinoxes and solstices. The shift in position of the ITCZ produces seasonality in
precipitation, reflected in rainy seasons and dry seasons. In Angola, with increasing
distance from the Equator, the tropical dry season tends to be longer and the rain-
fall lower. Understanding the role of the ITCZ and of the Hadley cells is helpful to
understanding the climate of Angola. Several features deserve emphasis:

e The rising, warm and wet equatorial air along the ITCZ is unstable and cools as
it rises, causing condensation, saturation, cloud formation and precipitation. This
accounts for the high rainfall received across northern Angola.
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Fig. 5.5 A simplified depiction of large-scale atmospheric circulation on Earth, as at the equinoxes.
Note the position of the Hadley cells, the ITCZ and of the Southeasterly Trades. Source Wikipedia
Commons
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Fig. 5.6 A cross-section of the Hadley, Ferrel and Polar cells in the Southern Hemisphere. Note
the position of the ITCZ, Tropopause, Stratosphere, Subtropical and Polar jets, and the descending
dry air between the Hadley and Ferrel cells, that cause the desert belt and the Trade winds. From
Lovegrove (2021) The Living Deserts of Southern Africa (2nd Edition). Penguin Random House.
Artwork John Warren
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e From space, the ITCZ appears as a band of clouds which produce extensive thun-
derstorms and intense rainfall encircling the globe near the equator, supporting
the equatorial rain forests of South America, Africa and Southeast Asia.

e The strong precipitation along the ITCZ releases latent heat, driving the air
upwards to the tropopause at about 15 km above sea level.

e Atthis altitude, the air is no longer buoyant, and this sub-stratospheric air is forced
poleward by the continuing thrust of the rising air below it.

e At about 30°S of the equator, the cool, dry, high altitude air begins to sink and is
warmed adiabatically by compression from the overlying air. The subsiding air
forms subtropical high pressure zones (also known as anticyclones, such as the
South Atlantic Anticyclone). The subsiding air is dry and stable, not conducive
to forming rainfall.

e At the arid mid-latitudes (ca 30°-35° north and south of the equator), the Sahara
and Namib deserts and their specialised animals and plants have evolved over
many millions of years.

e A key feature of global atmospheric and oceanic circulation patterns is that of
the Coriolis Effect. As the Earth spins on its axis, the relative ground speed at
the Earth’s surface increases from the poles to the equator (because of the great
differences in the Earth’s circumference between low and high latitudes). This
phenomenon is known as the Coriolis Effect. As a result, circulating air and water
currents are deflected to the right (clockwise) in the Northern Hemisphere and to
the left (anticlockwise) in the Southern Hemisphere). These patterns of circulation
are best illustrated in global ocean currents (Fig. 5.7).

Fig. 5.7 Ocean currents of the world. Blue arrows indicate cold currents, red arrows indicate warm
currents. Note how the oceans are connected by currents, how the circulation of currents—clockwise
in the Northern Hemisphere, counter-clockwise in the Southern Hemisphere—is influenced by the
Coriolis force and by the positions of the continental landmasses. From http://www.coastalwiki.
org/wiki/Ocean_circulation
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Fig. 5.8 The southwards and northwards movement pattern of rainfall seasonality (highlighted by
the green tones) across Angola during 2009/2010, in tandem with the migration of the Intertrop-
ical Convergence Zone. From Huntley (2019) Biodiversity of Angola. Science & Conservation: a
Modern Synthesis. Springer Nature

e Finally, as the summer season approaches, the position of the ITCZ moves south-
wards across central to southern Africa, moving northwards after the summer
equinox (Fig. 5.8).

The pressure differences between the low pressure belt of the wet ITCZ and
the high pressure of the dry subtropics results in winds from the south and north
converging along the ITCZ. The winds from the northern and southern high pressure
zones thus converge towards the low pressure of the ITCZ. These Trade winds follow
a regular pattern of seasonality. Blowing across the Atlantic and Indian oceans, for
instance, they provided the early Portuguese navigators with a reliable guide to
crossing the oceans. The mariners had to learn to avoid the notorious region known
as the doldrums, the low pressure belt of the ITCZ, where the rising hot air results
in little surface wind, a serious challenge to sailing ships.

The winds blowing across the oceans generate the major ocean currents. Following
the principles of the Coriolis effect, these currents move clockwise in the Northern
Hemisphere and anti-clockwise in the Southern Hemisphere, creating gyres (like
massive whirlpools) bringing cold waters to the equatorial regions and taking warm
equatorial waters to the polar regions (see Fig. 5.7). The south-westerlies bring cold
Antarctic waters to the southwest African coast and, coupled with the influence of
offshore southeast trade winds, cause upwelling (the Benguela Current) bringing
rich nutrients to the surface, and cool foggy air to the coast of Angola. As we will
see in Part IV, Sect. 16.3, the Benguela Current has a profound influence on Angolan
ecology.

In Angola, the seasonal migration of the Intertropical Convergence Zone, in
response to Earth-Sun dynamics resulting from the tilt of the Earth’s axis, can be
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followed in rainfall patterns and pulses, illustrated in Fig. 5.8. In winter, the high pres-
sure system, lying over central Angola, blocks out the moist tropical air. In summer,
the southward movement of the ITCZ brings rain across the country.

5.4 Local Influences: Maritime, Continental, Altitudinal
and Aspect

The temperatures experienced on the ground are primarily determined by latitude,
seasonality, altitude, aspect and proximity to the ocean. We have already discussed
the influence of latitude and seasonality at global scales. At more regional and local
scales, land and water surfaces heat and cool at different rates because of differences
in their specific heat. Water bodies, such as the Atlantic Ocean, require four times
more solar energy to raise the temperature by 1 °C than do land surfaces. This
difference in the heat balance of water and land has two outcomes:

e The coastal belt of Angola is cooled by its proximity to the ocean (maritime
influence). Coastal cities experience much less variation in diurnal and seasonal
temperatures than do cities in the interior. The mean daily temperature range in
Luandais 7 °Cin July, compared with a range of 24 °C in July at Menongue. This is
due to the effect of Menongue’s distance from the ocean, known as continentality.

e In addition, hot air over the coastal plains rises through the day, creating a vacuum
that is filled by cooler air drawn off the ocean—experienced as strong sea breezes
on many summer afternoons along the Angolan coast. This inflow of cool oceanic
air as it moves across the Benguela Current also accounts for the presence of the
stratus clouds (cacimbo) that characterise coastal Angola, and that penetrate many
km inland, especially during winter.

The highest mountains of Angola such as Mount Moco (2620 m above sea level)
experience a much cooler and wetter climate than the coastal lowlands below them,
due partially to the altitudinal decrease in temperature of about 0.6 °C per 100 m.
The rainfall gradients are locally accentuated by the orographic influence of the
sea-facing slopes of the escarpment and the highland mountain massifs. The folded
mountain ridges of Cabinda, Zaire and Uige are effective in catching the rain-bearing
winds, with marked differences in annual precipitation being received by the west-
facing compared to the east-facing slopes that lie in the rain-shadow. The direction a
slope faces (aspect) is very important in temperate latitudes, and even in the tropics
of Angola, the temperature and moisture microclimate of south-facing mountain
slopes in the highlands of Huambo and Huila support larger patches of montane
forest than do warmer, drier north-facing slopes, where evaporation rates can be up
to 50% higher than south-facing sites. Microclimates can also be important for the
survival of plants sensitive to frost, which is infrequent over most of Angola, but has
been recorded where associated with pockets of cold air drainage in the valleys of
Cunene and Bié. Finckh et al. (2021) propose that frost is the primary causal factor
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in shaping the treelines of Angolan miombo woodlands and driving the evolution of
geoxyles. The hypothesis deserves testing over a wider range of miombo landscapes
than the two study sites on which it is based.

5.5 Water Cycle Processes: Precipitation
and Evapotranspiration

Precipitation, like temperature, is a key determinant of the distribution and abundance
of animal and plant species. Mean Annual Precipitation (MAP) is influenced by
the same mix of factors as is air temperature. Air masses, whether from over the sea or
land, carry water vapour with them. Two processes describe the state of water within
a given body of air. Evaporation is the transformation of water to a gaseous state—
water vapour. Conversely, condensation is the transformation of water vapour to a
liquid state—water—or precipitation as rain. Each transformation requires equiv-
alent amounts of energy. A simple measure of the amount of water vapour in the
air is relative humidity, which is scaled from zero to 100%, at which point the
air is saturated. The capacity of air to hold water vapour increases with increasing
temperature. On a cool morning, dew might be found on plants, but this rapidly evap-
orates as the Sun rises and the air temperature increases, simultaneously increasing
the water-holding capacity of the air.

Most large-scale studies of climate/vegetation correlations refer to mean annual
temperature (MAT) and mean annual precipitation (MAP). However, plants grow
in response to effective precipitation, not mean annual rainfall, and to potential evap-
otranspiration, not to relative humidity. Evapotranspiration is the combined water
loss both from plant surfaces and from the soil. Potential evapotranspiration (PET)
is ameasure of the energy available to evaporate water, defined as the amount of water
that would evaporate or be transpired from a saturated surface. Effective precipi-
tation is MAP minus PET. Effective precipitation is the amount of rainfall that
is actually added to the soil, and is hence available for plant growth. Ecological
modellers therefore use effective precipitation and potential evapotranspiration as
parameters that more closely relate to plant growth than do measurements of rain-
fall. Over much of southwest Angola, PET exceeds MAP for up to eight months
of the year, with effective rainfall ranging from minus 250 to minus 1000 mm per
year, accounting for the presence of arid savannas. In Angola, mesic savannas occur
where PET exceeds MAP for five months; and moist tallgrass savannas and forest
occur where PET exceeds MAP for two months, and where effective annual rainfall
can reach 1200 mm.
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5.6 Regional Climates of Angola

The basic principles of global climatology, and how they explain regional climates
and ecosystem patterns and processes, are nowhere better illustrated than in Angola.
Here we illustrate the general principles relative to the climate experienced on the
ground.

Latitude

The geographic position of Angola, stretching from near the Equator to close to the
Tropic of Capricorn, across 14° of latitude, accounts for the overall decrease in solar
radiation received and thus influencing the mean annual temperature experienced
from north to south. The latitudinal decrease in mean annual temperature is illustrated
by data from stations in the hot northwest and northeast (Cabinda: 24.7 °C; Dundo:
24.6 °C), compared with stations in the milder southwest and southeast (Mogamedes:
20.0 °C; Cuangar: 20.7 °C).

Altitude

Both temperature and precipitation are influenced by altitude. The altitudinal
decrease in mean annual temperature can be illustrated from sites on the same lati-
tude, but at different altitudes above sea level. From the base of the Chela Escarpment
to the highest points at its summit, the mean annual temperature drops as follows:

e Bruco: altitude 699 m, mean annual temperature 23.8 °C;
e Jau: altitude 1700 m, mean annual temperature 18.0 °C; and finally
e Humpata-Zootécnica: altitude 2300 m, mean annual temperature 14.6 °C.

Atmospheric Systems

Of the greatest importance to the rainfall patterns that determine vegetation and
habitat structure are the influences of the atmospheric systems which dominate
central and southern Africa. Angola’s climate is strongly seasonal, with hot wet
summers (October to May) and mild to cool dry winters (June to September). As
described in Sect. 5.3, the Intertropical Convergence Zone (ITCZ) moves south-
wards over Angola during summer, and then returns northwards to the Equator
as winter approaches. The rainfall season that is triggered when the ITCZ passes
across northern Angola from early summer reaches southern Angola in late summer
(Fig. 5.8). The changing position of the ITCZ results in two rainfall peaks in northern
Angola, and one over the rest of the country as illustrated in the climate diagrams in
Fig. 5.9.
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Fig. 5.9 Climate diagrams illustrating rainfall and temperature seasonality and other climatic
parameters. Note the weak bimodal rainfall maxima for stations in northern Angola and unimodal
maxima in central and southern Angola. The diagrams follow the system of Walter and Lieth
(1967). Stipples represent dry periods; vertical stripes represent rainy periods; solid blue represents
months with rainfall exceeding 100 mm. From Huntley (2019) Biodiversity of Angola. Science &
Conservation: a Modern Synthesis. Springer Nature

Moving in tandem with the low pressure system of the ITCZ are two subtrop-
ical high-pressure systems over the Atlantic and over southern Africa. These are the
South Atlantic Anticyclone and the Botswana Anticyclone. These two anticyclones
block the southward movement of moist air from the ITCZ during winter (preventing
cloud formation). As the high-pressure cells move southwards in summer, the condi-
tions required for cloud formation return. This migration of rainfall systems is clearly
illustrated in the series of rainfall maps prepared from weather satellite imagery and
presented in Fig. 5.8.

During winter and early summer, the Botswana Anticyclone generates strong
winds that blow across Angola from east to west. In the southwest, the winds pick
up dust from the arid lands and create hot, choking dust storms that feed and sculpture
the sand dunes of the Namib. The winter winds are also notorious in Lunda-Norte,
where they desiccate the grasslands and promote the spread of extensive fires. In the
east, the winds and their sand deposits account for dune formation across the Bulozi
Floodplain (Mendelsohn & Weber, 2015).
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Benguela Current

While altitude and seasonality determine temperature conditions, an anomaly to this
general rule occurs in the coastal belt of Angola, especially in the far south, where the
cold, upwelling Benguela Current creates a temperature inversion (see Chap. 16,
Fig. 16.6). The cold Benguela Current has a stabilizing effect on the lower atmosphere
and inhibits the evaporation and upward movement of moist, rain-forming air off
the ocean. Its impact extends as far north as Cabinda, where a narrow belt of arid
savanna and dry forest, of acacias, sterculias and baobabs, flanks the rain forests of
the Maiombe (Chap. 15.3).

Despite the aridity of the coastal zone, the cooling effect of the Benguela Current
results in low stratus cloud and fog (cacimbo) through much of winter, with heavy
dew condensing on vegetation along the coast, even during the driest months of
winter. This contributes significantly to the moisture balance of the region. The
fog belt is most pronounced between Mocamedes and Benguela, where epiphytic
lichens reach great abundance in an otherwise desert environment. The Benguela
Current also results in a gradient of increasing precipitation from south to north and
from west to east. The rainfall gradients are locally accentuated by the orographic
influence of the escarpment and the highland mountain massifs. The sharp relief
of the Angolan Escarpment creates conditions for orographic rainfall along most
of this zone, supporting the ‘coffee forests’ of Seles, Gabela, Cuanza-Norte and
Uige. The distribution of mean annual precipitation across Angola is summarised in
Fig. 5.10. Table 5.1 provides summarised climatic data for selected Ecoregions.

Variability

Average measures of climatic parameters, such as mean annual temperature (MAT)
and mean annual precipitation (MAP) are often too simplistic to reflect ecological
drivers, where extreme but infrequent events, such as frost, might be of great signifi-
cance. In 1947, for instance, the cotton crop of the Baixa de Cassange, a perennially
hot basin in northern Angola, dropped by 70% because of frost damage (Gouveia,
1956). Finckh et al. (2016) recorded 49 frost nights during the winter of 2013, at a
highland site subject to cold air drainage near Cusseque. However, Angola’s long-
term meteorological records report the absence or very low incidence of frost activity
over most of the country. Based on further research, Finckh et al. (2021) propose that
frost is the primary causal factor in determining the treelines of Angolan miombo
woodlands and of driving the evolution of geoxyles. This interesting hypothesis
deserves testing over a wider range of miombo landscapes than the two study sites
(Cusseque and Bicuar) on which it was based.

As described in Sect. 5.8, episodic droughts (such as El Nifio events) have had
devastating impacts on livestock and wildlife populations across southwest Angola.
The distribution of mean annual precipitation across Angola is summarised in
Fig. 5.10. Table 5.1 provides summarised climatic data for selected Ecoregions.
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Fig. 5.10 Mean annual precipitation over Angola. From Huntley (2019) Biodiversity of Angola.
Science & Conservation: a Modern Synthesis. Springer Nature

Like temperature, precipitation in general increases from the poles to the equator,
with a dip in the mid-latitudes as described earlier. Rainfall variation is not only
spatial, but also temporal. Temporal variations are not only intra-annual, but are also
inter-annual, with some years or periods experiencing floods or droughts with excep-

tionally high or low rainfall and temperature conditions, as illustrated in Fig. 5.25,
in Sect. 5.8.
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Table 5.1 Summary of climatic data for selected Ecoregions

No. | Ecoregion Station Province Altitude | Mean |Mean |Mean | Mean
(m) annual | annual | of of
ppt. temp. | hottest | coldest
(mm) | (°C) month | month
cC) | (O

1 Guineo-Congolian | Belize Cabinda 245 1612 | 252 26.7 222
Rain Forest

1 Guineo-Congolian | Negage Uige 1267 1633 | 20.6 21.5 19.0
Rain Forest

2 Western Congolian | Sanza Uige 990 1423 | 243 25.5 22.2
Forest/Savanna Pombo
Mosaic

3 Southern Dundo Lunda-Norte | 726 1629 |24.6 25.0 23.7
Congolian Forest/
Savanna Mosaic

4 Afromontane Bimbe Huambo 1777 1541 19.1 20.6 17.8
Forest

5 Montane Humpata Huila 2300 805 |14.6 17.2 11.2
Grassland

6 Angolan Gabela Cuanza-Sul | 1099 833 |19.8 21.6 15.9
Escarpment
Savanna

7 Angolan Wet Huambo Huambo 1700 1210 | 18.8 20.6 15.7
Miombo
‘Woodland

7 Angolan Wet Cuemba Bié 1300 1476 | 20.2 22.6 15.2
Miombo
‘Woodland

8 Dry Miombo Cuito C. Cubango | 1280 857 |21.2 24.3 16.2
Woodland Cuanavale

9 Zambezian Mucusso C. Cubango 890 774 229 26.6 16.0
Baikiaea
Woodland

10 | Zambezian Dry Cazombo Moxico 1180 1441 | 222 24.3 18.8
Cryptosepalum
Forest

11 | Zambezian Lumbala Moxico 1131 1126 | 20.8 23.8 15.1
Flooded Guimbo
Grasslands

12 | Angolan Mopane | Chitado Cunene 1000 405 |24.0 27.4 19.2
‘Woodland

13 | Namib Savanna Caraculo Namibe 440 123|229 26.4 17.2
‘Woodland

14 | Coastal Arid Luanda Bengo 44 405 | 249 27.0 20.1
Savanna

15 | Angolan Namib Mogcamedes | Namibe 44 37 1200 242 15.5
Desert

Data from Silveira (1967) Climas de Angola. Servigo Meteordlogico de Angola, Luanda
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5.7 Climate as a Determinant of Vegetation Patterns

Global Patterns

Early attempts to understand the global patterns of vegetation (Humboldt &
Bonpland, 1805; Schimper, 1903) found a strong correlation between vegetation
formations and climate—especially mean annual precipitation (MAP) and mean
annual temperature (MAT). Elaborate systems of classifying climate and vegetation
were published by the German-Russian climatologist Wladimir Képpen (1900) and
American geographers Leslie Holdridge (1947) and Charles Thornthwaite (1948).
These scientists mapped the world into regions that were as much a reflection of
vegetation pattern as they were of climate. In fact, for many regions where very few
climate records were available, vegetation maps were used as a surrogate for climate.
Although widely used for many decades, these classifications are less popular today.

In 1975, American ecologist Robert Whittaker plotted biome types (as defined by
ecologists) against gradients of MAP and MAT (Fig. 5.11). The results give a gener-
alised model of the relationship, although they omit the importance of disturbance
factors such as fire and herbivory, and resource factors such as soils and topog-
raphy. The Angolan biomes and ecoregions fit well within the patterns presented by
Whittaker (1975).
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Fig. 5.11 The distribution of global terrestrial biomes in relation to mean annual temperature and
precipitation. Numbers within boxes correspond to the MAP and MAT of weather stations within
the numbered Angolan ecoregions. The close fit of Angolan biomes and ecoregions with the global
model is evident. Redrawn after Whittaker (1975) Communities and Ecosystems. McMillan, New
York
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Continental Patterns

At a continental scale, Angola fits into broader patterns of climate-vegetation rela-
tionships. Analyses of climate and tree cover of savanna ecosystems across the globe
have revealed that savannas and forests may be alternative stable states in the African
tropics (Bond, 2019; Staver et al., 2011) (see Sect. 10.7). Rainfall deterministically
results in arid savanna in low rainfall, and rain forest in high rainfall regions. At
intermediate rainfall levels, such as between 1200 and 1800 mm in northern Angola,
both savanna and forest occur in a mosaic. Tree cover does not increase continuously
with rainfall, but is bimodal, with savannas having less than 40-50% and forests
more than 75% projected canopy cover (Fig. 5.12). Intermediate levels of tree cover
rarely occur.

Above 40-50% canopy cover, shading by tree canopies prevents sufficient photo-
synthetically active radiation from reaching the ground for C4 grasses to establish.
As a consequence, insufficient grass biomass accumulates to support the hot fires
needed to prevent tree saplings from growing to maturity. The canopy cover increases
and the feedback enhances canopy density until a new stable state (forest) may be
established.

Patterns Across Angola

The strong gradients of mean annual rainfall across Angola are reflected in the
distribution of biomes. Nowhere in Angola are radiation and temperature limiting to
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Fig. 5.12 Frequency distributions (y-axis) of the percentage of tree canopy cover (x-axis) in areas
of intermediate rainfall (1000-2500 mm MAR) and mild seasonality (dry season <7 months), with
fire present (grey bars) and with fire absent (hatched black bars). The canopy cover (0-55%) of
fire-tolerant savannas is distinct from fire-intolerant forests (50-90% canopy cover). From Staver
et al. (2011) Science, 334(6053): 230-2
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Fig. 5.13 Change in woody cover of African savannas as a function of mean annual rainfall. Below
650 mm MAP, tree cover is limited by rainfall. Above 650 mm MAP, disturbance factors (primarily
fire) limit tree cover. Fire frequency indicated by open circles (fire return interval less than 3 yrs);
closed circles (return intervals more than 3 yrs). Redrawn from Sankaran et al. (2005) Nature, 438:
846-9

tree growth. Rainfall seasonality, however, is a key feature of tropical climates, and
in Angola seasonality is strongest in the south and weakest in the north. For most
of the country, sufficient rainfall is received for tree growth. Sankaran et al. (2005)
used data from over 800 sites across Africa (Fig. 5.13) to demonstrate that the cover
of woody plants of savannas is determined by resources (water and nutrients) and
disturbance regimes (fire, herbivory). Two patterns were demonstrated:

e At sites with less than 650 mm MAP, maximum tree growth and cover is related
linearly to rainfall. Vegetation structure (woody cover) is limited by climate:
higher rainfall supports denser maximum tree cover.

e Atsites receiving more than 650 mm MAP, structure is determined not by rainfall
but by disturbance (fire) that maintains a balance between trees and grasses in a
system that is buffered against transition to a closed forest canopy.

These findings, together with similar data-rich studies by Lehmann et al. (2011) of
savannas of the southern continents, confirm earlier descriptions of drivers of mesic
and arid savannas (Huntley, 1982).

In Angola, in areas receiving more than 1200 mm annual rainfall, closed canopy
forests can establish if fire is excluded. However, even in the highest rainfall region,
the Maiombe of Cabinda, two to three months without rainfall prevents the total domi-
nance of evergreen trees except along water courses. Semi-deciduous tree species
are therefore important components of Angola’s moist closed-canopy forests.

Vegetationless dunes, desert grasslands and low shrublands occupy the extremely
arid southwest, where trees are rare or absent in areas receiving less than 150 mm



114 5 Solar Energy, Temperature and Rainfall

MAP, other than along the ephemeral riverbeds of the Curoca, Bero and Bentiaba,
where deep sands retain moisture throughout the year and tall acacia woodlands line
the river course. For the remainder of the country, where rainfall ranges from 150 to
1800 mm per annum, three patterns emerge.

Below ca. 650 mm MAP, arid savannas dominate.
Above 650 mm MAP, mesic savannas dominate, gradually transitioning into moist
savanna/forest mosaics above 1200 mm MAP.

e Above 1400 mm MAP, in the absence of regular fire, moist closed forest will
dominate.

Patterns Across Steep Landscape Gradients

One of the world’s most striking demonstrations of the influence of macroclimatic
factors on vegetation is to be found in southwest Angola. A transect from Humpata
in Huila to Mocamedes in Namibe, 140 km in distance, provides a classic example
of vegetation zonation according to climate (Cardoso et al., 2006; Van Jaarsveld,
2010). The vegetation is best illustrated by a series of photos, from above the Angolan
Escarpment at Leba Pass, to the Atlantic Coast (Figs. 5.14, 5.15, 5.16, 5.17, 5.18,
5.19, 5.20).

e The transect begins at 2300 m, at the Zootechnical Research Institute, Humpata,
where MAT is 14.6 °C and MAP is 805 mm. Here the vegetation is an open grass-
land with fragments of Afromontane forest, with species such as Podocarpus
milanjianus, Buxus macowanii, Erythroxylon emarginatum and Maytenus acumi-
nata in ravines protected from frequent fires. Adjoining the grasslands are
savannas and woodlands of Brachystegia spiciformis, Julbernardia paniculata,
Burkea africana and Ochna pulchra—a typical mesic/dystrophic savanna.

o At the crest of the Leba Pass, at 1700 m, drier mixed woodlands and thickets, with
Albizia antunesii, Brachylaena huillensis, Combretum apiculatum, Pteleopsis
myrtifolia and Terminalia sericea, are dominant.

Fig. 5.14 The zig-zag Leba
Pass leading down from the
summit of the Chela
Escarpment clothed with a
dense thicket of Acacia,
Albizia, Commiphora,
Spirostachys and Terminalia.
Photo Ernst van Jaarsveld
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Fig. 5.15 Montane
Grassland on the Humpata
Plateau at 2300 m Photo
Ernst van Jaarsveld

Fig. 5.16 Burkea,
Brachystegia Mesic Savanna
mixed with Afromontane
elements in sheltered valley
Photo Ernst van Jaarsveld

Fig. 5.17 Succulent
caudiciform Cyphostemma
uter. Photo Ernst van
Jaarsveld
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Fig. 5.18 ‘Dwarf’ baobab Adansonia digitata on calcrete pavement of coastal plains, 2 km from
the Atlantic Ocean

Fig. 5.19 Pachycaul trees of Pachypodium lealii Photo Ernst van Jaarsveld
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Fig. 5.20 Arid savanna on
the margin of the Namib
Desert, Welwitschia in
foreground. Photo Ernst van
Jaarsveld

e On descending the Escarpment, at 1200 m, one passes into drier woodlands
and thickets of Combretum zeyheri, Tarchonanthus camphoratus and Ptaeroxylon
obliqguum.

e At 850 m Adansonia digitata and Spirostachys africanus appear.

e At the base of the Escarpment, at 700 m, the MAT increases to 23.8 °C and MAP
decreases to 466 mm. The vegetation changes to a Colophospermum mopane and
Terminalia prunioides arid savanna.

e At Caraculo one is already at the margin of the Namib Desert with low Acacia
tortilis. Here, 50 km from the coast and at 440 m, the MAT is 22.9 °C and the
MAP is 123 mm.

e Within 30 km of the Atlantic Ocean, the MAP has dropped to 50 mm. The vege-
tation transitions into a dwarf shrubland, with ephemeral grasses, tufts of lichen
and short succulent (caduciform) tree trunks of Adenium boehmianum, Sterculia
africana, Catophractes alexandri, Pachypodium lealii, Cyphostemma currorii, C.
uter and even dwarf Adansonia digitata trees.

e Atthe coast, 15 m, Mo¢dmedes has a MAT of 20.0 °C, and a MAP of 37 mm. This
is the habitat of Welwitschia mirabilis, a true desert ‘miracle plant’ (Box 16.1).
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The transect provides the ornithologist with opportunities to see many Angolan
bird endemics, from rocky outcrops and scrub at the summit of the Escarpment, where
Angola Cave Chat, Swierstra’s Francolin, Finsch’s Francolin, Angola White-headed
Barbet, Angola Slaty Flycatcher, Ludwig’s Double-collared Sunbird, Oustalet’s
Sunbird, Angola Swee Waxbill and Ansorge’s Firefinch may appear. As one descends
to the base of the Escarpment, Bocage’s Akalat, Benguela Long-tailed Starling and
Cinderella Waxbill may be found. The altitudinal and climate gradient, reflected by
habitat, determines species distribution.

5.8 El Nino, La Nifia, Droughts and Floods

Weather patterns are notoriously changeable. Of global importance are the major
climatic variations known as El Nifio or El Nifio-Southern Oscillation (ENSO),
associated with the periodic abnormal warming of the surface waters of the east-
central equatorial Pacific and stronger than usual westerly winds, causing a decrease
in upwelling of cool water off Peru. This in turn results in the collapse of the normally
rich fisheries of the Humboldt Current, and in flooding in Peru and Ecuador, as
well as in droughts in Indonesia and Australia. A reverse, cool ENSO phase, known
as the La Nifia has opposite effects.

ENSO events occur on average once every four years. In southern Africa, ENSO
brings higher temperatures and less rainfall to the region, with negative impacts on
agricultural crops and hence on socio-economic conditions. During the 2015/2016
ENSO event, Angola suffered the worst drought in 60 years across the entire country,
with the coastal region receiving less than 30% of its normal rainfall (Fig. 5.21).

Droughts and floods are not only the result of the El Nifio-Southern Oscillation.
Change is a constant feature of southern African weather and climate. Over long
time scales, exceptional droughts and floods are experienced over southern Africa.
Examples include the droughts of 1966, 1971 and more recently, the prolonged
drought of 2015-17. Floods occur at frequent intervals. In the Cuvelai Basin, over
a period of 64 years, 11 major floods were recorded, while in 21 of the 64 years,
there was no surface flow due to abnomally low rainfall (Mendelsohn & Mendelsohn,
2019). The Cunene ran dry at its mouth in 2010, but reached its highest recorded flow
in 2011. The Bero and Giraul river floods of 2001 and 2011, which caused severe
damage to property and the loss of many lives in Namibe, were triggered by the
so-called Benguela Niiio, when the South Atlantic is warmer than normal and the
ITCZ progresses further south, bringing higher than normal rains to the Escarpment
and causing flash floods to the lowlands.

Droughts are not only associated with El Nifio events. Over southern Africa,
drought occurrence is to a large degree associated with multiyear climate variability
and follows a cycle of about 18 years in southern Africa (Tyson & Preston-Whyte,
2000). The perceived severity of a drought is also influenced by public opinion. For
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Fig. 5.21 The impact of El Nifio on rainfall in southern Africa in the period 1 October 2015 to
11 February 2016. The rainfall for the Angolan coastal region was less than 30% of the long-term
average. From Rembold et al. (2016)

much of Africa, rangelands tend to be placed under excessive pressure by pastoral-
ists, and even large national parks are often subject to very high densities of herbi-
vores. The conflation of grazing pressure impacts and perceived drought events is
common in media reports. Arid regions are naturally subject to high coefficients
of variation in inter-annual rainfall. It is often management practices rather than
weather that is the driving force. Droughts are less dramatic in their impacts in the
mesic savannas of Angola than they are in the arid savannas. Arid savannas reflect
event-driven (stochastic) rather than deterministic ecosystem dynamics (Scholes &
Walker, 1993).

In Tsavo National Park, Kenya, and Kruger National Park, South Africa, which
have ecosystems very similar to Quicama National Park and parts of southwest
Angola, droughts combined with high herbivore densities have resulted in the massive
mortality of both animals and woody plants. In Iona, during 1973, competition
between cattle and gemsbok resulted in high mortalities of both. In 2009, in sites
where boreholes had been provided to supplement water in areas far beyond the
normal grazing areas of domestic stock, starving cattle resorted to eating the tough
leaves of Welwitschia mirabilis, destroying the local populations of these unique
desert plants, Fig. 5.22.
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Fig. 5.22 Cattle resort to eating the tough leaves of Welwitschia mirabilis during a drought in Iona
National Park, 2009. Photo Bill Branch

In order to distinguish between a perceived drought and an actual extreme climatic
event, meteorologists use the Extreme Climate Index (ECI). Two statistical compo-
nents are used to calculate ECI—the Standardised Precipitation Index (SPI) and the
Standardised Heatwave Index (SHI). Using the ECI, Malherbe et al. (2020) iden-
tified four major drought events in Kruger National Park in the period 1980-2018
(Fig. 5.23). These coincided with El Nifio events, and had severe impacts on both
vegetation and fauna, influencing forage availability for both grazers and browsers,
fuel available for fires, and increased mortalities in buffalo, hippo and other large
mammal species. Droughts are sometimes broken by high rainfall episodes, with
rapid recovery of annual grasses. The spasm of new plant growth triggers post-
drought population eruptions (population explosions) such as recorded in rodent
and certain bird species such as the nomadic Red-billed Quelea Quelea quelea.
Coincident with these droughts, Namibia and Angola also suffered severe impacts.
However, although dry years were experienced at frequent intervals, only four major
extreme droughts were identified within the 40 year period.
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Fig. 5.23 Accumulated number of days within a moving 12-month window, when the Extreme
Climate Index exceeded the 90th percentile value for three sites in Kruger National Park. From
Malherbe et al. (2020) African Journal of Range & Forage Science, 37:1, 1-17

Box 5.1: Human-Environment Interactions: Climate Change

and the Impacts of Increasing Atmospheric Carbon Dioxide

The most important and challenging ecological problem of the twenty-first
century is that of accelerated global climate change. It is important to recognise
that climate change is not a new phenomenon. Major changes in the concentra-
tions of atmospheric oxygen, carbon dioxide and other gases, and the temper-
ature at the Earth’s surface, have occurred throughout the hundreds of millions
of years since life first appeared on the planet. An example of the extent of
climate changes over what is today Angola, is visible in the Cunene valley.
During the Permian/Carboniferous period, 300 million years ago, Gondwana
was located over the South Pole, and glaciers cut the deep valley of what is
now the lower Cunene (Figs. 4.7 and 4.8). Glacial striations can be seen on the
rock floor and cliff faces of the river.

Over many millions of years, slight changes in the Earth’s tilt, or in its
elliptical path around the Sun, result in cycles of climatic conditions that
recur at approximately 22,000, 41,000, 100,000 and 413,000 year intervals
(Milankovitch cycles). These cycles were prominent through the Pleistocene
Ice Ages, which will be discussed in Chap. 12 in relation to the biogeog-
raphy of Angola’s rain forests. Global climate change in the twenty-first
century, however, is unequivocally due to human activity, in particular the
burning of fossil fuels, which release carbon dioxide (CO,) into the atmo-
sphere (Fig. 5.24). Successive reports by the Intergovernmental Panel on
Climate Change (IPCC) confirm global trends, which document a human-
induced warming of 1.5 °C since pre-industrial times. Projections suggest that
warming will grow to 3 °C by 2100. Impacts will differ from one region to
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another, with the polar regions warming more than the tropics (IPCC, 2019).
The speed of change is as alarming as its magnitude. Current rates are 100
times the speed of temperature changes that occurred between the cool and
warm periods of the Pleistocene Ice Ages. This has implications for the ability
of plants and animals to adapt to rapidly-changing climates and environments.

Fig. 5.24 Atmospheric carbon dioxide levels over the past 800,000 years, based on ice core
data. From NOAA

The driver of the current pace of climate change is popularly called the
greenhouse effect. The Earth reflects some of the energy it receives from the
Sun back into the lower atmosphere. Here some of the energy is absorbed by
water vapour and carbon dioxide (termed greenhouse gases) and some of
this energy is once more reflected back to Earth. The greenhouse gases provide
a thin envelope around the planet which maintains the Earth’s temperature. As
a result of this thin but effective shield, the Earth is a much cooler body than
the Sun, with an average temperature of only 15 °C. Without the protective
envelope of greenhouse gases, the Earth would lose energy and become an icy
planet like Mars.

The term ‘greenhouse effect’ needs explanation. It comes from the simi-
larity in the processes of temperature increase experienced within a nursery
greenhouse—or a parked car—on a sunny day. In an analogy with the gases
that form an envelope around the globe, incoming shortwave radiation passes
through the glass windows of a greenhouse or a car, but cannot escape because
outgoing longwave radiation cannot pass through glass. The air temperature
within the greenhouse, car, or the Earth’s lower atmosphere, rises rapidly. The
ecological consequences of global warming, and of increasing atmospheric
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carbon dioxide and other greenhouse gas concentrations which are driving the
warming, are of serious global concern.

A recent study (Carvalho et al., 2017) provides the first analysis and compar-
ison of a set of four Regional Climate Models (RCMs) that include Angola.
Scenarios of future temperature and precipitation anomaly trends, and the
frequency and intensity of droughts, are presented for the twenty-first century.
Consistent results were found for temperature projections, with an increase of
up to 4.9 °C by 2100. The temperature increases are lowest for the northern
coastal areas and highest for the southeast of Angola. In contrast to temperature
rises, precipitation was projected to fall over the century, with an average of —
2% across the country. The strongest change was projected for the southeast,
with decreases of as much as —4%. The central coastal region is expected
to have a slight increase in precipitation. More recent models for southern
Africa (Engelbrecht and Monteiro (2021), Fig. 5.25, suggest even more extreme
warming and drying than the projections described by Carvalho et al. (2017).

Fig.5.25 Projected spatial patterns of change in annual average temperature (°C) and annual
average precipitation (expressed as a percentage change) for the period 2081-2100 relative to
the period 1979-2014, as assessed from the ensemble average of 30 global climate models
that contributed to the Coupled Model Intercomparison Project Phase Six under the low
mitigation scenario SSP5-8.5. From Engelbrecht and Monteiro (2021). South African Journal
of Science: 117

The IPCC and RCM projections focus on changes in temperature and precip-
itation. Of ecological interest is the influence that increases in atmospheric
carbon dioxide concentrations will have on photosynthesis and soil water
balance. CO, concentrations were at 285 parts per million (ppm) in 1850,
rising to 300 ppm by 1900 and 410 ppm by 2018. They are projected to reach
700 ppm by 2100. As we will see in Chap. 14, African savannas are dominated
by C,4 grasses, and have been so since the C4 photosynthetic pathway evolved
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about 30 million years ago, in response to an increasingly arid and low CO,
environment. Trees, which are C; species, will benefit from increasing CO,
concentrations, and might out-compete C4 grasses. Some researchers predict a
major expansion of forests at the expense of grassy savannas due to the increase
in woody Cj species. Other models suggest that an increase in fires due to global
warming will maintain savannas. However, other factors apart from climate also
determine the balance between C3 and C, plants and ecosystem composition,
including rangeland management practices and agriculture. The future remains
uncertain, emphasising the urgency for increased ecological research.

References

Bond, W.J. (2019). Open ecosystems: Ecology and evolution beyond the forest edge (p. 191). Oxford
University Press.

Cardoso, J. F,, Duarte, M. C., Costa, E. et al. (2006). Comunidades vegetais da Serra da Leba. In I.
Moreira (Ed.), Agricultura, Recursos Naturais e Desenvolvimento (pp. 205-225). ISA Press.
Carvalho, S. C. P, Santos, F. D., & Pulquério, M. (2017). Climate change scenarios for Angola: An
analysis of precipitation and temperature projections using four RCMs. International Journal of

Climatology, 37, 3398-3412.

Engelbrecht, F. A., & Monteiro, P. M. S. (2021). The IPCC Assessment Report Six Working Group I
report and southern Africa: Reasons to take action. South African Journal of Science, 117. https://
doi.org/10.17159/sajs.2021/12679.

Finckh, M., Wendefeuer, J., & Meller, P. (2021). Frost-driven lower treelines in Angola and their
implications for tropical forest—grassland mosaics. Journal of Vegetation Science, 32, e13084.
https://doi.org/10.1111/jvs.13084

Finckh, M., Revermann, R., & Aidar, M. P. (2016). Climate refugees going underground—A
response to Maurin et al. (2014). New Phytologist, 209(3), 904-909.

Gouveia, D. H. G. (1956). Reconhecimento da baixa de Cassanje, Angola. Centro de Investigacao
Cientifica Algodeira. Memoria e Trabalhos, 24, 1-155.

Holdridge, L. R. (1947). Determination of world plant formations from simple climatic data. Science,
105, 367-368.

Humboldt, A., & von Bonpland, A. (1805). Essai sur la geographie des plantes; accompagne d’un
tableau physique des regions equinoxiales. Levrault, Schoell et Compagnie.

Huntley, B. J. (1982). Southern African Savannas. In B. J. Huntley & B. H. Walker (Eds.), Ecology
of Tropical Savannas (pp. 101-119). Springer.

Huntley, B. J. (2019). Angola in outline: Physiography, climate and patterns of biodiversity. In B.
J. Huntley, V. Russo, F. Lages, et al. (Eds.), Biodiversity of Angola. Science & conservation: A
modern synthesis (pp. 15-52). Springer Nature.

Koppen, W. (1900). Versuch einer Klassifikation der Klimate, Vorzugsweise nach ihren Beziehungen
zur Pflanzenwelt. Geographische Zeitschrift, 6(593-611), 657-679.

Lehmann, C. E., Archibald, S. A., Hoffmann, W. A., et al. (2011). Deciphering the distribution of
the savanna biome. New Phytologist, 191(1), 197-209.

Lovegrove, B. (2021). The Living Deserts of Southern Africa (296p.). Penguin Random House.

Malherbe, J., Smit, I. P. J., Wessels, K. J., et al. (2020). Recent droughts in the Kruger National Park
as reflected in the extreme climate index. African Journal of Range & Forage Science, 37(1),
1-17.


https://doi.org/10.17159/sajs.2021/12679
https://doi.org/10.17159/sajs.2021/12679
https://doi.org/10.1111/jvs.13084

References 125

Mendelsohn, J. M. & Mendelsohn, S. (2019). Sudoeste de/South West Angola (424p.). Arte e Cienca.

Mendelsohn, J., & Weber, B. (2015). Moxico: An atlas and profile of Moxico, Angola (44p.). Raison.

Mendelsohn, J., Jarvis, A., & Robertson, T. (2013). A profile and atlas of the Cuvelai-Etosha Basin
(170p.). Raison & Gondwana Collection.

Rembold, F., Kerdiles, H., Lemoine, G., et al. (2016). Impact of El Nifio on agriculture in Southern
Africa for the 2015/2016 main season. JRC Mars Bulletin. https://doi.org/10.2788/900042

Sankaran, M., Hanan, N. P., Scholes, R. J., et al. (2005). Determinants of woody cover in African
savannas. Nature, 438, 846-849.

Schimper, A. E. W. (1903). Plant geography upon a physiological basis. Clarendon Press.

Scholes, R. J., & Walker, B. H. (1993). An African savanna: Synthesis of the Nylsvley study.
Cambridge University Press.

Silveira, M.M. (1967). Climas de Angola (44p.). Servigco Meteordlogico de Angola.

Smith, T. M., & Smith, R. L. (2015). Elements of ecology (9th ed., p. 621). Pearson.

Staver, A. C., Archibald, S., & Levin, S. A. (2011). The global extent and determinants of savanna
and forest as alternative biome states. Science, 334(6053), 230-232.

Thornthwaite, C. W. (1948). An approach toward a rational classification of climate. Geographical
Review, 38(1), 55-94.

Trenberth, K. E. (2020). Understanding climate change through Earth’s energy flows. Journal of
the Royal Society of New Zealand, 50(2), 331-347. https://doi.org/10.1080/03036758.2020.174
1404

Tyson, P. D., & Preston-Whyte, R. A. (2000). The weather and climate of Southern Africa. Oxford
University Press Southern Africa, Cape Town, South Africa.

Van Jaarsveld, E. A. (2010). Botanical expedition into Angola. Aloe, 47, 4-35.

Walter, H., & Lieth, H. (1967). Klimadiagramm Weltatlas. Gustaf Fischer Verlag.

Whittaker, R. H. (1975). Communities and ecosystems. McMillan.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


https://doi.org/10.2788/900042
https://doi.org/10.1080/03036758.2020.1741404
https://doi.org/10.1080/03036758.2020.1741404
http://creativecommons.org/licenses/by/4.0/



http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-18923-4_6&domain=pdf
https://doi.org/10.1007/978-3-031-18923-4_6




























































http://creativecommons.org/licenses/by/4.0/



http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-18923-4_7&domain=pdf
https://doi.org/10.1007/978-3-031-18923-4_7












http://wamis.meraka.org.za/products/firefrequency-map
http://wamis.meraka.org.za/products/firefrequency-map



http://wamis.meraka.org.za/products/firefrequency-map
http://wamis.meraka.org.za/products/firefrequency-map
http://wamis.meraka.org.za/products/firefrequency-map






http://wamis.meraka.org.za/products/firefrequency-map
http://wamis.meraka.org.za/products/firefrequency-map
























https://doi.org/10.3390/d12080307
https://doi.org/10.4102/koedoe.v63i1.1655
https://doi.org/10.4102/koedoe.v63i1.1655
https://doi.org/10.2989/10220119.2021.1918765



http://creativecommons.org/licenses/by/4.0/

Chapter 8 ®)
Herbivory: Mammalian Grazers e
and Browsers

Key Concepts and Questions: This Chapter Explains

e How soils, climate, fires and mammalian herbivores evolved and interacted to
shape Angola’s vegetation and animal communities.

e Why soils and the nutritional quality of vegetation they carry influence the patterns
of herbivore impacts in African ecosystems.

e What factors determine the distribution and structure of Angola’s mammal
herbivore communities.

® How the impacts of grazing cattle and browsing goats have replaced those of
indigenous herbivores.

Context: The Coevolution of C, Grasses, Savannas, Herbivores and Humans

Herbivores are a main driver of ecosystem patterns and processes in semi-arid savannas,
with their effects clearly observed when they are excluded from landscapes.

(Wigley-Coetsee et al., 2022)

African ecosstems have endured and adapted to at least eight million years of regular
fires across the highly flammable C4 grasslands and fire-tolerant woodlands of its
mesic/dystrophic savannas. Its arid/eutrophic savannas have co-evolved in the pres-
ence of arich fauna of mammal herbivores, in particular the antelope that characterise
Africa as a wildlife paradise. Climatically, Africa did not experience the dramatic
episodes of glaciation that transformed the landscapes of Northern Hemisphere conti-
nents during the cold, dry Ice Ages of the Pleistocene. Neither did Africa witness the
extinction of megaherbivores that occurred in Australia, the Americas, Madagascar
and New Zealand (Owen-Smith, 1987, 2021) over the last 40 thousand years, as
Homo sapiens the hunter/gatherer expanded across the globe from the savannas of
eastern and southern Africa—the Cradle of Humankind. The happy coincidence of
the early evolution of H. sapiens on the savannas of Africa is possibly the reason
why the modern large herbivores of Africa were able to co-evolve with the human
species. The mammals could adapt to human hunting pressures over many tens of
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thousands of years, rather than collapse as they did on the other continents, where
the encounter was comparatively rapid.

More recently, during the past 10,000 years, domesticated cattle and goats have
been introduced to Africa from Eurasia. Their impact on Africa’s rangelands has
been dramatic. A synopsis of the role of indigenous mammal herbivores (largely
free-roaming) in shaping the vegetation of the savannas, and the changes brought
about by the introduction by human societies of domestic grazers and browsers
(largely sedentary) to Africa provides insights to the changing patterns of herbivory
across the continent.

Herbivores, whether grazers or browsers, have both negative and positive impacts
on the plants on which they feed. Herbivores can:

Stimulate grass growth, or be destructive of plants.

Contribute to nutrient cycling.

Maintain or change the relationship between grass and woody plant density.
Open the canopy of grasses and trees.

Reduce the rate of fuel accumulation and thus of fire intensity.

Retard or accelerate the pace of recovery from defoliation.

Herbivores range in size from the smallest invertebrates to the largest of land
mammals. In mesic/dystrophic savannas of central and western Africa the biomass
of vertebrate herbivores is much lower than in the arid/eutrophic savannas of eastern
and southern Africa. In the mesic savannas, earthworms, termites and decomposing
microorganisms, together with fire, occupy the role of the large herbivorous mammals
of arid savannas. The close evolutionary relationships between herbivores and the
plants they depend on and the landscapes they inhabit, account for the diversity of
the herbivore communities across Africa.

8.1 The Evolution of African Mammalian Herbivores
and of Arid/Eutrophic Savannas

Our understanding of the distribution and density of the African fauna, like that of
its flora, has progressed from the oral accounts of traditional communities, and the
documented observations of naturalists of the colonial era, to the more objective and
data-rich syntheses of the past decades. While the century-old biome concept has
recently been widely applied for African vegetation formations (Burgess et al., 2004),
new concepts such a pyromes (Archibald et al., 2013) and herbivomes (Hempson
et al., 2015a) have been proposed for the collective characteristics of fires and herbi-
vores. These are useful conceptual frameworks, and will help guide an understanding
of the role of mammalian herbivores in shaping Angola’s biomes.

Plant responses to herbivory have long been recognised, but the distinction
between the patterns of response to fires and herbivory in arid/eutrophic and
mesic/dystrophic savannas has been blurred by many studies that treat all African
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coarsest parts of the plant material (the cud or bolus) are then regurgi-
tated back into the mouth where they are once again chewed (chewing
the cud) a process known as rumination. Passed back to the rumen, it
is fermented by microbial activity. This material is then passed to the
second chamber—the reticulum. Here it is further fermented, and passed
to chamber three—the omasum, where it is filtered. Hereafter it passes
to the fourth chamber, the abomasum—the ‘true stomach’—and to the
small intestine and on to the caecum, where further digestion and absorp-
tion occurs. This complex process takes about 80 h, but is 80% effec-
tive in breaking down (hydrolysing) the cellulose and other nutrients
contained in the rough plant material. The dung of ruminants is consequently
fine-grained.

The minimum level of protein required by ruminants to maintain microfloral
activity is 6%. Despite the selection of relatively high-quality forage, the slow
digestion process of ruminants has a serious constraint. If the protein level
drops below 6% (frequent in the mesic/dystrophic savannas of the miombo)
the slow processing of their food can lead to the loss of weight and phys-
ical condition. Despite the high primary (plant) productivity of low nutrient
mesic savannas, they cannot carry a proportionate (herbivore) productivity. In
contrast, the arid/eutrophic savannas, with sustained protein content, can carry
a much higher ungulate biomass than the mesic savannas.

The coevolution of C, grasses, hypsodont teeth and rumination accounts
for the success of savanna herbivores across Africa.

8.2 The Herbivomes of Africa

South African ecologist Gareth Hempson and co-workers undertook an ambitious
synthesis of the biomass and functional traits of 92 species of African mammal
herbivores. Together with rainfall, fire regime, biome and soil data they delimited
herbivory regimes which, following the language of biomes and pyromes, they called
herbivomes (Hempson et al., 2015a). Their five functional types (Fig. 8.3) and
four herbivomes, provide conceptual frameworks that are highly relevant to under-
standing the distribution patterns of Angola’s mammal herbivores. The concept of
functional type (or functional trait) is used by ecologists to simplify the structure of
communities into manageable units for study and to answer basic questions on their
relationships with other species and the environment. All five functional types and
four herbivomes are represented in Angola.
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Small nonsocial browsers (SNSBr) -
« 35 sp. incl. dik-diks, dulkers and Raphicerus sp.

« Paragon; Comenon dulker Sylvicapra grirmmie ;
- Distinctive: Blue duiker Philaniomba monticola

Medium-sized social mixed diets (MSMix)
- 18 sp. incl. gazeles and oryx

« Paragon: Grant's gazelle Nanger granti
- Distinctive: Gemsbok Oryx gazella

Large browsers (LBr)

« 8 sp. incl. giraffe, okapi and most Tragelaphus sp.
Paragon: Greater kudu Tragekiphus stropsiceros

- Distinctive: Girafle Giraffa camelopardalis

Water-dependent grazers (WDGr)

- 17 sp. Incl. Hippotragus sp. and Kobus sp.

- Paragon: Hartebeest Alcelaphus buselaphus

- Distinctive: Wildebees! Connochaeles taurinus

Nonruminants (NRum)

- 14 sp. Iincl. equids, hippos, minos and sukds
- Paragon. Plains zebra Equus quagga
= Distinctive: Alrican elephant Laxodonta africana

Fig. 8.3 Herbivore functional type classification for African mammals. From Hempson et al.,
(2015a) Science, 350(6264): 1056-61

Functional Types

The small, non-social browser functional type is characteristic of the antelope
of the moist closed forests of Cabinda, Zaire, Uige and Lunda-Norte (Bay Duiker,
White-bellied Duiker, Black-fronted Duiker, Blue Duiker; Water Chevrotain).
This group of small, non-social browsers also includes the Dik-dik and Steenbok
of the arid southwest.

The medium-sized, social mixed feeders are arid savanna species (Springbok,
Gemsbok).

Large browsers (Greater Kudu, Giraffe) are also arid savanna species.
Water-dependent grazers include both arid and mesic savanna species (Blue
Wildebeest, Sable, Roan, Lechwe, Puku).

The fifth group includes the non-ruminants (Zebra, Black Rhinoceros, Savanna
and Forest Elephant) that because of their ability to utilise rough, nutrient-poor
herbage are characterised as bulk-feeders.

The distribution of herbivore biomass according to functional type in Africa is

overwhelmed by the non-ruminant group, where elephant alone exceed the biomass
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eastern Africa, it includes the basaltic Serengeti Plains. These are the epicenters of
antelope diversity and abundance of the world and the sites of major national parks
and World Heritage Sites such as Okavango, Kruger, Hwange, Gorongosa, Tsavo
and Serengeti.

8.3 Patterns of Impacts of Browsers and Grazers

Africa today retains, at least in effectively managed protected areas, a megafaunal
assemblage that resembles that of the Pleistocene. It is an ideal continent on which
to study the role of mammal herbivores in ecosystem dynamics, especially in terms
of their impacts on nutrient cycling, damage to trees, consumption of buds, seeds
and leaves, the dispersal of fruit and the opening up of woodlands by trampling.

Herbivores (specialist consumers) also act as competitors with fire (a generalist
consumer) by consuming potentially combustible fuel, thus reducing fire intensity
and impact. At high densities, browsers create a distinct browse line in trees and
shrubs, at levels proportionate to their reach. If they remove the growing tips of tree
saplings, the combined effects of browse and fire will cause mortalities and possibly
a change in vegetation structure. Tree saplings have to outpace both the fire trap and
the browse trap to reach maturity (Chap. 10, Fig. 10.14).

In some areas, herbivores might maintain open savanna where the climatic poten-
tial is forest, although evidence of such herbivore-mediated controls in high rainfall
areas is limited. Herbivore-constrained savanna structure is rare in moist and mesic
savannas, which are notorious for their very low herbivore biomass. Conversely, in
arid savannas, herbivores exert significant controls on vegetation structure. Mega-
herbivores (body mass greater than 1000 kg) such as elephant might cause phys-
ical damage to large trees, and reduce a tall woodland to a short shrubland. In
Kruger National Park, herbivore exclusion over 22 years revealed an 11-fold greater
woody canopy cover in areas without herbivores when compared with sites exposed
to mammalian herbivores (Asner et al., 2009). The long-term herbivore-exclosure
experiments in an arid/eutrophic Colophospermum savanna in Kruger National
Park (Wigley-Coetsee et al., 2022; Figs. 8.5 and 8.6) demonstrate the impact of
elephant on vegetation structure. Similar impacts were not noted in exclosures
in mesic/dystrophic savannas with the same elephant densities (Asner & Levick,
2012). Mega-grazers, such as Hippopotamus and White Rhinoceros can also open up
dense grass and shrub cover, establishing ‘grazing lawns’ (Hempson et al., 2015b).
Waldram et al. (2008) describe White Rhinoceros as ecological engineers due to
their top-down effects on ecosystem structure, creating a mosaic of fire-free patches
of short, nutritious lawns, thereby facilitating the habitat’s use by other herbivore
species.

Owen-Smith (1982, 2021) notes the distinction between browsers (which select
plant species and plant parts for maximum energy gain), and grazers (that focus
on plant quality, for maximum nutrient gain). Whereas Colophospermum mopane
(mopane/mutiati) has no structural defences against herbivory, many woody species
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Fig. 8.5 Elephant damage to Colophospermum mopane arid/eutrophic savanna in Kruger National
Park. Photo Merle Huntley

Fig. 8.6 Mopane woodland protected from elephants within a large exclosure. Photo William Bond












References 181

composition, and a change in bird communities which persisted for hundreds of
years after the corrals had been abandoned (Scholes & Walker, 1993). Extended
across sub-Saharan Africa, the impacts of such changes in nutrient diffusion
(estimated by Hempson et al. (2017) to have been reduced to 5% of past levels)
could introduce novel distortions to ecosystem patterns.

Africa is thus unique in its richness of indigenous ungulates, and the close
interactions these have with the diversity of biomes, ecoregions and ecosystems
that have evolved in parallel for millions of years. The continent is also unique
in the extended history of the co-evolution of Homo sapiens, the fire-maker
and pastoralist, over many tens of thousands of years more than in any other
continent.
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Chapter 9 ®)
General Concepts in Ecology e

Key Concepts and Questions: This Chapter Explains

® How ecosystems are structured and function at successive levels within a hierarchy
of interactions.
Why evolution by natural selection is a founding principle of biology.

e How populations are structured spatially and in terms of age, movement, and life
history patterns.

e Why species richness, evenness and dominance are key elements of community
structure.

® How the interrelationships of species within a community create food chains and
food webs.

e Why a landscape view of community structure is needed to identify patterns and
relationships in and between habitats and biota.

® How the theories of island biogeography and metapopulations explain the
diversity and dynamics of isolated populations.

o Why the competitive advantages of certain non-native (invasive) species can exert
strongly negative impacts on rural livelihoods.

Context: Ecological Assembly: Key Levels and Related Terms

Textbooks on the fundamentals of ecology usually follow a logical sequence from the
organismic to population to community levels. Thereafter, processes are examined at
higher scales of integration such as ecosystem energetics, patterns of distribution and
abundance, and the emergent properties of ecosystems. Here we will introduce some
of the foundational concepts and principles at these successive levels, and provide
selected examples of their characteristics in the chapters that follow. Key terms
mentioned in bold print will be discussed in more detail in succeeding chapters. The
structure of this outline follows that presented by Smith and Smith (2015) in their
excellent volume Elements of Ecology.
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9.1 The Evolutionary Basis of Ecology

Overview

The foundations of ecology, and its underpinning by the concept of evolution by
natural selection, go back to the writings of Malthus, von Humboldt, Wallace and
Darwin. All these scholars were pioneers in the future science of ecology. Foremost
of their publications was Darwin’s (1859) seminal work On the Origin of Species
which provided a revolutionary framework for understanding the diversity of life on
Earth. A general introduction to the evolutionary basis of ecology is thus an important
step in the learning process.

Throughout this book, several recurrent themes will have become familiar to the
reader:

e Life onland imposes diverse constraints on organisms. Each environment presents
a different set of constraints on processes relating to the survival, growth, and
reproduction of organisms.

e Species richness varies widely across the face of the Earth, yet the set of character-
istics that enables an organism to succeed in one environment typically precludes
it from doing equally well under a different set of environmental conditions.

e The theory of natural selection is arguably the most unifying principle in biology.
It provides a basis for understanding the distribution, diversity, and abundance of
species, and is an essential point of departure for an understanding of ecology.

Itis not intended that a detailed introduction to evolutionary biology and genomics
be presented in this introduction to terrestrial ecology. An excellent and concise intro-
duction to the subject of natural selection, adaptation, and evolution is given by Smith
and Smith (2015) and is summarised here. It is relevant, however, to note that the
modern tools of genomics, especially phylogenetics, have provided new insights into
the evolution and age of many features of African ecosystems. These advances are
described in relation to spinescent trees and shrubs in savannas (Sect. 8.1), hypsodont
teeth in ungulates (Box 8.1), the evolution of C3 and C,4 grasses (Sect. 10.2), the speci-
ation of Afromontane birds (Box 18.1) and of the underground geoxyles of mesic
savannas (Box 15.3).

Natural Selection and Differentiation

Adaptations are those heritable characteristics that enable an organism to survive and
reproduce in a given environment. An adaptation is the product of natural selection—
aheritable behavioural, morphological or physiological trait that an organism evolves
over an extended period of time. Natural selection results from the differential fitness
of individuals within a population to interactions with their environment. Fitness
is a measure of the proportional contribution an individual makes towards future
generations. In a given environment, some individuals will survive better, reproduce
more, and leave more descendants—they will be fitter—than other individuals. The
process of change in heritable characteristics carried from one generation to the
next is called evolution. Natural selection and evolution occur within species.
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such as Giant Sable, Forest Buffalo (pacassa) and Forest Elephant is particularly
appropriate. A classic example of a subpopulation approaching extinction was that
of the Cangandala local population of Giant Sable, which had been reduced to a
small group of females, hybridizing with a single male Roan Antelope. In an elegant
model of conservation biology in action, the Cangandala population was rescued
through the removal of the Roan male, and the introduction of Giant Sable males
from the closest local population in Luando Strict Nature Reserve (Vaz Pinto, 2019)
as described previously.
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Chapter 10 ®)
Ecosystem Processes and Dynamics e
in Mesic Savannas

Key Concepts and Questions: This Chapter Will Explain

e Why the laws of thermodynamics underpin the processes of energy capture,
transfer and loss within ecosystems.

® How different photosynthetic pathways have evolved in response to temperate and
tropical climates.

e How the carbon cycle of a savanna ecosystem is structured.
Why plant biomass production in mesic savannas is higher, but herbivore biomass
is lower; than that of arid savannas.

® How nutrients are transferred from plants to the soil through decomposition and
mineralization processes driven by insects, bacteria and fungi.

e  Why the rain forests and mesic savannas of Angola can be described as alternative
stable states.

® How trees and grasses coexist while competing for similar resources.

Context: An Introduction to Systems Ecology

One of the unifying concepts in ecology is that of food webs, where energy and
nutrients are transferred from one trophic (feeding) level to the next (Sect. 10.1).
Ecological research has paid much attention to trophic interactions and structures
since the concepts were introduced by Elton (1927) in his classic book Animal
Ecology. The processes were quantified by Lindeman (1942) for aquatic ecosys-
tems, and later championed by American brothers Eugene and Odum (1953), co-
founders of modern integrated whole-ecosystem science. Odum (1983) used general
systems theory and the laws of thermodynamics to better understand the flows of
energy through ecosystems, and to describe them using conceptual and mathematical
models.

© The Author(s) 2023 215
B. J. Huntley, Ecology of Angola,
https://doi.org/10.1007/978-3-031-18923-4_10


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-18923-4_10&domain=pdf
https://doi.org/10.1007/978-3-031-18923-4_10










10.1 Food Chains, Food Webs and Trophic Levels 219

much of the tallgrass savannas of northern Angola. Nylsvley is located at the floristi-
cally depauperate southern extension of mesic/dystrophic savannas, with a structure
and function very similar to that of the dry miombo of Angola. The dominance of
trees such as Burkea africana, Ochna pulchra and Terminalia sericea reflect this
similarity, as do the leached, infertile and sandy soils of the Nylsvley ecosystem.

The results of the 16-year Savanna Ecosystem Project (1974—1990) were synthe-
sised by Scholes and Walker (1993) and provide a detailed account of the structure
and functioning of the Burkea savanna. The results of the 30-year Lamto Project
have been comprehensively synthesised by Abbadie et al. (2005). The Lamto and
Nylsvley syntheses, together with that of Frost (1996) on the miombo of Zambia
and Zimbabwe, remain the most important reviews of the subject and form the basis
of the present outline. Here we will examine components and interactions in the
creation, transfer and cycling of energy and nutrients in mesic/dystrophic savannas
as quantified at Nylsvley, also referencing data from miombo sites in Angola, the
Democratic Republic of the Congo, Ivory Coast, Zambia and Zimbabwe.

This chapter will commence with an outline of food webs and trophic levels in
nature, then follow the pathways of primary production, consumption and decompo-
sition, and conclude with a discussion on concepts of tree-grass dynamics in African
savannas.

10.1 Food Chains, Food Webs and Trophic Levels

Before considering the processes of ecosystem energetics and nutrient transfers, an
understanding of the framework of ecosystem structures is necessary. The inter-
specific interactions within ecosystems described earlier—(Sect. 9.6 on herbivory,
predation, parasitism, and mutualism)—evolved for the acquisition of energy and
nutrients for growth and ultimately, reproduction. These relationships, between the
various species in an ecosystem, form food chains, and the collective interactions
(links) form food webs. Savanna ecosystems such as those that dominate Angolan
landscapes have two food chains—a grazing food chain and a detrital food chain, as
illustrated in Fig. 10.3.

The successive levels in a food web are called trophic levels. The feeding relation-
ships are classified into autotrophs (primary producers—which receive their energy
directly from the Sun via photosynthesis) and heterotrophs (consumers of plant
and animal tissue). Primary consumers comprise herbivores which feed on plants,
secondary consumers comprise carnivores that feed on herbivores, and omnivores
that feed on both plants and animals. The relationships are popularly compared to
a pyramid. Topping the trophic pyramid are apex predators, which feed on lower
trophic levels but are not themselves eaten. In addition to the contributors to the
pyramid, decomposers (detritivores) consume dead organic matter and convert it
into energy and nutrients, which become available for plant growth and therefore to
the cycling of materials through the ecosystem. The movement of mineral nutrients
is cyclic, whereas the movement of energy is unidirectional and noncyclic.
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Grazing food chain Detrital food chain
R R
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P 1
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Primary
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Fig. 10.3 Generalised grazing and detrital food chains. Orange arrows linking trophic levels repre-
sent the flow of energy associated with ingestion. The blue arrows represent the loss of energy
through respiration (R). The brown arrows represent a combination of dead organic matter uncon-
sumed biomass) and waste products (faeces and urine). From Smith and Smith (2015) Elements of
Ecology. (9th Edition). Pearson, Boston

Once the structure and quantification of food chains has been achieved, an imme-
diate observation will be the rapid loss of energy transferred from one trophic level
to the next. In grazing food chains, this is approximately one order of magnitude
per step. In crude terms, in a food chain of four levels, for every 1000 kg of grass
produced by primary production and consumed by antelope, only about 100 kg of
animal tissue is produced, sufficient to support 10 kg first-level predators, and 1 kg of
second-level (apex) predators. This explains why there are so few predators compared
with herbivores, and why food chains seldom have more than three or four levels.

An important concept relating to food chains and food webs is that of bottom-up
and top-down controls. Bottom-up controls are those that limit the productivity and
abundance of populations in the trophic level above them. Thus grass productivity
places limits on the biomass of herbivores that they support, which in turn controls the
numbers of predators that feed on them. Conversely, predators can control herbivore
population size, which in turn can control grass and tree biomass by defoliation.
These are top-down controls.

Against this framework of food chains, food webs and trophic levels, the succes-
sive steps in the functioning of savanna ecosystems can be summarised, starting with
the basis of life on Earth—the capture and synthesis of solar energy, carbon dioxide
and water into organic matter through photosynthesis.
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Walker and Noy-Meir (1982) tested the Walter hypothesis in the Burkea
africana mesic savanna of Nylsvley and simplified Walter’s arid savanna model
to a generalised ‘two-layer’ hypothesis (Fig. 10.13), extending the original arid
savanna hypothesis to a mesic savanna at the dry, southern limit of the biome’s
distribution.

Grasses

Upper soil layers,
short wet period

Lower soil layers,
long wet period

Fig. 10.13 The simplified ‘two-layer’ model of vertical resource partitioning. Filled circles
represent tree roots, open circles grass roots. Note that competition only occurs in the upper
soil layer, where water is available for a short period prior to evaporation. Redrawn after
Walker and Noy-Meir (1982) Ecology of tropical savannas. Springer, Berlin

The ‘savanna problem’ discussion was taken further by Scholes and Archer
(1997) who presented a detailed global review of the complex interactions
between trees and grasses in savanna ecosystems. They describe four models:
niche separation by depth; niche separation by phenology; spatial separation,
and balanced competition.

e Niche separation by depth has been discussed above (the Walter hypoth-
esis).

¢ Phenological partitioning can be illustrated in mesic savannas such as
Angola’s miombo, where trees come into full leaf before the onset of rains,
using resources stored since the previous rainfall period. Grasses, however,
have very limited water and carbohydrate storage capacities and therefore
have to slowly build up photosynthetic capacity as the rain season proceeds.
There is thus a clear temporal (phenological) separation in the root and shoot
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events can result in the shift to alternate stable states of savannas as illustrated
below (Fig. 10.13).

In recent years, the competition-based hypotheses have lost support to the
demographic bottleneck hypotheses. Both approaches await greater clarity on
grass demography to conclude the discussions on the ‘savanna problem’.
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Chapter 11 ®)
Adaptations to Life in the Namib Desert e

Key Concepts and Questions: This Chapter Explains

e Why the physics of water evaporation, and surface area to volume ratios, are
important to survival in hot, arid environments.

e What adaptations have evolved in plants and animals to increase water capture
and reduce water loss in desert environments.

e How desert animals regulate temperature to avoid over-heating through morpho-
logical, physiological and behavioural adaptations.

e What the role of interspecific competition is in securing resources in food-limited
environments.

e How a diversity of defence mechanisms protects desert plants and animals from
predation.

e What hypotheses have been proposed by researchers to explain the ‘fairy circles’
of the Namib.

Context: The Namib, A Living Museum of Animal and Plant Adaptations to
Aridity

The Namib Desert, most comprehensively represented in Iona National Park, is a
living museum not only of the geological history of Angola, but also of the extraor-
dinary adaptions (the products of natural selection) that have evolved in animals and
plants to survive, grow and reproduce under extreme conditions of aridity and temper-
ature. Responses are exhibited in morphological, behavioural and physiological
adaptations. The outcomes of such long evolutionary processes have fascinated
ecologists for many decades, and deserts have become centres of research across the
world’s hyper-arid zones. In Africa, knowledge of desert adaptations is especially
advanced for the Namib biota. Research into the ecology and evolution of desert
ecosystems has, for more than 70 years, received a world-renown status through
international collaboration at the Gobabeb Namib Research Institute at Gobabeb in
Namibia. The development of the Iona-Skeleton Coast Transfrontier Conserva-
tion Area, a collaborative project between Angola and Namibia, has as one of its
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Chapter 12 ®)
The Guineo-Congolian Rain Forest T
Biome

Key Concepts and Questions: This Chapter Explains

e What constitutes a rain forest.

e Why some perceptions of age, diversity, stability and intactness of rain forests
have been misleading.

e What changes have occurred since the evolution of African rain forests that
extended from the coasts of the Atlantic to the Indian Ocean.

e Why Africa is the ‘odd man out’ in terms of rain forest tree diversity.

e What vertebrate species characterise the Guineo-Congolian Rain Forests and
how they separate their resource demands.

Context: Global and Continental Perspectives on Tropical Rain Forests

Tropical Rain Forests (TRF) represent the global peak of biological diversity. The
tropical rain forest biome has more species and ecoregions than any other on Earth.
Covering only 14% of the Earth’s land area, this biome supports at least 50% of the
world’s known plant and animal species, with many more still awaiting discovery
(Dinerstein et al., 2017). The current area of African rain forests is ca. 2.3 million
km?. The largest block of forest, covering 1.8 million km?, lies in the Congo Basin
(Fig. 12.1), with a similar vast area (2.5 million km?) of Forest/Savanna mosaics
surrounding the closed forest block. The Congo Basin contains the second largest
continuous expanse of tropical rain forest on the planet, after the slightly larger block
of the Amazon Basin.

Definition

The classic definition of tropical rain forest is the brief diagnosis of Schimper
(1903): “Evergreen, hygrophilous in character, at least 30 m high, but usually much
taller, rich in thick-stemmed lianas and in woody as well as herbaceous epiphytes.”
To this, one might add: “Woody species dominate all but the sparse undergrowth,
and the richness of species of trees per ha exceeds that of any other biome. Trees are
tall, straight-stemmed and unbranched for the first 20-30 m, often reaching 60 m as
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Fig. 12.1 Spatial distribution of African Rain Forests. From Mayaux et al. (2013) Philosophical
Transactions of the Royal Society B 368: 1625. Creative Commons Attribution License 3.0

emergents from a closed canopy at 30-50 m” (Richards, 1952). Both these definitions
are appropriate for the rain forests of northern Angola.

Whitmore (1998), in his authoritative and comprehensive volume on tropical rain
forests, distinguishes between evergreen ever-wet (perhumid) forests, where over
100 mm rainfall is received during every month of the year, and semi-evergreen
seasonally dry (monsoon) forests where regular annual periods of water stress are
experienced. In addition to these two dryland forest (terra firme) types, extensive
areas of swamp forests occupy one third of the Congo basin, and the narrow margins
of some gallery forests of the Congo tributaries in northern Angola.

All three forest types are tall, closed canopy forests, found on all three tropical
continents. Convergent evolution has produced similar responses to environmental
conditions, with very similar life forms and physiognomy, despite very few floristic
or faunistic links below family level. In Africa, tropical lowland evergreen ever-wet
rain forest is found in Cameroon, Equatorial Guinea and Gabon. Most of Africa’s
rain forests belong to the seasonally dry closed forest formations, which experience
at least two months with little or no rain, but high humidity levels continue through
much of the dry periods.

The exceptional diversity and productivity of these forests results from the coinci-
dence of abundant, regular and reliable rainfall and high levels of solar radiation. The
biological wealth of rain forests has, for centuries, attracted romantic descriptions and
perceptions of the diversity, stability and pristine condition of the biome. However,
the biological richness of the Tropical Rain Forest is not shared equally across the
tropics. The age and stability of rain forests vary widely, and recent paleoecological
studies demonstrate that the impact of human communities on TRF dynamics has
been far greater, and over a much longer period, than previously thought—especially
in Africa.
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Fig. 12.4 The canopy of Guineo-Congolian rain forest in the Alto Maiombe National Park,
Cabinda. Note the straight trunk of a forest emergent at left, and the broken canopy in the foreground

clouds, and seldom more than 200 km from the coast. Ranging in altitude from
sites at 150 m on the coastal hills of Cabinda, rain forests are found at up to 1200 m.
The distribution of Ecoregions 1-3 is indicated in Figs. 2.3, 2.4 and 2.5.

The Guineo-Congolian Rain Forests of Angola fall into five groups:

e First are the Maiombe forests of Cabinda (Ecoregion 1; Figs. 2.1, 12.4). These
are surrounded by the sharp transition from rain forests to the tallgrass mesic
savannas of the Congo Basin (Ecoregion 2).

e Second are the forests of the mountains and escarpments between the Congo and
Cuanza rivers (the Northern Escarpment forests). These include the forests of the
Serras da Canda and Mucaba in Zaire, Serra Pingano in Uige, and the Dembos and
Cazengo forests in Cuanza-Norte. These forests belong floristically to Ecoregion
1, and occur within the extensive matrix of the Western Congolian Forest/Savanna
Mosaic (Ecoregion 2).

e Third are the forests of the Central Escarpment between the Cuanza and Coporolo
rivers and include the moderately-sized Amboim/Gabela and Seles/Cumbira
forests in Cuanza-Sul. These forests, also belonging to Ecoregion 1 and fall
within a matrix of grasslands, savannas and woodlands—the Angolan Escarpment
Savannas, Ecoregion 6).

e Fourth, southwards from the Coporolo to the Cunene rivers, only isolated frag-
ments of moist forest with Guineo-Congolian elements are found along the
Southern Escarpment near Chongoroi and at the base of the Serra da Chela. Nearly
all of these rain forests have been extensively transformed and fragmented, with
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12.5 Floristic Composition

Very few ecological studies have been undertaken in Angolan rain forests, but the
early works of Gossweiler and Mendonga (1939), Monteiro (1962, 1965) and Barbosa
(1970), as synthesised by White and Werger (1978), are important sources on their
floristic composition. In the absence of quantitative information on the Angolan rain
forest communities, it is not possible to provide more than indicative floristic lists of
species, as recorded for the various forest blocks by Barbosa (1970).

The Guineo-Congolian rain forests of Angola occur as isolated blocks along the
mountains and escarpments of western Angola (Ecoregion 1) and as rain forest frag-
ments surrounded by a broad belt of tallgrass Zambezian mesic savannas (Ecoregions
2 & 3) that stretch across northern Angola. These forests represent the southward
extension of decreasing forest area and species diversity from Cameroon, through
Equatorial Guinea, Gabon and Republic of the Congo to Cabinda, and then to the
last outliers of Guineo-Congolian elements such as Piptadeniastrum africanum and
Newtonia buchananii in the ravines below the Chela escarpment. Guineo-Congolian
mammals, birds, reptiles and amphibia follow a similar decrease of species richness
from north to south.

Here we focus on the floristics of the main forest blocks found in Angolan ecore-
gions (1) Guineo-Congolian Rain Forests, (2) Western, and (3) Southern Congolian
Forest/Savanna Mosaics that form part of the continuum of the Guineo-Congolian
forest flora in Angola.

Maiombe Forests: Cabinda (Ecoregion 1: Guineo-Congolian Rain Forest, Figs. 2.1,
12.4).

In Angola, the flora of the Guineo-Congolian regional centre of endemism reaches
its richest expression in the semi-evergreen and semi-deciduous Maiombe forests of
Cabinda. The Alto Maiombe forests lie at between 350 and 800 m on the well-
drained soils of hilly sea-facing slopes of the ridge of low mountains running from
the northwest in Gabon to the southeast, along the Cabinda border with the Republic
of the Congo. The forests cover about 3500 km? within Angolan territory. The best
examples reach 60 m height, are multi-storeyed and evergreen to semi-evergreen.
Rainfall ranges from 1400 to 1700 mm per year, reinforced by the influence of mist
during the cooler, drier months.

e The canopy of mature forest, sometimes reaching 60 m, includes Gilbertioden-
dron ogoouense, Homalium viridiflorum, Julbernardia seretii, Librevillea klainei,
Mammae africana, Pentadesma leptonema, Tetraberlinia bifoliata and Xylopia
lenombe. Many of the canopy species are briefly deciduous during the short dry
season.

e The mid-stratum, from 20 to 30 m, includes Anopyxis klaineana, Dialium pachy-
phyllum, Macaranga gilletii, Monodora angolensis, Piptostigma mayumbense
and Xylopia staudtii. Most sub-canopy species are evergreen, but those exposed
to direct sunlight by treefall, are briefly deciduous.
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e Swamp forests occur on poorly drained basins of the river valleys, with
Mitragyna stipulosa, Nauclea diderichii, Pandanus candelabrum, Phoenix recli-
nata, Syzyguim guineense, Spondianthis preussii, Treculia africana and Uapaca
guineensis.

12.6 Faunal Composition

The African tropical rain forest is biologically the richest biome on the African
continent, exceeded only by the Cape flora in terms of plant species diversity, although
it is much richer in all animal groups. Angola’s Guineo-Congolian Rain Forests
(within ecoregions 1, 2 and 3) belong to the Atlantic Equatorial Coastal Forests
ecoregion as described by Burgess et al. (2004), which occupies 189,000 km? of five
Central African countries. The Atlantic Equatorial Coastal Forest ecoregion has 93
amphibian, 120 reptile, 484 bird, 169 mammal and over 6000 plant species (Burgess
etal.,2004). The biodiversity of Angola’s rain forests has not been fully documented,
but key animal species, which are restricted to or most commonly found in Angola’s
Rain Forest Biome, are listed in Table 12.2.

12.7 Rain Forest Mammals

Tropical rain forests are fabulously rich in animal life with twice as many species of
mammals, birds, amphibians and reptiles as temperate forests. This faunistic wealth
is due to the three-dimensional space provided by a tropical rain forest canopy that

Table 12.2 Vertebrate species typical of the Guineo-Congolian rain forests of Angola

Amphibians: Congolese Clawed Frog, Large-spotted Reed Frog, Benito River Reed Frog,
Vilhena’s Reed Frog, Carqueja’s Squeaker, Lameer’s Squeaker, Gabon Forest Tree Frog
Reptiles: Western Forest Feylinia, Owen’s Chameleon, Variable Bush Viper, Gabon Adder,
Forest Night Adder, Jameson’s Mamba, Ringed Water Cobra, Emerald Snake,
Yellow-Throated Bold-Eyed Tree Snake, Forest Twig Snake

Birds: Black Guineafowl, Afep Pigeon, Grey Parrot, Red-fronted Parrot, Great Blue Turaco,
Guinea Turaco, Black Bee-eater, African Pied Hornbill, Black-and-white-casqued Hornbill,
Piping Hornbill, Red-rumped Tinkerbird, Yellow-crested Woodpecker, Grey-green
Bushshrike, Angola White-throated Greenbul, Red-tailed Loveleaf, Banded Prinia, Forest
Chestnut-winged Starling, Dusky-blue Flycatcher, Bannerman’s Sunbird

Mammals: African Golden Cat, Ansorge’s Cusimanse, African Palm Civet, Bay Duiker,
‘White-bellied Duiker, Black-fronted Duiker, Blue Duiker, Sitatunga, Red River Hog, Water
Chevrotain, White-belled (Tree) Pangolin, Red-tailed Monkey, Moustached Monkey, Blue
Monkey, Black-footed Crowned Monkey, De Brazza’s Monkey, Putty-nosed Monkey,
Angola Colobus, Black-crested Mangabey, Northern Talapoin, Southern Talapoin,
Demidoff’s Dwarf Galago, Thomas’s Dwarf Galago, Western Lowland Gorilla, Central
Chimpanzee, Golden Potto, Milne-Edwards’s Potto, Forest Elephant, Beecroft’s Scaly-tailed
Squirrel
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100,000 individuals, elsewhere in Central Africa, while chimpanzee populations
are estimated at between 170,000 and 300,000 across their range. The potential of
re-introducing these two species into the Maiombe National Park, once effective
management programmes are instituted, holds promise. The availability of long-
term studies on gorilla and chimpanzee ecology and behaviour from neighbouring
countries such as Gabon and Equatorial Guinea (Tutin & Vedder, 2001, White &
Tutin, 2001) can be drawn on to guide the process.

Gorillas are generalist herbivores, but, more specifically, are frugivores rather than
folivores. Given their large body size and high energy demands, they occur at low
densities. They are nomadic within their home ranges, which in Gabon average 400
km?—the area needed to maintain a viable population of family groups. Maiombe
National Park, at 2074 km?, would thus offer sufficient area for several populations.
The Maiombe habitat has many areas of secondary regenerating forest comprising a
dense understorey of Marantaceae and Zingiberaceae, including species of Haumania
and Aframomum, both keystone plants for gorilla and chimpanzee in the dry season
when fruits are in low supply. Chimpanzee are more ecologically adaptable than
gorilla and their home range of 15-20 km? would allow appreciable populations to
be developed and conserved in the Maiombe National Park.

The species richness of rain forest is high, but abundance is low, with many
rare species occupying distinct niches and feeding guilds. Biomass too is low when
compared with savanna species, which often occur in large antelope herds or bird
flocks. Yet primate biomass alone may reach 2 tonne/km? in the rain forests of
Gabon, compared with an average of 12 tonne/km” biomass in mammals of African
savannas. Biomass of animals (or the carrying capacity of a habitat) is determined by
the seasonal availability of food resources. In the seasonal (monsoon) rain forests such
as those of Angola, the carrying capacity baseline for community maintenance is set
by the food available during the lowest ebb of the dry season. Food resources might
decline to 10% of the wet season peak, and the fauna depends on certain keystone
foods, such as perennially fruiting Ficus species. Where these are removed through
deforestation for agriculture, dependent frugivores will suffer. The extirpation and
extinction of bird species in many Afromontane and Escarpment forest fragments
of Angola is probably more the result of reduction of food, nesting sites and shelter
resources than due to hunting.

12.8 Interconnections Between Plants and Animals

The close relationships between plants and animals have fascinated biologists since
Darwin’s pioneer studies. Not all relationships are positive. Ehrlich and Raven (1964)
introduced the term coevolution, and the concept of endless ‘arms races’ between
plants and animals. Coevolution is the process in which two species undergo recip-
rocal evolutionary change through natural selection. The ‘arms race’ describes the
development of increasingly efficient poisons and defensive architecture required to
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positive influence of cool air temperature on the flowering behaviour of the tree, and
postulated the potential vulnerability of this keystone species to climate warming. In
a warmer world, the C. lizae flowers may not set seed, leading to the extinction of
this narrow endemic species. The critical dependencies between threatened primate
species, endemic plants, pollination systems, microclimate and global phenomena
such as climate warming, illustrate the importance of ecological studies in the tropical
rain forests of Africa.

References

Barbosa, L. A. G. (1970). Carta Fitogeogrdfica de Angola. Instituto de Investigacdo Cientifica de
Angola.

Burgess, N. D., Hales, J. D., Underwood, E., et al. (2004). Terrestrial ecoregions of Africa and
Madagascar—A conservation assessment (p. 499). Island Press.

Couvreur, T. L. P, Dauby, G., Blach-Overgaard, A., et al. (2020). Tectonics, climate and the
diversification of the tropical African terrestrial flora and fauna. Biological Reviews, 96(1), 16-51.

Dinerstein, E., Olson, D., Joshi, A., et al. (2017). An ecoregion-based approach to protecting half
the terrestrial realm. BioScience, 67, 534-545.

Ehrlich, P. R., & Raven, P. H. (1964). Butterflies and plants: A study in coevolution. Evolution, 18,
586-608.

Fjeldsa, J., & Lovett, J. (1997). Geographic patterns of old and young species in African forest biota:
The significance of specific montane areas as evolutionary centres. Biodiversity and Conservation,
6, 325-346.

Gautier-Hion, A., & Michaloud, G. (1989). Are figs always keystone resources for tropical
frugivorous vertebrates? Ecology, 70, 1826-1833.

Gongalves, F. M. P., & Goyder, D. J. (2016). A brief botanical survey into Kumbira forest, an
isolated patch of Guineo-Congolian biome. Phytokeys, 65, 1-14.

Gossweiler, J., & Mendonga, F. A. (1939). Carta Fitogeogrdfica de Angola (p. 242). Ministério das
Coldnias.

Hardy, O. J., Born, C., Budde, K., et al. (2013). Comparative phylogeography of African rain
forest trees: A review of genetic signatures of vegetation history in the Guineo-Congolian region.
Comptes Rendus Geoscience, 345, 284-296.

Hart, J. A., et al. (2001). Diversity and abundance in an African forest ungulate community and
implication for conservation. In W. Weber, L. T. White, & A. Vedder (Eds.), African rain forest
ecology and conservation (pp. 183-206). Yale University Press.

Huntley, B. J. (1965). A preliminary account of the Ngoye Forest Reserve, Zululand. Journal of
South African Botany, 31, 177-205.

Huntley, J. W., Keith, K. D., Castellanos, A. A., et al. (2019). Underestimated and cryptic
diversification patterns across Afro-tropical lowland forests. Journal of Biogeography, 46,
381-391.

Lautenschliger, T., & Neinhuis, C. (2019). Proposal of the creation of a conservation area in the
Serra do Pingano and adjacent mountain ranges. Ministry of the Environment.

MacKinnon, J. M. (1972). The behaviour and ecology of the Orang-Utan (Pongo pygmaeus). Ph.D.
thesis, University of Oxford.

Maley, J., Doumenge, C., Giresse, P, et al. (2018). Late Holocene forest contraction and
fragmentation in central Africa. Quaternary Research, 89, 43-59.

Mayaux, P., Pekel, J.-F., Desclee, B., et al. (2013). State and evolution of the African rainforests
between 1990 and 2010. Philosophical Transactions of the Royal Society B, 368, 1625.



References 303

Monteiro, R. F. R. (1965). Correlacdo entre as Florestas do Maiombe e dos Dembos. Boletim
Instituto De Investigacdo Cientifica De Angola, 1,257-265.

Monteiro, R. F. R. (1962). Le Massif Forestier du Mayumbe Angolais. Bots et Forets Tropiques, 82.

Moritz, C., Patton, J. L., Schneider, C. J., et al. (2000). Diversification of rainforest faunas: An
integrated molecular approach. Annual Review of Ecology and Systematics, 31, 533-563.

Raven, P. H., Gereau, R. E., Phillipson, P. B., et al. (2020). The distribution of biodiversity richness
in the tropics. Science Advances, 2020(6), 1-6.

Ray, J. C., etal. (2001). Carnivore biodiversity and conservation in the African forest: A community
perspective. In W. Weber, L. J. T. White, & A. Vedder (Eds.), African rain forest ecology and
conservation (pp. 214-232). Yale University Press.

Redford, K. H. (1992). The empty forest. BioScience, 42, 412-422.

Richards, P. W. (1939). Ecological studies on the rain forest of Southern Nigeria. I. The structure
and floristic composition of the primary forest. Journal of Ecology, 27, 1-61.

Richards, P. W., et al. (1973). Africa, the “odd man out.” In B. J. Meggers (Ed.), Tropical forest
ecosystems in Africa and South America: A comparative review (pp. 21-26). Smithsonian
Institution Press.

Richards, P. W. (1952). The tropical rain forest (p. 450). Cambridge University Press.

Schimper, A. E. W. (1903). Plant geography upon a physiological basis. Clarendon Press.

Slik, J. W. F., Arroyo-Rodrigues, V., Shin-Ichiro, A., et al. (2015). An estimate of the number of
tropical tree species. Proceedings National Academy of Sciences, 112, 71472-7477.

Smith, T. B., Wayne, R. W., & Girman, D. J. (1997). A role for ecotones in generating rainforest
biodiversity. Science, 276, 1855-1857.

Turkalo, A. K., & Fay, J. M., et al. (2001). Forest elephant behaviour and ecology. In W. Weber,
L.J. T. White, & A. Vedder (Eds.), African rain forest ecology and conservation (pp. 207-213).
Yale University Press.

Tutin, C. E. G., & Vedder, A., et al. (2001). Gorilla conservation and research in Central Africa.
In W. Weber, L. J. T. White, & A. Vedder (Eds.), African rain forest ecology and conservation
(pp. 449-462). Yale University Press.

Tutin, C. E. G. & White, L. J. T. (1998). Primates, phenology and frugivory. In: Newbery, D. M.,
Prins, H. T. T., & Brown, N. (Eds.), Dynamics of populations and communities in the tropics.
Blackwell.

Vaz Pinto, P., Godinho, R., Verissimo, L. M., et al. (2020). Ansorge’s cusimance, Crossarchus
ansorgei, in Angola: Range extension and phylogenetic context. African Journal of Wildlife
Research, 50, 206-211.

Weber, W., White, L. J. T., & Vedder, A., et al. (Eds). (2001). African rain forest ecology and
conservation (p. 588). Yale University Press.

White, F., & Werger, M. J. A. (1978). The Guineo-Congolian transition to southern Africa. In M.
J. A. Werger (Ed.), Biogeography and Ecology of Southern Africa (pp. 599-620). Junk.

White, F. (1979). The Guineo-Congolian region and its relationships to other phytochoria. Bulletin
Du Jardin Botanique National De Belgique, 49, 11-55.

White, F. (1983). The vegetation of Africa: A descriptive memoir to accompany the
UNESCO/AETFAT/UNSO vegetation map. UNESCO.

White, L. J. T., et al. (2001). Forest-savanna dynamics and the origins of Marantaceae forest in
Central Gabon. In W. Weber, L. J. T. White, & A. Vedder (Eds.), African rain forest ecology and
conservation (pp. 165-182). Yale University Press.

White, L. J. T., & Tutin, C. E. G., et al. (2001). Why chimpanzees and gorillas respond differently
to logging. In W. Weber, L. J. T. White, & A. Vedder (Eds.), African rain forest ecology and
conservation (pp. 449—462). Yale University Press.

Whitmore, T. C. (1998). An introduction to tropical rain forests (p. 282). Oxford University Press.





http://creativecommons.org/licenses/by/4.0/



http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-18923-4_13&domain=pdf
https://doi.org/10.1007/978-3-031-18923-4_13

306 13 The Afromontane Forest and Montane Grassland Biome

of these forests are found on Angola’s Mount Moco and Mount Namba and as tiny
relicts in the upper ravines of the Serra da Chela. These forests lie some 3000 km
distant from the Eastern Arc Mountains, 1900 km from their closest sister forests in
the Cape Peninsula and 2000 km from similar forests on Mount Cameroon and the
Albertine Rift.

The age and fragmentation of the Afromontane forest and grassland patches have
been the focus of much discussion. The grasslands have frequently been referred
to as of recent anthropogenic origin. However, paleoecological and biogeographic
evidence (Meadows & Linder, 1993) indicates that while the grasslands and forests
have been subjected to intense human pressures in recent times, they are nevertheless
ancient ecosystems rather than human-derived artefacts. This does not deny the severe
pressure currently placed on the remaining forest patches. What makes the Angolan
forests of such great scientific and conservation importance is that they collectively
cover less than 10 km?. They are minute and fragile specks compared with the
3300 km? of the Eastern Arc forests. When measured against the 1,700,000 km? of
the rain forests of the Congo Basin, the significance of these tiny relicts becomes even
more evident. Today, after surviving 2.6 million years of climatic oscillations through
the Pleistocene, the relict Afromontane forests of Angola are shrinking ‘sky islands’
in an ocean of fire. The biota of the forests represent fading biological fingerprints
that offer clues to the past.

Despite the great scientific importance of Angola’s relict Afromontane forests and
the ancient grasslands that surround them, their biodiversity and ecology has only
recently attracted serious interest. Although not as floristically rich as the Afromon-
tane forests of eastern and southern Africa, the Angolan examples of this biome have
distinct floristic and faunistic elements. In common with other Afromontane forests,
these forests of the highlands of Angola share more tree species with other montane
forest fragments across Africa than they share with the Angolan Escarpment forests
or any other habitat in Angola. The Escarpment forests of Cuanza-Norte and Uige,
for example, have stronger links with the rich and extensive Guineo-Congolian flora
of the Congo Basin than with the montane flora of the ‘Archipelago-like Regional
Centre of Endemism’ as defined by White (1983).

Angola’s Afromontane Forests and Grasslands (Ecoregions 4 and 5)

13.1 Afromontane Forests (Ecoregion 4)

The Afromontane archipelago-like centre of endemism is represented by two ecore-
gions in Angola: Afromontane Forests (Ecoregion 4) and Montane Grasslands
(Ecoregion 5). Ecoregion 4, the smallest and most threatened ecoregion in Angola,
has been reduced to isolated forest patches in the ravines of the highest mountains of
the country’s Marginal Mountain Chain (Fig. 4.10). It is probable that the combined
cover of the closed Afromontane forest patches of Angola does not exceed 1000 ha
(10 km?). The forest patches at 1800-2450 m on Mount Moco total 85 ha and Mount
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Brachylaena huillensis, Bridelia spp., Buxus benguellensis, Chrysophyllum argy-
rophyllum, Englerophyton magalismontanum, Erythroxylon emarginatum, Faurea
speciosa, Ficus verruculosa, Hymenodictyon floribundum, Newtonia buchananii,
Ochna pulchra, Parinari curatellifolia, Pittosporum viridiflorum, Polycias fulva,
Pteleopsis anisoptera, P. myrtifolia, Schrebera welwitschii, Syzygium guineense and
Trema orientale.

The broken quartzitic landscape of the Escarpment crest and incised ravines has
a mix of stunted specimens of many of the above species, plus shrubs and forbs of
genera such as Berkheya, Cassia, Cyathia, Dissotis, Dolichos, Eriosema, Felicia,
Geigeria, Gnaphalium, Gnidia, Helichrysum, Ipomoea, Myrsine, Polygala, Selago,
Stoebe, Vernonia and Xerophyta. In lightly shaded sites with ground water seepage,
endemic species of Streptocarpus are found. Grasses include species of Aristida,
Ctenium, Eragrostis, Hyparrhenia, Loudetia, Monocymbium, Themeda and Tris-
tachya. On the high water-table sands of shallow valleys, members of the Cyperaceae
and Orchidaceae are common.

Several genera representing Cape/Afrotemperate elements are found in the grass-
lands surrounding the high altitude forests, including species of Cliffortia, Erica,
Faurea, Kniphofia, Philippia and Protea. On lower slopes of Mount Moco, short
miombo woodlands occur, comprising Brachystegia spiciformis, B. floribunda and
Julbernardia paniculata, often with Protea species.

The forest remnants are under severe pressure from regular fires around
their margins, and from deforestation for firewood and cultivation. Similarly, the
surrounding grasslands and shrublands have been transformed from rich mixes of
shrubs and forest margin communities to short and sparse grassland. Photographs
from the 1930s (Gossweiler & Mendonca, 1939) show well-developed Protea,
Philippia and Xerophyta shrublands surrounding the forests at that time, commu-
nities that have not been recorded in recent decades. In 1960, protea authority John
S. Beard photographed what he described as probably the largest protea in the world in
the Moco grasslands (Beard, 1993) (Fig. 2.7). Today the grassland has been reduced
to short sparse cover with abrupt margins to the forests (Fig. 13.1).

While the vegetation of these forests awaits detailed study, the avifauna has
received intense interest over recent decades. The focus of attention has been on
the rare and endemic species of the forests and surrounding grasslands, as discussed
in Box 18.1.

13.2 Afromontane Grasslands (Ecoregion 5)

The Montane Grasslands of the Angolan Marginal Mountain Chain and Ancient
Plateau (Diniz 1991) are found in the highlands of Cuanza-Sul, Benguela, Huambo,
Bié and Huila. The most extensive grasslands, known as anharas do alto, lie on gently
undulating landscapes at from 1500 to 1800 m, the rolling hills rising to 2620 m
on Mount Moco. The underlying geology mostly comprises Basement Complex
crystalline rocks producing shallow leptosols, ferralsols and grading into arenosols
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Fig. 13.1 Fire-cut margin of
Afromontane forest on
Mount Moco, with
Podocarpus milanjianus of
25 m height. Note men
standing at the base of the
Podocarpus. Photo taken in
1972

inthe east. These grasslands cover less than 1% of Angola. The sources of the Cuanza,
Cubango, Cunene and upper tributaries of the Congo and Zambezi drain the high
planalto, and areas of seasonally saturated soils, with impermeable lateritic horizons,
result in the near absence of trees, but an abundance of grass, forb and geophyte
species, including many orchids (Figs. 3.10, 13.2). Better drained areas have shrubs
and low trees, often with the appearance of ‘dwarf’ miombo (2-5 m height) of
Brachystegia spiciformis, B. floribunda and Julbernardia paniculata especially on
shallow rocky soils over quartzites.

In many areas of the planalto and peneplains of the Congo and Zambezi drainage,
a rich diversity of geoxyles occupy positions on the soil catena between miombo
woodlands and valley grasslands, where water relations, fire and in some areas,
frosts account for a rich diversity of geoxyles, with 198 species from 40 families
being recorded by Meller et al. (2022). The presence of geoxyles is recognised in
the local designation of these areas as the anharas do ongote (plains of the ongote)
named for the two most abundant species of geoxyles, Brachystegia russelliae and
Cryptosepalum maraviense. These geoxyles grow on sandy ferralsols, while the same
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Fig. 13.2 Aloe grata on the slopes of Mount Moco, overlooking montane grasslands of the Huambo
highlands

geoxyle habit is found in a different suite of species occupying the deep arenosols
of the chanas da borracha (plains of the rubber plant—Landolphia) of Lunda and
Moxico provinces of eastern Angola (Box 14.3).

Trees of these grasslands include species of Faurea, Protea, Syzygium, Cussonia,
Ochna and Parinari. The grasses are shorter (0.5-1 m) than those of the mesic
savannas, which range from 1 to 3 m height. The grass flora awaits detailed survey,
with the species composition forming a continuum from short sparse grasses on
shallow soils (Aristida, Ctenium, Eragrostis, Themeda, Monocymbium) (Fig. 3.10)
to taller, more dense cover of Andropogoneae on deeper soils.

13.3 Faunal Composition of Afromontane Forests
and Grasslands

The Afromontane forests and grasslands of Angola have a low diversity of mammals,
with the few larger mammal species that formerly occurred in the highlands having
mostly been hunted to local extinction. Other than the bird fauna, the animal fauna
of the Afromontane forests and grasslands, and the flora, await detailed study. The
avifauna, however, is exceptionally rich in range-restricted rare and endemic species.
Ithas received considerable interest since the first museum expeditions to the Angolan
highlands in the 1930s and increasingly over the past two decades (Dean et al., 2019).
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Chapter 14 )
The Mesic Savanna Biome Check for

Key Concepts and Questions: This Chapter Will Explain

e What the most extensive biome in Angola is, why it is called miombo, and what
its main characteristics are.

e Why landscape physiography and dynamics are so important in shaping the
patterns of ecosystems across the Angolan planalto and peneplains, how they
function and how to recognise them.

e What mammal species are typical of the different savanna types and why.

e What behavioural responses miombo trees have to climate seasonality.

e What accounts for the presence of 'underground forests’ in miombo landscapes.

Context: Angola’s Tropical Savannas

Savannas, in their diverse forms, occupy 20% of the Earth’s land surface and ca.
50% of the African continent. They cover over 80% of Angola (94% if the tallgrass
savanna component of the Congolian Forest/Savanna Mosaics is included). They
are represented by nine Angolan ecoregions in two biomes—the Mesic/Dystrophic
savannas and Arid/Eutrophic savannas (Fig. 14.1). These two biomes equate with the
‘Panda’ (Brachystegia) and ‘Adansonia’ phytogeographic zones described by Goss-
weiler and Mendonga (1939). Burgess et al. (2004), in their classification of Africa’s
terrestrial biomes, placed 24 ecoregions in what they call the Tropical and Subtropical
Grasslands, Savannas, Shrublands and Woodlands Biome. These ecoregions cover
the diversity of ecosystems, from the Sahel to the Kalahari, that Huntley and Walker
(1982) defined globally as tropical savannas, a concept that is now widely adopted
(Archibald et al., 2013; Bond, 2019; Frost et al., 1986; Sankaran et al., 2005).

This chapter will cover the ecology of mesic/dystrophic savannas, focusing on the
miombo ecosystems that characterise the Angolan planalto and eastern peneplains,
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Fig. 14.1 Southern African
savannas. Vertical
stripes—Mesic/Dystrophic
savannas;
Stippled—Arid/Eutrophic
savannas. From Huntley
(1982) Ecology of Tropical
Savannas. Springer. Berlin

but also including the dry Baikiaea open woodlands of the south. The arid/eutrophic
savannas of the southwest and the coastal belt are described in Chap. 15.

Despite the importance of miombo across central Africa, relatively little research
has been undertaken on the ecology and population biology of miombo ecosystems,
when compared with that of fynbos, grassland, karoo and savanna ecosystems in
southern Africa (Cowling et al., 1997). Barbosa (1970) and Monteiro (1970a, 1970b)
provide detailed descriptions of the plant composition and structure of Angola’s
miombo, with the latter author giving the first systematic quantitative floristic anal-
ysis of Angolan miombo communities and the morphological characteristics of the
tree species. In the past decade, studies on Giant Sable (Vaz Pinto, 2019) and aspects
of the structure and dynamics of miombo communities (Finckh et al., 2021; Gomes
etal., 2021; Reverman & Finckh 2019; Zigelski et al., 2019; and included references)
have introduced a new wave of miombo research in the country. Beyond Angola, the
extensive work in savannas by French ecologists in the Ivory Coast (Abbadie et al.,
2005), Zambian ecologists Chidumayo and Frost (1996) in Zambia and Zimbabwe,
Belgian ecologist Frangois Malaisse (1983) in Shaba, DRC, and South African ecol-
ogists Scholes and Walker (1993) and the research team at Kruger National Park
(Du Toit et al., 2003) provide a very sound base on savanna structure and func-
tioning. More recently, the work of William Bond (2019), Sally Archibald (2017)
and colleagues has brought a vibrant surge of new perspectives on savanna ecology,
in both arid and mesic savannas. Much of what follows draws on the work of these
leading scholars.
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14.6 Mammals of the Angolan Mesic Savannas

The reliable summer rainfall and abundance of perennial rivers and streams that
characterise Angola’s mesic savannas account for most herbivores found in these
woodlands, savannas and grasslands being water-dependent grazers. These include
Giant Sable Antelope, Roan Antelope, Lichtenstein’s Hartebeest, Defassa Water-
buck, Red Lechwe, Puku, Oribi, Southern Reedbuck and Common Eland. All of these
are low-density species, which are either roughage feeders or are very selective of
higher nutrition herbage in a generally poor-nutrient environment. Red Lechwe form
large herds on the open grasslands of river floodplains, once numbering over 1500
along the Luando River. Oribi also prefer open shortgrass habitats. Nomadic Eland,
once numbering over 1000 in Quigama, and 500 in Bicuar, made seasonal movements
over home-ranges of several hundred km?. All the other species mentioned are rather
sedentary, with home-ranges in tens of km?. While Africa’s largest roughage feeder,
the Savanna Elephant, is widespread across most African savannas, the species is
absent or very rare in Angola’s mesic savannas, even according to historic records.
Similarly, neither Cape nor Forest Buffalo has been known to occur in more than
small populations in Angola’s mesic savannas. Forest Buffalo were known from
records across Northern Angola, from Quicama to Luando and to Lunda Norte. Few
if any viable populations remain.

As may be expected in ecosystems with low biomasses of prey species, predatory
carnivores are also scarce in the mesic savannas. While African Lion and Southern
African Cheetah occurred across the savannas from the Cunene to the Cassai in
the mid-twentieth century, they are extinct or nearly so over the mesic savannas
today. Rare sightings of lion have been made in Luando, while cheetah remain in
low numbers in the arid savanna of Iona. African Leopard were once ubiquitous
across all biomes in Angola. Medium-sized carnivores that occur in small populations
throughout Angola’s mesic savannas include Side-striped Jackal, Caracal, Serval and
African Wild Dog.
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Chapter 15 ®)
The Arid Savanna Biome Gedr

Key Concepts and Questions: This Chapter Will Explain

e Why soil nutrient status, moisture relations and herbivory are the key drivers of
arid savanna structure and function.

® Howtodefine, recognise and understand the concept of ‘arid/eutrophic’ savannas.
What the main types of arid savannas are, where they are to be found and what
characterises them.

e Why a single tree species (Colophospermum mopane—mutiati) dominates such
a large area of southern Africa, and what determines its distribution.

® How soil nutrients, drainage and chemico-physical reactions result in specialised
plant/animal communities.

e Why a series of arid savanna ecoregions extend from the Cunene to the Congo—
over the 1650 km of Angola’s coastline.

Context: The Arid/Eutrophic Savannas
Two features characterise arid/eutrophic savannas:

e [ow and unpredictable rainfall which accounts for variable and usually low levels
of primary production and thus low fuel loads for combustion by fire;

e Moderate to high soil nutrient status which supports nutritious grass and tree
foliage that sustains high densities of mammalian herbivores.

Within the concept of arid/eutrophic savannas, a wide diversity of habitat physiog-
nomies is found, including short grasslands, shrublands, open tree savannas, wood-
lands, thickets and dry forests. The general physiognomy of arid savannas (a variable
mix of grasses, forbs, shrubs and trees) is not strikingly different to that of mesic
savannas. However, the two savanna biomes differ significantly in the physical envi-
ronments they occupy, and the evolved adaptations that account for their success.
Arid/eutrophic savannas are typically found where mean annual precipitation ranges
from ca. 250-650 mm, with more than eight dry months. Summers can be very
hot; winters can have occasional to frequent frosts. Soils are mostly fine-textured,
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Chapter 16 ®)
The Namib Desert Biome Gedr

Key Concepts and Questions: This Chapter Will Explain

What defines a desert.
When and how the Namib Desert landscape was formed.

e How the South Atlantic Anticyclone, the Benguela Current, and associated wind
systems determine the nature of the climate and ecological processes along the
Angolan coast.

Context: What defines a desert?

Geographers apply the term desert to areas where the mean annual precipitation is
below 250 mm. In this volume the term is used in a narrower sense, for the extremely
arid Namib Desert of Angola and Namibia, where annual rainfall averages less than
150 mm per annum and where animals and plants exhibit remarkable adaptations
to survive, grow and reproduce under unusually harsh environmental conditions. A
harsh environment, such as a desert or an arctic tundra, is defined as one in which
specialised morphological, physiological or behavioural adaptations, that are not
found in related species, have evolved to survive such conditions.

The Namib Desert extends as a narrow belt, less than 200 km wide, across 2100 km
of the southwest African coastline, from the Carunjamba River in Namibe province
of Angola to just south of the Orange River near Namibia’s border with South Africa.
The environmental conditions across this long narrow belt of hyper-arid climate are
not uniform, and range from summer rainfall in the north to winter rainfall in the
south. The rainfall within the belt decreases 6- to tenfold from the Escarpment to
the Atlantic Ocean. Linear oases follow some of the ephemeral rivers that cross the
desert, with associated large mammals such as Savanna Elephant, Black Rhinoceros
and Giraffe penetrating deep into the desertic landscapes.

In Angola, the Namib Desert occupies a narrow belt 20-80 km wide along the
coastal plain, as a wedge between the Atlantic Ocean and the first foothills of the
Angolan Escarpment, where it transitions into the Namib Savanna Woodlands ecore-
gion. The Angolan Namib Desert ecoregion includes vegetation types 28 and 29 of
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Chapter 17 ®)
The Mangrove Biome e

Key Concepts and Questions: This Chapter Will Explain

e How a few species of flowering plants have returned to life in the sea.
e Plant adaptations to fluctuating salinity, oxygen and light conditions.
e What specialised animals live in the mangroves and seagrass meadows of Angola.

Context: A Return to the Sea: Mangroves and Seagrasses

The early ancestors of vascular plants migrated from the sea to the land in the Silurian
(444419 Ma). By the Triassic (252-201 Ma), advanced land plants (the seed-bearing
Spermatophytes) had evolved, which in turn were succeeded by the first flowering
plants (Angiosperms) by the beginning of the Cretaceous (145 Ma). Flowering plants
radiated across terrestrial biomes which they soon came to dominate. However,
during the late Cretaceous (100-66 Ma), a small group of angiosperm members
recolonised the coastal and marine environments from which their vascular plant
ancestors had migrated. These plants now occupy very specialised habitats known
as mangroves and seagrass meadows.

The challenges faced by flowering plants in colonizing marine environments are
reflected in the fact that out of the over 350,000 species of living flowering plants
known to science, only 55 species have succeeded as mangroves, and 70 species as
seagrasses. Representatives of these extraordinary plants, and the ecosystems that
they have created, are found in Angola.

Angola’s Mangroves and Seagrass Meadows (Ecoregion 16)

17.1 Definition and Distribution

Mangroves have acquired the unfortunate image of mud, methane and mosquitoes
(Hogarth, 2007). Floristically, they are the most species-poor biome in Africa and they
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these adaptations, it is not surprising that only 70 species of seagrasses have evolved
in the 100 million years of the group’s evolution.

Seagrass meadows and mudfiats are exposed to inflowing and receding tides, with
widely fluctuating salinity levels. The mudflats are in constant flux, due to tidal and
wave action. As alluvium is gradually deposited, developing new areas of mudflats,
they are colonised by mangrove pioneers, and on the drier salt flats such as the Saco
dos Flamingos at the head of Bafa do Mussulo, salt tolerant plants (halophytes)
such as Sesuvium crithmoides, S. portulacastrum, Salicornia sp. and Arthrocnemum
sp., form a short carpet of succulents, with grasses such as Sporobolus virginicus on
higher ground above tidal waters.

17.3 Faunal Composition of Mangrove and Seagrass
Meadow Ecosystems

The mosaic of habitats created by rivers, estuaries, sandspits, mangroves, mudflats,
seagrass meadows and salt marshes support a great diversity of animal life, even
though the diversity of flowering plants living in these physical environments is very
limited when compared with terrestrial communities. Vertebrate species breeding in
the mangrove forests, seagrass meadows, rivers and coastal shores are noted in Table
17.1.

The Massabe and Congo river mouths have populations of West African Slender-
snouted Crocodile, African Dwarf Crocodile and Nile Crocodile. The Cuanza has
only the latter species. The West African Manatee occurs in the Cuanza, Congo and
Massabe rivers, the African Softshell Turtle occurs in most rivers from Cabinda to
the Cunene, while five species of marine turtle (Loggerhead, Green, Olive Ridley,
Hawksbill and Leatherback) are known to breed on the sandy beaches and sandspits
of Angola, especially northwards from the Restinga dos Palmeirinhas. Green and
Olive Ridley turtles have also been reported from the Mussulo lagoon, possibly
grazing on the seagrass meadows.

The dense matrices of mangrove roots, especially the pneumatophores of
Avicennia germinans, create traps for sand and mud, thus stabilizing the sediments
as they are transported across the root mats with the ebb and flow of tides. These
repeated inundations of the mudflats and interactions with the seagrass Halodule
wrightii and the epiphytic brown alga Acanthophora spicifera, and nutrient, water
and oxygen cycles create diverse habitats for many specialised animals, especially

Table 17.1 Vertebrate Species Breeding in Mangrove Forests, Rivers and Coastal Shores

Reptiles: Loggerhead Turtle, Green Turtle, Olive Ridley Turtle, Hawksbill Turtle, Leatherback
Turtle, West African Slender-snouted Crocodile, African Dwarf Crocodile, Nile Crocodile
Avifauna: Palm-nut Vulture, African Pygmy-kingfisher, Grey Parrot, Swamp Boubou,
Mangrove Sunbird, Loango Weaver

Mammals: Blue Monkey, Malbrouch Monkey, Northern Talapoin, West African Manatee
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crabs, barnacles, oysters, mussels, and mudskipper fishes. Angolan marine biologist
Carmen Santos made a detailed study of the macroinvertebrates and fishes associated
with the seagrass meadows of the Mussulo lagoon and recorded 163 taxa belonging
to 10 phyla from this habitat (Santos, 2007). The fish fauna of the seagrass meadows
included 17 species, while a survey of the more diverse mangrove habitat (Costa
et al., 1994) recorded 36 species. The mudflats are also important feeding grounds
for migratory shorebirds, which motivated proposals for the declaration of Ilha dos
Passaros as a Ramsar site (Morais, 2004).

The fauna of Angola’s mangrove forests at the mouths of the Cuanza and Congo
includes populations of three monkeys (Malbrouch, Northern Talapoin and Blue
Monkey) while birds characteristic of the habitat include: Palm-nut Vulture, African
Pygmy-kingfisher, Grey Parrot, Swamp Boubou, Mangrove Sunbird and Loango
Weaver. The fauna of these forests awaits detailed study.
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Chapter 18 ®)
The Angolan Escarpment Zone et

Key Concepts and Questions: This Chapter Will Explain

e Why the Escarpment Zone is considered a physiographic concept rather than a
single ecoregion.

e How diverse environments are reflected in the habitats and biota of the Escarp-
ment.

® How the forests of the Escarpment Zone and the Angolan Highlands relate to the
Guineo-Congolian and Afromontane biomes.

e Why the avifauna of the Escarpment Zone and adjoining highlands provides such
important insights into the evolution of African forests.

Context: An Escarpment Zone Extending from Rain Forest to Desert

In the preceeding chapters of Part 4, the ecological characteristics of the six Angolan
biomes have been described. Each of these biomes have specific structural and func-
tional attributes that distinguish them from one another, and justify their recognition
as representatives of global biomes. Cutting across these biomes, from north to
south, is the Angolan Escarpment, a geographical spine that separates the coastal
lowlands from the interior plateaus. The vegetation that covers the Escarpment land-
scapes range from tropical rain forest to desert, and includes five ecoregions. For
this reason, the description of the Angolan Escarpment Zone is presented as the
concluding chapter of Part 4, given its complexity and need for a specific format.
The Angolan Escarpment Zone forms part of the 5000 km-long Great Escarp-
ment of Southern Africa, which lies between 50 and 200 km inland of the coasts
of Mozambique, South Africa, Namibia and Angola. The Great Escarpment rises
from 500 to 2000 m over most of its range, with the highest peaks of mountains
above the Escarpment attaining 2620 m in Angola, and 3450 m in Lesotho. Across
its 5000 km length, climates range from tropical summer rainfall to warm temperate
winter rainfall, and from 250 to 1600 mm per year. The extensive Great Escarpment
of Southern African and associated highlands are estimated to host over 8500 plant
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species, of which 1460 species are endemics. It has at least 126 endemic vertebrate
species (Clark et al., 2011).

The Angolan Escarpment Zone (Figs. 4.10 and 18.1) extends across 1400 km from
northern Cabinda to the Cunene River. The strong latitudinal gradient in rainfall, and
longitudinal gradient in altitude, with accompanied diversity of habitats, flora and
fauna, accounts for the inclusion of part or all of eight ecoregions within the Zone.
The Angolan Escarpment Zone is bounded on the west (below ca. 500 m) by the
coastal lowlands, and to the east by the upper reaches of the Marginal Mountain
Chain and the Ancient Plateau (senso Diniz, 1991). The central Angolan highlands
rise above the Escarpment, from 1700 to 2620 m, and drop eastwards across the
interior plateau (planalto). The Escarpment Zone includes several prominent scarps,
where the landscape is broken by abrupt increases in altitude over a few km (Fig. 4.3).
Itis also characterised by the presence of many inselbergs —isolated geomorpholog-
ical features that rise as steep-sided hills or mountains formed of resistant bedrock,
surrounded by lower-elevation lowlands, such as Serra da Neve. Rising to 2489 m,
Serra da Neve is isolated both physically and geologically from the main escarpment
but with similarly interesting endemic species and habitat diversity (Fig. 15.6). A
variant of an inselberg that is particularly common in the Escarpment Zone is known
as a bornhardt, a domed-shaped hill, often of Basement Complex granite (Fig. 4.2).

The climate of the Angolan Escarpment Zone varies widely, from humid in the
north, with up to 1600 mm precipitation per annum, to arid in the south where it
forms the interior margin of the Namib Desert, receiving less than 250 mm. Rainfall
is confined to the summer months, with low clouds and fog supplementing rainfall
in the forests of the steep, seaward-facing slopes of the Escarpment.

The geology is very mixed, but mostly comprises crystalline Precambrian rocks—
gneisses, quartzites, schists, granites, gabbros, amphibolites and migmatites. Soils
include ferallitic and paraferralitic ferralsols and well-drained ferralitic nitisols, and
in some areas, more fertile lixisols and cambisols.

The Angolan Escarpment cannot be regarded as a single ecoregion (as in Burgess
etal.,2004), but rather as a series of ecoregions within an Escarpment Zone. Chapter 2
maps and outlines the ecoregions that occur along the escarpment: (1. Guineo-
Congolian Rain Forests, 2. Western Congolian Forest/Savanna Mosaics, 6. Angolan
Escarpment Savannas, 12. Angolan Mopane Woodlands, and 13. Namib Savanna
Woodlands), and the complex of Arid Savanna, Mesic Savanna and Afromontane
ecoregions that lie to their west and east.

18.1 Sectors of the Angolan Escarpment Zone

The paucity of geo-referenced data on Angolan plant and animal species precludes
an objective and statistically-based classification of biogeographic sectors of the
Angolan Escarpment Zone. However, the Zone can be divided into four sectors,
based on general physiographic and climatic characteristics. The abbreviated outlines
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Escarpment zone Elevation (masl)
Inselbergs 2,500
Highland grasslands
~—— 1,800 masl| contour
Areas above 2,000 masl| 1,500

2,000

1,000

Fig. 18.1 The Highlands and Escarpment Zone of Angola. The Angolan Escarpment Zone is
broadly outlined by the yellow line, and includes the highlands and inselbergs (red dots) that
characterise the rugged topography of the Escarpment Zone. Also indicated are the areas of land
rising above 1800 (blue) and above 2000 m (white), where isolated remnants of Afromontane Forest
might be found. The names of key peaks are given. To the east of the Escarpment Zone, the montane
grasslands of the high plateaus are indicated by the green line. Cartography John Mendelsohn

which follow need refinement through active data collection in the field, especially
to test the faunistic and floristic patterns relating to the physiographic sectors.

Escarpment of Cabinda

e From Gabon southwards, and inland of the coast, low hills give way to steep
ridges of a narrow escarpment belt which ends just north of the Congo River.
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e In Cabinda, these hills form the southern extension of the Mayombe Massif, which
is known as the Alto Maiombe in Cabinda, reaching 780 m at its highest point
(Ecoregion 1).

e The closed forests comprise Guineo-Congolian species, and are surrounded by
tallgrass savannas of Western Congolian Forest/Savanna Mosaic communities
(Ecoregion 2).

18.2 Sectors of the Angolan Escarpment Zone

The paucity of geo-referenced data on Angolan plant and animal species precludes
an objective and statistically-based classification of biogeographic sectors of the
Angolan Escarpment Zone. However, the Zone can be divided into four sectors,
based on general physiographic and climatic characteristics. The abbreviated outlines
which follow need refinement through active data collection in the field, especially
to test the faunistic and floristic patterns relating to the physiographic sectors.

Escarpment of Cabinda

e From Gabon southwards, and inland of the coast, low hills give way to steep
ridges of a narrow escarpment belt which ends just north of the Congo River.

e In Cabinda, these hills form the southern extension of the Mayombe Massif, which
is known as the Alto Maiombe in Cabinda, reaching 780 m at its highest point
(Ecoregion 1).

e The closed forests comprise Guineo-Congolian species, and are surrounded by
tallgrass savannas of Western Congolian Forest/Savanna Mosaic communities
(Ecoregion 2).

Northern Escarpment, from the Congo River to the Cuanza River

e South of the Congo River, the landscape comprises a highly dissected relief with
hills and low mountains rising eastwards to 1300 m.

e The width of this sector decreases from 200 km in the north to 100 km in the
south.

e Mean annual precipitation increases from 500 to 1600 mm, from the coast to the
interior.

e Several large forest blocks and numerous smaller fragments of semi-deciduous
Guineo-Congolian forest occur below and along the escarpments and in riverine
galleries (Ecoregion 1).

e The forests are dispersed within a matrix of Western Congolian Forest/Savanna
Mosaics of tall grasslands with fire-tolerant woody species and with moist forest
patches in valleys and on hills (Ecoregion 2).

e The flora is predominantly Guineo-Congolian and Zambezian, with an absence
or low frequency of Afromontane elements.

e Both flora and fauna has a species richness of all taxa, with dominance of Guineo-
Congolian species in forests and Zambezian species in savannas (Ecoregion 6).
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e The upper crest, at 1800-2000 m, leads to plateau grasslands and ravine forests of
Afromontane elements including Protea, Faurea, Nuxia and Podocarpus on the
Humpata and Huila plateaus (Ecoregion 4).

e The Humpata and Huila plateaus, comprising Wet Miombo (Ecoregion 7) has
many endemic ‘highland’ elements in the short grasslands (Ecoregion 5).

e Endemic birds include species of rocky outcrop, grassland and thicket habitats.

The combination of high rainfall and good soils on the Cabinda, Northern and
Central Escarpments have enabled high agricultural productivity, most specifically
for the production of ‘robusta’ coffee Coffea canephora during the colonial period,
and for bananas and other cash crops thereafter. As a consequence, deforestation
has severely reduced the cover of the moist forests of the Escarpment Zone, while
invasive plant species (Inga vera and Chromolaena odorata) have infested disturbed
sites. Along the Southern Escarpment, in more arid areas, the cactus Opuntia stricta
has invaded large areas (Rejmanek et al., 2016). Across the length of the Angolan
Escarpment, hunting for bushmeat and the felling of trees for the production of
timber, firewood or charcoal have had serious impacts on biodiversity.

In the absence of formally designated and effectively managed conservation
areas, the extremely rich biota and ecosystems of the Angolan Escarpment Zone
are currently vulnerable to irreversible degradation.

18.3 Vertebrate Fauna of the Escarpment Zone

As already noted, the Angolan Escarpment Zone and adjoining montane highlands
need intensive surveys to provide a detailed characterisation of their fauna and
flora. It is nevertheless possible to provide an indicative listing of vertebrate species
with distributions centred on the Northern and Central Escarpments (Table 18.1).
In common with the Great Escarpment of southern Africa, the Angolan Escarpment

Table 18.1 Vertebrate species typical of the Angolan Northern and Central Escarpments (excluding
Cabinda)

Amphibians: Parker’s White-lipped Frog, Congulo Forest Tree Frog

Reptiles: Long-Headed Tropical Gecko, Gabon Adder

Birds: Grey-striped Francolin, Red-crested Turaco, Gabon Coucal, Red-backed Mousebird,
Naked-faced Barbet, Anchieta’s Barbet, White-headed Barbet, Angola Batis, White-fronted
Wattle-eye, Gabela Helmet-shrike, Monteiro’s Bushshrike, Braun’s Bushshrike, Gabela
Bushshrike, Yellow-throated Nicator, Yellow-necked Greenbul, Yellow-necked Greenbul,
Pale-olive Greenbul, Pulitzer’s Longbill, Bubbling Cisticola, Hartert’s Camaroptera, Bocage’s
Akalat, Gabela Akalat, White-capped Robin-chat, Angola Cave Chat, Forest Scrub Robin,
Golden-backed Bishop, Red-faced Crimsonwing, Landana Firefinch

Mammals: Ansorge’s Cusimanse, African Palm Civet, Blue Monkey, Southern Talapoin,
Angolan Dwarf Galago
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basins, and the escarpment forests above the Baixa de Cassange at Quela and
Tala Mungungo, at the waterfalls at Dala in Lunda-Sul and across the Zambian
highlands.

The phylogenies indicate that speciation was driven by arid periods with
habitat fragmentation, followed by reconnection, going back to the Pliocene
(3.1 Ma), with recurrent events through the Pleistocene. The timing and
frequency of genetic divergence in the study species, at 3.1, 2.7 and 1.7 Ma
coincide with episodes of aridity. The evidence suggests that both dispersal
and vicariance (geographical separation preventing gene exchange) processes
might have played important roles in shaping montane bird communities
(Fjeldsa & Bowie, 2008). Most interestingly, the results indicate that Angola
may be an old and stable Afromontane centre, from which other centres
may have been recolonised following extinctions (Vaz da Silva, 2015). The
study confirms the critical importance of conserving Angola’s Escarpment and
Afromontane forests, as reported nearly 50 years ago (Huntley, 1974).
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Chapter 19 ®)
Key Elements of Angolan Terrestrial e
Ecology

Key Concepts and Questions: This Chapter Will Explain

e How Angola’s landscapes were developed over the 550 million years since the
formation of Gondwana.

e What dramatic climatic changes and evolutionary innovations led to the devel-
opment of the African savannas and their abundant wildlife.

® How climate, soils, fire and herbivory shape Angola’s biomes and ecoregions.
What unifying ecological concepts explain how ecosystems are structured and
how they function.

e Why ecology is an important and exciting career:

Context: Angola as a Microcosm of Africa’s Ecological Diversity

The aim of this volume is to provide Angolan students with an introduction to terres-
trial ecology, presenting strongly African, and specifically Angolan, perspectives.
In reading the chapters, it soon becomes apparent is that Angola is a microcosm of
Africa, with an unparalleled diversity of biomes and ecoregions, from rain forest to
desert in one country. This richness obliges the Angolan student to become familiar
with a much broader and more complex suite of concepts, phenomena and technical
terms than is the case for students of less biodiverse countries.

This concluding chapter provides a synopsis of key elements of Angola’s ecolog-
ical structure and functioning, highlighting features and concepts that emerge in
individual chapters. These elements provide the student with a toolkit of funda-
mental concepts and processes that will guide an understanding of Angola’s terrestrial
ecosystems.

Four themes or ‘leitmotifs’ recur throughout this book and underpin its didactic
objectives:

e Ecology is about recognizing patterns and processes that operate at widely
differing scales of time and space.

e Ecology is about the unique mechanisms of survival, growth and reproductive
output of organisms in relation to their environment.
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e Ecology does not make sense except in the light of evolution. But equally, very
little in evolution makes sense except in the light of ecology.

e The whole is greater than the sum of its parts. Interactions and webs of inter-
dependencies between individuals, species and populations and their environ-
ments create collective, emergent properties that shape ecosystem structure and
function.

19.1 The Big Picture: Global Tectonic and Climatic Forces
that Have Shaped Angola’s Biomes and Biota

A long-term perspective of global geological and climatic dynamics provides an
essential backdrop against which to understand African and Angolan landscapes and
biota. These developed across hundreds of millions, indeed billions of years, through
processes of change that continue to this day. Presenting the ‘big picture’ of Angola’s
history must therefore refer to the dramatic forces (tectonic, oceanic, atmospheric)
that have shaped life on Earth.

The Gondwanan Origins of Angola

Since Earth’s origin 4.5 billion years ago, tectonic events across the Earth’s crust
resulted in the creation of supercontinents, such as Laurasia and Gondwana. Gond-
wana formed 550 Ma and started to break up from 180 Ma, finally splitting off the
southern continents (South America, Antarctica, Africa, Australia) by 130 Ma. With
the separation of the southern continents, the vast oceans of the southern hemisphere
were formed. Over land and sea, major atmospheric air masses circulated between
zones of low pressure (such as the Intertropical Convergence Zone) and high pres-
sure (the South Atlantic Anticyclone). The circulation of the air masses produced
the winds that created ocean currents (such as the Circum-Antarctic, the Benguela
and the Mozambique currents). These atmospheric and oceanic dynamics have been
the drivers of climate patterns over Africa throughout the Cenozoic Era (the past
66 million years). Through the Cenozoic, the climate has included warmer, wetter
periods (known as ‘Hothouse Earth’) and cooler, drier periods (‘Icehouse Earth’) due
to changes in the Earth’s planetary orbit around the Sun and the position of continents
relative to the Poles and the Equator. The most recent major oscillations in climate,
known as the Pleistocene Ice Ages, commenced 2.6 Ma and continue to this day.

The Shaping of Angola’s Landscapes

During the creation of Gondwana, and following the separation of the continents,
further tectonic events caused uplift and erosion, and depression and sedimenta-
tion, of vast areas of the continental surface. In Angola, these uplift areas are today
represented by the Mayombe and Bie Swells, and the Angolan Escarpment and
Marginal Mountain Chain. The depressions include the Congo and Kalahari Basins.
But for most of the Cenozoic, Africa has been relatively stable, with a slow down-
ward erosion of the land surface to form the vast Central African Plateau, including
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Many further adaptations through natural selection provided the capacity to
occupy the new landscapes created by large-scale geological and climatic changes.
The outcomes are reflected in the functional traits that species exhibit—such as
thick bark in mesic savanna trees, spines in arid savannas trees and shrubs, and
complex physiological processes such as the temperature regulating carotid rete in
desert antelope. At finer time and spatial scales, research on speciation in forest birds
provides insights on the expansion and contraction of forests through wet and dry
periods of the Pleistocene. Such knowledge, on forest dynamics and faunal specia-
tion, is of increasing importance to strategic and systematic conservation planning to
save Angola’s critically endangered Escarpment and Afromontane forests and their
endemic fauna and flora.

At all scales, the processes of speciation through natural selection in response
to climatic and geophysical dynamics, and competition for resources by plants and
animals, underpins an understanding of ecological phenomena. Studies on the evolu-
tion of Angola’s rich biodiversity is not only of academic interest, but also directly
applicable in conservation planning and management.

19.2 Contemporary Drivers of Ecosystem Structure
and Function in Angola

The determinants of the distribution of species and ecosystems in Angola include:

e Conditions (temperature and humidity) which influence the life of organisms but
which cannot be consumed;

e Resources (light, water and nutrients) which can be consumed and for which
organisms compete; and

e Disturbances (fire, floods, droughts, herbivory) which operate at the ecosystem
rather than the individual level.

Here examples of key resources and disturbance pressures will be illustrated.
Resources: Solar Radiation and Energy

Life on Earth is possible because of the energy it receives from the Sun. The tilt of the
Earth’s axis as it moves around the Sun creates the annual seasonality of climate, of
day length, temperature and rainfall patterns. More directly, solar energy received at
the Earth’s surface is harnessed through photosynthesis—the biochemical reactions
that transform atmospheric carbon dioxide and water into carbohydrates, and release
oxygen. The process of energy capture and transformation into simple sugars and
cellulose in the chloroplasts of plant cells (primary production) is at the base of all
food chains and the transfer of energy from one trophic level to the next. Plant tissues
are consumed by herbivores, which in turn are consumed by predators, ultimately to
be decomposed and mineralised by microorganisms or fire. The whole energy cycle
is governed by the laws of thermodynamics.
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were ignored by many ecologists, who placed all savanna ecosystems into a single
savanna biome. For these reasons, an extensive Glossary of Ecological Terms is
provided.

19.3 Ecological Patterns at African and Angolan Scales

Development of Angola’s Biomes

The end of the Mesozoic Era (the Age of Dinosaurs), some 66 million years ago,
saw the extinction of the dinosaurs and the dawn of the Cenozoic Era (the Age of
Mammals). Gymnosperms were being replaced by Angiosperms (flowering plants)
as the dominant flora of the world. In tropical Africa, the vegetation cover changed
from closed dark forests, to more open sunny savanna landscapes. The broad-leaved
lowland forests are today represented by extensive rain forests, while the highlands
carry remnant fragments of montane forests. As the African climate cooled, an arid
savanna and semidesert flora evolved and occupied the hot, drier lowlands, while on
the cooler and more humid plateaus, mesic savanna woodlands were established.

Today, Angola includes representatives of six of Africa’s nine biomes: Guineo-
Congolian Rain Forest, Afromontane Forest and Grassland, Mesic/Dystrophic
Savanna, Arid/Eutrophic Savanna, Namib Desert and Mangrove biomes. The biomes
can be characterised by structural and functional features, which can be observed
through the medium of satellite imagery. The main structural types include forest,
thicket, woodland, savanna, shrubland, grassland, mangrove and desert. Closer study
reveals regional centres of floristic endemism. These include the Guineo-Congolian,
Afromontane, Zambezian and Karoo-Namib regional centres of endemism. While
centres of endemism are defined by their floristic composition, and are explained by
evolutionary relationships, biomes are defined by ecological structure and function,
determined by the conditions under which they grow, the resources available to them,
and the impacts of disturbance factors.

While this coarse-grained classification of African and Angolan biomes and
regional centres of endemism provides a useful introduction to the continent’s ecolog-
ical and biological diversity, it must be recognised that at the interfaces of biomes and
centres of endemism, broad transition zones and mosaics occur. This is especially
the case where the closed-canopy Guineo-Congolian Rain Forest Biome forms a
mosaic with the open woodlands and tallgrass savannas of the Mesic Savanna Biome.
Throughout this volume, emphasis is placed on predominant patterns and processes,
rather than the frequent exceptions to these.

Recognising Biomes and Ecoregions in the Field

A helpful starting point in learning to recognise patterns in nature, and the divi-
sion of biomes into ecoregions, is observation at the landscape scale. This can be
facilitated by the use of satellite imagery and aerial photography, scoping down to
low altitude, where topographic features and vegetation structure can reveal patterns
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from continental to local scales. However, ground-based fieldwork should always
be the primary source of ecological information. A working knowledge of the key
landscapes, geological formations and soil types, and plant and vertebrate species
of one’s study area, is essential. For this reason, in the description of biomes and
ecoregions, reference is made to the key abiotic and biotic features that characterise
the units. The challenge to learn to identify plant and animal species is not insur-
mountable. For all biomes and ecoregions, a shortlist of indicator plants, birds and
mammals can be focused on.

By way of example, the main biomes of Angola can be identified by the pres-
ence or absence of a few tree species. The vast miombo (typical of the country’s
Mesic/Dystrophic Savanna Biome) is identifiable by the presence of mupanda
(Brachystegia spiciformis). The Arid/Eutrophic Savanna Biome is recognised by
the presence of imbondeira (Adansonia digitata); the Guineo-Congolian Rain Forest
Biome by moreira (Milicia excelsa); and Afromontane Forest Biome by pinho-de-
muxito (Podocarpus milanjiana). With the addition of a few more tree species, the
ecoregion can be identified, and confirmed by reference to a few bird, mammal or
reptile species. Some ecoregions are characterised by single tree species, such as the
Zambezian Dry Evergreen Forests (Cryptosepalum exfoliatum), the Angolan Mopane
Woodlands (Colophospermum mopane), and the Zambezian Baikiaea Woodlands
(Baikiaea plurijuga). Ecological studies that ignore the identity of the subject species,
especially the indicators, have limited utility.

19.4 Patterns at Landscape Scale in Angola

Recognising patterns at both spatial and temporal scales is fundamental to under-
standing ecological phenomena. The interactions between termites and grasses within
a 5 m diameter ‘fairy circle’ of the Namib Desert are as intriguing as those between
the precipitation, soil nutrient, herbivory and fire regimes of the arid/eutrophic and
mesic/dystrophic savannas that cover over 90% of Angola’s land area. Temporal
scales range from hundreds of millions of years, such as in the development of
Angola’s geological foundations, to the milliseconds of molecular activity in photo-
synthesis. The following concepts, phenomena and interconnections are mentioned
to illustrate that scale is a fundamental concept in ecology, and a reason for students
to gaze across landscapes as well as to peer down microscopes.

The Catena Concept

The landscapes of the Angolan planalto and peneplains are characterised by a dense
pattern of soil and vegetation sequences. A catena (chain) is a repeated series of soil
forms across gently rolling landscapes, with woody communities on the rises and
treeless grasslands in the valleys. The pattern reflects the soil formation processes
of leaching, transport and deposition of water and nutrients across the soil profiles
of upland, slope and bottomland. Fire, and in some locations frost, are also factors
maintaining the vegetation pattern.
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19.5 Ecological Concepts and Theories Relevant
to Conserving Angolan Species

Two centuries have passed since Alexander von Humboldt first published ideas on the
relationships between global vegetation patterns and climate, and since the schoolboy
Charles Darwin started collecting plants and animals and asking questions about
the origins of species. Over this time a substantial body of ecological concepts,
theories and laws have been proposed and tested, accepted or rejected. Dozens of
excellent textbooks are now available on the history, scope and application of the
fundamentals of ecology. In this volume only a selection of the key elements of
ecology are described. Even fewer of these can be mentioned in this synopsis, where
emphasis is given to those with immediate relevance to the study, documentation and
conservation of Angolan species and ecosystems.

Species Richness and Endemism

The measurement of species richness, and the explanation of why some communi-
ties have more species than others, are basic activities in ecological study. Related
to measurements of species richness are measures of their abundance, density, even-
ness and distribution. Species with very limited areas of distribution, and which are
restricted to a single country or biome—endemics—have long held the interest of
conservation biologists. Very few analyses of species richness and endemism have
been undertaken in Angola. The knowledge base is notoriously fragmented, and vast
areas of Moxico and Cuando Cubango provinces lack anything more than prelimi-
nary surveys. Even for the country’s iconic plant, Welwitschia mirabilis, extensions
to its area of occurrence continue to be made, as previously unrecorded populations
are found. The richest biome of Angola, the Maiombe rain forest of Cabinda, has
not been surveyed since the 1970s. Comprehensive species inventories are not avail-
able for any national park, beyond preliminary checklists of a few vertebrate groups.
Recent efforts to synthesise knowledge on Angola’s biological diversity (Huntley
et al., 2019) provide testimony of the country’s natural wealth, and to the urgent
need to survey, document and effectively protect it.

Threatened Species and Hotspots

Emphasis had been given by conservation scientists to identifying species whose
survival is threatened by overexploitation, land transformation, invasive species or
other causes. Preliminary Red Lists of Angolan plant and vertebrate species have been
prepared, but lack data with which the degree and pace of threat can be determined
for the majority of species. What is evident is that many Angolan mammals are in
peril of extinction, if they are not already extinct. No sightings have been made, in the
past several decades, of Lowland Gorilla, Lichtenstein’s Hartebeest, Puku, Angolan
Giraffe and Black Rhino. Other species (Forest Buffalo, Forest Elephant) are known
only from very small and isolated populations. However, remarkable recoveries have
been achieved. The country’s most threatened mammal—Giant Sable—has been
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rescued from imminent extinction by meticulously planned, dedicated and long-term
programmes (Vaz Pinto, 2019).

Local concentrations of endemic and threatened species are designated as global
(or national) biodiversity hotspots. Efforts have been made since the early 1970s to
identify Angolan hotspots, and to motivate for their detailed survey and proclamation
as conservation areas. Several of these (Lagoa Carumbo, Serra do Pingano, Morro
Moco, Namba, Cumbira) have attracted government attention, but still lack effective
conservation measures. Actions to implement proposed management plans for these
hotspots are urgently needed.

Theories of Island Biogeography and of Metapopulations

Two ecological theories—of island biogeography and of metapopulations—deserve
more intensive application in conservation research in Angola. The theory of island
biogeography is relevant to planning and management of conservation areas for the
relict ‘islands’ of Afromontane forests of the Angolan highlands. The theory is based
on the balance between immigration to, and extinction on, islands, whether they are
oceanic islands or isolated forests in fire-prone savannas. As the remaining fragments
of these forests decline in area and structure, so too do the chances of maintaining
viable breeding populations of endangered species. Isolation further limits immigra-
tion of recruits to the forest patches, and together with habitat transformation, has
resulted in local extinctions, as recorded for bird and mammal species on Mount
Soqui and Morro Moco.

The concept of metapopulations is closely related to that of island biogeography.
It is applied to all the local populations of a species that are separated from other
populations of the same species by some form of disturbance or barrier. For each
population, there is a minimum viable population size needed to maintain genetic
diversity. Connectivity between populations is essential to maintaining the species’
gene pool. Angola has many species that are fragmented, even though they survive in
very small, declining populations across extensive ranges in Angola. These include
Lion, Cheetah, Forest and Cape Buffalo, and Forest and Savanna Elephant. The
populations of all these species are threatened by local events, whether within the
population structure (demographic) or due to random (stochastic) environmental
dynamics. The conservation of these species within their natural range in Angola will
require initiatives such as those implemented to rescue the Giant Sable population
of Cangandala National Park.

19.6 Conclusions: Why Ecology? An Opportunity
for Young Angolan Students

Two of the key questions raised in the introduction to this book should challenge and
motivate the student: Why is an understanding of ecology critical to Angola’s sustain-
able development? Why ecology? Here a concluding, personal remark is offered.
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Having been involved in ecological research and biodiversity conservation projects
for the past 55 years, I have often paused to consider whether an ecological under-
standing of Africa’s fauna and flora, and of its landscapes and biomes, is of any
importance to ecosystems, economics or society. Like many ecologists across the
globe, I have witnessed the rise and fall of wildlife populations and habitats, which,
in all cases, were the result of political and not science-based decisions. I have
suffered from occasional moments of frustration, even despair. But repeated exam-
ples of success rise above the continent’s dismal record of failure. The rescue and
conservation of Angola’s Giant Sable population, and the restoration of Gorongosa
National Park in Mozambique, are but two examples of good science, visionary
leadership and indefatigable perseverance paying rich dividends (Huntley 2023).

Success is possible. But sound and innovative research, and above all, good gover-
nance, is needed to underpin any conservation effort, and to reverse the negative
impacts of the processes eroding the biodiversity of Africa. The continental trends—
of deforestation of forests and woodlands for agriculture, timber, fuelwood, charcoal
and curios; of the overpopulation of domestic livestock and degradation of the produc-
tive capacity of rangelands; of the bushmeat trade that is creating ‘empty forests’;
of invasive plants infesting forests and agricultural lands; and of the global problem
of climate change—demand a convincing response from conservation professionals
based on science rather than on passion.

The diversity and richness of Angola’s natural living resources and biomes have
few parallels in Africa. What the country lacks is a strong body of active ecologists—
young professionals dedicated to working in the field rather than in an office—using
the vast literature on African ecosystems to stimulate and guide their curiosity and
energy. This volume is therefore a humble attempt to support the process of ecological
training and the implementation of effective conservation efforts in Angola.
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Appendix
Names of Vertebrate Species Mentioned
in This Volume

The taxonomic arrangements of orders, families and genera follow Marques et al.
(2018) for amphibians and reptiles, Mills and Melo (2013) for birds and Beja et al.
(2019) for mammals. English names follow these authorities, and Portuguese or
vernacular names follow Beja et al. (2019) for mammals, Baptista et al. (2019)
for amphibians, Branch et al. (2019) for reptiles and Mills and Melo (2013) for
birds. The biome in which a species is most typically (or historically) recorded, but
not necessarily exclusively found, is indicated by abbreviations: AM (Afromontane
Forests and Grasslands), AS (Arid Savannas), EZ (Escarpment Zone), GC (Guineo-
Congolian Forests), MM (Mangrove or Marine), MS (Mesic Savannas), ND (Namib
Desert). Species occurring in more than one biome are indicated by NS (non-specific
distribution). Where a mammal species occurs in two biomes, both are indicated.
Details of the distribution and ecology of most Angolan amphibian and reptile species
are still poorly documented, thus the allocation of species to specific biomes are
tentative.

Biome ‘ Scientific name ‘ English name ‘ Portuguese or Vernacular name
AMPHIBIA
GC Xenopus Congolese Clawed Frog Ra-de-unhas-congolesa
epitropicalis
MS Xenopus petersii Peter’s Clawed Frog Ra-de-unhas-de-peter
AS Poyntonophrynus Dombe Toad Sapo-pigmeu-do-dombe
dombensis
AS Poyntonophrynus Grandison’s Pygmy Toad Sapo-pigmeu-de-grandison
grandisonae
MS Sclerophrys pusilla | Merten’s Striped Toad Sapo-de-costas-planas-do-sul
AS Phrynomantis Marbled Rubber Frog Ra-de-borracha-marmoreada
annectens
MS Phrynomantis Banded Rubber Frog Ra-de-borracha-de-duas-riscas
bifasciatus
MS Hemisus guineensis | Guinea Snouted Burrower Ra-escavadora-de-guiné
EZ Afrixalus osorioi Osorio’s Spiny Reed Frog Rela-espinhosa-de-osério
MS Hyperolius Angolan Reed Frog Rela-de-angola
angolensis
(continued)
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Glossary of Ecological Terms

Abiotic the non-living part of an ecosystem that shapes its environment. In a
terrestrial ecosystem, examples might include temperature, light, and water. (Cf.
biotic).

Abundance the number of individuals in a population. (Cf. population density).

Acacia a collective term for members of trees and shrubs of the genus Acacia, now
succeeded by Senegalia and Vachellia in African species. However, in this volume,
the original use of Acacia is followed.

Acid soil soils with a pH value of less than 5.5 for most of the year. Typical of
Mesic/Dystrophic savannas.

Adenosine triphosphate (ATP) the energy received from the Sun and captured in
plants by photosynthesis is stored as carbohydrates and as a high-energy molecule
(adenosine triphosphate ATP) which carries energy within and across cells. (Cf.
photosynthesis).

Adiabatic lapse rate is the rate at which the temperature of air masses change
through compression or expansion associated with descending or rising in
elevation. (Cf. lapse rate, Berg winds).

Aeolian the wind-blown transport and deposition of sands, such as the Kalahari
sands of the Kalahari Basin.

Aerenchyma specialized tissue in the roots of mangroves which provide channels
for the transfer of oxygen to the deeper roots which lie in the anoxic, waterlogged
soil. (Cf. mangroves, pneumatophores, lenticels).

African Surface the extensive interior plains of central and southern Africa,
resulting from many millions of years of downward and backward erosion. (Cf.
Post-African Surface, Planalto).

Afromontane the highland ecosystems of Africa, usually at altitudes above 1600 m
above sea level, comprising closed forests and open grasslands; also refers to the
‘archipelago-like’ regional centre of floristic endemism.

Albedo the proportion of sunlight that is reflected back into the atmosphere by
different land surfaces.

Allelopathy a common biological phenomenon by which one organism produces
biochemicals that influence the growth, survival, development, and reproduction
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